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9 Claims.

The present invention concerns improvements
in or relating to automatic or semi-automatic
telephone systems.

. A particular object of the invention is to effect

9 economies in such systems by ensuring that the
bank contacts of some, if not all, of the switches
employed in such systems are used more effi-
ciently.

Broadly speaking, the invention is character-

10 jzed by the provision of two switches adapted
to work in combination during the setting up
of a connection. One switch over which the
connection will be set up will be referred to as
a selector switch and the other switch, which
need only be used temporarily, will be referred
to as an auxiliary switch. )

According to the invention, the auxiliary switch
differs from the selector switch in that it is
either of a different type of construction or it
20 has a different form of control, or it may have
both a different type of construction and a dif-
ferent type of control, the auxiliary switch and
the selector switch being arranged to have access
to the same line or lines, or at least to the test
contacts of the same line or lines, but one switch
is arranged to have access to lines to which
the other switch does not have access, the ar-
rangement being such that when it is determined
that the connection is to be set up over a line
to which both switches have access the auxiliary
switech which is first caused to select such line
is arranged to control the establishment of the
connection via the selector switch and the line
determined by the setting of the auxiliary switch.
43 ‘In order to appreciate how the auxiliary switch
may differ from the selector switch, the following
examples are given:

The selector switch and the auxiliary switch
may have their operations initiated at different
times, for instance, the auxiliary switch need not
be taken into use until after the operation of
the selector switch has been initiated and in
certain cases when the taking into use of the
auxiliary switch is dependent upon whether a
certain line or lines are available or not for com-
pleting a connection the auxiliary switch may not
be required at all.

The selector switch may be of the up-and-
around type having access to 100 contacts or
multiples thereof, while the auxiliary switch may
be of the uni-selector type having motion in only
3, single direction or vice versa.

The selector switch may be of the crossbat
type and the auxiliary switch of the uniselector
~or up-and-around type and vice versa.
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(Cl. 179—18)

The selector switch and the auxiliary switch
may be of the same type but one could be ar-
ranged to respond to impulses from a distance
and the other could be arranged to hunt auto-
matically.

It is to be noted that the invention is intended
to avoid covering the case of a selector switch
and an auxiliary switch being of the same type
and controlled in the same way, as it will be evi-
dent having regard to the applications of the 10
invention referred to hereinafter that such a
combination covers a very restricted field.

The invention as stated above is capable of a
large number of very diverse applications, of
which the following are set out by way of exam- 15
ple:

Firstly, the invention may be applied to a
eroup selector to enable the groups of lines to
which such group selector has access to be varied
in size independently of its construction or man-
ner of operation, and for this purpose the auxil-
iary switch is arranged to have access only to
those lines or test contacts of those lines to
which the group selector has access and which
cannot be selected by the normal operation of
the group selector, said auxiliary switch which
is first operated to select such a line being fur-
ther arranged in the event of all lines in the
group which can be selected by the normal con-
trol of the selector being busy to set up the con-
nection via the group selector to the line deter-
mined by the setting of the auxiliary switch. For
instance, if the group selector is of the type in
which the contacts are arranged in different rows
or levels, the groups of lines can be made of
larger size than the capacity of a level and for
this purpose the auxiliary switch takes the form
of a hunting switch arranged both to hunt for
a particular group as well as to hunt for an idle
line in the group and conveniently can take the
form of a switch having movement in a single
direction only. The auxiliary switch is arranged
to have access only to those contacts of a group
which are not located in the row or level nor-
mally allocated to that group and is arranged
to be used in the event of all the lines in the
level allocated to the group required being busy
to establish an overflow connection and to con-
trol the setting of the selector switch on to a
contact in another row to which the line selected
by the auxiliary switch is also connected. It will
be clear that the auxiliary switch only requires
to be used for calls to a group of lines which is
larger than the normal capacity of a row or
level and that it can be entirely dissociated from
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the switch once the selector switech has itself
established a through connection, whether on its
original operation or after it has been reset.
Secondly, the invention may be applied to a
final selector, whether one having access to sin-
gle subscriber’s lines only or one having access
to groups of P. B. X. lines, or one having access
both to single lines and to P. B. X, lines, and ac-
cording to this feature of the invention it is pos-
sible to allow any subscriber whatever his number
to have an additional line as long as there is a
vacant contact anywhere on the switch. In this
case the selector switch may be a final selector
of any type whatever, while the auxiliary switch
takes the form of a switch having access to those
lines or test contacts of those lines which can-
not be reached by the normal operation of the
final selector, which auxiliary switch after being
first controlled to select an idle line of the par-
ticular subscriber required is arranged if' it is
determined that the connection is to be set up
over a line to which both the auxiliary switch
and the final selector switch have access to con-
trol the operation of the final selector so as to
set it on to the line determined by the setting
of the auxiliary switch. The auxiliary switch
obviously need only be operated when connec-
tion is required to a subscriber having addi-
tional lines not directly accessible in response
to the dialling of his number and then only if
the line or lines reached by the original setiing
of the selector switch are busy. The function
of the auxiliary switch, in the event of there
being no line free which can be reached by the

- original operation of the final selector switch, is

to cause the final selector switch to be set on to
contacts to which the line found by the auxiliary
switch is connected.

It should be pointed out that in a group selec-
tor, particularly where the control of the group

" selector is effected directly by a subscriber’s im-

pulse sender, there may not be sufficient time for
a selector switch to be reset, in which case the
auxiliary switch requires to be used as an over-
flow connection. In a final selector the dialling
operation has finished and an overflow connec-

tion through the auxiliary switch is not essen-.

tial, also if a group selector is operated from a
register sender it might be arranged to delay the
sending of impulses until the group selector had
been reset and in such cases it is only necessary
for the auxiliary switch to have access to the test
contacts of the lines to which the selector switch
has access.

Thirdly, the invention may be applied to al-
ternative routing, that is to say, to arrangements
in which a connection can be set up over a more
direct route in normal conditions and only when
such connections are impossible can it be set up
over a more indirect route. Usually, “alterna-

tive routing” takes the form of routing between

exchanges, that is to say, calls from one ex-
change to another may be normally set up over
a direct junction. between such exchanges but
if all the direct junctions between such exchanges
are busy then the connection can be set up via
a tandem exchange. In such arrangements the
selector switch could take the form of a group
selector having access to direct junction lines
leading to various exchanges and also to lines
leading to a tandem exchange, while the auxil-
iary switch could be arranged to have access only
to lines leading to a2 tandem exchange. The
auxiliary switch in this case selects an idle line
to the tandem exchange so as to enable switches
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at the tandem exchange to be operated at the
same time as the selector switch is operated.
The auxiliary switch if the connection is to be
sent via the tandem exchange then controls the
selector switch to establish connection to the
line which it has previously selected.

Fourthly, the invention may be applied to ef-
fecting a considerable reduction in the number
of switches required in the main train, for in-
stance, the number of second group selecfors in a
ten-thousand line exchange may be reduced to
a very low figure. According to this feature of
the invention the selector switch is arranged to
have access both to second group selectors and
to final selectors, while the auxiliary switch has
access to final selectors only. If the auxiliary
switch finds an idle final selector switch in the
group determined by the operation of the selec-
tor switch and the second group selector switch
it ‘has selected, then the connection is set up di-
rectly between the selector switch and the final
selector switch and the second selector is cut
out. Obvicusly, this feature is equally applica-
ble to first, second and third selectors, or in fact
to selectors of three successive stages. _

Fifthly, the invention may be applied to em-
ploying small capacity switches so that the se-
lector switch takes the form of a small capacity
switch, for instance, a twenty-five line uni-selec-
tor switch, while the auxiliary switch is of .a
much larger capacity, for instance, an up-and-
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around switch of 100 line capacity. The selec-,

tor switch has access to the usual number of

groups of lines but these groups will all be of.
small capacity. If there is an idle line in the.

group required, then the connection will be set
up as regards each stage except possibly the
final selector. stage over a small capacity switch.
If there is no idle line available then the selector
switch will select an idle switch, preferably one
of large capacity similar to the auxiliary switch,

40,

and having access to the same lines as the aux-
iliary switch, and the auxiliary switch will cause.

such selected switch to be stepped on to contacts
previously found by the auxiliary switch so that
the connection to the next group stage includes
both the selector switch and a large capacity
switch. As the large majority of connections
will be set up over small capacity switches the
number of large capacity switches required will
be comparatively small.

50.

The inventfion will be betier understood by'

referring to the accompanying drawings which
illustrate selected ways of carrying the invention
into effect, although it will be understood that
the invention is capable of application to a num-
ber of different switching layouts in which use
is-made or can be made of the inventive features
set out in the accompanying claims.

Pigs. 1, 2, 3, and 4 show the application of the

60,

invention to a one digit group selector switch :

of the up-and-around type, Fig. 1 showing a

known group selector circuit with slight modifi-.
cations, Fig. 2 illustrating the grouping arrange- .

ment, Fig. 3 showing a busy tone set connected

to vacant contacts at the end of a group, and.
Fig. 4 an overflow link which is common to a-

group of selectors including that shown in Fig.
1. Figs. b, 6, and 7 show the application of the
invention to a P. B. X. final selector, Fig. 5
showing a known P. B, X. final selector circuit

70

with slight modifications, Fig. 6 showing the:

manner of marking the groups of lines and Fig.
7 an overflow link which is common to a group
of selectors including that shown in Fig. 5,
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Fig. 8 shows a telephone network including
exchanges A, B, and T with arrangements for
alternative routing so that although calls from
exchange A to exchange B are preferably set up
over direct junctions from A to B they may be

- set up over indirect junctions extending via ex-

change T when all the direct junctions are busy.

Fig. 9 shows a switching arrangemsnt whereby
calls may in certain circumstances be set up over
less than the normal number of switching stages
and-

Fig. 10 shows an arrangement whereby calls
may in certain circumstances be set up over the
normal number of switching stages but in which
the switches have a capacity of considerably less
than a hundred lines.

Referring to Figs. 1, 2, 3, and 4, the invention

-is shown applied in a diagrammatic manner to

an up-and-around switch arranged to act as a
group selector. It is assumed that the group
selector in question is to have access to ten dif-
ferent groups: of lines and that the traffic on the
different groups varies considerably so that the
following distribution of lines is that which ap-
pears most advantageous to employ, namely

Group Lines
st 6
2N e 18
3rd 4
3 1o 8
5th______ 15
6th_ . 5
Th e 7
8th_____ 18
Oth. 5
oth. 7

In Fig. 2 the manner in which the lines of
each group are associated with the various con-
tact sets is illustrated. The numbers over the
small circuits, each of which represents a con-
tact set, indicate the number of the group to
which the contact set belongs. Thus it will be
seen that the six lines of group 1 are arranged
on the first six contacts of the first level. The
first ten lines of group 2 are arranged on the
second level and of the remaining eight lines
of group 2, three are shown by way of example
connected to the last three lines of the first
level and five are shown connected to the last
five lines of thie third level. The four lines of
group 3 are arranged on. the first four contacts
of the third level. The eight lines of group 4
are arranged on the first eight contacts of the
fourth level. The fifteen lines of group 5 are
arranged with ten on the 5th level, one on the
fourth level, four on the 6th level. The manner
in which the lines in the 6th, 7th, 8th, 9th and
10th groups are arranged will likewise be read-
ily seen from Fig. 3.

The general principles of operation of the group
selector are as follows. Whenever the group se-
lector is operated to a particular level and there is
an idle line in the group corresponding to the level
selected then the call is set up in a perfectly
straightforward manner following any known
method or any method which may be evolved
equivalent to the methods at present known. If

there is no idle line in the group then the oper-

ation depends upon whether the group is a small
group or a large group, i. e., whether the group
occupies less than one level or more than one level.

If the group occupies less than one level, then
special arrangements must be provided for pre-
venting the switch hunting past that group of

3
contacts into another group which may be lo-
cated at the end of the level and selecting an

idle line in that group. This may be done by
providing a vacant contact to which a busy tone

set, as illustrated in Fig. 3, may be connected or -

it may be effected by arranging that the test
contacts of the lines not belonging to the group
being tested are momentarily rendered busy or it
may be effected by arranging to ccnnect the test
wiper ' circuit permansently to busy - petential
whenever all the lines of the group being tested
are busy.

When the number of lines in a group is greater
than the number of contacts available in.a level
then it is necessary to take intc use the special
auxiliary switch SW2 (Fig. 4) associated with the
group selector GS. This may be taken into use
only when all the contacts in the level selected
in response to the dialled impulses are busy, or
it may be taken into use whenever the level se-
lected in response to the dialled impulses forms
only part of the complete greup of lines; in the
embodiment to be described later the second al-
ternative is used but is made dependent upon the
initial line or lines. in the group being busy.
When taken into use the switch SW2 hunts over
those lines of the group required which are lo-
cated in a different level or levels from.the first
choice lines; the switch SW2 has therefore to
hunt both for the required group and for an idle
line in that group. Only if all the first choice
lines, i. e., the lines in the level dialled, are busy,
is it necessary to make use of the switch SW2, in
which case it establishes a circuit to an idle line
in the group required, whereupon the group se-
lector GS is released and reset on.to. the line
selected by the switch SW2. The switch SW2 is
connected to the selector GS by means of switch
SWI; the circuit including the switches SWI,
SW2 will hereinafter be referred to as an .over-
flow link. .

If a call is to be sel up necessitating the-se-
lection of an idle line in the second group, the
digit 2 will be dialled and after the switch- GS
has responded to the two impulses the overflow
link SWi, SW2 will be taken into use and while
the switch GS is hunting for an idle line on the
second level, the switch SW2 will hunt for an
idle line among later choices which are connected
to contacts on the first and third levels. If.all
the lires on the second level are busy and the
switch SW2 finds an idle line connected, for in-
stance, to the ninth contact on the third level,
then when' the switch GS has reached the elev-
enth sfep and operated the eleventh step springs
the connection will be switched through to the
line selected by SW2 and subseguently the switch
GS will be released and will be operated first
by three impulses to operate it to the third level
and then by nine impulses to operate it to the
ninth contact on the third level, At this in-
stant, the overflow link SW!, SW2 is released
and a through circuit is established from GS to
the 39th contact set.

A description will now be given of the detailed
operation of the arrangements shown in Figs. 1,
2. 3, and 4. The circuit controlling the switch
GS comprising the relays A, B, C, D and H is
well known, but the general operation of the
switch will be described briefly so that the dif-
ferences introduced by the invention will be more
readily appreciated.

When the group selector GS is taken into use,
relay A operates over the speaking leads and
completes a circuit for relay B which operates
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and at armature 20 connects earth back over
test conductor to mark the switch busy. Dial
tone is fed back to the calling subscriber through
the lower winding of relay A from the lead DT.

“When the first series of impulses is dialled, relay
' A ‘releases intermittently thereby repeating the

impulses by way of armatures 29, 18 to relay C
in series with the vertical magnet V. The ver-
tical magnet steps the switch wipers to the level
corresponding to the digit received whilst relay
C operates on the first impulse and remains op-
erated until shortly after the end of the last im-
pulse. ‘When the switch goes off-normal, a cir-
cuit is completed for relay G by way of off-nor-
mal springs 26 and armatures 23 and 20. Relay

‘G operates and completes a locking circuit for

itself at armature 24.  Shortly after the end of
the last impulse, relay C releases and completes
a circuit for the rotary magnet R over armature
20, springs controlled by armature 23, and arma-
ture 25. The rotary magnet steps the switch
wipers into engagement with the first contact
on the third level and at the end of its stroke
opens the interrupter springs 32, thereby caus-
ing relay G to release.

If the first contact in the selected level is busy,
the test wiper 34 will encounter earth and relay
G will be operated in a circuit extending over
off-normal springs 26, interrupter springs 32,
armature 28, contacts controlled by armature 12,
to earth on the test wiper 34. Relay G again
completes its locking circuit at armature 24 and
closes a circuit of the rotary magnet which ad-
vances the wipers on to the second contact. If
this contact is also busy, the same sequence of
operations occurs and the wipers are stepped on
to the third contact. When an idle line is found,
wiper 34 will no longer encounter earth and re-
lay H will then energize in series with relay G,
which latter however is not energized in this cir-
cuit owing to the high resistance of relay H. Re-
lay H extends the speaking leads to wipers 33
and 85 at armatures 27 and 30 and extends the
incoming test conductor through to the test
wiper at armature 28. Relays A and B thereupon
release but before relay B releases, earth is re-
ceived back over the test wiper 34 due to the op-

eration of relays corresponding to A and B in
‘the succeeding switch. Relay H is now held in

series with relay G by earth fed back over the
test wiper and when this earth is removed upon
release, relay H releases and completes a circuit
for the release magnet Z which extends by way
of armatures 29, (8 and 21 and off-normal springs
22. It will be appreciated from the above de-
scription that when one or more of the first
choice lines are idle the switch operates without
any modification whatever of its normal manner
of operating.

It will now be assumed that the connection is
to be extended over one of a small group of lines
for example group 3, but that all the lines in this
group are busy. The operations which now take
place are the same as those previously described
except that the switch will fail to find an idle
line and will continue to step until it reaches
the fifth set of contacts. These contacts are
connected to a busy tone set arranged in the
manner shown in Fig. 3. This busy tone set is
multipled to the vacant contacts following the
various small groups as shown in Fig. 2. . The test
contact of the fifth set of contacts in the third
level will therefore be disconnected when the
busy tone set is not in use and, as will be seen
later, will be connected to earth through a high

2,108,897

resistance when the busy tone set is already in
use. In either case, relay H will operate:and
connect the speaking and test leads through-to
the busy tone set whereupon relay A2 will op-

erate and complete a circuit for relay B2 which:

in turn will connect a high resistance earth :to
the test contact to hold relay H operated. ‘Busy
tone is fed back over the calling line through the
lower winding of relay Al and the calling sub-

scriber will thereupon. hang up and allow- the:

switch to restore to normal in the manner.pre-
viously described.
It will now be assumed that the connection is

‘10

to be extended over a large group of lines, that

is, a group occupying more than one level and.

that in the first instance there is an idle line
available in the level corresponding to the: digit
dialled. It will be assumed that the digit dialled
is the digit 2. 'The operations previously de-

scribed take place up to the end of the second:

impulse, whereupon a circuit is completed over
the vertical wiper VW as follows: earth on the
test wiper 34 or on armature 24, high resistance

‘HR, vertical wiper VW, second contact 'in the

vertical bank VB, upper low resistance and lower
high resistance windings of relay 2 in series, ar-
mature 17 to resistance battery. Relay 2 oper-
ates and at armature T9 connects battery through
a low resistance to the junction of its low. re-

sistance and high resistance windings to main-:

tain it operated and to mark the second contact

Ain the vertical bank with battery potential. ' At

armature 81 it completes a circuit for relay X
which thereupon operates and at armature 17
disconnects battery from the lower windings of
relays 2, 5 and 8 so that relays 5 and 8 cannot
operate at this time due to another switch in the
group served -by the overflow link connecting
earth to the fifth or eighth contacts in the ver-

tical bank. Relay 2-at armature 80 connects:

earth to those contacts in the bank engaged by

wiper 92 of the switch SW2 which correspond

to those contacts of the second group which are
not located in the second level. Relay X at ar-
mature 15 extends earth over armatures 54 and
51 to the magnet RMI of the rotary switch SWi
and extends earth over armatures 54 and 87 for
the rotary magnet RM2 of the switch SW2. The
magnet RM{ interrupts its own circuit at springs

50 and continues to operate intermittently and.

advance the wipers until the switch GS has been
found whereupon a circuit is completed for re-
lay Y as follows: earth on the test wiper 34 or
on armature 24, bank and wiper 41, springs con-
trolled by armature 49, winding of relay Y,
springs controlled by armature 52, wiper 42 and
bank contact, wiper VW and second bank con-
tact, low resistance upper winding of relay 2,
armature 19 to resistance battery. Relay Y on
operating disconnects itself from wipers 4f and
42, and locks up in the following circuit: resis-
tance battery, armatures 76 and 52, winding of
relay Y, armatures 49, 82, 18 -and 55 to -earth
on the test conductor. : )
Magnet- RM2 similarly interrupts its own cir-
cuit at springs 91 and continues to advance the
wipers of the switch SW2 until the wipers en-
counter an idle line in the required group, where-
upon a.circuit is completed for relay W as fol-
lows: earth, armature 80, bank contacts corre-
sponding to later choice lines in group 2, wiper
92, springs controlled by armature 89, winding
of relay W, resistance battery. It will be noted
that the lower terminal of relay W is connected
over armature 56 to wiper 93 so that the relay
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after the operation of relay K will be effective
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ean only opetrate if wiper 93 fails to encounter
earth, that is, when it encounters an idle line.
Relay W on operating completes a locking cir-
cuit for itself over armatures 89, 82 and 8i. It
will thus be seen that the switches SWi and SW2
at wipers 43, 47 and 48 and wipers 93, 96 and 91
respectively serve to prepare a connection from
the switch originating the call to an idle line
of the second group which is not located on the
second level. No further operations however
take place in the common overflow link as it has
been assumed that there is an idle line in the
second level. When this line is found relay H
energizes in the manner previously described.
As there is no earth on wiper 34, relay G is not
re-operated, so that the earth on wiper VW is
removed whereupon relay 2 releases and opens
the circuits of relays X and W at armature 81.
Relay X in turn at armature 18 opens the cir-
cuit of relay Y and the overflow link is there-
by restored to normal, the wipers remaining in
the position to which they were set. 'The con-
nection is completed by the switech GS in the
manner previously described without the assis-
tance of the common apparatus.

It will now be assumed that the connection is
to be extended over a large group of lines and
there is no idle line available in the level corre-
sponding to the digit dialled but that an idle line
is available to the overflow switch SW2. It will
again be assumed that the digit 2 is dialled and in
this case the same operations take place as pre-
viously described up to the hunting operation of
the switch GS, and the overflow link is caused to
operate in the manner already described in re-
sponse to the initiation of the hunting movement.
The switch GS continues its hunting operation
but as all the lines in the second level are busy
it advances to the 11th step position and operates
the 11th step cam springs 5, {7, and 3{. A cir-
cuit is thereupon completed for relays K and V
as follows: battery, winding of relay K, cam
springs {5, bank and wiper 48, armature 53, wind-
ing of relay V, armature 80 to earth, as it may
bhe fairly assumed that the faster operating
switches SWI and SW2 will have completed their
hunting operations before the switch GS has
reached its 11th step position. Relay K upon
operating completes a locking circuit for itself
at armature !4; disconnects test wiper 34 at the
contacts of armature 12; and at armatures {4, 13
and {6 transfers the incoming speaking and test
leads from the switch GS to the common appara-
tus, while relay V at armatures 58, 57 and 60 ex-
tends these leads through to the idle line se-
lected by the switch SW2.

The line and release relays in that switch
thereupon operate and guarding earth is fed
back over the test lead. Relays A and B of the
switch GS release, whereupon a circuit is com-
pleted for the release magnet Z over armatures
28, 18 and 2! and off-normal springs 22. The
wipers of the main switch thereupon restore to
normal, and relay 2 releases due to its circuit be-
ing opened at wiper VW. Relay X, however, is
maintained operated over armatures 78, 55 and 56,
and relay W is maintained operated over arma-
tures 89, 82, 78, 55 and 56 to earth fed back over
Impulses dialled at any time

to contrel the operation of the succeeding switch.
The switch GS is now reset to connect with the
switeh selected by the switch SW2.

To facilitate the description, it will be as-

=“'sumed that the number of the contact corre-

sponding to the selected lineis 89. The resetting
of the switch GS is effected by sending impulses
from the overflow link so that in the example
chosen it will be necessary to send three impulses
to the vertical magnet V and nine impulses to
tihe rotary magnet R. Appropriate connections
extend from the bank contacts engaged by wip-
ers 84 and 95 of the switch SW2 to a terminal
block TB the contacts of which are wired to im-
pulse sending cams arranged to transmit series
of earth impulses corresponding in number to the
number shown adjacent to the various terminals
of the block TB. Three of the cams are shown in
the drawings to illustrate their mode of opera-
tion, the remaining cams are arranged in an
analogous matner. The terminal on the ter-
minal block corresponding to the tens digit of
the selected line is connected to the correspond-
ing contact on the bank engaged by wiper 94 and
the terminal on the terminal block correspond-
ing to the units digit is connected to the corre-
sponding contact on the bank engaged by wiper
85. In addition to the cams generating the var-
ious impulse series, there is a start cam which
connects battery to the lead S for a short inter-
val before the transmission of any of the im-
pulses in the series and a stop cam which con-
hects battery to the lead Z shortly after battery
is connected to the lead S but before the first nu~
merical impulse is sent and disconnects this bat-
tery when the last numerical impulse has been
sent. When battery is next connected to the lead
S, following the operation of relay V, a circuit is
completed for relay DA as follows: resistance bat-
tery, lead S, armature 68, middle winding of re-
lay DA, armatures 59 and 58, test wiper 93 to
earth fed back from the succeeding switch. Re-
lay DA thereupon operates and locks over its
lower winding by way of armatures 85, 69 and 58.
Shortly afterwards battery is connected to the
lead Z and a circuit is thereupon completed over
armature T3, the upper winding of relay DB, ar-
mature 64 and the upper winding of relay DA to
earth. Relay DB operates and relay DA is held
in this circuit. Relay DB locks operated over its
lower winding and armatures 87 and 59 to earth
on the test conductor. When the impulse send-
ing cams come into operation a series of three
impulses is sent over wiper 94, armatures 79 and
81, wiper 44 and bank contact to the vertical mag-
net V which thereupon raises the switch wipers
three steps. When the switch moves off-normal,
relay H energizes in series with relay G due to the
closing of the off-normal springs 26, but no other
operations take place at this time. When battery
is removed from the lead Z, relay DA releases, as
the circuit of its lower winding is now open at
armature €8, and completes a circuit for relay
RC over armatures 63 and 66. Relay RC op-
erates, at armature 72 completes a locking cir-
cuit for itself to the test conductor and at arma-~
ture 18 prepares a fresh circuit from lead Z so
that when battery is next connected to lead Z a
circuit is completed for the middle winding of
relay DA over armatures 13 and 68 to earth on
the test conductor. Relay U also energizes in
parallel with the middle winding of relay DA and
closes a locking circuit for itself in series with
relay T. Relay T, however, being shunted by the
Z lead, remains quiescent. Relay RC also opens
the circuit from wiper 94 at armature 78 and
closes a circuit from wiper 95 at armature 11 so
that when the impulse sending cams next come
into operation a series of nine impulses is trans-
mitted over wiper §5, armatures T{ and 62, wiper
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45 and bank contact to the rotary magnet R
which steps the switch wipers into engagement
with the ninth set of contacts in the third level.
When battery is next removed from the lead Z,
relay T operates in series with relay U over arma.-
ture 74 to earth on the test conductor. Relay T

-at armature 98 opens the locking circuit of re-
‘lays W and Y which thereupon release and at

armatures 90 and 53 open the circuit of relays
V and K which thereupon release. Relay K
transfers the incoming leads back again from the
common apparatus to the switch GS, and as relay
H is already operated these leads are extended

through tc the succeeding switch connected to

contact set 89. Relay K is adjusted so that ar-
mature {3 opens slightly after the springs con-
trolled by armature {12 have closed so as to en-
sure continuity of holding potential on the test
conductor. Relay V releases shortly after re-
lay K and at armature 55 opens the locking cir-
cuit of relay X which in turn at armature 716
opens the locking circuit of relay Y whereupon
‘all the common apparatus is restored to normal.

If all the lines in a large group are busy, the
switch SW2 will be unable to find an idle line in
the marked group so that relay W will be unable
In these circumstances a busy sig-
nal will be transmitted to the calling subscriber
from the lead BT via the lower winding of relay
A in response to the operation of the 11th step

© springs I1. Relay H is prevented from operating

as its circuit is opened at the 11th step springs
31. If desired, an overflow meter could be pro-
vided for the different groups for the purpose of
recording the number of times that all the lines

© In a group are busy.

40

As an altérnative to providing a vacant con-
tact at the end of each small group, means could
be provided in the common apparatus for indi-
cating when ali the lines in a group are busy, for
example, a thermionic valve could be provided
with connections extending to all the lines in a
group in such manner that when they all become
busy the grid potential of the valve is changed
and a relay is cperated in the plate circuit. An

;. arrangement operated in this manner is described
- in the copending application of Taylor and Baker,

50

55

754,250, Nov. 22, 1934, 'The relay which is oper-
ated when all the lines in the group become busy
could be arranged to connect earth back over
the bank VB and wiper VW and by a suitable
modification of the circuit connections cause the
switch to hunt to its 11th step position, where-
upon busy tone would be fed back to the calling
subscriber through the lower winding of relay A.

. The group contact arrangement just described
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might be utilized to indicate that the ten lines
of a large group which are on a single level are
all busy and so pre-operate relays such as 2 and
mark the level contact in the vertical bank to
enable the overflow connection to be set up more
quickly.

If there should be a level to which a group of
ten lines is connected as there are no later choice
lines connected to the levels, the operations
would be the same as in the case of a small group
of lines except that the all-trunks-busy condi-
tion would be given on the 11th step instead of
from the busy tone set. Instead of the vertical
wiper and the vertical bank, normal post springs
could be utilized if desired. A simplified arrange-
ment which might be employed would be to ar-
range for the switches SWI and SW2 to give 3
permanent by-path connection for overflow calls,
in which case the switch GS would not be reset,

2,106,897

or possibly a combination may be .adopted for

“example the resetting may be effected as long
“as contacts are available on the switch GS and

the switches SWI and SW2 used as a permanent

by-path connection throughout the conversation .

if there were no contacts available on the main
switch even on any level other than the level
called, in which case the arrangement would have
the effect of increasing the capacity of the switch
group. The group selector may be of the type
which is set on to the required group of lines in
response to two series of impulses.

If the connection is being set up under the con-
trol of a register sender it is possible to avoid
taking the speaking conductors into the overflow

10

A5

link as the register sender may readily be ar- =

ranged to delay the transmission of the digit un-
til the group selector has been reset. In this case
it is not necessary for the auxiliary switch SW2 to

have access to the line contacts of the overflow

lines as it is sufficient for it to have access.only
to the test contacts of those lines,

If desired, the overflow link may be modifled
to control both its associated group selector and

the switch selected in the next switching stage.

A description will now be given with reference
to Figs. b, 6 and 7 of the application of the:in-
vention to an up-and-around switch arranged
to act as a final selector and having access to
groups of lines leading to different private branch
exchanges. A final selector of this type, which
is often referred to as a P. B. X, final selector, is
arranged so that when set on to the first line of
a group, and this line is busy, it performs a hunt-
ing operation until it finds an idle line in the
group or until it comes to the last contact in.the
group. The final selector is also generally ar-
ranged to have access to ordinary or individual
lines which i{ tests in the usual manner..and
thereupon connects ringing current to the called
line if idle or connects busy current to the call-
ing line if the called line is busy.

A very important requirement in connection
with final selectors of this type is that of allow-
ing for expansion. of the groups of lines or the
conversion of an individual line to.a group of
lines and it is very desirable that. all the contacts
connected to lines leading to a particular branch
exchange should be made accessible to the final
selector in response to the dialling of a. single
number which will remain unchanged .in spite of
any increase in the number of lines leading to
particular branch exchanges. To meet. this re-
quirement, it is generally necessary that.all the
lines in the group shall appear as consecutive
lines in the bank of the selector. This has the
serious objection that a large number of spare
lines must be provided following the various
groups to allow for expansion and one ohject of
the present invention is to overcome this difficulty
by arranging that the additional lines added to
a group need not be consecutive with the exist-
ing lines, but can in fact be located anywhere
on the switch when there is a vacant contact.

The circuit shown in Fig. 5 is a well-known.

circuit which has been modified by the addition
of a resistance HRI, a wiper 149 and its asso-
ciated contact bank together with a relay Ki and
resistance R2. It will be noted that all these
additions can be readily dissociated from the
circuit or connected to it, thus indicating that
the invention can be readily applied to P. B. X,
final selectors of various types with no altera-
tion of the fundamental circuit principles and
only a comparatively few wiring connections.,

30

40

60

70

.78



10

20

1o
St

40

45

Tt
Lt

60

153

75.

2,106,897

A description will first be given of the opera-
tions which take place in response to the dialling
of a. number corresponding to an individual line.
The general circuit operations are well-known
and will, therefore, be described as briefly as
possible so that the differences introduced by the
invention will be more readily appreciated. When
the switch is taken into use relay Af! operates
over the speaking leads and at armature 18{ com-
pletes a circuit for relay B! which also operates
and at armature 103 connects earth back over the
incoming test conductor. In response to the tens
digit relay Al releases intermittently and at ar-
mature 101 repeats the impulses over armature
110, off-normal springs 104, armature (43 to the
vertical magnet VI which thereupon steps the
switch wipers to the corresponding level, for ex-
ample level 2. A parallel circuit extends over
armature 138 to the lower winding of relay Ci
which operates on the first impulse and com-
pletes a short-circuit for its upper winding over
armatures 36, {19 and 14 so that it is made
slow to release and thus holds operated through-
out the impulse series. On the first vertical step
the off-normal springs are operated and the
subsequent impulses to the vertical magnet pass
from armature (18 over springs 1085 and arma-
tures 139, 121, 132, 113, and !43. At the end
of the impulse series, relay C releases.

‘When the units digit is received, relay Al again
releases intermittently and at armature 16! re-
peats the impulses by way of armature 119,
springs 185, armatures §39, 121, {32, {3, 142 {o
the rotary magnet Ri. The rotary magnet ro-
tates the wipers a corresponding number of steps,
for example 6, so that they now stand in engage-
ment with the terminals of the line 26. A par-
allel circuit also extends to the lower winding
of relay E which operates and, at armature {23,
completes a short-circuit for its upper winding
so that it is made slow to release and holds oper-
ated throughout the impulse series. Relay E at
armature (26 places a shunt across armatures
121 and 132 and at armature 122 extends a test
circuit to relay Gi as follows: battery, winding
of relay Gi, armatures {30, £22 and {41, test
wiper 142 to the test contact of the wanted line.
If this line is busy, the test contact will be con-
nected to earth and relay Gi will thereupon oper-
ate and at armature !{i7 prepare a locking cir-
cuit for itself which is completed at the normally
closed springs controlled by armature {22 when
relay E releases shortly after the end of the im-
pulse series. Busy current is now fed to the
calling subscriber’s line through the lower wind-
ing of relay Al from the busy tone lead BT over
armatures 120 and [25. On receiving the busy
tone the calling subscriber wiil hang up his re-
ceiver whereupon relays Al, Bl and Gi will re-
lease and a circuit will be completed for the re-
lease magnet Z{ over armatures (8! and {18 and
off-normal springs 183. The release magnet
causes the switch wipers to restore to normal and
at armature 102 connects earth to the incoming
test conductor so as to mark the switch busy
until the switch wipers have restored to normal.

If however the wanted line is idle the test wiper
148 will encounter battery instead of earth so
that relay Gl will be unable to operate. When
relay E releases a circuit is completed as follows
for relay HI: battery encountered by test wiper
148, armatures 141, 22 and (18, lower winding
of relay HI, armature (08, to earth. Relay Hi
operates and at armature {31 completes a locking
circuit for itself over its upper winding. At

armatures 128 and 1338 relay Hi extends ringing
current to the wanted line from the lower wind-
ing of relay F and the ringing lead RT, a small
portion of the ringing current being transmitted
to the calling subscriber over armature 1217
through a small capacity condenser {15, When
the called subscriber replies, relay F operates over
its lower winding in series with the called loop,
holds over its upper winding and completes the
talking connection. Relay D operates over both
its windings in series with the called loop and at
armatures 106 and {07 reverses the current flow
in the calling loop for metering or supervisory
purposes.

It will now be assumed that it is desired to
extend connection to an idie one of a P. B. X,
group of lines in which all the linés in the group
are in sequence, for example, the group 42, It
should be explained with reference to Fig. 6 that
the first line in a P. B. X, group has the contact
accessible to wiper 150 connected to resistance
battery and. that subsequent contacts in the group
accessible to this wiper are directly connected to
the corresponding contacts engaged by wiper 148
except for the last contact in the group which is

left disconnected. Similarly in the case of ordi--

nary lines O the contact accessible fo wiper 150
is left disconnected. In response to the dialling
of the tens and units digits, 4 and 2 respectively,
the switch wipers are positioned on the second
set of contacts in the fourth level in a manner
similar to that already described. If the first
line in the group is idle the connection is extended
over this line in the manner already described.
If, however, this line is busy, relay G{ operates,
and as the wipers are engaging the first contacts
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in a P. B. X. group, wiper {50 will encounter bat-. .

tery, whereupon, when relay E releases, a circuit
is completed over armatures {24 and {36, upper
winding of relay Cl, armatures 118, 122 and 141,
wiper 148, to earth. Relay Ci thereupon oper-
ates and at armature {14 completes a circuit to
the lower winding of relay HS over armature {19
from earth at wiper 148 over the circuit previ-
ously traced. Relay HS completes a locking cir-
cuit for itself over its upper winding at armature
135 and at armature {36 opens the initial ener-
gizing circuit of relay Ci, which however is now
maintained over its lower winding in the fol-
lowing circuit: battery, lower winding of relay
Cl, armatures 38, interrupter springs (47, ar-
matures 111, 1234 and {08, to earth. A circuit is
also completed for the rotary magnet as follows:
battery, winding of rotary magnet Ri, arma-
tures 142, 112, 134 and {68 to earth. The rotary
magnet thereupon energizes, opens the circuit of
relay Cl at springs 147 and advances the switch
wipers into engagement with the next set of con-
tacts. Relay E is energized over its lower winding
in parallel with the rotary magnet and com-
pletes a short-circuit for its upper winding at
armature 123 so that it will hold operated dur-
ing the hunting movement. If the next contact
in the group is also busy, wiper 148 will encoun-
ter earth so that relay G{ will remain operated
and as the contact engaged by wiper 189 is di-
rectly connected to the normal test contact, wiper
156 will also encounter earth so that earth will
be extended to the lower winding of relay Ct
from wiper {58 over armatures 124 and (37, in-
terrupter springs 147 and armature 138. Relay
C{ again operates and at armature 1i2 again
completes the circuit of the rotary magnet Rl
which thereupon steps the switch wipers into
engagement with the next set of contacts and
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opens the circuit of the lower winding of relay
Cl at the interrupter springs 141. This sequence
of operations occurs until an idle line is found or
until the last contact in the group is reached.
:If an idle line is found, wiper 148 will encounter
battery and relay Gi will thereupon release.
After- a -short interval, relay E releases and a
circuit is completed for the lower winding of
relay HI over armatures {18 and 122, whereupon
,relay HI will operate and connect up ringing cur-
rent -in the manner previously described. If,
"however, the switch continues to hunt until it
reaches the last line in the group, and this line
is also busy, relay G will remain operated and
swill lock operated over armature (i1 when re-
lay E releases. Busy tone is transmitted back to
the calling subscriber over armature 120 in the
manner previously described.

It will now be assumed that a call is to be made

2ayto. a P. B. X, group of lines in which some of the

e
£
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lines of the group are located out of sequence with
the. first choice lines, and it will be first assumed
that there is an idle line among the first choice
lines. In this type of call, use is made of the

-.wiper 149 and the bank contacts to which it has

access. It should be explained that the numbers
shown adjacent to the contacts of the bank asso-
ciated with wiper 149 comprise the last two digits
of -the directory number of the various sub-
:seribers and to facilitate the description these
will be taken as comprising-the whole of the
subscriber’s number; thus, No. 11 is an ordinary
or individual line; No. 12 is a P. B, X. group of
three lines in sequence having no facilities for

saniextension as contact No. 15 is already allotted
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to another subscriber. No. 15 is an individual
line which has one further line left spare in
sequence for possible extension; No. 42 is a P.
B.'X. group of 5 lines with possibilities of ex-
tension to lines in sequence up to 7. The sub-
scribers having groups of lines with the later
choices out of sequence are Nos. 19, 88 and 01.
Subscriber No. 19 is a P. B. X. subscriber with
two lines on contacts 19 and [0 respectively,
-and a third line on contact 28; subscriber No. 88
has a single line connected to contact 88, and
a -second line connected to contact 64; while
subscriber No. 01 has a single line connected to
contact 01, and a second line connected to con-
tact 95." Contacts 19, 88 and 01 in the bank
engaged by wiper 149 are connected to the
corresponding relays 19, 88 and 0! in the com-
mon  apparatus over leads 160, i6f and 162
respectively.

It will first be assumed that a connection is to
be extended to the subscriber 19 and that the
line connected to contact (9 is busy, but that the
line connected to contact 20 is idle. The switch
wipers- are positioned on to the ninth set of
.contacts in the first level in the manner similar
to that already described. As it is the first line
in a:P. B, X, group the wiper 150 will encounter
resistance. battery and as the line is busy the
wiper 148 will encounter earth. Relay Gi en-
ergizes and the switch is stopped on to the next
set of contacts in the manner previously de-
scribed. In addition, however, the following cir-
cuit is completed to the common apparatus:
earth, armatures 108 and {17, high resistance
HRI, wiper {49, contact 19, conductor 168, upper
low resistance winding and lower high resistance
winding of relay 19 in series, armature 235 to
resistance battery. Relay 19 operates and at
armature 239 shunts its lower winding by the
dow .resistance 238 so as to bring the potential

2,106,807

of wiper 149 to substantially battery potential.

Relay 19 at armature 241 completes a circuit:

for relay XI which causes the switches SW2I
and SWil to operate in a similar manner to

that described in connection with Fig. 4, the -

switch- SW21 hunting over wipers 253 and 254
to find an idle line in the group 19 which.: does

not appear in the bank of the conversational:.

switch in sequence with the first choices, namely,
Nos. 19 and 20, and the switch SWII hunting

[
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over wiper 20! to find the conversational switch .
in question, namely, the switch which has bat- -

tery potential connected to its conductor
over its wiper 149.. When these are found, relays
Wi and YI operate and prepare a circuit for
relays VI and K in series. Relay KI{ however

only energizes if there is an absence of earth.

on the junction point between its winding and

resistance R2 .and this can only occur when

the wiper 150 engages an unearthed contact,
that is, when it engages an idle line or when. it
engages the last line in the group. Since, how-
ever, it is assumed that the second contact of the

group 19 is idle, relay Gl will release as wiper -

{48 will not encounter earth and relay Hi will
operate.

fore releases.
and are followed by relay YI.
armature 250 opens the circuit of relays Ki and
VI; relay Ki is therefore only energized ‘mo-
mentarily, while relay VI is not energized at
all as it is arranged to be slow to operate. TUnder

these conditions it will be seen that the common :

apparatus is prepared for use but no actual use
is made of it. In the case of a call to subscriber
88 the operations which take place if the line
connected to contact 88 is idle are the same as

Due to the release of relay Gli earth is-
disconnected from wiper 149 and relay 9 there- .
Relays Wil and X! also release .
Relay Wi at-

30 .

those already described for the case of an indi- .

vidual line and in this case relay Hi will operate
but relay Gl will not operate so that no earth
will be extended over wiper (49 to the common
apparatus. If, on the other hand, the line 88
is busy, relay G will operate, the common appa-
ratus will be taken into use, the switches SW2(
and SWI{ will be set and relays Vi and Kl will
thereupon be operated. in series.

It will now be assumed that all the first choice

40
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lines in the desired group are busy, but that one -

or more idle lines exist among those lines which
are not in sequence with the first choice lines.
The setting of the switch: F'S takes place in the
same manner as previously described but as all

the lines directly reached in response to dialling-

are busy, the overflow link will be taken into use,
the switches SW2{ and SW I will be set and when,
the wipers of the switch F'S reach the last con-

tact in the group relay K| will operate in series -
with relay Vi in the following circuit: battery, -

resistance HR2, winding of relay KI, conductor

158, bank and wiper 205, armature 210, winding:

50 :

55 -

60

of relay VI, armature 250 to earth. Relay Kflat -

armatures 146, (4! and 146
wipers 147, 148 and 151 respectively, at arma-
tures 142 and 143 disconnects the rotary magnet
RI and vertical magnet VI from the switch cir-
cuit and connects them to the common apparatus,

disconnects the -

65

at armature 144 closes a point in g circuit to the

lower winding of relay Hi and at armature 145
completes a circuit to the release magnet Z1 from
earth fed over conductor 154 from wiper 206 and
armatures 214 and 229.
operates and causes the wipers of the switch FS
to restore to normal. Relay Vi also operates in

The release magnet Z1-

70

this circuit and at armatures 212 and 213 com- 75..
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pletes circuits as follows: earth at armature 108,
lower winding of relay Hi, contact 144, lead {55,
wiper 2902. The circuit then divides, part pro-
ceeding via contact 212, locking contact of relay
Xt to relay X! and battery and also a branch
extends through a back contact of relay Ti, lock-
ing contact of relay Wi, relay WI, resistance to
battery, while the olher part of the circuit from
wiper 2)2 proczeds via. armature 213, wiper 254
to the cut-off relay of the wanted subscriber.
Relay EI operates in this circuit and completes
a locking circuit for itself at contact {31! through
its upper winding. At the same time contact 129
connects earth from wiper 198 threugh back con-
tact (22, back contact {8, contact 144 to con-
ductor {55, thereby ensuring that relays X{ and
W are maintained operated in dependence upon
earth at contact 108 and therefore in dependence
upon the calling subscriber’s loop circuit being
closed and also effecting the operation of the
cut-off relay of the called subscriber. In response
to the operation of armature 217 by relay VI
the relays DAY, DB{, RC{, Ul and Tl operate in
the same manner as the corresponding relays in
the common apparatus associated with the group
selector to control the transmission of two series
of impulses over wipers 203 and 204 and con-
ductors 156 and 157 respectively, in accordance
with connections made over wipers 255 and 256
from the terminal block TB to set the switch F'S
on to the line selected by the switch SW2{. When
both series of impulses have been transmitfed re-
lays U and T operate in series and bring about
the release of the common apparatus in the man-
ner described in connection with the group se-
lector. Relay Wi at armature 250 opens the cir-
cuit of relays K! and VI and these relays there-
upon release. The normal conditions for ringing
are now established in the final selector FS and
the call is completed in the manner previously
described. Similar operations take place when a
connection is to be extended to subscriber No. 88
or subscriber No. 01 except that the correspond-
ing relay No. 88 or No. 01 is energized in the
common apparaitus instead of the relay 19.

If all the lines both in the first choice group
and in the later choice group are busy, the
switches SW21{ and SWi{ will be set in operation
as before but the switch SW2{ will be unable
to find an idle line in the required group so that
no circuit will be completed for the relay Ki.
The switch SW2{ will then continue to hunt
until a line becomes available or until the call-
ing subscriber restores his receiver. If desired,
it could be arranged that the switch SW2I is
stopped in a special position when it has found
all the lines in the required group busy and the
switch ¥S could then be arranged to restore to
normal to transmit a busy signal to the calling
subscriber whilst at the same time releasing the
common apparatus.

Referring now to Fig. 8, this shows a sub-
sceriber’s station S which is automatically con-
nected, when a call is initiated, to an up-and-
around first group selector such as Sl. A rotary
auxiliary switch RBS is associated in common
with a group of selectors such as Sl either by
means of multiple connections as shown in Fig. 8
or by means of a hunting switch. In response to
the initiation of the call, the auxiliary switch
RBS is automatically connected to the selected
first group selector SI and selects an. idle line
leading to the tandem exchange T and termi-
nating in a group selector S2. The first series
of impulses transmitted by the calling subscriber
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is received by the selectors SI and S2 and causes
their wipers to be stepped vertically to the corre-
sponding level; they then hunt over this level for
an idle junction to exchange B, assuming that B
is the wanted exchange. If the selector S{ finds
an idle direct junction the connection is com-
pleted thereover and the switches RBS and S2
are restored to common use. If, however, no
direct junction is available, then the connection
is completed over the junction to the tandem ex-
change T selected by the auxiliary switch RBS
and the junction fo exchange B selected by the
group selector S2 at the tandem exchange T.
The indirect junction selected by the switch RBS
is alsc connected to a suitable contact set in the
bank of selector St so that when it is known
that no direct junctions to exchange B are avail-
able the selector Si is released and is set on to
the junction selected by the auxiliary switch RBS
in a manner similar to that described in connec-
tion with Figs. 1-4. The switch RBS is then
released and restored to common use.

It will be noted that as the indirect junctions
may be connected to a different level of the se-

lector St from that to which the direct junctions .

are connected, the indirect junctions for han-
dling overflow calls to a plurality of different ex-
changes may all be connected to the same level
or levels of the selector SI. In any case, all the
indirect junctions will be accessible to the aux-
iliary switch RBS and will therefore form a sin-
gle group with a resultant increase in efficiency.

If desired, and particularly if there are only
one or two exchanges such as exchange B, it is
possible to eliminate the selector S2 at exchange
T and to send only discriminating signals over
the indirect junction to cause an idle line lead-
ing to the required exchange to be selected, in
which case the switch RBS need not select an
idle indirect junction until after the dialling of
the first digit has begun. The group selector
S1 may be of the type which is set on to the
required group of lines in response to two se-
ries of impulses.

Referring now to Fig. 9, Sl is an up-and-
around first group selector provided with two
sets of banks of 100 lines each and with a sepa-
rate set of wipers for each set of banks, a switch-
ing device X being provided for switching over
from one set of wipers to the other. RBS is
an suxiliary switch which is preferably of the
up-and-around type and is associated in com-
mon with a group of selectors such as Si either
over multiple connections as shown, or over a
hunting switch.

When the subscriber at substation S lifts his

10

15

20

25

30

35

40

45

50

65

receiver the group selector S{ and the auxili-

ary switch RBS are automatically taken into
use. In response to the dialling of the first digit,
which will be assumed to be the digit 2, the
wipers of the selector Sl are raised to the cor-
responding level and then select an idle second
group selector such as S2. In response to the
dialling of the second digit, which will be as-
sumed to be the digit 3, the wipers of the selec-
tor S2 are raised to the corresponding level and
then select an idle final selector such as FS.
The circuit is arranged so that the switch RBS
responds simultaneously to the second digit so
that its wipers are raised to the third level. The
wipers are then rotated to select a contact cor-
responding to the first digit, e. g., under the con-
trol of a circuit extending over a vertical wiper
of the selector SI. In the case assumed, the
first and second digits are 2 and 3 respectively
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10
so that the switch RBS: will select a contact
(e. g. the second) in the third level.

From the second set. of banks of the selector
S1, lines extend direct to final selectors; these
lines are also connected to the bank of the se-
lector RBS. .

In the case of a 10,000 line exchange a di-
rect line may extend from each contact of the
lower bank to a final selector having access to a
different group of one hundred lines. In prac-
tice, however, the capacity of the exchange will
generally be substantially less so that for certain
combinations of the first two digits two or more
direct lines may be provided leading to different
final selectors having access to the same group
of one hundred lines particularly in cases where
the corresponding final selectors carry heavy
traffic, e. g., to P. B. X, groups.

It has been assumed that a direct line will be
provided for every combination of the first two
digits; it may be found desirable, however, not
to provide a direct line for every combination of
the first two digits so as to increase the number
of direct lines to a group of final selectors car-
rying heavy traffic. It will be understood that
the groups of lines in the banks of the selec-
tor RBS may be graded in well-known manner.

When the second digit has been dialled, the
switch S2 hunts for an idle final selector FS
in the usual manner. Simultaneously, the aux-
iliary switch RBS operates to select a direct line
leading to a final selector having access to the
same hundreds group of lines, which selector
as shown is also F'S but need not necessarily be
so. If such a direct line is found to be idle, then
a temporary connection is completed over the
switch RBS to the final selector FS and the se-
lectors S| and S2 are released. The operation
of the final selector FS may now be controlled
over the temparary connection and while this
is taking place the selector S| is automatically
reset under the control of the switch RBS to
extend a connection over its lower bank to the
final selector F'S via the direct line, and when
this connection has been completed the tem-
porary connection is opened and the selector
RBS is restored to common use. It will be ap-
preciated that the selectors such as S| may be
divided into groups each having access to differ-
ent final selectors so that calls will only need
to be set up via selectors such as S2 when more
than one call from a particular group of selec-
tors such as S1 is being set up simultaneously
to a particular hundreds group of subscribers.

It will thus be seen that connections may be
set up over only two numerical selectors, name-
ly, St and FS, instead of three as would other-
wise be required, namely, Si, S2 and FS.

Referring now to Fig. 4, this shows an ar-
rangement whereby speaking connections may
be set up over uniselector switches which may
have capacity of considerably less than 100 lines.
Si is a uniselector first group selector which
may have a capacity of substantially less than
100 lines, e. g., only 25 lines; and RBS is an aux-
iliary switch associated in common with a group
of selectors such as Si either over a multiple
connection as shown or over a hunting switch
and is preferably of the up-and-around type.
When the subscriber at substation S initiates a
call, the uniselector SI and the up-and-around
reserve by-path selector RBS are automatically
taken into use.

In response to the dialling of the first digit,
the selector St is set to a corresponding group of
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lines; this may be effected by arranging that the
switch: RBS is set vertically in response to this
digit and extends a marking circuit over its ver-
tical wiper to the bank of the selector Si: The
selector S{ then hunts for an idle line in the
marked group (which may contain only two
lines) leading to a selector such as S2, and if
such a line is available the connection is com-
pleted thereover and the switch RBS is restored
to common use. If, however, no such line is
available, the switch RBS hunts for an idle uni-
selector, such as OS2, in a group of overflow uni-
selectors having their banks multipled with thoszs
of 82, whilst at the same time the uniselector St
hunts for an overflow selector such as OS in a
common group. The selectors OS are prefer-
ably of larger capacity than the selectors S{ and
as shown in Fig. 4 they may be of the up-and-
around type. The selector OS is then set on fo
the line leading to selector OS2 under the con-
trol of the auxiliary switch RBS. The connec-
tion is then completed over the selectors Si, OS
and OS2, whilst the switch RBS' is restored to
common use. A similar overflow arrangement
may be provided at the second switching stage
as is illustrated in the drawings by switches RBSI
and OSI.. The lines from the first selector Sl
to the second selectors S2 will carry quite a large
proportion of the traffic, the remainder of the
traffic being routed over the overflow selectors
OS and it will be appreciated from the well-
known grading principle that this results in an
economy in the total number of switches re-
quired. If desiired, the auxiliary switch  RBS
and the selector OS may also be uniselector
switches.

While five important applications of the in-
vention have been described by way of example,
it will be understood that the invention is capable
‘of other applications coming within the scope of
the features mentioned. It should be specifical-
ly pointed out:that the invention is not limited
to up-and-around switches but is applicable also
to uniselector switches and possibly to other types
of switches. Similarly the invention is applicable
to 200-point up-and-around switches as well as
to 100-point switches.

Although the arrangements described are of
particular use in systems in which connections

are set up under the direct control of the calling :

subscriber’s dial switch it will be understood that
the invention is equally applicable to systems em-
ploying register controllers.

- I claim:

1. In a switching system, a selecter switch
having its contact bank divided into separately
designated contact groups, means responsive to
control corresponding to the designation of a
contact group for bringing said selector into as-
sociation with the designated group of contacts,
there being lines connected to the contacts of
said selector and grouped generally in accordance
with the grouping of the contacts, means for
causing the selector to search over the contacts
of a selected group for an idle line, means ef-
fective in the event that an idle line is found for
arresting the searching cperation and for caus-
ing the selector to make connection with the idle
line and effective in the event that all of the lines
connected to the contacts of the group are busy
for arresting the operation of the selector when
the end of the group is reached, certain of said
groups of lines having more lines therein than
there are contacts in a group, the additional
overflow lines being connected to spare contacts
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in other confact groups, an overflow link asso-
ciated with said selector and having access {o the
overflow lines, means effective when the selector
is brought into association with a contact group
serving a group of lines containing overflow lines
for operating the overflow link to make connec-
tion with the selector and to make connection
with an idie overflow line of the called group,
and means effective in the event that all of the
non-overflow lines of the called group are busy
and upon the censequent arresting of the move-
ment of the selector at the end of the contact
group for completing connection by way of the
overflow link with the selected idle overflew line.

2. In s switching system, a selector switch hav-
ing its contact bank divided into separately des-
ignated contact groups, means responsive to con-
trol corresponding to the designation of a con-
tact group for bringing said selector into asso-
ciation with the designated group of contacts,
there being lines connected to the contacts of
said selector and grouped generally in accord-
ance with the grouping of the contacts, means
for causing the selector to search over the con-
taets of a selector group for an idle line, means
effective in the event that an idle line is found
for arresting the searching operation and for
causing the selector to make connection with the
idle line and effective in the event that all of the
lines connected to the contacts in the group are
busy for arresting the operation of the selector
when the end of the group is reached, certain of
said groups of lines having more lines therein
than there are contacts in a group, the addition-~
al overflow lines being connected to spare con-
tacts in other contact groups, an overflow link
associated with said selector and having access
to the overflow lines, means effective when the
selector is brought into association with a con-
tact group serving a group of lines containing
overflow lines for operating the overflow link to
make connection with the selector and to make
connection with an idle overflow line of the
called group, means effective in the event that
all of the non-overflow lines of the called group
are busy and upon the consequent arresting of
the movement of the selector at the end of the
contact group for completing connection by way
of the overflow link with the selected idle over-
flow line, means thereafter effective for restoring
the operated selector to normal position and for
reoperating it under control of the overflow link
te make connection with the selected overflow
line, and means thereupon effective for freeing
the overflow link for further use.

3. Tn g switching system, a group selector hav-
ing access to groups of lines which may be varied
1n size independently of the construction and
manner of operation of the group selector, where-
by certain overflow lines are connected to con-
tacts that cannot be reached in the normal cper-
ation of the selector, an auxiliary switch having
access to the said overflow lines, means effective
when the group selector is directed to a group
containing overflow lines for causing the aux-
iliary switch to select an idle overflow line of the
group, and means effective in the event that all
the lines of the group which can be selected by
the normal operation of the group selector are
busy for temporarily completing the connection
to the selected idle overflow line by way of the
auxiliary switech; for reoperating the group se-
lector under the control of the auxiliary switch
according to the position assumed thereby to
make connection with the same idle line; and for
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thereupon transferring the connection with the
idle overflow line through the group selector.

4, In combination, a group selector having
access to lines divided into. groups, means for
bringing said group selector into association with
a group of lines and for causing it to search over
the group in search of an idle line, overflow lines
forming a continuation of one of the said groups,
an auxiliary switch associated with said selector
and having access to said overflow lines, means
effective responsive to the operation of said greup
selector into association with the group contain-
ing the said overflow lines for causing said aux-
iliary switch to search for and connect with an
idle overflow line, and means dependent upon
said group selector finding all lines busy in the
selected group for transferring the connection
to the idle overflow line selected by the auxiliary
selector.

5. In combination, a group selector having
access to lines divided info groups, means for
bringing said group selector into association with
a, group of lines and for causing it to search over
the group in search of an idie line, overflow lines

forming a continuation of one of the said groups, 2

an auxiliary switch associated with said selecfor
and having access to said overflow lines, means
effective responsive to the operation of said group
selector into association with the group contain-
ing the said overflow lines for causing said aux-
iliary switch to search for and connect with an
idle overflow line, means dependent upon said
group selector finding all lines busy in the selected
group for transferring the connection to the idle
overflow line selected by the auxiliary selector,
said group selector having access to said overflow
lines by way of spare contacts located at random
in its bank, and means effective upon the finding
of all of the lines in the main group busy and con-
trolled according to the position taken up by said
auxiliary switch for restoring said group selector
and for reoperating it directively to make con-
nection with the overflow line which has been
connected with by the auxiliary selector.

6. In combination, a group selector having ac-
cess to lines djvided into groups, means for bring-
ing said group selector into association with a
group of lines and for causing it to search over
the group in search of an idle line, overflow lines
forming a continuation of one of the said groups,
an auxiliary switch associated with said selector
and having access to said overflow lines, means
effective responsive to the operation of said group
selector into association with the group contain-
ing the said overflow lines for causing said aux-
iliary switch to search for and connect with an
idle overflow line, means dependent upon said
group selector finding all lines busy in the se-
lected group for transferring the connection to
the idle overflow line selected by the auxiliary
selector, said group selector having access to said
gverflow lines by way of spare contacts located
at random in its bank, means effective upon the
finding of all of the lines in the main group busy
and controlled according to the position taken up
by said auxiliary switch for restoring said group
selector and for reoperating it directively to make
connection with the overflow line which has been
connected with by the auxiliary selector, and
means thereupon effective for completing con-
nection with the overflow line by way of the group
selector and for bresking down the temporary
connection set up through the auxiliary selector.

7. In a switching system, a group selector hav-
ing access to lines divided into groups correspond-
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ing to the physical grouping of the contacts in the
bank of the selector, one of such groups of lines
including overflow lines connected to contacts
located in another physical group of the contact
bank, an auxiliary switch associated with the
group selector, means effective when the group
selector is operated into association with the
physical terminals of the main group having the
said overflow lines located in another physical
contact group for causing sald auxiliary switch to
assume a position corresponding to an idle one of
the overflow lines, and means effective in the
event that the group selector is unable to find
an idle line in the physical group with which it
has been brought into association for releasing
the selector after it has searched over the group
and for reoperating it in accordance with the idle-
line position assumed by the said auxiliary switch
to bring it into connection with the contact from
which the idle overflow line is accessible.

8. In a switching system, a selector having ac-
cess to groups of lines, some of the lines of certain
groups being accessible from positions on the
switch apart from the positions of the other lines
of the same group, an auxiliary switch having
access to the lines which are accessible from the
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separated positions of the switch, means effective
when the switch is operated into association with
a group of lines containing lines separated as to
position for causing the auxiliary switch to hunt
for the called group and for an idle line in the
group, and means effective in the event that all
of the non-separated lines in the group accessible
to the switch are busy and controlled from the
auxiliary switch for causing the selector to estab-
lish connection with the line selected by the aux~
iliary switch.

9. In combination, a switching unit including a
majin selector and an auxiliary selector, groups of
lines accessible to said switching unit and appear-
ing in different arrangements in the banks of said
selectors, means for operating the main selector
to select a group of lines and to select and seize
an idle line in the group, means controlled from
the main selector for causing the auxiliary se-
lector to select a different idle line in the same
group, and means controlled from the main se-
lector depending upon its being unable to find an
idle line for causing the auxiliary selector to seize
the idle line it selects.

RICHARD MERCER.
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