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The present invention concerns improvements
in or relating to telephone systems, and while it
is more particularly concerned with the linking
of networks by automatic switching means which
have previously been linked solely by manual
switching means or with the extension of a net-
work by linking up exchanges by automatic
switching means which due to their geographic
position with respect to a network have pre-
viously been linked up to such network by man-
ual switching means (for instance, in Great
Britain, the invention would be concerned with
the setting up of trunk calls or toll calls re-
spectively by automatic switching means), the
invention also has applications within networks
as will be referred to hereinafter. The present
application is a division of my co-pending appli-
cation Serial No. 278,727, filed June 12, 1939,

Generally speaking, a network as it exists at
present consists of a number of exchanges suit-
ably interconnected by cables or junction lines
which are either now or it is intended will be
equipped for automatic working and automastic
interworking.

Associated with each network there are usually ¢

2 number of other exchanges which are too far
distant from the centre of the network to be con-
veniently dealt with in the same manner. For
instance, it may be desirable to route such calls
in a special manner and to depart from the unit
Tee rate for calls to and from such exchanges as
may be adopted for exchanges within a certain
distance of the centre of the network,

One object of this invention is to extend the

area over which calls can be automatically set

up by linking up exchanges within the network
either by incorporating them in the same desig-
nation plan which is employed for every ex-
change in the network while providing special
facilities for separately charging and routing such
calls, or if it is not convenient to incorporate
such exchanges in the same designation plan
either because the exchanges are more conven-
iently situated for inclusion in a different net-
work having its own designation plan or for any
other reason, such as the fact that the inclusion
of certain exchanges, would necessitate 3 modifi-
cation of the designation plan proposed or in
operation, then such exchanges and subscribers
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connected thereto would be designated according
to a different plan.

As examples of the latter, a designhation plan
of a network may be based upon five digits and
the addition of a certain exchange or exchanges
may involve g changeover to a six digit system.
Similarly in an area where the designation plan
is such that exchanges are represented by their
initial letters it may be inconvenient to add cer-
tain other exchanges to the same designation
plan because of conflict of hame.

Por the purpose of setting up calls between ex-
changes operating on different designation plans,
it is convenient to allot to the designation of each
subscriber or party on a designation plan, an
additional distinctive digit or digits which may
be prefixed to the number to be used by sub-
scribers on the same designation plan to indi-
cate that the call is between networks.

By “designation plan” is meant the plan ac-
cording to which subscribers and other parties
in an area are allotted their distinctive designa-~
tion which may be 2ll numbers or letters and
numbers or all letters, and which calling parties
In the area are to use alone in establishinz a
connection to such subscribers or cther parties,
and calling parties outside the area are to use if
setting up the call automatically after injtially
sending a digit or digits characteristic of the
area. It will be understood that designation
plans in different areas may be compiled accord-
ing to the same or different methods. For con-
venience, the word “zone” will be used in this
specification to indicate the area covered by a
network of exchanges having the same designa~
tion plan. A zone will be considered as formed
of two parts, the “urban.area” of g zone in which
Subscribers may call ‘each other for the same
unit fee, or in which stich calls can be registered
on the subscriber’s individual meter, such area
being usually the area within s certain distance
of a suitably selected point in the zone, and the
“suburban area” of g zone, for calls to and from
which special charging arrangements have to be
brovided such &s ticket printing equipment, which
area falls outside the said distance and not with-
in the area of another zone.

Anocther object of the invention is to set up
calls from within an ares covered by a network

-of exchaqge;, having the same designation plan
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in a novel manner which permits of local calls
and calls outside the area being controlled by
equipment capable of being used for either pur-
pose.

Another object of the invention is to control
the setting up of a call outside from within an
area covered by a network of exchanges having
the same designation plan to other exchanges
both within and without the area over routes
having appropriate transmission characteristics
having regard to the originating and destination
exchanges. '

According to one feature of the invention the

staze of the connection which serves for the col- - ‘one point to another in the shortest time; such

lection of information for automatically record- 13. particulars may include the called number, the

10

ing particulars of a call, for instance for charg-

ing purposes is also employed for controlling the

further setting up of the connection.. In:the
case of a call to outside the zone the whole of
the distinctive digits of a called party are, after

—other informafion of a special character.

the appropriate switches have been operated. to. -

select an appropriate line outgoing from the zone,
transferred to a register translator or converter

to enable control of the connection to the wanted,

party in the distant zone to be effected in an
appropriate manner; for instance, it may be de-~
sirable to effect the control to a distant exchange
by means of voice frequency impulses or over. a
carrier channel or in any way different from or
including the normal direct current impulsing
method whichever may be considered desirable;
or again the zones concerned may employ dif-
ferent kinds of automatic switching or they may
operate on different numerical systems, and the

appropriate control could be effected from the ¢

converter without involving any change in the
telephone equipment in the rest of the zone. Or
again, it may be desirable to have the converter,
in addition. to controlling the numerical position-
ing of the various switches used in establishing
a connection, control the bringing into operation
of repeaters or the selection of an appropriate
quality of junction line, particularly when it is
borne in mind that. inter-zone calls may involve
connections through one or more intermediate
sones. Again. the converter in the case where
there are a number. of intermediate zones may
add appropriate additional numerical controls to
effect.the establishment of the connection to the
wanted zone before effecting the selection of the
exchange required and of the wanted subscriber.

A further feature of the invention concerns
an arrangement whereby the calling party’s
number. after identification is transmitted over
the connection to a point where it is stored
preparatory to the operation of the recording
equipment. By storing in this manner it is pos-
sible to have a check on the reception of the
complete information before recording takes
place or even to provide special checking means
operative under control of the calling party’s
number as stored fo make sure that no error has
occurred in transmission. ‘

According to a further feature of the invention
equipment’ taken into Use when the calling
party’s line is in a particular condition which,
in response to varying kinds of control exerted
hereon, routes the call to corresponding des-
tinations and causes the calling party’s identifi-
cation to be transmitted over the connection set
up at an appropriate stage on the setting up
thereof, ‘

Of the varying kinds of control which bring
ahout this result may be mentioned calls for sub-
seribers outside the zone of the cailing party,
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calls for subscribers inside the zone of the call-
ing party but for which the charge is greater
than a predetermined amount or over a particu-
lar junction line, calls to a manual operator’s
position, calls initiated due to faults, for mstance
on the calling line, or delays on the part of the
calling party to complete his dialling. The latter
type of control enables incorrect functioning on
the part of the equipment or of the subscriber
to be checked.

- Another important feature of the invention is
the employment of code signalling to enable par-
ticulars of a connection to be transmitted from

calling number, the charging rate and possibly
The
¢ode preferably consists of a small but constant
number-of impulses for each digit dialled or each
item of a piece.of information in which the indi-

Vvidual impulses are varied in combinations char-

acteristic: of the- particular value or significance
of the individual items. Conveniently the infor-
mation, or part of it, may be collected at an
originating exchange and transmitted to a cen-
tral exchange in the same zone where the auto-
mati¢ recording takes place.

A further feature of the invention concerns
the provision in association with an originating
exchange in a zone of a register translator
adapted to register the called party’s number
and to control, in accordance with the destina-
tion of the call, both the positioning of the
switchies over which the connection is to be set
up and the determination of the nature of the
various operations involved in calls to different
kinds of destinations, such as kind of metering;
auality of junction lines to be used, whether ad-
ditional routing digits are to be inserted or not,
whether-the called party’s humber is to be trans-
mitted in the usual way by means of series of
impulses or -in code, and whether the calling
party’s number is to be transmitted or not for
jidentification or for record purposes.

‘As examples of the means which may be in-
.corporated in a register translator according to
the invention; in addition to means for control-
ling the positioning of switches over which the
connection is to be set up, may be mentioned,
firstly, means for determining the kind of meter-
ing to be employed in a connection, that is to
say, whether the subscriber’s meters are to be
operated or the call is to be recorded on a ticket
printing. equipment or whether the charge is to
be effected by an operator marking out a ticket
as is usual.in connection with trunk and toli
calls; secondly, means for determining the qual-
ity of junction lines to be taken into use having
regard to the destination of the call, for instance,
local. calls. may be set up over poor quality junc-
tion lires, trunk lines to distant exchanges in-
volving use of repeaters may also be set up over
poor junction lines, while calls to less distant ex-
changes not involving the use of repeaters may
be set up over good quality lines; thirdly, means
for determining whether the connection may be
set up by digits corresponding to the called party’s
number or by the addition of extra digits or by
digits quite independent of the called party’s
number to route the call to a position or junc-
tion line determined by the initial registration;
fourthly, means for determining whether the
called party’s number is to be transmitted in code,
and also at what stage in the setting up of the
connection it is to be transmitted; the transmis-



2,339,709

sion in code would take place in conditions where
it was desirable to store the called party’s number
either for transmission to another zone or for
operating ticket printing equipment or for oper-
ating a called indicator; fifthly, means for de-
termining whether or not a signal is to be sent
forward indicating that the calling subscriber re-
quired information, for instance, the subseriber
may dial an extra digit, and the register trans-
lator in response thereto causes the signal to be
given-to an attendant and possibly a ticket to
be printed with a special marking so that the
subscriber may be advised on the termination of
a call of its cost or any other particulars he may
require; sixthly, means for determining if the
register is arranged to record the calling party’s
number as will generally be the case whether the
calling party’s number is to be transmitted, for
instance, for the purpose of operating a ticket
printing equipment, to record full particulars of
the call or, in the case of a permanent short on
the line, to advise the attendant of the number
of the faulty line or, for operating a call indi-
cator equipment, to advise an operator of the
number of the calling party.

It will be understood that the invention is ap-
plicable to a register translator embodying any
one or any combination of the above mentioned
determining means by which the nature of the
various operations involved in calls to different
kinds of destinations is controlled.

According to yet a further feature cf the in-
‘vention a register translator arranged to control
the setting up of a connection is provided with
a plurality of progressively operated switching
devices, one of which is selected in accordance
with the initial operation of the register trans-
Iator to bring about successively the various stens
required in the setting up of a connection in
accordance with the particular kind of connec-
tion determined by such initial operation.

According to another feature of the invention
a register translator arranged to control the set-
ting up of a connection determines in accordance
with the initial digit or digits to which the reg-
ister translator first responds, whether the call
is to a subscriber in a distant or the same zone
as the calling party, and if in a distant zone ex-
erts a control to enable s second register trans-
lator to control the setting up of the connection
and particulars of the calling party’s number to
be transmitted to enable automatic recording to
take place.

‘According to another feature of the invention
the same register switching device of a register
translator is adapted to effect different sequences
of controlling operations for the setting up of
connections according as to whether it is initially
operated by a predetermined digit or digits or
not. For instance, a register switching -device
may respond to the first digits dialled and if the
call is for outside the zone of the calling party,
then the switching device will relsase in response
to the initially dialled digits, and respond to the
next succeeding digits. In the case where the
switching device does not release, the sequence
of operations or the particular digit or digits reg-
istered on said switching device will correspond
to the setting up of a particular local call de-
pendent upon the values of such digit or digits.
If the call is for outside the zone then the digit
or digits to which the register device responds
will control a different sequence of controlling
-operations so that the same setting of such reg-
ister switching device may effect different se-
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quences of controlling operations, according as
to whether it is initially operated by a predeter-
mined digit or digits or not.

Conveniently the progressively operated
switching device consists of wipers of a switch
and their associated bank contacts, or parts of
certain rows of bank contacts. Different wipers,
and possible different parts of rows of bank con-
tacts, are selected according as to whether the
call is a local call, is a call to a satellite exchange
of one capacity, say less than 100 lines, or is to
a satellite exchange of another capacity, say less
than 1000 lines, or is to a central exchange in the
same urban area, or is to an exchange in a subur-
ban area, or is to a calling party outside the zone
which requires high grade junction lines, or is to
a zone outside which requires low grade junection
lines and the use of repeaters, whether it is to
an operator such as in the case of a trunk call
where the operator requires to register particu-
lars of a call on a ticket, or is set up automati-
cally, in which case it is necessary to send from
the register translator full particulars of the call,
including the calling and called parties’ number
in full and the charging rate and whether the
subscriber requires to be advised of the particu-
lars of the call, whether the call is an interna-
tional call, whether the call is for the time or is
to a manual exchange, and also if a call can be
set up over a special route which may be avail-
able instead of through a central exchange. Fur-
thermaore, a special setting up could be provided
in the case of either a subscriber leaving his re-
ceiver off the hook for an  indefinite time, or
there being a short on his line in which case
the information on the calling line can be trans-
mitted o an operator’s desk or printed on a
ticket for the attention of the attendants’ con-
cerned.

According to a further feature of the invention,
a calling determining device is adapted to be
taken into use by calls originating in a certain
exchange to register the destination of s eall and
to conirol the route over which the call to 3 dis-
tant exchange is set up, and in addition to de-
termine which of alternative lines or cables be-
tween respective exchanges is to be taken into
use so as to enable the transmission characteris-
tics-of connections to be adjusted in accordance
with the final destination of the eall.

The invention will be better uinderstood by re-
ferring to the following description of one ar~
rangement for carrying the invention into effect
which is described by way of example only with
respect to a particular numbering scheme pro-
bosed for Belgium, and it will be understood that
the invention is equally applicable for use with
different numbering schemes although consid-
erable changes will be necessary in the construc-
tional and circuit details. For instance, in ap-
plication of an area such as London where the
numbering scheme is based upon three initial
letters followed by four ‘numbers, it is possible
to precede the three initial letters by, say, two or
three digits (the digit “0” having already been
used for other purposes) which do not correspond
to the first letters of the name of an exchange
in the London zone to indicate that a call is re-
quired to outside the London zone, for instance,
to a toll exchange outside the London zZone. or
to an exchange in a distant zone having either
the same numbering’scheme as the London area
or a different one. The transmission of the pre-
liminary digits would bring about o change in
the register translator so that the same initial ,
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letters, for instance, could bring about a -different .
control from that which would be exerted if the
preliminary digits were omitted.

In the drawings

Fig. 1 shows a network of exchanges forming
a zone having the same designation plan and
showing both urban and suburban asreas. It also
shows: trunk lines leading from the central ex-
change of the zZone towards other zones and also
nearby exchanges cf other zones.

Fig. 2 shows in diagrammatic form some of the
units of equipment at the central exchange and
at one other exchange for the purpose of ilius-
trating the invention.

Figs. 3 and 4 show sufficient elements of a
known finder switch circuit to illustrate modifica-
tions incorporated in view of the invention.

Figs. 5 and 6 illustrate the register translator
finder circuits.

Figs. T7-16 illustrate the register translator
for use at other than the central exchange:. These
figures should be arranged as shown in Fig. 17
to give the complete circuit.

Fig. 18 shows a table indicating the manner in
which digits are transmitted in code.

Figs. 19-26 show the cross connections extend-
ing between the banks of the route control switch
RS$ which forms part of the register translator,
to various conductors shown adjacent the banks
thereof in Fig. 12.

Figs. 27-29 show the circuits of the first group
selector.

Fig. 30 shows a2 junction line circuit.

Figs. 31-40 show a toll line control circuit lo-
cated at a central exchange which serves to store
all the information transmitted from the register
translator, and to time the duration of the call.
These figures should ke arranged as shown in
Fig. 47 to give the complete circuit.

Pigs. 41-46 show a register translator convert-
er which receives the called party’s number from
the toll trunk line circuit and converts it into
the required routing digits. These figures should
be arranged as shown in Fig. 48 to give the com-
plete circuit.

For the purpose of determining the charge for
a particular telephone connection, the whole of
Belgium has been divided up into zones, each
zone being drawn as far as possible with an
important town at the centre and being desig-
nated by the central two, for instance there is
a Mons zone, a Brussels zone, a Charleroi zone,
a: Tournai zone and so on. Each zone is then
divided up into an urban area which includes all
exchanges within approximately 10 kilometers
from the centre of the zone and into a suburban
area which includes exchanges outside the 10
kilometer area but which properly belong to the
zone,

Por instance referring to Fig. 1 which shows
the Mons zone, with the central exchange at
Mons the exchange Hautrage is an example of
an exchange in the urban area US, St. Ghislain
is another, while Dour exchange is an example
of an exchange in a suburban area SS. The
limits of the zone are indicated by the heavy
chain-dotted line.

The determination of the charge which is to
be made for a call is effected in accordance with
the straight-line distance between the exchanges
and in this particular example, a call between
any two exchanges within the urban area is con-
sidered to be unit rate call. The same applies
to certain calls from exchange within the urban

area to exchanges in the suburban area. Thus
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for example, calls from St. Ghislain to Dour are:
to be considered as unit rate calls and for this:
reason the area which covers these exchanges
is shown shaded in Fig. 1. Calls between ofher
urban exchanges and Dour, however, are consid-
ered as multi-rate calls.

In general calls between exchanges of differ-
ent zones will be multi-rate calls but here again
since charges are based on straight-line dis-
tances between the exchanges, a certain amount
of adjustment is necessary. Thus in Fig, 1 the
exchange Blaton is in the Tournai zone but calls
between this exchange and Hautrage are consid-
ered as unit rate calls as indicated by the shaded
area which includes these exchanges.

It is to be noted that at present Blaton is a
manual exchange and has direct junctions to
Hautrage. When, however, conversion to auto-
matic working takes place the direct junctions
may be dispensed with and a call from Hautrage
to Blaton may then be set up through the Mons
central exchange, the Brussels central exchange;
the Tournai central exchange and thence to Bla~
ton. In addition the connection may include re-
peaters but the call will still be considered a unit
rate one.

Similarly Dour is at present manual with a
direct junction to St. Ghislain. When Dour is
converted to automatic working this junction may
be dispensed with and a direct junction between
Dour and Mons central provided so that a con-
nection between Dour and St. Ghislain will be
set up over the Mons central exchange although
the call will still be considered as a unit rate call.

The junction lines extending between the Mons
central exchange and the various exchanges with-
in the zone and the toll lines extending be-
tween the Mons central exchange and other cen-
tral exchanges are of two grades which may be
termed “good” and “poor.” The grade of junc-
tion to be used on a particular call and whether
repeaters are to be used is determined in accord-
ance with the destination of the call. For in-
stance on local calls “a poor” junction line is
employed but on tcll calls a “good” junction and
a “gocd” toll line are employed. The “poor” and
“good” grades of junctions are indicated in Fig, 1
by the lighf and heavy lines connecting the Mons
central exchange to the other exchanges in the
urban sector and by the light and heavy lines
extending from the Mons central exchange to
cther central exchanges.

With regard to the numbering scheme, each
subscriber is allocated a five-figure number which
is for use on local calls only that is to say for
calls within the same zone including urban and
suburban exchanges. For calls outside the zone
the calling subscriber will be instructed to dial
three additional digits of which the first is always
zero and the next two are distinctive of the par-
ticular zone which includes the desired exchange.

As an example, subscribers in the Mons ex-
change which has an ultimate capacity of 8000
lines have numbers which will begin with the
digit 2 followed by one of the digits 1 to 6 and
9 to 0; Hautrage subscribers having an ultimate
capacity of 600 lines have numbers which will
begin with the digits 57 and Dour with an ulti-
mate capacity of 1200 lines have numbers which
will begin with the digit 6 followed by the digit 1
cor 2. Finally, St. Ghislain with an ultimate ca-
pacity of 3000 will begin with the digit 3 followed
by the digit 1, 2 or 3. It will be of advantage
at this point to describe in general the setting
up. of the various possible connections between
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the exchanges in the Mons zoné. In the first
place all connections from Hautrage, with the
possible exception of direct calls to St. Ghislain,
will eventually pass through the Mons central

exchange although in the meantime provision -

may be made for direct calls to other nearby
exchanges such as Blaton. Connections to other
exchanges of the zone are trunked through Mons.

In connection with the arrangements for
assessing the charge for or the metering of con-
nections, it should be explained that three types
are possible. On unit rate calls within the Mons
urban area, the call is metered by the calling
party’s meter in the usual manner. On all other
calls the metering will be effected either auto-
matically by ticketing or printing equipment lo-
cated at the Mons central exchange or for ‘cer-
tain calls such as toll or inter-zone calls which,
the subscriber desires to have set up. by an op-
erator, or international calls by the operator
making out a ticket.

It is also to be noted that on calls from an €x-
change which is still manual such ‘as Dour the
.operator is provided with the necessary equip-
_ment to set up the various calls automatically,
the type of metering employed being based on
the considerations mentioned above. :

It will thus be understood that it is essentlal
to provide at each of the automatic exchanges ar-

rangements whereby the routing otf the connec--

tion, the type of metering which is to be. em-
‘ployed, the grade of junction and toll lines
which are to be used in setting up tiie connection
and finaliy the rate at which the call is to be

" charged and determined. Further the arrange-
ment should be able if necessary to store the cali-
ing and calied partlies numbpers for subsequent
transmission to the automatic ticketing equip-
ment at Mons. The arrangement empioyed at
each automatic exchange takes the form of a
register translator.

Reference willi now be made to Fig. 2 of the
drawings which shows the trunking iayout at the
exchanges of Hautrage and Mons. It 1s to be un-
derstood however that only that part of the lay-
out which is essential for an understanding of tne
invention has veen snown. Both exchariges e~
ploy a finaer switch system but the arr angement
of the finder switches at Hautrage only has been
shown since tnat at Mons is in alt respect similar.

The subscribers iines are divided into groups of
200 and & group of register translators is usually
provided ior each group of ZUU0 lines, a calling
ine being adapied to be temporarily associated

group. it will however be understood that since
the ultimate capacity oi Hautrage is only 600
lines, a single group oi register translators is suf-
ficient to deal with all cails.

tinder switches ILF, 2LF, {L¥, 2131 and over a
register translator iinder switch RiF, RIFI, the
line finders being permanently cennected respec-
tively to first group selectors 1GiS, 2GS, 1GSIH,
2GSi. Bach line finder has two sets of wipers and
thus has access to 200 lines anhd in the example
of Figure 2, line finders have access (0 the lines
numbered as shown. The register-translator

finder RTF, and RTFi are respectively common x
o line finders iL¥ and 2LF and 1LFl and ZLEI.

It will of course be understood that in-an ex-
change of larger capacity than Hautrage there
will be other pairs of line finders having different
subscribers numbers within the 2000 line group.

Tae cailing line is
associated with a register transiator. over line’

15
. determined by the set of wipers over which the
. calling line is reached by the line finder while the
- tens..and -units. digits are stored in the register

.20

725

lines.
.10
_register transiator while in an exchange of larger

B

*terminating at their banks which will also have

access to the same register-transiators,
.. With regard to the recording of the calhng
party’s number, the two thousand line group

-including the calling line is determined by a per-
“manent connection in the register translator it-

self since as stated above each register tranglator
serves a particular group of 4000 subscribers
At Hautrage the thousands digit is also
determined by a permanent connection in the

capacity the thousands digit and the two hun-
dred line group including the calling line is deter-
mined by the finder switch over which the reg-
ister transiator is seized. The hundreds digit is

translator by causing switches to be operated in
synchronism with the vertical and rotary mag-
nets of the line finder.

Each first group selector at Hautrage has access
over levels 1, 2, 4, 5, 7 and 8 to local final selec-
tors; over level 3 .to junction lines extending to

-Blaton; over level 6 to junction lines extending

- {o'St:Ghislain; over ievel 9 to “poor” grade junc-

tion lines to Mons and over level 0 to “good” grade

“junction-lines to Mons.

~ The junction lines to Mons termmate on an

-inecoming selector IS which has access over levels

“1-t0 6, 9 and 10 to local group selectors LGS.

140

45
- tions.

.changes within the urban area.

~Over level 7 the selector IS has access o fur-

ther selectors such as LS over which access Is
obtained - to junction lines extending to ex-
Over level 8
the selector IS has access to spec1a1 ‘service
selectors such as TS. Over levels 1 and 4 of the
selector ‘TS access is had to operator’s positions
such as CP over a relay group RG2, a register
R also being connected up over a finder switch
for the purpose of recording the calling party’s
number. It should be pointed out that while
both these levels are shown for convenience as

~having access -to the same operator’s position

they will in fact have access to different posi-
Thus one level may have access to oper-
ators’ positions at which {oll calls are set up
while the other level has access to operators’

- positions at which international calls are set up.

-50

Levels 5 to 10 inclusive of the selector TS are
employed for setting up any other special serv-

. jces which may be required as such as  the

withh a register translator of the appropriate 55

speaking clock calls while levels 2 and 3 are
employed for setting up connections over the
toll lines extending to or over the Brussels and
Charleroi central exchanges. ‘The equipment
associated with both these levels is similar and

. has been shown in respect of level 3 only. Each
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contact on level 3 is connected fo a relay group
RG which in accordance with the type of call
serves to set in operation according as to wheth-
er a “good” or “poor”’ grade junction is required
one. or other of the toll line finder switches
TLFi and TLI2 to hunt for a toll line control
circuit such as TLCC associated.with a junction
of the appropriate grade. Similar equipment
is associated with each toll line but that. asso-

_ciated with a “good” grade toll line only has

75

been shown. If a “poor” grade line is required
and all are busy, a “good” grade line is seized
but if all these are busy, the call is routed to

‘an operator’s position such as OP over the last
“contact in the banks of the toll line finder
‘switehes and the relay group RGI to enable the
‘operator to take what steps may be necessary,
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The toll line control circuit TLCC is adapted
to be connected over a hunting switch CPF with
a converter C for setting up the connection
and with a printer control unit PC on the ter-
mination of the connection. A date and time
unit DTU is accessible from the printer control
unit, Finally at the end of conversation the
printer units PT and PU are adapted to be
associated with the printer contrcl unit PC to
cause the printing of particulars of the call,
one on the toll ticket and the other for record
purposes which can conveniently be typed on
a single line.

With this general description reference will
now be made to the detailed circuits of which
Figs. 3-31 represent equipment located at Haut-
rage exchange while Figs. 31-46, 47 and 48 rep-
resent equipment located at Mons central ex-
change.

DETAILED DESCRIPTION

Line finder and register translator ﬁhde’r

Referring to the line finder switch arrange-
ments shown in Figures 3 and 4 it will be un-.
derstood that these circuits are only shown in
sufficient detail to enable the invention to be
understood. A full showing of these circuits- is

~given in British specification No. 376,265 and
the: present circuits have been shown with de-.
tached confacts in order that the differences
made in the circuits as shown in the above-men-
tioned specification may be easily appreciated.

In explaining the detailed operation -of -the
‘eircuits it will be assumed that a subscriber
having the number 57109 wishes to make: a call
and it will further be assumed that the:line
finder {LF is selected for extending the calling
‘party’s line to the register translator RT. When
the primary distributor switch PDS finds the:
idle finder switch, relay LK operates over: earth,
both windings of relay LK in series, wiper and
bank contacts la, armature hb2, vertical bank
and vertical wiper VW to battery. Relay LK
operates and locks over its right-hand winding
‘at armature Ikl while at armature k2 the fol-
.lowing circuit is completed: earth, armature
143 or 144 of relay 121 (Figure 5) conductor (00
“(Pigure 5 and Figure 4) armature k2, wiper

and bank contact 2a of the switch PDS, con-..

- ductor 184 (Figs. 4, 5 and 6), armatures {45,
{46, windings of relay {12 in series to battery.
Relay 112 operates in this circuit and at arma-
ture 156 places a short-circuit around its lower
winding; at armature {55 connects earth to one .
terminal of relay I1i; at armature 154 completes
a testing circuit for the register translator finder
RTF; at armature 157 opens a point in the cir-
cuit of relay 143 and at armature #59 places
earth potential on conductor: i65. In addition

“at armature 188, relay (12 completes the fol-
lowing circuit for energizing relays {15 and 116;
earth at armature 158, armature 163, windings
of relays 15 and (1§ in parallel with resistance
165 to battery. :

The register translator finder RTY is not pre-
selective in its action and if the wipers of the
finder are resting on a contact leading to a busy
register translator, earth will be fed back over
conductor 135, bank contact and wiper 25 arma-.
ture {52 in its resting position, armature 154, in-

. terrupter contacts 188 of the magnet 122, wind-

ing of the magnet 122 {o battery. In addition this

earth is extended to one terminal of relay ({1 the

other terminal being earthed as pointed out above :
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-56 that this relay is short-circuited and does not
operate. The magnet 122 :energizes in the above
‘eircuit-and causes the switch winers {26133 in-
‘clusive to ‘be stepped until an idle register trans-
-5 Jator:is found. ' .An idle register tianslator has
‘not ‘potential ‘connected to the test contact so
that the following circuit.is now effective: earth,
‘armatute 185, ‘winding of relay {4{, interrupter
‘contacts {86 .and. magnet 122 to battery. Relay

-10 {11 only:operates in this cireuit and at armature

152 :and:its resting. contact opens the energizing
circuit for the magnet 122 and at its operating
contact feeds .guarding earth to .the register
‘translator,’and at armature 133 closes.an obvious

-15 -circuitfor:relay.114. ‘Relay. 18, however, is slow-

‘to-operate in order to enable the thousands.digit
-of .the.calling.subscriber (if necessary) and.the
two-hundred line group which includes the call-
-ing-subscriber to.be registered before the. relay

120 ‘operates. .In addition relay.l1{ at armature.(48

extends earth over: wiper .129 and bank contact,
~eonductor. 138, (Figure 5 and Figure 15) winding
-of relay 187 to battery. Relay 157 operates.and
-at-armature -320a closes the following energizing

-25 circuit for relay 188: earth at armature 329 of

‘relay 238 (Fig. 7), armature 328a, winding of re-
lay 189 to battery. . Relay 189 operates snd. at ar-
mature 335 closes an obvious circuit for relay
-190. - Relay 198 operates and at. armature 339

“30-closes an obvious. circuit for relay 1§i. .In addi-

-tion relay 189:at armature 338 extends earth from
-armature 35§ and resting contact (Fig. 11) .to
conductor 141 (Fig. 5) and thence over hank con-
tact and wiper. 132 (Fig. . 6) armature i85, con-

85 ductor. 110 (Fig. 5) to render the line finder LF

~busy in the banks of the secondary finder switches
(not-shown) .and to maintain the calling party’s
-cut-off relay energized this_guarding earth hav-
ing previously been extended over armstures 158

“40. (Fig. 5), 118 and 185 (Fig. 6).

- Determination of calling party’s number

"As pointéd out above each register translator

-4p finder is permanently associated with two line

finder’ switches bothhaving access to the same
“group of subscribers lines. " Thus referring again
to Figuie 2 the finder ILF and 2LF Loth have

" actess” to subscribers  lines numbered 857106 to
50" 57299 inclusive. "Similarly line Gnders SLFf and
_2LF1"have access to lines numbered 57400 to
~'57599 inclusive. If the exchange with which the
“register translator is associated had a greater ca-
“pacity than Hautrage there would he other pairs

<55 of 'line finders associated with g single rezister

“translator finder and “these line finders would
" have g6cess to lines numbered differentiy to those
N ac‘cessible' by the line finders {LF, LF, {LPI and

2LF1. Tt will' thus be seen that when a register

-g0 ‘traiislator isseized over a particular register

" translator finder the 206 ‘group of lines which in-
" clude-the ‘calling “subscriber is immediaiely de-
f’ ‘termined ‘and arrangements are provided in each
“register- translator ‘finder ‘whereby a particular

.65 ‘Dotential is‘extended over one of 5 group of con-

duetors-or over & combination of the conductors
~-from-the finder to the register translator in order
~-t0 register in ‘the latter the 200 line group.” Re-
- -ferring now to ‘Figure 5 the ‘group of conductors

“70- comprise conductors 123, 124, and 125 which are

-+connected to the register translator over operated
-.contacts 149,150, and-151, of relay 11, unoperated
-.contacts -168,- 169 .and 170_of relay {14 to wipers
~138, 181 -and:i180 .and their. bank contacts,: con-

75 ductors 142, 148 and 139, resting. contacts. of .ar-
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“mature 358, 357 and 356, and relays 280, 198 and

198 (Fig. 16) resistance 359 to battery. The po-
-tential applied to these conductors is indicated
"in the following table.

"Line group 1100-1299_.__Positive potential con-

nected to conductor
123,
group 1300--1499____Positive potential con-
nected to conductor
124,
group 1500-1699____Positive potential con-
nected to conductor
125.
group 1700-1899_..__Positive potential con-
nected to conductors
123 and 124.
group 1900-2099.___Positive potential con-
nected to conductors
123 and 125.
group 2100-2299____Booster battery con-
nected to conductor
’ . 123.
group 2300-2499____Booster battery con-
nected to conductor
124,
group 2500-2699..._Booster battery con-
nected to conductor
125.
group 2700-2899____Booster battery con~
nected to conductors
) 123 and {24,
group 2900-3099____Booster battery con-
nected to conductors
123 and 125.

It will be noted from the above table that the
.markings extended over the three conductors are
such as to deal with 2000 subscribers iines. This
is of course unnecessary in the Hautrage ex-
change where the ultimate capacity is 600 lines
.but it is necessary in larger exchanges for in-
stance Mons where the ultimate capacity is 8000
lines. Since a group of register translators is
provided for each 2000 subscribers lines, four such
groups will be provided at Mons and all the mark-
ings will be employed. In Hautrage however
.the first three markings shown in the table will
‘be employed. Further since the ten thousands
-and thousands digits of the calling number of

Line
Line
Line
‘Line
_f_Line
Line
Line
;Liné

Line

-a Hautrage subscriber are always 5 and 7 respec- ¢

tively, these can be registered by a permanent
connection in the register translator as will be
exXplained later.

" From the above it will be seen that since it

has been assumed that the calling subscriber ¢

has the number 57109 i. e, in the first 200 line
group, positive potential will be permanently con-
nected to conductor 123 in the register translator
finder RTF. This potential is extended over
armatures 149, 168, wiper 133 and bank contact,
conductor 142 (Fig, 5 and Fig. 15), armature 358
(Fig, 16), winding of relay 200 to battery, over
resistance 399. Relay 200 locks over its “z” con-
tacts 361 from battery over the winding of relay
497 to earth at armature 335 (Fig. 15). Relay
197 operates in series with relay 280 and at arma-
“tures 358, 357 and 356 disconnects the conductors
123, 124 and 125 respectively (Fig. 5) from relays
200, 199 and 198. It should be pointed out that
relay 201 cannot operate in the circuit of relays
200, 199 and 198 owing to the rectifier 363 in
series with its lower winding, If, however, the
register translator is in a larger exchange then
when booster battery potential connected to one
or a combination of the conductors 123, 124 or
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125, i..e., the number of the calling line is in the
2nd thousands group, relay 201 will operate in
“series with relays 198, 199 or 200 since in this

case the potential is such as to cause current to

-flow in the direction in which the metal rectifier

363 is conductive. It will, therefore, be under-
stood that the discrimination effected by the oper-
ation of relays 198, 199 and 208 and -relay 204
determines the 200 lineé group which includes
the calling subscriber and also determines the
thousands number of the calling party.

Returning now fo Fig. 5 the operation of relay
114 is delayed for a sufficient period to enable
the above described discrimination to be effected.
Relay 114 in operating locks over both windings
in series with armature (71 to'earth at armature
182; at contacts 168, 169 and (70 it disconnects
wipers 133, 131 and 130 from conductors 123,
f24 and 125 and connects them respectively to
the upper winding of relay 117 over armature
183; to conductor 109 over armature {74 and to
conductor {08 over contact 175. The operation
of contacts 169 and 170 serve to prepare the
group selector |GS associated with the line finder
ILF. One circuit for preparing the group selec-
tor extends over: earth, winding of relay 209
(Fig. 13), armatures 361, 357, conductor {40 (Figs.
15 and 5), bank contact and wiper {3{, arma-
tures 169, 174, conductor 109 to the negative con-

ductor leading from the line finder ILF and

thence to battery over one winding of the im-
pulsing relay in the group selector. The other
circuit extends over: battery, winding of relay 210
(Fig. 13), armatures 366, 359, conductor 139 (Figs.
15 and 5), bank contact and wiper 130, armatures
{70, 115, conductor 108 to the positive conductor
leading from the line finder and thence to earth
over the other windings of the impulse respond-
ing relay. Consequently relays 209, 210 and the
impulse responding relay energize following the
energization of relay 114. In addition at contact
112, relay 114 connects together conductors 102
and 183 over contacts 179 and (88 respectively
thereby connecting the contacts of the stepping
relay which effects the step-by-step operation of
the magnets to the circuit for the vertical mag-
net of the line finder LFI. It will also be noted

that a circuit extends from contact 172 over op-

erated armature 160, wiper 127 and bank contact,
conductor 138 (Fig, 5 and Fig. 15), armature
318 and resting contacts, winding of relay (96 to
battery. Relay 196 is thus operated and released
in synchronism with the operation and release of
the vertical and rotary magnets of the line finder.
so that the number of steps taken by the line
finder in the vertical and rotary direction is
repeated at contacts of relay 198 in order to

register the tens and units digit of the calling

subscriber’s number. Since the tens and units
digit are 0 and 9 respectively, the wipers of the
line finder will be raised to the tenth level and

‘hence 10 impulses will be repeated at armature

371 of relay i86. These impulses are repeated
over earth, armature 311, armature 378 and rest-
ing contacts, winding of magnet 255 to battery.
The wipers of the switch RS3 are thus stepped on
to the tenth contact. It will also be noted that

‘relay 196 at armature 372 closes a circuit for

relay 195 which being slow-to-release remains en-
ergized for the whole of the impulse train. Relay
185 in turn closes a circuit at armature 376
for relay 194 to cause this relay to operate over
its first step and close armature 375. Since,
however, the lower winding of relay {94 is short
circuited by the earth connections at armatures
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+316 and 360 this relay does not operate fully until
sthe release of relay 195 at the end of the train
-of impulses. Then when relay 195 releases; relay
.198 operates fully and at armature 3713 prepares
-a circuit over which the units digit will be re-
peated to the magnet 256 of the switch RS4. The
units -digit, in this case the number 8, is thus
stored on the switch RS4 during the rotary move-
ment of the line findér. It will also be noted that

when relay (95 operates on the reception of-the:

units digit a circuit is closed from earth, arma-
tures 376, 374, upper winding of relay 193 to bat-
tery. Relay 193 is arranged similarly to ‘relay
184 so that at this stage it closes armature 369
only. At the end of the impulse train, however,
relay 193 operates fully and at contact 358 opens
the circuit to the magnet 256. In addition relay
183 at armature 370 prepares a circuit for relay
202. .

When the line finder LF{ has found the calling
line, the primary distributing switch PDS (Figs.
3 and 4) is released and relay LK releases. . Earth
s thus removed frem conductor 104 and relay
{12 (Fig. 5) releases. .

As pointed out above the line finders have
access to 200 subscribers lines gnd the deter-
mination as to which group of 100 lines includes
thie calling subscriber is effected by the operation
of the switch relays HA and HB (Figs. 3 and 4).
In the present instances the hundreds digit of
the subscriber’s number is 1 and hence relay HA
will be operated. Under these circumstances,
earth at contact 2ai (Fig. 4) is connected over
conductor {81 (Figs. 4, 5 and 6), armatures (81,
113, 147, 168, wiper 121, conductor 13§ (Fig. 5
and Fig. 15), armature 378 and its operated con-
tact, winding of relay 282 to battery.

The calling party’s number is now completely
recorded as regards the thousands, Jhundreds,
tens and units digits by the selective operation
of relays 188 and 202 inclusive and by the setting
of the two switches RS3 and RSA.

Ezxtension of impulsing circuit to register
transiator

Further when relay HA operates in the line
finder ILF, the subscriber’s loop circuit is ex-
tended into the register translator as follows:
earth, lower winding of relay {88, conductor 131
(Figs. 15 and 5), bank contact and wiper 128,
armature 118, conductor {87 (Figs. 5 and 4), con-
-tacts hab, £D3, wiper —1 subscriber’s lcop, wiper
+1, contacts ha8, b5, conductor 186 (Figs. 4.and
8), armature {71, wiper 129, conductor 138, lower

‘winding of relay 181 to battery. Relay:188 oper-
ates over this loop circuit and at armature 811
brovides an alternative earth for relay i88. In
addition dial tone is now transmitted from the
dial tone source 378 (Fig. 11) condenser 378, cam
contacts 380 in their resting position, armatures
333, 348, condenser 381’, winding of relays 187
and (88 to earth and thence over the loop circuit
as traced above by induction into the second
windings of the relays. The calling party now
dials the required number.

Double access to register translator finder

Returning to the register translator finder
shown in Figs. 5 and 6 it is to be noted that the
conductors {80-1{6 inclusive, relays 112, {5, (16
and {{7 are duplicated and the register trans-
lator finder can be seized over either group,of
conductors. The reason for this arrangement
will be appreciated by referring to the frunking
diagram shown in Fig. 2. It will be remembered
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that a register translator finder is permanently
connected to fwo finder switches such as ILF
and 2LF. Now the register translator and the
register translator finder are only employed for
a short pericd while the line finder and associated
group selector are of course employed for the
whoiz of the call. By arranging that the reg-
ister translator finder can be seized by the two
lice finders over different groups of conductors
it is possible for the register translator to be
used by one line finder while a call is in progress
over the other line finder. It is to be noted that
when the register translator finder is seized over
the alternative group of conductors by earth
extended over the conductor corresponding to
conductor {84 of the first group, this earth ex-
tending over armature 184 of relay 116, armature
{87 of relay 112 both windings of relay {13 in
series to batiery. 'The operation of the register
translator finder is then precisely as described
above, the relays 113, 118, {18, 120 performing
the Tunctions of relays 112, 115, 116, 111,

The electrical interlocking of relays {2 and
{13 at armatures (57 and 146 ensures that only

"one of these relays can be operated at a time

depending upon' the group of conductors over
which the register translator finder has been
taken into use.

When digit transmission from the register
translator is ended earth is extended over con-
ductor 142, bank contact and wiper {33, arma-
tures 188, 183, upper winding of relay {1 to
battery. Relay [T locks at armature 164 over
conductor (19 and at armatures 161 and 162
completes the speaking circuit through to the
first group selector independent of the register
transiator over conductors 105, 107, 108, and. (09.
In addition at armature 163 relay 117 opens the
circuit of relays 115 and 116 which release slowly
and at their various armatures disconnect the

-register translator to cause the release thereof.

In addition at-armature 182 relay 116 opens the
locking circuit of relay 114 which releases. 'With
the exception of relay 1{7 therefore the register
translator finder is nmow in its original condition
and can be seized by the finder switch 2LF. It
will be appreciated that reiay (1T will remain

-operated until the connection is released to main-
‘tain the through speaking connection between

the finder switch and the group selector. When
the connection is released however earth will
be removed from conductor 19 and relay {1
will release and open the speaking connection.
Belore considering the detailed operation of

‘the circuits of the register translator, a general

description will be given of the principles under-
iying its operation.

GENERAL DESCRIPTION OF REGISTER TRANSLA_TOR,..

These circuits are shown in Figs. 7 to 16 which
should be arranged as indicated in Fig. 17. -In
Fig. 17 the components of the circuits are indi-
cated briefly in order that a clear picture is ob-
tained of the essential elements.. The circuits
comprise three two-directional switches TDI,
TD2 (Fig. 8), TD3 (Fig. 9), rotary switches RS,
RS2 (Fig. 100, RS3, RS4, (Fig. 14), .RS5 (Fig.
11) and RS6 (Fig..12) together with various re-
lay .groups which are indicated by the references
RGE (Fizg. 15), RG4 (Fig. 16), RGH (Fig. 14)
RGE (¥Fig. 100, RGT (Fig. 13), RG8 (Fig. 11) and
RG 2 (Fig. 7). The called party’s number is re-
corded on the switches TDI, TD2, RSI, RS2
and RSS, the latter also acting as a distributor
switch for.routing the incoming digits to the-ap-
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propriate switches. Swifch TD3 is a combining
switch for determining the kind of junction and
the rate at which the call is to be charged. The
calling party’s number as has already been de-
scribed is recorded on the relay group RG4 and
the switches RS3 and RS4. In addition the
switch- RS6 serves to control -the transmission
of routing digits and any additional information
which is desirable in view of the destination of
the call. For this purpose according to the des-
tination of the call as determined by the regis-
tration of the called party’s number a particular
wiper of the switch RS6 is selected and the con-
tacts over which this wiper moves are cross-
connected to the various groups of conductors
shown adjacent the banks in such a manner as
to control the transmission of the necessary
digits for setting up the particular call. Im-
pulse transmission from the register translator
is effected by the relay group RGT, the number
of impulses which are to be transmitted in each
train being controlled by markings extended
either directly or indirectly over the various
switch banks to a group of ten control con-
ductors indicafted generally by the cable 282 with
its various branches. These conductors extend
from the relay group RG5 and are multipled to
the various switch banks in the register trans-
lator as indicated by the cabled conductor and
are connected directly to certain contacts in the
banks of the switch RS6. In certain circum-
stances coded impulses are transmitted by the
register translator in which case the relay group
RGH is adapted to act in conjunction with the
relay group RG6 due to the operation of relays
224, 225 and 226. Finally a relay group RGS is
provided for the purpose of giving alarms and
supervisory signals in certain circumstances to
be discussed later.

Following the registration of the ecalling
party’s. number dial tone is transmitted from
the register translator and the next operation to
be performed is the registration of the called
party’s number. It will first be assumed that
the call is for a local subscriber at Hautrage
and in this case the called number comprises
five gigits, the first being other than zero.

The first incoming digit is registered by the
vertical movement of the switch TDI, the ‘sec-
ond by the rotary movement of the switch TDI.
The third and fourth are registered by the ver-
tical and rotary movement respectively -of the
switch TD2 while the fifth is registered on the
rotary switch RSI. The selection of the wiper
of the switch RS6 is effected by the position taken
up by the switch TDI and for this purpose the
contacts associated with wipers 261 and 263 are
connected to the wipers of the switch RSS6, the
wipers 261 being employed in accordance with
the kind of call which the contacts represent
on five-digit calls while wiper 263 is employed
on multi-rate calls. On all calls the first digit
re-transmitted by the register translator is ef-
fective in the first group selector such as IGS
(Fig. 2) to register the type of metering which
is to be employed that is to say this digit indi-
cates whether the call is to be metered by the
calling subscriber’s meter or by an operator or
by an automatic ticketing arrangement. This
digit is determined by a cross-connection extend-
ing from a contact associated with the selected
wiper of the switch RS6 to the a.ppropnate one
of the control conductors 1-10.

In general the number of confacts of the banks,
of the switch RS6 which are employed for cross-'
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connection purposes is less than half the number
of available contacts and hence it is arranged
that such banks of the switch- RS6 are capable
of carrying two sets of cross-connections. The
determination as to whether the cross-connec-
tions for the first or second half of the banks
of the switch RS6 is to be used is determined
by wiper-264 of switch TDi. This wiper is earthed
and certain of the contacts in the bank are con-
nected to the magnet of the switch RS6 over a
cam contact which is opened on the 16th contact
so that when the wiper 264 is set on to such a
contact the switch RS6 is automatically rotated
to its 16th position in order that the cross-con-
nections over the second part of its bank may
be used. - However, in the case of a multi-rate
call- where the determination of the charge for
the call is to be effected automatically the whole
of one of the banks of the switch RS6 is employed
for giving the necessary cross-connections.
Returning again to the consideration of a local
call, impulse transmission from the register trans-
lator commences when the second digit has been
stored. As explained above the first digit is em-
ployed - to indicate the typbe of metering while
the remaining digits transmitted form the called
party’s number and are retransmitted without
translation. For this purpose the vertical wiper
323 and wiper 260 of the switch TDI, vertical
wiper 325 and wiper 266 of the switch TD2 and
wiper 2712 of the switch RSI are connected up
in turn by means of cross-connection extending
from the contacts of the selected ban of the switch
RS6. Thus for instance each contact in the
vertical banks associated with wipers 323, 325 of
the switches TDI and TD2 respectively is con-
nected to the appropriate one of the control con-
ductors 1 to 10 while in the bank associated with
wipers 260 and 266 of the same switches the
contacts in each vertical column are connected
together and thence to the appropriate one of
the control conductors 1 to 10. Similarly con-
tacts 1 to 10 of the banks associated with wiper
2712 of switch RS, wiper 274 of switch RS2 and

5 contacts 8 to' IT associated with wiper 257 of

switch RSH are connected to conductors | to 10.
At the termination of the transmission of the
last impulse series a. cross-connection occurs to
conductor 3f{1 which disconnects the impulsing
means and serves to release the register trans-
lator and register translator finder RTF.
Consideration will now be given to the regis-
tration of called numbers the first digit of which
is 0 whereby indicating that the call is for a
special sérvice. In connection with the term
“special service,” it is to be understood that this
term includes calls fo an operator, calls for
services such as the speaking clock and also toll
or inter-zone calls. In setting up toll or inter-
zone calls it is necessary for the calling party to

- dial 8 digits while for the other services; three are

sufficient. In all cases, however, the switch TDI
which will be raised to the 10th level is released
that is to say the first digit in all cases is ab-

5 sorbed but a circuit operation which will be point-

ed out in detail hereafter takes place an effect
of which is that wiper 283 instead of wiper 261
is employed for determining ‘which wiper of the
switch RS6 is to be employed. The 2nd and 3rd
digits are then registered by the vertical and
rotary movement respectively of the switch TDI
the 4thand 5th by the vertical and rotary move-
ment respectively of the switch TD2, the 6th by
the operation of the switch RSI, the Tth by the

© operation of the switch RS2 and the 8th by the
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operation of the switch RS5. In addition the
switeh TD3 is set automatically in dependence
upon the position of the wipers of -the switch
TDi as regards the vertical movement and as re-
gards its rotary movement in sccordance with
the position of the wipers of -the switch TD2.
The switch TD3 may thus be said to take up a
position which is the resultant of the first four
digits registered in the register translator. The
. purpose of the switch TD3 is to enable one or
more routing digits to be transmitted from the
register translator and also one or more digits
which are indicative of the “tariff” or rate at
which the call is to be charged.

The control of digit transmission. from - the
register translator is again effected by the route
control switch RS6 as it steps from contact to
contact and as in the case of a local call the
first -digit retransmitted by the register trans-
lator is effective in indicating the manner in
which the charge for the call is to be recorded.
Following this a series of digits is transmitted
which is effective in setting the switches in the
Mons central exchange in order that the call
is routed towards the .desired terminating ex-
change. Next follows what may be termed  a
class digit the purpose of which will be explained
in detail later. When these routing digits and
the class digit have been transmitted the called
party’s number and the calling party’s number
is transmitted to equipment located at the out-
going toll line in the main exchange in the form
of coded impulses. The change in transmission
from the decimal basis to a code basis is effected
by a cross-connection extending from the ap-
propriate contact ‘in the selected bank of the
switch RS6 to the conductor 316. This causes
the operation of the relays 224, 225, 226, to en-
able co-operation to take place between the relay
groups RGb and RGS6. Finally after these coded
impulses have been fransmitted the “tariff” digit
is transmitted in accordance with the position of
wiper 271 of the switch TD3. After the trans-
mission of the “tariff” digit the next contact of
the route control switch is' cross-connected: to
conductor 317 to cause the release of the register-
translator and register-translator finder RTF.

DETAILED DESCRIPTION OF REGISTER TRANSLATOR
Locat call - '
Reception of dialled digits

" A detailed description will now be given of the
operation of the register translator and for this
purpose it will be assumed that the calling sub-
scriber w1shes to set up a connection to a sub-
scriber in his own exchange, that is to say, in
the Hautrage exchange. It will be remembered
that the description of the register translator
has been given in detail as far as registration of
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the calling party’s number and the transmission -

of dial tone back to the calling subscriber over
the windings of relays 18T and 188 (Fig. 15), the
lower windings of these relays being energized
over the calling subscriber’s loop. As pointed
out above all subscribers connected to the Haut-
rage -exchange will have for the- first two digits
in their call number the digits 5 and 7. Conse-
quently the first two digits dialled by the calling
subscriber will be 5 and 7.

‘When the first-break occurs in the calling sub-
scribers line circuit relays 181 and 188 will re-
lease and at armature 327 a circuit is closed as

follows: -earth, armatures 327, 334, winding of.

relay 204 to battery. A branch of this circuit

(]

75
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also -extends over wiper ‘259 of the switch ‘RSS
in--position 1, winding of the vertical magnet
244 of the two-directional -switch TDI to bat-
tery. Relay 294 at contact 383 closes an obvious
circuit for relay 203, both these relays being slow-
to-release so that they are maintained operated
during the reception of the impulse train. The
first digit dialied by the calling party is thus
registered by the vertical movement of the
switch TDI. At the end of the first impulse
train relay 204 releases after a short-period and
at contact 383 opens the circuit of relay 203.
During the release period of the relay 203, how-
ever, a circuit is closed over earth, armatures 383,
384, contact | and wiper 258 of the switch RSS,
armature 330, winding-of magnet 243 of the
switch RS5 to battery. The magnet of the
switch RSS is, therefore, energized for the dura-
tion of the release period of relay 283 after the
wipers of the switch RS5 are stepped on to their
second position whereby the impulsing circuit is
extended over relay 238 to the rotary magnet
245 of the switch TDI. Relay 239 is a slow-to-
release relay and is maintained operated for the
duration of the impulse train. The third, fourth
and fifth digits will be registered by the opera-
tion of the vertical magnet 24T and the rotary
magnet 248 of the switch TD2 and the magnet
253 of the switch RS! respectively the relay 249
remaining operated during the reception of the
fourth digit. It will of course be understood that
the switch RSH5 is advanced one step as each
dizit is received so that at the termination of the
fifth digit the wipers of the switch will be in
their sixth position.

Impulse transmission jfrom register-translator
on decimal basis

Digit transmission from the register transla-
tor takes places as soon as the second digit has
been registered and is controlled by the release
of relay 239 at the end of the second digit. On
the release of relay 239 a circuit is completed
from earth at armature 338 of relay 10 (Fig. 15)
rotary off-normal springs 385 of the switch TDI
in their operated position, armatures 398, 404,
407, winding of relay 235 to battery. Relay 235
operates armature 409 and this completes the
following circuit: impulsing conductor 399 -ex-
tending "from. an impulsing machine, . armature
400, rotary off-normal springs 3886 of the.switch
TDI in their operated position, armatures 409,
402, 411 (Fig. 13), 414, 415, 416, 428, lower wind-
ing -of relay 213 to battéry. On the reception
of the first impulse from the impulsing machine
reldy 213 operates over its first step and closes
armature 42! and energizes fully at the end of
the. impulse. On energizing fully relay 213 at
armature 420 opens its original energizing cir-
cuit at its resting contact and at its operated
contact transfers the impulsing conductor to-the
winding of relay 211. The succeeding .impulses,
therefore, cause the synchronous operation of re-
lay 211 which at armature 366 and 367 repeats
the impulses to the first group selector by opeén-
ing the circuit extending  from relays 209 and
210 to the impulse responding relay in the group
selector Further at armature 364 relay 2!1
closes an obvious circuit for relay 212. Relay
212 is a slow-to-release relay and is thus main-
tained operated during the period that relay 21t
is being impulsed. = At armature 423 relay 212
closes a circuit from earth at armature 430 of
relay 222, armature 423, winding of relay 215
to. battery. At armature 424 and 425 the relay
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212 replaces the battery and earth connections
normally supplied by relays 2{0 and 209 by bat-
tery over a resistance 435 and a direct earth to
improve the impulsing circuit to the group selec-
tor. Relays 209 and 219 release during impulse
transmission but a shunt circuit is provided
across armatures 414 and 415 which shunt cir-
cuit extends over armature 422 of relay 212.
The impulses transmitted by relay 21f to the
group selector are repeated at armature 365 to
the group of counting relays RGS.

It will be understod that for impulse trans-
mission to take place from the register transla-
tor both conductors must be alive from stage
to stage otherwise one or both of relay 208 and
210 will not be operated.

Operation of counting relay group RGS5 on deci-
mal basis

The counting relays RGS comprise the relays
216 to 221 inclusive arranged to count any num-
ber of impulses up to ten. The relays are op-
erated sequentially until six impulses have been
counted when relay 221 is held operated and re-
lays 216 to 219 inclusive are re-operated to count
the remaining four impulses. Impulse transmis-
sion from the register translator is stopped by a
marking extended over one of the ten control
conductors 1-10 and over armatures of the count-
ing relays to operate relay 214. Thus for example
assume the digit 2 is the first digit to be trans-
mitted from the register translator. In this case
an earth is extended in a manner to be described
later, over conductor 2 of the control conductors.
Then when relay 2il operates on the first im-
pulse it closes a circuit over: earth, armatures
365, 450, 449, 446, 442, 438 of relays 220, 219, 218,
21T and 216 respectively, lower winding of 216
to battery. Relay 216 operates over its first step
and closes its “X” armature 437. At the end of
the impulse, relay 216 operates fully over both
windings in series and armatures 437 and 440 to
earth at armature 426 of relay 212 and at arma-
ture 438 and its resting contact opens its orig-

" inal energizing circuit and at its operating con-
tact prepares the energizing cireuit for relay 217.
The second impulse causes the operation of relay
2171 in a similar manner first to close its “X” ar-
mature 441 and then to operate fully and this
relay at armature 440 opens the locking circuit of
relay 216 which releases. On the operation of
relay 217 a circuit is closed from earth on con-
ductor 2, armatures 443, 451 and 461, winding of
relay 214 to battery. Relay 214 operates and
locks over armature 418 to earth at armature 434

and at armature 415 disconnects the impulsing .

conductor from relay 21{ whereby further impulse
transmission is prevented. In addition relay 214
at armature 417 opens the clocking circuit for re-
lay 213 which releases, and at armature 419
causes a circuit operation which removes earth
from conductor 2 and causes it to be extended
over another conductor to control the transmis-
sion of the next digit. Relay 2(3 releases when
its circuit is opened at armature 417 and at ar-
mature 420 opens 2 further point in the impuls-
ing circuit to relay 2ii. Relay 212 releases a
short period after the disconnection of the im-
pulsing conductor from relay 211 and at arma-
ture 426 opens the locking circuit for the count-
ing relays which then release; at armature 424

[}
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and 825 restores the non-shunted condition of

relays 216 and 209 across conductors 139 and 148
respectively and at armature 423.opens the circuit

of relay 215, Relay 215 releases and at. .arma-
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ture 434 opens the locking circuit of relay 2i4§
which releases and reconnects the impulsing con-
ductor to relay 2i3 to start the transmission of
the next digit.

Route control switch RS6

Consideration will now be given to the ar-
rangements for determining the particular digits
which are to be transmitted by the register trans-
lator. As stated above this is determined by cross-
connections extending between the contacis of
the route control switch RS6 and the various
conductors and contact groups adjacent the
banks. Typical examples are shown of the cross-
connections in Figs, 19-26 and in this connection
it should be pointed out that in general each
wiper of the switch may ke used for controlling
the setting up of two types of connection. Thus
for example wiper 296, Fig. 12, cross-connected
as shown in Fig. 19, controls the setting up of
local calls, i. e., calls to Hautrage subscribers and
also calls to Mons subscribers. An exception to
this occurs on eight-digit calls where it is neces-
sary to employ the whole of one bank.

With regard to the transmission of routing
digits by the register translator, this is controlled
in two ways. In the first place the digits which
are the same for a particular kind of call what-
ever the destination exchange are determined by
a direct connection between the appropriate bank
contact of the switch and one of the conductors
1 to 10, while for those which are variable for
different exchanges of the same kind of call the
connection is taken indirectly to one of the con-
ductors 1 to 10 over wipers of the various switches
TDi, TD2, TD3 and so on. Thus for instance
calls to exchanges within the Mons urban area
are all extended over the Mons exchange and the
junctions to these exchanges are reached over the
same switch at Mons, i. e., the switch LS, Fig. 2.
Ir: the present case the switch LS will be reached
by the transmission of digits 9 and 7 and hence
for the transmission of these two digits, direct
connections are made to the appropriate conduc-
tors of conductors 1 to 10. The various junction
lines are however reached over different levels of
the switch LS and hence the next digit will be
variable and the indirect connection will be em-
ployed.

For an understanding of the case under con-~
sideration reference will be made to Fig. 19, which
shows the cross-connections made from wiper 295
of the switch RS8. It should be pointed out that
the selection of the appropriate wiper of the
switch RS§ is effected by the position taken up
by wipers 26! and 263. of the switch TDI, ac-
cording to the type of connection reguired.
Connections are taken from contacts in the
banks associated with these wipers to the ap-
propriate wipers of the route control switch RE§
which are thus connected up in dependence
upon the first two digits recorded in the regis-
ter translator.

As pointed out above the first digit transmitted
determines the type of metering which is to be
employed and in this case since the metering
will be effected by the calling party’s meteér in
the usual way, the digit 2 will be transmitted.
Since this will always be the case on a local call
the first contact associated with wiper 285 will
be connected directly to conductor 2 of the con-
ductors 1-10." Since the call is local no rout-
ing digits are transmitted and further since
Hautrage has less than 1000 lines, three digits

- only need be retransmitted. Ience the 2nd, 31d,
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and 4th contacts are .cross-connected to -the
wipers of the switches TD2 and RS{ the position
of which represent the 3rd, 4th and 5th digits
dialled, i. e., wipers 325, 266, and 272.

In detail, when wiper 295 of switch RS6 is on
the first contact, earth at armature 472 of relay
182 (Fig. 15) is extended over armature 442 and
its resting contact, armatures 471, 419 (Fig. 1),
4014, 328, wiper 281 on contact (5, 7), wiper 285
of switch RS§ on contact 1, cross-connection to
conductor 2, cable 281 and 282, and thence as
described above in connection with the operation
of the counting relay group RGS (Fig. 14).
When relay 214 is operated at the end of the
transmission of digit 2, it completes the follow-
ing circuit: earth at contact 419, lower winding
of relay 228, winding of magnet 326 of switch
RS§ to battery. The magnet 328 is maintained
energized unti] the release of relay 214 when its
circiut is opened and it de-energizes to step the
wipers of the switch on to contact 2. Relay 208
operates over the energizing circiut of the switch
magnet and at contact 411 disconnects the im-
pulsing conductor from relay 213 and 21 until
the switch has stepped.

Contact 2 associated with wiper 288 of switch
RS6 is cross-connected to one of the group of
conductors 389 to 315 which are connected to the
various wipers of the switches whose positions
represent the digits dialled by the calling party.
In the present case contact 2 is connected to
conductor 3{f and thence to vertical wiper 325
of switch TD2 over vertical off normal springs
390. Assume the number of the required sub-
scriber is 57, 146. Then wiper 325 is in engage-
ment with contact 1 of the vertical bank and
thence to conductor 1 of the conductors 1-10 of
the cable 280. Hence the digit 1 will be trans-
mitted from the register translator to the group
selector IGS (Fig. 2). The group selector then
hunts over the first level for an idle final selector
(not shown). Wiper 296 of the switch RS6 is
now rotated on to the 3rd contact which is cross-
connected to conductor 312 connected to wiper
269 of the switch TDD2. As a result of this cross-
connection conductor 4 will be earthed and the
digit ¢ (the tens digit) will be transmitted to the
final selector (not shown). Lastly contact 4 as-
sociatzd with wiper 296 of the switch RS6 is
cross-connected to conductor 343 connected to
wiper 272 of the switch RSi and consequently
the final digit transmitted is 6. Digit transmis-
sionr iz now completed and wiper 258 of switch
RSH is stepped to contact 5§ which is cross-con-
nected to conductor 317. A circuit is now closed
from the earthed wiper 28§ of switch RS86, con-
ductor 3i7, armature 414 and resting contact
(Fig. 11), armature 358 to conductor {42 leading
to the register translator finder.

Release of register translator

When the register translator is disconnected
from the register translator finder as previously
described above relays 208 and 240 (Fig. 13) re-

. lease together with relays £87 and {88 (Fig. 15).
The release of the latier two relays opens the cir-
cuit for relay 189 and during the release period
of this relay a circuit is closed from earth at ar-
mature 327 over armature 334, winding of relay
204 (Fig. 1) to batfery. Relay 204 causes the
operation of relay 263 and when relay 89 re-
leases and the above traced circuit is opened a
pulse is transmitted during the release time of
relay 203 to magnet 248 of the switch RS6.
Switch RSS is thus stepped on to contact 1. Re-
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lay 189 in releasing opens the circuit of relay 99
which releases dnd opens the circuit of relay 191,
Relay 19! in releasing at armature 483 closes a
circuit as follows: earth, armature 433, winding
of relay 359, armature 332; operated vertical off~
normal springs 383 of the switch TDI in their op-
erated position, release magnet 246 to battery.
The release magnet 248 is thus energized and the
switch TDI restored to normal. Rotary off-nor-
mal contacts 385 are thus opened and relay 235
de-energizes, thereby disconnecting earth from
wiper 261 of the switch TD!. PFurther the res-
toration of the vertical off-normal contacts 388
extends the earth connection previously traced,
to the release magnet 248 of the switch ‘TD2 over
operated vertical off-normal springs 389. The
switch TD2 is thus restored to normal and the
earth connection is again extended over vertical
off-normal springs 389 of the switch TD?2 in their
resting position, vertical off-normal springs 393
of the switch TD3 in their resting position, wiper
213, bank contact and multipling associated with
this wiper, interrupter springs 486, magnet 253
of the switch RS to battery. Switch RSI is thus
rotated to the 11th contact whereupon the above
energizing circuit is further extended over wiper
275-and conductor 285 in turn to magnets 254,
255, 256, and 243 to step switches RS2, RS3 and
RS4 to their 11th or 25th contacts and to restore
switch RS5 to normal. On the restoration of
switch RSS5, the circuit is further extended over
off-normal springs 381 and their resting position,
armature 481 of relay 191, off normal contacts
489 of the switch RS6, interrupter contacts 499,
winding of magnet 326 to battery. The switch
RS is thus returned to normal in which position
the off-normal springs 489 are opened and the
above-traced circuit is interrupted. The register
translator has now been completely released and
can be used for a further call.

Calls to Mons

It will be understood that the operation of the
register translator will be the same on all calls
up to the reception of the impulses transmitted
by the calling party hence in describing the vari-
ous calls which may be set up it will be assumed
that the register translator has been seized and
that the calling party’s number has been regis-
tered therein.

Reception of dialled digits

A call to Mons is a local or unit rate call and
hence it is only necessary for the calling party to
dial five digits. Referring to Fig. 19, however,
it will be seen that the cross-connection for
setting up a call to Mons extends from the 16th
contact of wiper 296 of the route control switch
RS and it is, therefore, necessary to step the
route control switch to its 16th contact before
digit transmission from the register translator
takes place.

Referring to the numbering scheme for Mons
subscribers given above it will be seen that the
first digit which will be dialled by the calling
party will be the digit 2 and this will be followed
by the digits 1-6, 9 or 0. The reception of the
digit 2 will cause the switch TDI to be positioned
on the second level and the second digit which
for example will be assumed to be 5, will cause
the switch TD{ to be positioned on the 5th con-
tact of the second level. Contacts I—-§ and 8-0
in level 2 of the bank associated with wiper 264
are multipled together and connected over cam
contacts 481, interrupter springs 490, winding of
magnet 326 of switch RS6 to battery. Conse-
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quently when relay 239 Testores at the termina-
tion of the rotary movement of the switch the
following circuit is compléted: earth, contact 338

(Fig. 15), rotary off-normal springs 38% of the

switch TDI in their operated position, armatures
388, 404, contact of armature 407, winding of
relay 234, armature 408, wiper 264, contact (2; 5),
cam springs 491, interrupter contact 490, wind-
ing of magnet 326 to-battery. The magnet 326
operates in the above self-interrupting circuit
and steps the wipers of the switch RS6 to the
-16th contact when the cam springs 481 are opened
and the energizing circuit for the magnet is in-
terrupted. It will be noted that a parallel cir-
cuit also extends over armature 407 of relay 234
(Fig. 7) winding of relay 235 to battery. This
‘relay, however, has a high resistance compared
with that of relay 234 and hence does not ener-
gize in this citcuit. The impulsing circuit to re-
lays 213 and 2i1 from the impulsing conductor
399 is thus held open at contact 490 of relay 235
until the switch RS6 has been set on to the 16th
contact. “When the energizing circuit for mag-
net 326 is opened however relay 235 then ener-
gizes to complete the impulsing circuit to enable
digit transnussxon to commence.

Impulse transmission from register l}ransla.tor

" Since a call to Mons is' 2 unit rate call the
first digit retransmitted by the register trans-
lator will be the digit 2 as-described in connec-
tion with the local call at'Hautrage. The sec-
ond digit transmitted will set the first group se-
lector IGS to the level at which -a poor grade
junction line to Mons is accessible and in the
" case shown in the layout of Fig. 2 this second
digit will be 9. Contacts 16 and IT will thus be
cross-connected to conductors 2 and 9 respec-
tively of the control conductors. The call is
thus routed as far as incoming selector IS at the
Mons exchange. Since Mons has a capacity of
3600 lines it will be appreciated that four digits
must now be transmitted from the register
translator in order to set the incoming selector

1S, the local selector LS, and the appropriate :

final selector (not shown). Thus contacts 18,
19, 20 and 21 will be cross-connected to con-
ductors 310, 311, 312 and 313 in order that the
second, third, fourth and fifth digits dialled by

the calling party are retransmitted without: s

translation to the Mons exchange. Finally con-
tact 22 will be connected to conductor 3i{7 in
order to enable the register translator to be re-
leased as described above.

CaLLs THE FIrsT DIeIT oF WHICH IS 0
Operation on all calls

When the first digit dialled by the calling
party is the digit 0 the switch TDI will be raised
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to the 10th level whereupon a circuit is closed:

during the energized period of relay 204 from
earth at armature 382 of relay 204 and its oper-
ated contact (Fig. 7y armature 485, vertical
wiper 324, tenth vertical bank contact, armature
497, winding of relay 238 to battery. Relay 238
operates ‘and locks over armature 331 to earth
at armature 338 (Fig. 15). Relay 238 in oper-
ating at contact 330 opens the circuit to magnet
242 of switch RS5 in order to prevent this switch
stepping’ its wipers from the first to the second
contact. Further at armature 332 relay 238
closes the following circuit for the release mag-
net 245 of the switch TDi: earth at armature
382 and its resting contact (Fig.-7), armatures
436 and 332, vertical off-normal springs-388 and
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their operated contacts, winding of release mag-
net 246 to battery. The switch TD{ is thereby
restored to normal. In addition relay 238 at ar-

‘mature 330 closes a circuit during the release

period of relay 203 as follows: earth at armature
383, armature 384, contact | and wiper 258 of
switch- RS, armatures 330, 492, lower winding
of relay 237 to battery. Relay 237 operates and
locks over both windings in series with armature
493 and &t armature 492 and its operated con-
tact prepares a circuit for the magnet 243 of the
switch RSS. ,

The above operations take place whenever the
first digit dialled by the calling party is the digit
0, but the subsequent operations of the register
translator depend upon the second digit.

Operation on individual calls

As pointed out above there are two general
types of call numbers commencing with the digit
“0.” Pirst there are the three digit call num-
bers for setting up a connection to an operator
and for obtaining other services and second there
are 'the eight digit ¢all numbers for setting up

calls .to exchanges in other zones. Considera-
tmn Wul now be glven to the first type. ’

‘ Three digit calls
Three digit calls may again be-subdivided into

those for which the second digit is “0” and those

for which the second digit is other than “0.”
In the first subdivision are included calls to an
operator (call number 001 for a toll operator and
004 for an international operator) and calls for
certain services (call numbers 005-008 inclusive).
In the sceond are included for instance calls for
the speakmg clock (call numbers 081 and 092).

Second dzgzt “0”

When the second digit is “0” the switch- ’I‘D!
is again raised to the 10th level and is then ro-
tated over this level in accordance with the third
digit. - As before relay 235 operates on the first
rotary step of the switch. Consideration will
first be given to the case where the third digit is
either 1 or 4, i. e., 2 call for a toll or international
operator, Contacts | and 4 in the 10th level of
the contact bank associated with wiper 263 are
connected together and to wiper 297 (Fig. 20) of
the switch RS6. The setting up of these two con-
nections is controlled over contacts' { to 11 asso-
ciated with wiper 287 and hence no circuit, is
closed over wiper 264 for the magnet 326 of the
switch RS6 to advance the switch wipers to con-
tact {6. Earth potential is now extended to
wiper 297 over the following circuit: earth, ar-
mature 472 (Fig. 15), armature 412, 471, 410, 401,
328 and its operated contact, wiper 263 of the
switch TDI on contact ! or 4 to wiper 297 of the
switch RS6.  The impulsing conductor 399 is also
extended on the release of relay 239 to the relay
group RGT to enable digit transnrussmn from the
register translator to commence.

“With regard to the digits which are to be re-
transmitted, in this case the call will be metered
by an operator in the usual way. Consequently
the first digit retransmitted from -the register
iranslator will be the digit “1” and for this pur-
vose, referring to Fig. 20, contact | associated
with wipér 287 of the ‘switch RS§ is cross-con-
nected to conductor 1 of the control conductors.
The second digit transm1tted will serve to posi-

tion the first group selector on to a “poor” grade

junction line extending to: the Mons exchange &t
which the eperators are located, and for this pur-

pose the second contact associated with: wiper 287
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is connected to- conductor 9 in the similar way
asfor a call to Mons deseribed above.

The third digit transmitted by the register
translator serves to set the incoming selector IS
(Fig. 2) at the Mons exchange to a level over
which it has access to the special service selec-
tors: TS. According to the trunking diagram
shown in Fig. 2 this digit- will be “8,” and hence

~eontact 3 associated with wiper 297 is cross-con-
nected to conductor 8 of the control conductors.
The level to- which selector TS is to be raised is
determined by the third digit dialled by the eall-
ing party, that is to say, the second digit regis-
tered by the register translator and hence con-
tact 4 associated with- wiper 297 is cross-con-
nected to conductor 310 which is directly con-
nected to wiper 266. Thus, for instance, if the
third digit dialled by the ¢alling party is “1” the
contact on which wiper 268 rests will be con-
nected to ¢onductor 1 of the control conductors
and hénce the fourth digit transmitted by the
register translator will be the digit “1.” If how-
ever, the third digit dialled by the calling party is
the digit “4” then that digit will be transiitted
by the register translator. In the first case, the
switch TS will be raised to the first level and in
the second case to the fourth level, over both of
which levels access is had to operators’ positions.

The 5th contact associated with wiper 287 of
the switch RS6 is cross-connected to conductor
316 and the earth extended to this conductor
causes the operation of relay 224. Relay 224 at
armature 454 closes a circuit over: earth, arma-
tures 454, 462, winding of relay 214 to battery.
Relay 214 at contact 419 closes an energizing cir-
cuit for magnet 326 as described above. Further
earth at contact 419 is also extended over arma-
ture 453 of relay 224 to the upper winding of re-
lay 228. Relay 225 is slow-to-energize and first
closes a locking circuit over its “X” armature
457 in series with the winding of relay 226 from
earth at contact 339 (Fig, 15). When relay 225
operates fully it opens at armature 462 the cir-
cuit for relay 214 which releases and at arma-
ture 419 opens the energizing circuit of magnet
326 whereby the wipers of switch RS6 are stepped
on to the next, i. e, the 6th ¢ontacts. Relay 226
operates in the above locking circuit and relays
225 and 226 by their operation causes the count-
ing relays RGS to co-operate with the counting
relays RG6 to enable the remaining digits trans-
;nitted by the register translator to be in coded
orm.

The remaining digits to be transmitted by the
register translator comprise the calling party’s
number and a description will now be given of
this transmission from the point of view of the
route control switch RSS, a description of the
arrangements for transmitting impulses in code
being postponed until later. )

It will be noted on referring to Fig. 20 that con-
tacts § and T associated with wiper 297 of the
switch RS6 are extended over armatures 501 and
500 of relay 287 in the resting position to con-
ductors 318 and 8!9 while contacts 8, 8 and 10
are connected directly to conductors 320, 321 and
322 respectively. With regard to conductors 318
and 319 these are permanently connected; the

first with conductor 5 of conductors 1-10 and the -

second with conductor 7 of conductors 1-10 over
armature 498 of relay 201 and its resting contact
and conductor 499 to conductor 7 of the control
conductors. This a$ explained previously is- al-
ways .the same since the ultimate capacity of
Hautrage excharige is only 600 lines and hence
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the 10,000 to 1,000 -numbers of all the subscribers
lines are the-same.- With-wiper 297 of the switch
RS6 on contact 6 therefore earth is extended
from conductor 318 to conductor 5 of the control
conductors- and- thence through cable 282, cable
2817, cable-288, armature 465 of relay 226, winding
of relay 232 of the relay group RGS to battery.
Relay 232 operates and causes the digit 5 to be
transmitted in-coded form. Similarly when wiper
291 steps-on to contact T earth is extended over
a similar circuit, contact 467 of relay 226, wind-
ings of relays 229 and 227 in series to battery.
These relays operate to cause the transmission
of the digit 7 in coded form. Conductor 320 is
connected over the operated armature 508 of re-
lay 202 to operated armature 362 of relay 200,
armatures 509, 510 in- their rest position: to-con-
ductor 1-of the control conductors in accordance
with- the hundreds digit of the calling party’s
number (57109) and thence over cable 295, cable
282-to the winding of the appropriate relays of
the group RG6 as described above. Conductors
321 and 322 are connected to wipers 276 and 219
respectively of switches RS3 and RS4 and thence
over cable 282 as described above to the appro-
priate relays of the group RG6. It will thus be
understood that as wiper 297 of the switch RS6
steps from the 6th to the 10th contact the call-
ing party’s number will be trahsmitted in code
over the junction line to the Mons central. ex-
change. At the termination of digit transmis-
sion wiper 287 will bie stepped on to the 11th con-
tact which is cross-connected to conductor 317
to cause the release of the register translator as
described dbove.

The above description deals with calls of which
the number is 001 and 004. As pointed out pre-
viously however arrangements are provided for
dealing with other services and ealls if any for
these services also have the digits “00” for the
first two digits. Since however the metering of
these calls is effected by an operator it has been
found simpler to deal with these calls over a dif-
ferent wiper of the switch RS6. The third digit
of these calls may be any of the digits 5 to 8 and
consequently a connection is made from con-
tacts 5 to 8 of the 10th level of the bank asso-
clated with wiper 263 of the switch TDI to wiper
298 (Fig. 21) of the switch RS6. Further the first
part of the bank is employed for the calls and
hence no connection is made from the contact on
which wiper 264 of the switch TDI is standing,
to magnet 326,

Referring now to Fig. 21 which shows the cross-
connections for a call of this type, it will be noted
that contact I is cross-connected to conductor 1
of the control conductors so that the first digit
transmitted will be the digit “1” indicating that
metering is to be effected by an operator. The
next two c¢ontacts are cross-connected to con-
ductors 9 and 8 respectively of the control con-
ductors in order to secure the necessary routing
of the'connection as far as the switch TS at the
Mons exchange. Contact 4 is cross-connected to
conductor 310 which is directly connected to
wiper 260 of the switch TDI in order that the
third digit dialled by the calling party is retrans-
mitted without translation to raise the switch TS
to the appropriate level. Finally contact 5 is
cross-connected ‘to conductor 31T to cause the
release of the register translator.

Second digit 9

If the second digit dialled by the calling party
is 9 this indicates that the call is for a speaking
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clock. The third digit will be either ' 1 or 2 ac-
cording as to whether the subscriber wishes to
have the time spoken to him in French or Flem-
ish. The switch TDI will thus be raised to the
9th level and rotated on to contacts 1 or 2 in this
level. Both these contacts are connected together
in the bank associated with wiper 263 and this
multiple connection is extended to wiper 299 of
the switch RS8. Referring to Fig. 22 it will be
noted that the cross-connections for extending a
connection to the speaking clock are arranged
over the first half of the bank contacts and hence
no circuit will be closed over wiper 284 for mag-
net 326. It should be explained that in this case
the call will be metered by the calling party’s
meter and hence contact { associated with wiper
299 of the switch RS6 will be connected to conduc-
tor 2 of the control conductors. The speaking
clock is actually located in the Mons central ex-
change and hence the second digit which controls
the operation of the first group selector will again
be digit 9. Further referring to Fig. 2 the speak-
ing clock is reached over the 10th level of the
selector TS and hence contacts 3 and 4 associated
with wiper 298 of the switch RS§ will be cross-
-connected to control conductors 8 and 0 respec-
tively. A further discriminatory digit must now
ke transmitted depending on the third digit in
order to connect up the speaking clock which will
give the time in the desired language and hence
conductor 5 is cross-connected to conductor 310
which is in turn connected with wiper 268. This
digit is effective on a switch (not shown) in the
Mons exchange in order to select the appropriate
speaking clock. Finally the 6th contact asso-
ciated with wiper 299 is cross-connected to con-
ductor 31T to cause the release of the register-
translator.

EIGﬁT DiciT CALLS
Straight jorward connection

If the second digit is 1-8 it indicates that the
call is for an exchange in another zone. In this
case when the second digit has been registered
by the vertical movement of the switch TD{ and
relay 204 has released, a circuit is closed as fol-
lows: earth at armature 382 and its resting con-
tact (Fig. 7), operated contact and armature 495
of relay 231, vertical wiper 324, the bank contact
to which this wiper has been raised, armature 494
of relay 237, winding of relay 236 to battery.
Relay 236 operates and locks at armature 403 in
parallel with relays 237 and 238. Relay 236 at
armature 404 opens the circuit of relay 235 in
order to prevent the register translator from
commencing digit trahsmission. The fourth and
fifth digits digits dialled by the calling party are
registered by the vertical and rotary movements
of the switch TD2 and the sixth by the opera-
tion of the switch RS! as previously described.
At the termination of the reception of the sixth
digit, the wipers of the switch RSS are stepped on
to the 6th contdcets and the seventh series of im-
pulses are thus repeated to magnet 254 of the
switch RS2. The wipers of the switch RSb are
now stepped on to the 7th contacts and the eight
digit dialled is repeated at contacts 3827 of relay
187 (Fig. 15) to the magnet 243 of the switch

RSH as follows: earth, armatures 327, 334, wiper -

258 of switch RS5 on contact 7, armature 523 of
relay 205, contact 7 and wiper 258, armatures
339, 492 in their operated positions winding of
magnet 243 to battery. The eighth and last digit
is thus registered on the switch RSS.
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As pointed out above in a call for an exchange
of another zone the switch TD3 is automatically
set as regards its vertical movement in accord-
ance with the resultant of the first two digits
recorded in the register translator and as re-
gards its rotary movement in accordance with
the third and fourth digits registered in the reg-
ister translator. Relay 236 prepares the circuit
for operating the switch TD3 which circuit is
completed as follows on the registration of the
fourth digit: earth at armature 406 of relay 236,
armature 55 of relay 248, rotary off-normal
springs 39! and their operated contacts, rotary
off-normal springs 385 of the switch TD2 and
their resting contacts, vertical off-normal springs
394 and their resting contacts, winding of relay
2641 to battery. Relay 222 (Fig. 13) is also oper-
ated in parallel with relay 241. Relay 222 at ar-
mature 431 connects the impulsing conductor 568
extending from an impulsing machine to relay
212, the circuit extending as follows: impulsing
conductor 58, armature 431, contact and arma-
ture 441, armature 427 and its operated contact,
armatures 416, 420, winding of relay 243 to bat-
tery. Relay 213 operates as previously described
and at armature 428 and its operated contact ex-
tends the impulsing conductor to relay 2{1. Re-
lay %1 operates and completes an impulsing cir-
cuit extending from earth at armature 364, ar-
mature 429 of relay 222, armature 58 and its op-
erated contact, winding of relay 244, winding of
vertical magnet 250 of the switch TD3 to bhat-
tery. Relay 2i{ and the magnet 280 are thus
operated in synchronism. It will be noted that
relay 222 at armatures 432 and 433 completes a
shunt circuit across armatures 367 and 368 of
relay 2il to prevent any impulses being trans-
mitted to the first group selector. Further relay
222 at armature 428 extends earth to wiper 300
of the switch RS6 over which wiper the setting
up of the connection is controlled. This circuit
extends as follows: earth at armature 472 of re-
lay 192 (Fig. 15), armatures 412, 47!, 428, 405
to wiper 300. )

- The determination as to the number of steps
to be taken by the switch TD3 is effected over
wiper 262 of the switch TD!. Referring to Fig. 23
it will be noted that contact | associated with
wiper 368 of the switch RSS% is cross-connected
to conductor 383 which is directly connected with
wiper 282,

Contacts associated with wiper 282 are con-
nected to appropriate ones of the 10 conductors
1~10 and according, therefore, to the conductor
which is connected to the particular contact on
which wiper 262 is resting so the switch TD3
will make this number of vertical steps, the con-
trol being exerted over cable 285 and cable 282
through the counting relays RGH in a precisely
similar manner to that described in connection
with the digit transmission on a decimal basis
from the register translator. Thus relay 244
(Fig. 13) will operate when the switch TD2 has
made the required number of steps and at arma-
ture 819 will close the circuit of magnet 328 to
step wiper 388 cn to the second contact. The
original circuit of relay 241 is interrupted when
the switch TD3 is moved off-normal, but this
relay is maintained operated until the end of the
vertical movement by the impulses transmitted
over its upper winding to the vertical magnet
280, ‘When the switch TD? moves off-normal,
however, the original energizing circuit for relay
241 is extended to the lower winding of relay 242
over vertical off-normal springs 324 in their op-




16

erated position. Relay 242 operates and at con-
tact 518 prepares the impulsing circuit for the
rotary magnet 25f. When relay 241 releases at
the end of the vefrical movement this impulsing
circuit is completed over armature 57 of relay
281 and the switch TD3 is rotated over the level
upon which it has been set. The rctary move-
ment of the switch TD3 is determined by the
position of the wiper 257 of the switch TD2. The
contacts associated with this wiper are connected
to the appropriate ones of the conductors 1-10
and the rotary movement of the switch TD3 is
controlled in a similar manner to that of the
vertical movement, contact 2 associated with
wiper 830 of the switch RS6 being cross-con-
nected to conductor 304 and thence to wiper 287,
Relay 242 at armature 528 serves to maintain
the circuit of relay 222 during the rotary move-
ment, the original circuit being opened at rotary
off-normal springs 395. At the termination of
the rotary movement of the switch TD32, the
wipers of switch RSS are stepped on to the 3rd
contact and relay 222 releases.

The release of relay 222 causes at armature 42!
the disconnection of the impulsing conductor 51§
from relay 214." A further impulsing conductor
§28 is, however, connected for the purpose of digit
transmissicn from the register translator over
rotary off-normal springs 396 of the switch TD3
in their operated position. (Fig. 9) to armature
841t of relay 288. It is to be noted that the cir-
cuit over which earth is extended to wiper 360 is
opened at armature 428 on the release of relay
222. The circuit is however maintained over
rotary off-normal springs 387 which close on
the first rotary step of the switch TD3 to shunt
armature 428. Impulse transmission now com-
mences from the register translator and the first
digit is controlled by wiper 388 of the switch RS§
in position 3. Referring again to Fig. 23 it will be
seen that contact 8 is cross-connected over arma-
ture 504 and its resting contact to conductor 3
of the control conductors since the determination
of the charge for the call will be effected auto-
matically. Following the transmission of this
digit the next four digits transmitted, control
the routing of the connection to and through
the Mons central exchange. Thus contact 4 is
cross-connected to conductor 0 of the 19 control
conductors to step the first group selector IGS
to the 10th level where it selects an idle junction
line of “good” grade to the Mons central ex-
change. As previously pointed out the next
digit will be the digit 8 in order to step the in-
coming selector IS of the Mons exchange to the
8th level. The incoming selector hunts over this
level to find an idle special services selector 'TS.
Calls to other zones are routed over levels 2 and 3
of this selector according as to whether the call is
to proceed over the Brussels central exchange or
over the Charleroi central exchange. Conse-
quently the next digit will be variable so that
contact § associated with wiper 389 will be cross-
connected to conductor 365 which is directly con-
nected to wiper 269 of the switch TD3. The posi-
tion taken up by this wiper serves to control over
the control conductors the transmission either
of the digit 2 or the digit 3 in accordance with the
destination of the call whereby the special serv-
ices selector TS to the Mons exchange is raised
to the second or third level whereupon it hunts
for an idle relay group RG. The next digit to be
retransmitted determines whether a ‘“good” or
“poor” grade junction line extending from the
Mons central exchange shall be taken into use.
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‘As pointed out previously this depends on-the
destination exchange and also as to whether re-
peaters are to be used in the connection. As-
suming that a “good” grade junction is to be em-
ployed as determined by wiper 270, the transmis-
sion of the next digit will cause the toll line cir-
cuit finder TLFI to start hunting for an idle toll
line contro]l cireuit TLCC. The routing of the
call through Mons exchange is now completed
and the remaining digits are transmitted to
Mons in code. Consequently contact 8 associated
with wiper 309 is cross-connected to conductor
316 to cause circuit operations to take place as
described previously which result in the transmis-
sion of coded impulses. The next seven contacts,
i. e., contacts 8 to 15 associated with wiper 300
are cross-connected respectively to conductors
329 to 315 inclusive which are directly connected
with the vertical and rotary wipers 323 and 260
of the switch TDI, the vertical and rotary wipers
325 and 266 of the switch TD2 and the wipers
272, 274 and 257 of the switches RSI, RS2 and
RS5 on which the second to the 8th digits dialled
by the calling party are stored. "Of these digits
the first two indicate the zone and the second two
the destination exchange in that zone while the
remaining impulses indicate the number of the
called subscriber. The transmission of these
digits only takes place in response to a signal
from the toll line control circuit TLCC. The
digit control when wiper 380 is on contact 16 is
only employed in certain circumstances which
will be described later and on a normal call no
digit is transmitted.. Contact 16 is, therefore,
cross-connected over armature 503 of relay 2071
and its resting contact, armature 527 of relay
206 and its resting contact to conductor 507 (Fig.
10). Earth extended over wiper 300 therefore
causes the energization of relay 233 which at
armature 529 closes a circuit which causes wiper
300 to be stepped on to contact 1T without any
digit being transmitted. This circuit will be
traced in detail later. The remaining digits to
be transmitted from the register translator rep-
resent the calling party’s number and the rate
at ‘which the call is to be charged. The trans-
mission of the digits representing the calling
party’s number takes place as described previous-
1y except that the cross-connection between con-
tact IT and conductor 318 which controls the
transmission of the 10,000 digit of the called sub-
scriber’s number is extended over contact 502
and its resting contact, the purpose of which
cross-connection will be explained later. Finally
when the calling party’s number has been trans-
mitted wiper 308 is stepped onto contact 22
which is connected to conductor 308 which is
directly connected to wiper 271 of the switch
TD3. This is for the purpose of transmitting a
digit which is indicative of the rate of which the
call is to be charged and it will be appreciated
from what has been stated above that this digit
will be dependent upon the zone to which the
connection is to be extended and the destination
exchange in that zone. Finally contact 23 is
cross-connected to conductor 317 to cause the
release of the register translator as Dbreviously
described.

An alternative method of operation on calls of
which the first digit is “0” is to allow the first
group selector to be set on to an idle “good”
grade junction line to Mons while the digit “0”
is being absorbed in the register translator.. The
digit indicating the type of metering which is to
be employed is transmitted to the first group se-
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lector subsequently. This method of operation
considerably reduces the holding time of the
junction. The necessary alterations to effect this
modification are slight and will be rea.dﬂy appar-
ent to those skilled in the art.

Facilities are provided whereby on muiti-rate
calls the calling party can be informed.-if he so
desires of the total cost of the call. For this pur-
pose he is instructed to dial an additional digit
after dialling the call number. A full descrip-
tion of this feature will be found in my co-pend-
ing application Serial No, 278,728, filed June 12,
1939.

Varuztzon when calls are set up from manual
operator

As has been previously pointed out when an
operator at a manual exchange, e, g., Blaton,

takes a register translator at Hautrage exchange

into use for the purpose of setting up multi-rate
or inter-zone calls or a connection to toll or inter-
nation operator, the call is metered by the manual
operator and for this purpose arrangements
must be provided for altering the cross-connec-
tions extending from the contacts associated w1th
the appropriate wipers of the switch RS6.

It should be pointed out that when the reglster.

translator is seized from a manual operator’s po-
sition, booster battery is extended from the reg-
ister translator finder switch over cenductor 1317
to cause the operation of relay 186, the rectifier
514 being so arranged that it is not operated
when the usual battery potential is applied over
this conductor.

relay 190; at armature 512 it opens its original
enercxzmg circuit; at armature 518 it closes an
“energizing circuit for relay {87 to prevent any
operation of relays 188 and 202 and the switches

RS3 and RS4 which normally record the calling’

party’s number and at armature 599 closes a cir-
cuit for relay 281. Relay 207 operates and at ar-
matures 580 to 506 alters the cross-connection
extending from certain of the contacts assomated
with wipers 297, 389, 302 and 303.

Consideration will now be given to the effect
of the operation of relay 207 as regards the cross-
ccnnections extending from contacts associated
with wipers 237 and 320, that for wipers 382 and
303 Dbeing considered later. Referring first to
wiper 287 it will be remembered that contact 6 is

cross-connected over armature 501 of relay 207

and its resting contact te conductor 318 to cause
the transmission of the 10,000 digit of the calling
party’s number in ccde. Similarly contact 7T is
cross-connected over armature 5892 and its resting
contact to conductor 319 to cause the transmis-
sicn of the 1,000 digit of the calling party’s num-
ber. When the connection is being set up by
manual operator, however, the calling party’s
number will not be transmitted but in place of
this a special digit is transmitted to give an indi-
cation to the toll or international operator that
the connection is being set up under the control
of an operator at a manual exchange. This digit
is the digit 1 and hence a cross-connection is
made from contact 6 over armature 581 in its op-
erated position to conductor 1 of the control con-
ductors. No further transmissicn is now neces~
sary from the register translator and consequent-
1y contact 7 is cross-connected over armature 588
and its opsrated contact to conductor 317 to
cause the release of the register translator.

With regard to wiper 398 it will be remembered

that contact 3 is normally cross-connected over -

Relay 186 in operating locks over ,
its “X* armature 513 to earth at armature 344 of °
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armature 504 and its resting contact to conductor
3 of tlie control conductors to cause the trans-
mission of the digit which gives an indication in
the first group selector of the type of metering
which is' to be employed. Since the call is me-
tered by the manual operator when a connection
is being set up from a manual exchange, the op~
eration of relay 2087 causes the cross-cohnection
from contact -3 to be extended over armature 504
and its operated contact to conductor 1 whereby
the digit.1 is transmitted from the register-trans-
lator, PFurther contact {6 which is normally
cross-connected to armaiure 527 would now be
cross-connected over armature 563 and its oper-
ated contact to conductor 9 of the control con-
ductors, to cause the transmission of the digit 9
thereby giving an indication that the connection
is being set up by 2 manual operator. Further
contact {7 which is normally cross-connected

_over armature 502 and its resting contact to con-

ductor 318 to cause the transmission of the 10,000
digit of the calling party’s number is nOwW cross-
connected over armature 592 and its operated

contact to conductor 3{7 to cause the release of

the register-translator.
It is possible to arrange that the “special” digit

is-employed only in the case where the subscriber
.requires the eost of the call to be communicated

to him,  It: will- be understood that if the call

.originates from a manual exchange, the call is

metered in the usual way by the originating op-
erator and hence no rate digit will be transmit-
ted. This involves a loss of time since the route
control switech RS6 has still to step over this con-

-tact.  Now there will normally be five rate digits

with a possibility of a sixth when Blaton is con-
verted to automatic working and by referring te

“Fig. 18 it will be seen that six digits can be trans-

mitted without employing the fourth impulse of
the cycle. Hence by employing the digit “0” for
instance as a manual indication it can be trans-
mitted as an alternative to the rate digit W1th
a consequent saving of time.

Coded impulse tmnsmzsszon from register-.
translator

It will be remembered that the impulsing cir-
cuit extended from the register-translator to the
first group selector consists of battery and earth
potential extended over the windings of relays
210 and 289 to earth and battery respectively in
the first group selector, battery potential being

_extended over the positive conductor. When im-

pulse fransmission takes place, the battery and

_earth potentials are replaced in the register

translator by battery over resistance 435 and
direct earth, impulsing being controlled by con-
tacts 366 and-367.

When coded impulses are to be transmltted
each digit is represented by the cyclic operation
of four of the counting relays of the group RGS.

.Normally the sequential operation of these .four

relays would involve -the transmission of four
impulses to the first group selector but owing to
the operation of relays 225 and 226 the effect
now is to-cause certain of these impulses to be
suppressed as regards their transmission over the
positive conductor, those transmitied over the
negative conductor being in all cases unaffected.

"The code adopted is indicated in-Fig. 18 where

the numerals in the vertical column on the left

-hand side represent the digit and the numerals

in-'the top row represent the impulses.of the
cycle, Thus if the digit 5 is to be transmitted,
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- the 1st and 3rd impulses of the cycle will be sup-
pbressed, the 2nd and 4th being transmitted and
so on for other digits. :

The manner in which this coded transmission

takes place will now be consider. On the opera-:

tion of relays 225 and 226, the counting relays
of the group RG5 will be removed from the
control of conductors 1-10, at armature 460 and
461. In addition conductors 1-10 of the cable

288 will be extended over armatures 455 and 456:

of relay 225 and armatures 463-410 inclusive of
relay 226 to the windings of relays 227 to 232
inclusive.

Assume the digit “5” is to be transmitted.
Then earth is extended over conductor 5 as
previously described to cause the energization
of relay 232. Relay 232 then closes the fol-
lowing circuit: battery, resistance 435 (Pig. 13),
-armature 521 of relay 232, armature 436 of re-

lay 216, armatures 439, 444 to the contact asso~:

ciated with armature 366. Thus when armature
366 is opened when relay 211 responds to the
first impulse, no impulse is transmitted over the
positive conductor due to the shunt circuit traced

above. Relay 216 responds to the first impulse-

however and ‘on the termination thereof opens
the shunt circuit at contact 436. The next im-
bulse is therefore transmitted over the positive
conductor and at the end of this impulse relay
217 operates fully and agsin closes the shunt
circuit across the contact of armature 366. This
shunt circuit extends as traced above except
“that it passes over armature 522 of relay 232
and armature 439 in its operated position in-
stead of over armature 52f of relay 232 and
armatures 436 and 439. The fourth impulse is
transmitted over the positive conductor and at
the termination of this impulse relay 219 oper-
ates fully and locks over its own armature 448,
and armature 445 of relay 218. Relay 219 at
armature 447 opens the circuit of relay 218 which
releases and at armature 445 opens the circuit
of relay 219 which also releases. On the release
of relay 219 the four relays 216, 211, 218 and

219 are now all de-energized and the transmis-:

sion of the next digit can take place. It will of
course be understood that the transmission of
digits other than the digit “5” will take place in
2 manner similar to that described above al-
though the detailed circuits will differ in order
that the correct impulses as indicated in Fig. 18
may be suppressed. For instance for the digit
“0” relay 282 will be energized over its lower
‘winding in series with relay 221. The shunt-
ing circuit for the first and third impulse is the
same as described in connection with the transe
‘mission of digit 5 and the shunting circuit for
the second impulse extends over armatures 554
and- 593 to armature 436 so that the first, sec-
ond and third impulses are suppressed.

The switch RS6 is stepped at the termination
-of each digit transmission over a branch of the
energizing circuit for relay 218 over armature
458 of relay 225, lower winding of relay 208, wind-
ing of magnet 326 to battery.

With regard to the method of transmitting
the coded impulses, it will be understood that
this may be varied in s number of ways. For
instance the impulses may be transmitted over
the positive or the negative conductor and this
method of operation enables a more satisfactory
check to be made at the point where the impulses

~ .are received as will be explained more fully in

.connection with the operation

of the toll line con-
trol circuit, K :

[
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* o Qther calls - :
" A brief description will now be given of the

. cross-connections employed for setting up other

calls from Hautrage exchange.

Calls to Mons satellite exchanges having a
capacity of less than o thousand lines

A call to an exchange within the urban area
of the Mons zone is considered as a unit rate
call and five digits only will be dialled by the
calling party the first two digits indicating the
required exchange. It will be understood that
for each exchange within the urban area ‘the
first two digits will' be different, but the cross-
connections extending from the banks of the
switch RS6 are so arranged that all calls to
exchanges within the Mons urban area and hav-
ing a capacity of less than 1000 lines can be set
up under the control of wiper 287 and contacts
16 to 23 (Fig. 20). Hence the contacts to which
wiper 261 of the switch TD! may be set on a
call to any such exchanges are multipled to-
gether and connected to wiper 297 of the switch
RS6. Since the cross-connections for setting up
calls of this nature are taken from contacts
16-23 associated with wiper 297, the correspond-
Ing contacts in the bank associated with wiper
264 are multipled together and connected to
magnet 326 of the switch RS6. Thus when the
first two digits dialled indicate that the call is
for an exchange in the Mons urban area having
a capacity of less than 1000 lines, the wipers of

_the switch RS6 are automatically rotated to

the 16th contact. Referring now to Fig. 20
since the call is to be metered by the calling
party’s meter contact 16 will be cross-connected

. 'to conductor 2 of the control conductors. Fur-

ther all calls to these exchanges are routed over
the switch LS at the Mons exchange and hence
the first two routing digits are always the same,
namely, 9 and 7. Consequently contacts (T
and 18 associated with wiper 297 are cross-con-
nected to conductors 9 and 7 respectively of the
control conductors. The next routing digit
will be effective in raising the wipers of the
switch LS to the appropriate level and is hence
variable depending upon the destination ex-
19, therefore, is cross-con-
nected to conductor 306 which is in turn con-
nected to wiper 265 of the switch TDI. The

- contact in the bank associated with this latter

95

wiper is connected to one of the control con-
ductors of the cable 286 to cause the transmis-

5. sion of the appropriate routing digit to the Mons

exchange. It will be understood that the con-
tacts on which wiper 265 may be set on calls of
this nature are connected to different ones of
the control conductors of cable 286 in order to
secure the transmission of the appropriate rout~
ing -digit as determined by the position to which

.wiper 265 has been set. The call has now been

routed as far as the incoming selector at the
desired exchange and the remaining digits serve
to set the group selector and final selector at
this exchange. For this purpose contacts 20, 21
and 22 associated with wiper 297 of the switch
RS6 are cross-connected respectively on con-
ductors 311, 312 and 313 which are in turn con-
nected with the various wipers on which the
third, fourth and fifth digits are stored. These
digits represent the called party’s number in
the exchange. Contact 23 is then connected to
conductor 317 to cause the release of the register
translator.
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© Calls to Mons satellite exchanges having @ cc-
pacity of greater than one thousand lines

It will be understood that if the capacity of
the desired exchange is greater than a thousand
lines an additional digit must be transmitted
from the register translator which digit will be
effective on an additional group selector at the
desired exchange. A different wiper of the
switch RS6, therefore has to be employed and
it is arranged that when the first two digits
dialled by the calling party indicate that the
call is to an exchange within the urban area
and having a capacity greater than a thousand
lines the appropriate contacts in the bank asso-
ciagted with wiper 261 are connected to wiper
289 of the switch RS6. Further contacts 16-24
associated with this wiper are employed so that
a connection is also extended over wiper 264
to the magnet 326 of the switch RSE to cause
this switch automatically to step to the 16th
contact. The cross-connections employed for
setting up a call of this nature are similar to
those described for a call o an exchange of less
than a thousand lines and the additional digit is
obtained by connecting contacts 26, 21, 22 and
23 to conductors 318, 314, 312 and 3{3 in order
that the last four digits dialled by the calling
party are retransmitied in untranslated form
to set the switches in the desired exchange. It
will be understood that with an exchange hav-
ing a capacity greater than 1000 lines, of the
first two digits the second will be variable since
it also takes part in the selection of the desired
subseriber. In this case therefore more than
one contact in the bank associated with wiper
265 will be connected to the same one of the
control conductors so that the same routing
digit. is transmitted although the second digit
is different.

Calls over direct junctions to nearby exchanges

A direct junction line extends between
Hautrage and St. Ghislain and it is thus un-
necessary for the call to be routed through the
Mons exchange. On g call to St. Ghislain wiper
288 of the switch RS6 is connected up over wiper
281 of the switch TD! and the switch RS§ is
also rotated to the #6th contact. This call is
again a unit rate call so that referring to Fig.
91 contact 18 associated with wiper 298 is cross-
connected to conductor 2 of the control conduc~
tors. A single routing digit is necessary for a

" call to St. Ghislain since junctions thereto are
accessible over the 6th level of the first group
selectors {GS at Haufrage. Consequently the
contact 17 is cross-connected to the conductor
6 of the control conductors. The capacity of
St. Ghislain is greater than a thousand lines and
hence four digits must be transmitted to set the
switches in that exchange consequently con-
tacts 18, 19. 26 and 2! are cross-connected to
conductors 318, 311, 312, and 313 in order that
the 2nd, 3rd, 4th and 5th digits dialled by the
calling party are retransmitted to St. Ghislain
without translation. This completes the setting
up of the call and contact 22 is cross-connected
to conductor 81T to cause the release of the
register translator.

Calls to suburban e:vchané,e

As explained previously there is at present a
direct junction between S%. Ghislain and Dour
and calls from Hautrage to Dour are extended
through St. Ghislain. Now Dour isina suburban

area within the Mons zone and hence ‘a call
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thereto from Hautrage is a multi-rate call. At
the moment, therefore, the call is metered by the
operator dealing with incoming calls at Dour.
The cross-coniections for setting up a call to
Dour extend from contacts i—4 associated with
wiper 381 of the switch RS8 and referring to Fig.
24 it will be seen that contact ! is cross-con-
nected to conductor § of the control conductors
while contact 2 is cross-connected to conductor
20698 to cause the transmission of the first digit
dialled in order to route the call to St. Ghislain.
This is satisfactory as long as it is arranged that
the junction lines to St. Ghislain are connected
on a level corresponding to the first digit of the
Dour numbers. Contact 3 is cross-connected to
conductor 348 in order to secure the transmission
of the second digit dialled by the calling party.
This digit is repeated through St. Ghislain to
Deour to extend the connection to an operator’s
position at Dour. The remainder of the call is
thue set up manually and consequently conduc-
tor 4 is cross-connected to conductor 317 to cause
the release of the register translator.

When Dour is converted to automatic working,
the junction between it and St. Ghislain will
prebably be removed and a direct junction will
be provided between Dour and Mons so that
calls from Hautrage to Dour will be set up en-
tirely automatically and will be routed through
Mons. Further since the call is a multi-rate call
ticket-vrinting apparatus will be taken into use
at Mons for the purpose of recording the total
charge. The trunking layout shcown in Fig. 2
does not provide the necessary switches for rout-

\ ing the call to Dour when the latter is auto-

matic, but it is obvicusly not a difficult matter
to arrange for this., The switch LS has no spare
contacts but a group selector could be inserted
between the switches IS and LS, the group selec-
tor having access to switches such as LS, some of
which would have connected thereto junction
lines extending {o exchanges in the urban area
while one or more would have access to junction
lines extending to exchanges in the suburban
area. This segregation would ke desirable owing
to the fact that ticket-printing equipment has
to be associated with junction lines extending fo
sububan exchanges. Alfernatively the switch IS
may have direct access to junction lines leading
to Dour. :

With regard to the operation of the register
translator it will ke undersiood that although &
call to Dour is a multi-rate call, it differs from
mulii-rate calls to exchanges in other Zzones in
that a five figure number will be dialled instead
of an eight figure number. Since, however, once
the dialled digits have been registered in the
register translator, the further operation is con-
trolled by the route control switch RSE, the cir-
cuits of the register translator will not have to
pe altered but the modifications will occur in the
cross-connections extending from the contacts
associated with wiper 38§ of the switch RSE.

Rate determination will be limited £o the choice

- hetween two rates while with regard to the con-

trolling circuits and ticket-printing equipment it
will be appreciated that in general they will be
similar to those employed on a call to an exchange
in another zone. The requisite information will
be transmitted to the Mons exchange in coded
form since this results in a saving of time and a
converter will be employed for converting the
coded digits into decimal routing digits. No non-
decimal impulse trains will be required however

- since repeaters will not be employed and “poor”
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grade junction lines may be used. The routing
digits may be transmitted in the form of alter-
- nating current impulses or if direct current im-
pulsing is to be employed, regeneration may be
made use of. At the end of conversation the vari-
ous items will be transferred to the printer-con-
troller as for other calls with the exception that
the star indication may not be employed.

An example of the cross-connections which
would serve for setting up a call to Dour when the
latter is automatic is shown in Fig. 25. It should,
however, be understeod that this particular ex-
ample is somewhat tentative and may. involve
alteration when the route which the call follows
in the Mons exchange has been finally decided.
Wiper 332 int Fig. 25 represents an alternative
to wiper 3%f of switch RS6 and can be substi-
tuted therefore when the change takes place.

Referring now to Fig. 25 it will be noted that
contact | associated with wiper 382 is cross-con-
nected to conductor 3 of the control conductors
to cause the transmission of the digit 3 to indicate
that the call is to be metered by ticket-printing
equipment. Contact 2 is connected to conductor 9

of the control conductors whereby the first group-

selector $GS (Fig. 2) is raised to the ninth level
to select a “poor” grade junction line to Mons,
Contact 3 is cross-connected to conductor 386
which in turn is connected to wiper 285. The
contact on which wiper 285 is resting is con-
nected to the appropriate control conductor to
cause the transmission of the appropriate rout-
ing digit to Mons, This is the only routing digit
transmitted to Mons and hence in this particu-
lar example the junction lines to Dour are di-
rectly accessible over the switch IS. Contact 4
is cross-connected to conductor 316 to enable the
remaining digits to be transmitted in code. The
remaining contacts are cross-connected in g man-
ner similar to that for a toll call to another zone
as shown in Fig. 23 the rate digit being transmit-
ted between the called and calling party’s num-
ber.

Calls to nearby exchanges in other zones

At present Blaton is 3 manual exchange and
-has a direct junction to Hautrage. It is, there-
fore, only necessary to transmit a single routing
digit in order to set the first group selector 1GS
on to level 3 where it has direct access to junc-
tion lines leading thereto.

Referring now to Fig. 24 a call to Blaton ig con-
trolled by cross-connections extending from con-
tacts 18, IT and 18 associated with wiper 861 and
it will be seen that since this call is regarded as
a unit-rate call contact 16 is connected to con-
ductor 2 of the control conductors while con-
tact 17 is connected to conductor 310 which is in
turn connected to wiper 268 of the switch TDI.
This cross-connection is made in preference to
cross-connection to conductor 3 of the control
conductors in view of the fact that there may be
other manua] exchanges having direct junctions
to Hautrage which are differentiated by the sec-
ond digit dialled by the calling party. Finally
contact 18 is cross-connected to conductor 317 in
order o cause the release of the register trans-
lator.

It will be understood that when Blaton is con-
verted to automatic working, the direct junction
between it and Hautrage will probably be re-
moved. A call between these two exchanges will
then be set up in a similar manner to that de-
scribed for a call to another zone, that is to say
the calling party at Hautrage will dial an eight
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digit number: commencing with the- digit “0.”
With regard to the metering of the call this may
be effected by the usual operation of the calling
party’s meter or it may be ticket printed. In the
first case the contact on which wiper 268 of the
switch TD3 is set is connected to the winding of
relay 186. Consequently on the release of relay
242 at the end of rotary movement of the switch
TD3, earth is extended from armature 406 (Fig.
7), armature 580 of relay 242 (Fig. 9), wiper 268
and bank contact to relay 186. Relay 186 oper-
ates to cause the same alterations to be made
in the cross-connecting field of the switch RS6
such that the first digit transmitted will be the
digit 2 indicating that metering is to be effected
by the operation of the calling party’s meter. If
however, the call is to be ticket-printed, this con-
nection will not be provided and the register-
translator will operate in the manner described
above for a call to another zone.

Supervisory and alarm arrangements

The supervisory and alarm arrangements are
controlled by the relay group RG8 (Fig. 11) and
a description will now be given of the operation
of this group under different conditions. It will
be understood that failure on the part. of the
calling party to dial any digits or to complete
the dialling of the required number or the exist-
ence of a permanent short on a subscriber’s line
results in retaining the register-translator for a
longer period than is necessary for the normal
setting up of a connection and arrangements are
provided such that. under these conditions the
register-translator is released.

Calling party fails to dial or permanent earth
- on subscriber’s line

It is to be noted that during the normal setting
up of a connection relay 346 is operated until the
calling party has dialled the first two digits on a
5 digit call or the first 5 digits on an 8 digit call.
The circuit for relay 346 extends over: battery,
lower winding of relay 346, armature 482 of relay
191 to earth at rotary off normal springs 387
of the switch TD! with an alternative circuit
over rotary off-normal springs 391 of the switch
TD2 in their resting position, armature 515 to
earth at armature 406 of relay 236 is operated
signifying that the call is an 8-digit one.

The operation of relay 10 when the register-
translator is taken into use prepares at arma-
ture 341 a circuit to the conductor 530 (Fig. 11).
Periodically earth impulses are applied to con-
ductor 530 so that in due course a circuit is com-
bleted for relay 34T as follows: earth on con-
ductor 530, armature 354 of relay 348, armatures
341, 532, lower winding of relay 347 to battery.
Relay 347 operates and locks over its “X” arma-
ture 531 to earth af armature 852. At armature
832, relay 347 opens its original energizing cir-
cuit and at armature 533 prepares a circuit for
relay 348 which extends to conductor 534 to
which earth pulses are applied at a time interval
which exceeds the greatest time normally taken
before relay 346 releases after corresponding
pulses have been applied to conductor 530. Relay
348 operates in response to a pulse over the con-
ductor 534 and locks over its “X” armature 353,
armatures 4716 if relay 346 is not operated or
armature 535 if relay 345 is not operated, arma-

- ture 484 to earth at key 538 in the closed posi-

tion. At armature 351 relay 348 provides an al-
ternative holding circuit for relay 189; at arma-

“ture 352 af its resting contact it opens ‘the hold-



2,330,709

ing circuit of relay 34T which releases; and -at
its operated contact closes a holding efrciit for
relay 346 over armature 4715 if relay 346 lias not
previously released; at armature 355 and its rest-
ing contact it removes earth from conductor 141
extending to the calling party’s line circuit but
this conductor is still earthed from armature 531
and armature 818 of relay 346; at its operédted
contact armature 355 closes a circuit for relay
349 and for relay 192 over armature 419. This
circuit cannot be completed if relay 346 has reé-
leased. Relay 349 operates and at armature 539
opens a point in the circuit of the start con-
ductor 545: at armature 580 it opens the start
conductor 550 to the time immpulse generdtor; at
armature 54! it earths alarm conductor §51; at
armsture 542 closes a ¢ircuit for lighting the
lamp 547 and at armature: 543 it opens the: ¢ir-
cuit of the busy lamp 548.

Relay 192 in operating at armature 472 con-
nects earth to wiper 303 of the switch RS6 and at
armature 413 connects the impulsing conductor
552 to the winding of relay 213 to set in oper-
ation the digit trahsmission from the register
translator.

Referring now to Fig. 26 which shows the cross-
connections extending between contacts associ-
ated with wiper 303 of the switch RSS, it will be
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noted that contact { is cross-connected to con- -

ductor 3 of the 10 control conductors. I is in
this case immaterial to which of the conductors
1, 2 or 3 the cross-connection is made as, of
course, there is no question of metering but a

series of impulses must be sent before the group

selector can be positioned as will be explained
later. Contact 2 is cross-connected to conductor
9 in order to position the first group selector to
cause it to select a junction line to Mons. Con-
tacts 3 to 6 are also cross-connected to appro-
priate cnes of the 10 control conductors t6 route
the connection to a special ticket-printing ap-
paratus which is reserved for this particular pur-
pose. This special ticket-printing apparatus is
not shown in Fig. 2 and hence the cross-conrec-

tion from contacts 3-6, which will extend to the -

appropriate control conductors, have not béen
inserted. Following the fransmissiori of the
routing digits, the calling-party’s number will be
transmitted in code to the tlcket-prmtmg appa-

ratus in a similar manner to that previously de-
scribed so that the ticket printed will bear the
calling party’s number and serves as & Dperma-

nent record of the fault. After the transmission

of the calling party’s number, the wiper 303 is

stepped on to contact {3 which is cross-connect-
ed to conductor 311. The usual circuit extend-
ing to the register-translator finder for render-

ing the finder available for another connectioi.

has however: been opened at the resting: contact
of armature 474 (Fig. 11) and consequently the
earth applied to wiper 303 is extended over the
operated contact of armature 474 to the upper
winding of relay 345. This relay operates” and
locks to earth at armature 411 over armature 536.
At armature 537 earth is removed from conduc-
tor 141 to cause the release of the line relay so
that in known manner the-cut-off reldy due to
its being slow-to-release is locked over the sub=
scriber’s loop independently of the exchange ap-
paratus. so that the 1st group selector; the regis-
ter translator finder and the register translator
become free for use on other calls and the sub-
scriber’s line can only become effective when' the
faulty condition is removed.

Prther at' armature-535; relay" ‘345" opens-the~
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lockihg diféuit of relay 348 which releases ahd
at afmaturé 351 opéns the alteriative locking
circuif to reélay (89 which reléases to cause the
releasé of the register translator as previously
describéd:

Arrangements which are not shown may also
be provided- whetreby if diallirig Kas riot been ¢oim-
pleted 4nd & beriod of 30 Seconds elapses after
the reception of the last impulse dialled, the reg-
ister translafor is automatically connected to
Moris over a §pecial circuit having access to a
specidl ptinter unit. The calling: party’s number
is thereupon printed in a manner similar to that
déscribed previously. This method of operatmn
is' u§eful i that it énablés a récord to be made,
of stibscribers where dialling is unsatistactory. It
is als6' useful in that it will be effective where
a short oh & line is of an 1nterm1ttent natiire
providéd of c¢oursé that thé pefiod bétween any
tWo- stecessive short, ciféuits is greater than 30
séconds. ‘

. Faulty fegzs«ter-’-tmnslator

In fheé case where the calling party has dialied

. suffi¢ient digits to ehsure the release of relay 346

but ‘the register-transiator is still in use after a
predetermined period: due for instdnce to failure
to complete digit transniission, arrarngements are
provided- for disconhecting the calling party’s

1ine‘from: the regxster—f.x anslator while the circuits

of thie latter rermairr i the position to which they
have beéen setiso that the register-translator is
maintained busy gnd the attention of an. attend-

ant may be called:thereto.
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Relays 34T and 348 opérate in response’ {o' the
edrth .pulsés: over’ conductors 9530 and 534 as
previousiy-described and on:operating relay 348 at
arirature- 355 removes earth from conductor 181
to enable the line relay to reledse and if the

i subseriber’s line is' still Idoped.the cut-off rélay

locks as:before and the calling party ¢an in dus
course initiater a fresh call independent of the
fa.ulty reglster translator Smce relay 346 1s not

‘mamtamed at armature 414 and: hence the regis=

terstranslator: findet RTF will remain in-the po-
sition to which it has-been: set.

Ini-additicft relay 348 at armature 351 cloges
an-alterhative: lockifig' circuit for relay 189, the’

soriginal ¢iréuitc of whiehi:is* opétied: when relays"

18T anid 88 release ofi the disconnectioii of the-
cgliing party’s line from: the registeér-translator.
The- circuits of the’ register~translator are thus
held: ify the ‘position to which: they have been set.

Finally relay-348 at arature 355 and its oper-
ated ‘ contdct closes a1 Sbvious citeuit for relay
349, Reldy 349 1n operating at armature 542
closes d ¢ircuit  for lighting the larmp 547 to give
a visualalarm.and gt armgture 541 extends earth:

-over conductor $51 to eduse an gudible’ alarm to

be‘given.

Thercircuits: rémain: ity this conditicn: tntil the
fault has beew reredied and key 538 6pened.
The opening. of kej 538 opetis the- lockmg circuit

= of relay 388 which: relésses and gt dringture’ 3551

and its operated contact opens the circuit of re:-
lay 349. - FPurther-at-armature 351 the holding
circuit of relay 189 is. opened and this relay re-

leases to'initiate the release of the register-trans-
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1ator as previously described..
Delaying transmission pending reception of com--
plete impulse series

Suppése{that ‘tha- calling party dela,ys d1a,111ng’
“onetof t'e‘ digits ‘thent it -is- obviously- necessary-
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to delay impulse transmission from the register-*
For instance.-on a 5 digit call to a-

translator.
local -subscriber, -impulse ‘transmission from the
‘register-translator commences after the regis-
tering of the second digit by the connection of
impulsing conductor 399, at armature 400. If
now the calling party has not completed dialling

the third digit before the first digit is transmitted, -

then the following holding circuit is completed
for relay 208 which is operated at the end of each

digit. transmission: earth at vertical off-normal

contacts 380 of switch TD2 in- their resting po-
sition, conductor 3(1, cross-connection to con-
tact 2 associated with wiper 296 of the switch

RS6 (Fig. 19), wiper 296, contact on which wiper |

261 of the switch TDI is set, wiper 261, armatures
328, 401, 410, 471, 412 in its operated position,
upper winding of relay 208 to battery. Relay
208 in its operated condition disconnects the im-
pulsing conductor 399 from the winding of relay
2{3 hence delays impulse transmission. -Relay
208 is released when its holding circuit is opened
on the operation of vertical off~normal springs
390 on the first vertical step of the switch TD2.

Similarly on a call to Mons for example a sim-
ilar holding circuit is closed for relay 208 with
wiper 286 (Fig, 19) on contact 19.

Purther similar holding circuits are closeq if
the ‘calling party delays dizalling the fourth or
fifth digits, the earth in these cases extending
irom rotary off-normal springs 892 of the switch
TD2: or from contacts 11 or 25 associated with
wiper 2712 of the switch RSI respectively with
wiper 286 on the appropriate contacts. - - o

It will be understood that while a description

has been given in connection with local calls and
calls to Mons only, this control over the impulse
transmission from the register-translator is ef-
fective on all five digit calls.

With regard to three digit calls, impulse trans-
mission does not commence until al] the digits
have been dialled so that the above considerations
do not, therefore, apply.

- With regard to 8 digit calls it will be remem-.
bered that impulse transmission does not com-
mence until the switch TD3 has been .set, i. e.,

until after five digits have been dialled. It will:

therefore be seen by referring to Fig. 23 that
impulse’ transmission may take place to the .ex-
tent of all the routing digits and the called party’s
number up. to the fifth digit. If now the calling
party delays in dialling the 6th digit, relay 208
is held over the following circuit: earth at con-
tact 11 or 25 associated with wiper 212 of the
switch RSI, conductor 313 cross-connected to
contact I3 associated with wiper 300 (Fig. 23) of
the switch RS6, wiper 300, armatures 405, rotary
off-normal springs 397 of the switch TD3, arma-

tures 471, 412, upper winding of relay 208 to bat-.

tery. If the delay occurs in dialling the 7th or
8th digit the earth will be derived from contacts
11 or 25 associated with wiper 274 of the switch
RS2 or contact T associated with wiper 257 of the
switch RS§ with of course wiper 300 of switch
RS6 on the appropriate contacts 14 or 15, respec-
tively. - .

Detailed descr_iptz‘on of first group selector

Reference will now be made to Figs. 27, 28, and
29 which show the circuits of the first group se-
lector 1GS and to Fig. 30 which shows a junction

line circuit accessible to the Wipers of the first

group selector.
‘When the line finder ILF switches through on

to the calling line, earth as. previously explained
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is extended-from the register-transiator over the
negative conductor 109, to .conductor 600 -(Fig."
27), armature 661 and its- resting- contact, make-
before-break contacts of armatures 65T and 659,

" upper winding of relay 699 to battery. Similarly -

battery is-extended over the positive conductor
108 to conductor 601, armature 662 and its resting -
contact, make-before-break contacts of arma-
tures 658 and 660, lower winding of relay 609 :

:to earth. Relay 609 therefore operates and at-

armature 649 closes & circuit for relay 610, In
addition at armature 647 and 648 relay 609 pre-
pares the impulsing circuit to the outgoing con-
ductors. Relay 610 in operating at armature 652
extends earth over the upper winding of relay 607 -
to test conductor 602 and conductor 110 (Fig. 4).
The-switch is now in a condition to receive im-
pulses from the register-translator. :
The first digit transmitted from the register-
translator is effective in giving an indication as
to the-type of metering which is to be employed
for the call and does not effect any setting oper- ..
ation of the switch wipers. This digit may be -
1, 2 or 3 and on the first impulse, relay 609 .
releases and closes a circuit over: earth, arma-
ture 649 and its resting contact, armature 655
and its operated . contact, rotary-off-normal
springs 642, make-before-break contacts of ar-
mature §85, armatures 669, 13, lower winding :
of relay 613 to battery. Relay §13 is a two-step
relay and at this time closes its “X” armature
672 only.. - At.the termination of the impulse, re-.
lay 613 operates fully over: earth, armatures 654
(Fig. 27) 667, 672 to battery over both windings.
of relay 618 in series. Relay 613 at armature 613
extends the impulse repeating circuit to the lower
winding of relay 612. It is also to be noted that
relay 811 is energized over both windings in g
parallel branch of the impulse repeating circuit
and being slow-to-release is maintained operated
for the whole of the impulse train. ‘
_Assume that the first digit comprises three im-
pulses.” Then the second impulse will cause the
energization of relay 812 over operated armature
678.. Relay 612 is also g two-step relay and op-::
erates in a similar manner to relay 613. It locks -
over its “X™ contacts 668 to earth over arma- -
tures 679 and 654 and on operating fully at ar-
mature 667 opens the locking circuit of relay 613 -
_ Finally the third im-
pulse causes the energization of relay 615 over
operated armature §59. Relay 615 is a two-step
relay and at the end of the impulse locks over
its.“X"” armature 680, armatures 686, 656, to earth
and operates fulliy. At armature 679 relay 615
opens the locking circuit of relay 612 which re-
leases. Relay 6{1 also releases at the end: of
the impulse series and at armature 616 the fol- -
lfowing circuit is closed for relay 620; earth, ar-
matures 653, 676 (Fig. 27), armatures 678, 684,
or armature 611 or 666 according to the number
of impulses, vertical off-normal springs- 644; re--
sistance 688, centre winding of relay 620 to bat-
tery. Relay 620 operates and. at armature 665
brepares an impulsing circuit to the vertical mag-
net 622. 'The second impulse series transmitted
from the register translator is repeated at arma--
ture 649 of relay 608 over the following circuit:
earth, armature 649 (Fig. 27) and its resting
contact, armature 655, rotary off-normal springs
642, operated contacts and armature 665, resist-
ance. 689, rotary- off-normal springs 641 in par- -
allel with the low resistance lower winding of re-
lay 620, winding of magnet 622 to battery.  On -
the-first vertical step of the switch. the .original
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energizing circuit of relay §29 is opened at ver-
tical off-normal springs 644 but the relay is
maintained operated by the impulses over the
lower winding. At the end of the impulse se-
" ries, relay 620 releases and at armature 684 the
following circuit is closed for the rotary magnet
621: earth, armatures €53, 676 (Fig. 27), arma-
tures 678, 684, vertical off-normal springs 644 in
their operated position, armature 664, winding of
rotary magnet 521 to battery. The rotary mag-
net energizes and steps the wipers on to the first
line in the selected level. Further on energiz-
ing the rotary magnet closes contacts 698 there-
by completing the following circuit: earth, arma-
ture 684 (Fig. 27), winding of relay 6{8, arma-
ture 685, 11th step springs 8§48, self-interrupt-
ing contacts 690 of magnet §21, upper winding of
relay 620 to battery. If the line on which the
wipers are standing is engaged, earth is fed back
over wiper 626 so that relay 619 is short-circuited
but relay 520 operates and at armature 684 opens
the circuit of the rotary magnet. The rotary
magnet thereupon releases and opens contacts
690 whereupon relay 626 releases and again closes
the circuit for the rotary magnet. This inter-
action continues until an idle line is found to
which no battery potential is applied. Relay 619
now operates in series with the upper winding
of relay 620 and locks over armature 687 in series
with the centre and upper windings of relay 8§20
and at armature 684 opens the energizing circuit
of the rotary magnet to prevent any further op-
eration thereof. Further at armature 638 relay
619 opens at its resting contact, the locking cir-
cuit of relay 615 if this relay has been operated.
Relay 615, having enabled the impulsing circuit
to the vertical magnet to be prepared, releases.
At its operated contact, armature 678 of relay 619
closes the following circuit for relay §88; earth
at armature 656 (Fig. 27), armatures 6§86, 698,
winding of relay 608 to battery. In addition re-
lay 619 at armatures 63! and 682 closes points
in the circuit of the outgoing conductors. Relay
608 in operating over the above circuit at arma-
tures 657, 658, 659 and 6860 disconnects the con-
ductors 6080 and 63! incoming from the register-
translator from relay 589 which releases and con-
nects them to the outgoing conductors over a
circuit which by-passes the condensers 631 and
§92, thereby providing a direct current impuls-
ing circuit from the register-translator to the suc-
ceeding apparatus. Impulse transmission from
the register-translater continues and at the ter-
mination thereof, earth is disconnected from con-
ductor 602 whereupon relay 607 which was short-
circuited by this earth and the earth extended
from armature 652, operates over the following
circuit; earth, armature 652, upper winding of
relay 667, armatures 693, 851, winding of relay
€10 to battery over resistance 688. Relay 887 op-
erates and -locks over its “X” armature 837 to
earth at armature 858; at armature 596 relay 607
opens the circuit of relay 608 which releases; at
armature §83 and 594 it closes a leop including
resistances 768 and 181 for holding subsequent
switches and at armature 8§93 short-circuits its
upper winding to make it slow-to-release. Relay
688 on releasing reconnects the incoming conduc-
tors to relay 60% which energizes and at arma-
tures 647 and 648 shunts armatures 883 and 6§94,
together with resistances 708 and 10 {. This hold-
ing circuit extends as follows: negative conduc-
tor, wiper 628, armatures 681, 648, make-before-
break contacts associated with armature 763,
right-hand winding of shunt-field relay 614, up-
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per winding of relay 6§15, make-before-break con-
tacts associated with armature 702, armatures 647,
682 to the positive wiper 623. The left-hand
winding of relay 614 was energized on-the oper-
ation of relay 818 but the relay does not operate
at this stage and neither does relay 615.

The effect of the operation of relays 612, 6i3
and 615 in response to the first digit received
from the first group selector will now be dis-
cussed and it will first be assumed that the con-
nection is to be metered by the calling party’s
meter in the usual manner, i. e, the first digit is
“a» and relay 612 is operated. When the called
party replies the battery and earth connections .
are reversed to cause the operation of relay 614.
Relay 814 at armature 706 closes the following
circuit for relay 668; earth at rotary off-normal
springs 643 and their operated contacts (Fig.
29), armatures 785, 106, 678, winding of relay €08
to battery. Relay 686 operates and at armature
788 disconnects the earth from armature €52
which is applied to conductor 682 and connects
booster battery thereto over conductor 7{0. The
calling party’s meter is thus operated. Further
relay 866 at armature 709 short-circuits relay 642
which releases and at armature 678 opens the
cireuit of relay 606 which also releases.. Further
operation of the calling party’s meter is thus
prevented.

When the calling party replaces his receiver
at the end of conversation, relay 683 releases fol-
lowed shortly after by relay 848. Relay 610 at
armature 654 opens the circuit for relays §19 and
620 which release and at armature 653 and its
resting contact the following circuit is closed for
the release magnet 623: earth, armatures 633,
683, vertical off-normal springs 645, winding of
release magnet 623 to battery. The switch wi~
pers are thus returned to normal. Further at
armature 856 the locking circuits of the various
relays are opened and the switch is thus restored
to normal. i

When the first digit transmitted by the regis-
ter-translator is “1” indicating that the connec-
tion is extended to an operator who as previously
stated will control the metering, relay 818 is op-
erated. On the reply of the operator, reversal
of the battery and earth connections takes place
as before and relay 614 operates. At armature
186 however, cwing to the operation of relay 643,
relay 616 instead of relay 636 is operated, the
circuit being as follows: earth at operated ro-
tary off-normal contacts 643, armatures 765, 708,
674, winding of relay 618 to battery. Relay 6i6
at armatures 782 and 793 disconnects the out-
going conductors from the windings of relays 6id
and €15 and connects them to earth over the
winding of relay 617 and fto battery over the
winding of relay 618, both the relays operating.
At armature 705 relay 616 opens its own energiz-
ing cireuit but being slow-to-release it is main-
tained operated until its alternative- circuit is
closed at armature Ti{ or T14; at armature 794
relay 616 provides an alternative earth for relay
618 so that the release of the switch and hence
of the connection set up by the calling party is
completely under the control of the operator.

Thus when the calling party replaces his re-
ceiver, relay 809 releases but the only effect of
this release is to remove at armatures 647 and
648 the short-circuit around armatures 893 and
694 and the high resistances T80 and 781. The
current flowing in the loop ecircuit is thus re-
duced sufficient to cause the release of the line
relay at the operator’s position. to-indicate that
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the calling party has hung up but insufficient to
cause the release of relays 617 and 618. ‘These
relays are only released when the operator takes
down the connection, for instance by removing
the plug from the jack or by the restoration of a
key. The operator is thus in a position to re-
ring the calling party if necessary and to do this
the negative conductor is opened at the oper-
ator’s position. Relay 618 then releases and the
following circuit is closed; earth at operated ro-
tary off-normal springs 643, armatures 105, 712,
115, 650, winding of relay 604 to battery. Relay
604 operates and at armatures 661 and 682 con-
nects conductors 717 and 118 to conductors 500

and 681 over which conductors ringing current I

is transmitted to the calling party.

It is also possible as will be appreciated from
the description of the register-translator that
certain calls (e. g., for the speaking clock and
certain other services) may be metered on the
calling party’s meter. This may be effected
either before or after the calling party has hung
up by opening the positive conductor whereupon
relay 61T releases and a circuit is closed as fol-
lows: earth at operated rotary off-normal springs
543, armatures 75, Ti2, 716, winding of relay
606. Relay 896 operates and causes the opera-
tion of the calling party’s meter as previously
described.

If no reversal of battery and earth over the
outgoing speaking conductors occurs within a
predetermined time, i. e., the called party does
not reply, the connection is automatically re-
leased. On the operation of relay 607, when
transmission from the register-translator has
been completed, conductor 725 is connected up.
This conductor is periodically earthed and serves
to energize relay 60% over; conductor 125, ar-
matures 107, 713, 698, make-before-break con-
tacts associated with armature 121, upper wind-
ing of relay 605 to battery. Relay 505 operates
and locks over its lower winding, armatures 122,
196, 105 to earth at rotary off-normal springs
643; at armature 721 it opens its original ener-
gizing circuit and at armature 720 connects con-
ductor 723 to the junection point of resistance §99
and the winding of relay 619. Conductor 123 is
also earthed periodically, the time between an
earth pulse over conductor 725 and one over con-
ductor 123 being considerably greater than that
necessary for the connection to be set up and
the called party to reply. Consequently when an
earth pulse is transmitted over conductor 723,
relay 610 is short-circuited and releases to cause
the release of the group selector and of the con-
nection.

On a call for an exchange to a different zone, if
no junction lines to the required zone are avail-
able the connecticn is automatically routed to an
operator at the Mons exchange who then sets up
the connection and controls the release thereof.
In this case relay 613 in the group selector must
be operated and to do this a pulse of alternating
current is transmitted over the negative conduc-
tor to the group selector when the operator re-
plies. It will be understood that this alternating
current signal will be received before the regis~
ter-translator has finished impulse transmission,
so that relay 608 is still operated. Relay 803 re-
sponds to the alternating current due to the par-
allel-connected rectifier 129 and at armature 728
closes an obvious circuit for relay 613. Further
operation is then similar to that described above.

If the group selector is unable to find an idle
outlet in the selected level, the wipers are rotated
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to the 11th step whereupon 11th step springs are
operated. At springs 640 and their resting con-
tacts the testing circuit over relay 619 is opened
and at their operated contacts earth is applied

‘to wiper 626 to operate an overflow meter; at

contact 639 a circuit is closed for relays 619 and
6298 in series so that these relays operate to pre-
vent - further energization of magnet 621 and
finally at contact 628, busy tone is transmitted
over conductor 126, condenser 127 to the positive
conductor and thence to the calling party. The
latter now replaces his receiver and relays 669
and 618 release and the release of the switch
takes place as previously desecribed.

Referring to the junction line circuit shown in
Fig. 30 it will be seen that when earth is extended
over wiper 626 of the 1st group selector on the
operation of armature 685 (Fig, 29), relay 627 is
operated and at armatures 780 and 131, the wip-
ers of the group selector are extended over con-
ductors 632 and 633, armatures 736 and 731 , to
the junction line conductors 635 and 636, Relay
621 in addition locks independent of armatures
138 and 135 over contact 132 to earth on wiper
6286 of the group selector, this earth providing
busy test to other group selectors. Finally at ar-
mature 133 the shunting earth is removed from
relay 631 which thereupon operates and an ar-
mature 743 closes a signal circuit to indicate the
busy condition of the junction line,

The junction line circuit is arranged so that it
can be used for both-way working, Thus when
the junction line is seized at the Mons exchange,
conductors 636 and 635 are looped and relays 628
and 629 operate. At armatures 134 and 736 these
relays complete a circuit for relay 630. In addi-
tion relay 629 at armature 735 earths conductor
634 to busy the junction line in the banks of the
1st group selectors and at armature 137 removes
the shunting earth from relay 631 to enable this
relay to operate. Relay 630 in operating at ar-
matures 738 and T40 extends the junction line
conductors 635 and 636 to conductors 744 and
145 extending to the incoming group selector
which is permanently associated with the junc-
tion line; at armature 738 extends a further
guarding earth to conductor 834; at armature 141
locks to earth in the incoming group selector over
conductor 745 and at armature 742 opens a fur-
ther point in the shunting circuit to relay 63i.
Relays 628 and 629 release when their circuits .
are opened at armatures 139 and 749, but their
functions are now taken over by relay 630,

When the called party hangs up his receiver

‘at the end of conversation the switch train at

Hautrage is released followed by the release of
relay 630. If now the equipment at Mons has not
vet released, relays 628 and 629 operate again to
maintain the junction line busy. When the Mons
equipment has released, relays 628 and 629 re-
lease and the junction line is available for other
calls.

Reference will now be made to the circuits
which are provided at the Mons exchange. It

‘will be understood however that a number of the

switches provided at Mons are of standard con-
struction and arrangement and a description
thereof apart from the general description al-
ready given with respect to Fig. 2 is unnecessary
for an understanding of the invention. A de-
tailed description will therefore be given only of
the toll line control circuit TLCC and the regis-
ter-translator or converter C with the associated
finder switch CF. The printer-controller PC, the

‘date and time unit DTU and the printer units PT
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and PU are described in detail in my co-pending
applications, Serial No. 278,728, filed June 12,
1939, and Serial No. 278,729, filed June 12, 1939.

Detailed description of toll line control circuit

The toll line control circuit TLCC is taken into
use by a toll line finder switch such as TLF| (Fig.
"2) and is arranged to store the called party’s
number, the calling party’s number, the ‘rate at
which the call is to be charged and a digit indi-
cating certain special features if any of call.
This information is transmitted to the toll line
control circuit from the reglster-tnanslator as
previously described. In addition the toll line
control circuit sets in operation the switch CF to

10

25

ing at armature 852 extends earth at armature

849 over the winding of relay 118 to battery (Fis.
38) and at armature 853 connects relay 183 (Fig.
36) to the positive conductor 751 over make-be-
fore-break contacts of armature 814 and the low-
er primary winding of transformer 8il. Relay
163 operates on its connection to conductor 751

.and at armature 862 extends earth from arma-

ture 865, windings of relay 718 to battery. Fur-

‘ther its connection to this conductor serves as
an indication in the register-translator that the

toll line control circuit is ready to receive im-

' .pulses therefrom. Relay 119 operates and:locks

16

hunt for an idle converter C to ‘which the diglts -

- representing the called party’s number are re=
peated; it supervises the setting up of the con-
nection; it times the call and stores this informa-

tion and finally at the end of the call it again sets :
the switch CF in operation to hunti for -an‘idle -

-over armature 869 to earth at armature 851 (Fig.

40). Relay 719 in operating at armature 8Tf .
closes an alternative circuit for relay 118 inde-

.pendent of relay 187 and 789,

It should be pointed out that the cam sprmgs

‘ 842 of the switch CF remain in the position shown

20

.printer-controller PC to which it transmits-all -

the stored informadtion, whereupon the connec-
tlon is released.

" When a connection is extended to the toll 11ne‘:7

) when~the switch wipers are resting on any of
.contacts 1-20 and are operated only when the

wipers are in positions 21 to 25.
- Digit transmission from the register-transla-

- tor now commences and in this connection it will

23

-control circuit earth potential is extended.over -

conductor 150 (Fig. 36), upper primary wind- .-

ing of transfer 811, make-before-break contacts -
associated with armature 813, winding of relay °

164 to battery. Relay 164 in operating at arma-:
ture 815 closes an obvious circuit for relay T17.

30..
- per (five digits) and finally a digit which indi-

Relay T11 in operating at armature 819 extends
- Further all these digits are transmitted in code.
.- -With regard to the code in which the:digits

earth from make-before-break contacts asso-
ciated with armature 823 to conductor 152 to

‘guard the toll line control circuit and at arma--
ture 818 closes an obvious circuit for relay. 781, -

‘Relay 181 in operating at armature 826 closes =

‘a, self-interrupting circuit for the magnet 810 of
the converter finder switch CF (Fig. 35).

This -

‘be appreciated from the description of the op-

eration of the register-translator on g call for

- another zone that the digits which are to be re-

ceived by the toll line control circuit TLCC com-
prise - the called party’s number (seven digits),
the. special digit, if any, the calling party’s num-

cates the rate at which the call is to be charged.

-are transmitted each digit is transmitied by 2
- -geries of four impulses, each impulse being trans-

mitted. over the negative conductor while only

" certain combinations of the impulses are trans-

circuit extends as follows: Earth, armature 83240

(Fig. 38), armatures 835, 826, 840, self-interrupt-

ing contacts 841, windings of magnet 810 to bat- -

téry. A busy converter is indicated by an earth
on the appropriate contact associated with wiper

971 which is extended over armature 844 in its™

< mitted over the positive conductor.
“effect of for example the first digit in the toll line

Briefly the

control cireuit is that the impulses over the nega-

-tive .conductor serve to step the switch IP from

- gontact [ to contact 4 while the impulses trans-

resting position, cam springs 842 in their resting ..
position to the upper winding of relay 180, the -

other terminal of this winding being connected
to earth over the following circuit: Earth at ar-
mature 817 (Fig. 38), armatures 834, 825 in its”
operated position both windings of relay 780 in

series.. Relay 180 is thus short-circuited and does °

not operate so that the wipers of the switch CF
are rotated until they reach an idle converter.
When this occurs relay 780 operates from earth
at armature 817 as traced above over wiper 971
and conductor 984 to battery in the converter.

50
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.and’ 951 being spaced apart by 180°.

-mitted .over the positive conductor serve to op-

erate appropriate ones of the counting relays of

-group T comprising relays 892 to 895 which are

connected up over contacts { to 4 associated with
wiper 950 of Switch IP. A similar group of count-
“ing.relays is provided for each digit and since 2
maximum of 14 digits have to be stored, that
number of relay groups will have to be provided.

" These relay groups are accessible -over- winers

950, 951, and 952 of the switch IP, wipers ‘859
: - In addi~
‘tion the impulses transmitted to the counting re-
lays are also transmitted over the wipers of the

- switches OP-and CF to the converter, the switch

Relay 180 in operating at armature 840 opens the .

energizing -circuit to the magnet 810; at arma-
ture 839 closes a locking circuit for itself inde-
pendent of relays 781 and 782 and:at- armature
838 closes an obvious circuit for relay 187, Re-
lay. 787 in operating at armatuie’ 848 ‘closes a
Gircuit for relay 188 to earth at armature 847

and at armature 848 -closes a circuit’ for relay-
Relay 788 in operating at armature 878

789.
closes a circuit from earth at armature 886 -(Fig.
39) for relay 786 which operates. The operation
of relays 786 and 188 causes wiper 958 to 962 of
the .switch OP. to be connected to wipers 861 to
910 of .the. switch CF over the pairs of contacts
880, 873; 881, 874; 882, 875; and 888, -876. Fur-
ther relay 187 at armatures 863 and 864 connects
wipers. 913 and 974 of the switch CF-to ‘the toll
line conductors 759 and 760. .Relay 189 in operat-

60

OP. making one step on the reception of each

- digit. The relay or combinations of relays which
-operate’ to indicate the different digits will be

- ‘apparent from Fig. 18 if the numbers 1, 2, 3 or 4

appearing in the upper horizontal row are re-

placed by the relay references 892, 893, 884 and

895 respectively. The same applies to the relays
in the other counting groups. It should also be
pointed out that the counting relays employed in
the various circuits are of a special small type
having a locking contact only. ‘They are indicat-

‘- ed-in the drawings by the diagonal line in the

70

‘bottom left-hand corner of the relay.

- A detailed description will now be given of the
reception of the first digit which by way of ex-
ample will be assumed to the digit 1. Referring.
to Pig. 18 it will be seen that the first two im-

75 pulses.only are transmitted over the positive con-
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‘ductor. " The first impulse therefore interrupts
both the positive and negative conductors 751
and 150 and both relays 754 and 788 will de-en-
ergize. Relay 764 at armature 815 and its rést-
ing contact closes the following circuit;: earth, @5
armature 815 and its resting contact, armature
820 and its operated contact, armature 837, wind-
ing of magnet 837 of switch IP {o battery. ‘Mag-
net 887 energizes but since it operates -onthe
reverse-drive principle the wipers are not stepped /10
at this time. It will be noted that at armature
815 and its operated contact the circuit for relay
117 is opened but this relay is sufficiently slow-
-to-release to enable it to remain operated for
the duration of the impulse series. Relay 163 at 5
armature 862 closes the following circuit:: earth
armature 869, armature 862 in its resting posi-
tion, armature 810, armature 909 in its resting
position, wiper 950 of switch IP on contact i,
winding of relay 892 to battery. Relay 892 oper- 20
ates and locks at armature 963 to earth atarma-
ture 856 (Fig. 34) of relay 178 (Fig. 38). ‘In'ad-
diticn the impulse is also transmitted over con-
ductor 984, contact | and wiper 959 of ‘the
switch OP, armatures 888, 873, wiper 987 of the ¢33
switch CF to the converter. ' S

At the end of the first impulse relays 763 and
164 re-operate and earth is thus removed from
wiper §50 and from the winding of magnet:807.
The switch IP is thus stepped on to contact ‘2.5
On the second impulse relays 163 and 764 ‘again
release and earth is again extended to wiper 950
in position 2 to the winding of relay’'893. Relay
893 operates and locks. The impulse is also trans-
mitted over contact | and wiper 969 of switch 35
OP, armatures 881 and 874, wiper 968 of the
switch CF to the converter. At the end of the
second impulse relays 763 and 7164 re-operate
and earth is again removed from wiper 950 and
from the winding of magnet 807. The swifch IP:40
is thus stepped on to contact 3. On the third
impulse relay 164 only releases so that no earth
potential is applied to wiper 950 and no impulse is
repeated to the converter. The wipers 'of 'the

switch IP are however stepped to position 4, In: 45.

this position the following circuit is cornpleted:
earth, armature 861 (Fig. 38), wiper 953 of switch
IP on contact 4, armatures 898, 837, witiding of
magnet 809 of the switch OP to battery. A
branch of this circuit also extends over contact’ 50
818 of relay 788, wiper 972 of the switch CF to
the converter. ’ o
© Magnet 899 is energized in the above. circuit
but since the switch is arranged to operaté on
the reverse drive principle the wipers are not?55
stepped at this time. On the fourth impulse no
impulse is transmitted over wiper 958 of the
switch IP or to the converter but reldy 764 re-
leases to step the wipers of the switch IP to po-
sition 5. With wiper 953 on contact 5 the aboveigp
traced circuit for magnet 8349 is opened so. that
the magnet de-enérgizes and the wipers: of the
switch OP are stepped on to contact 2. FurtHer
the circuit over wiper 972 of the switch CF'is
also interrupted. The first digit has now been <63
stored. C :
The second digit is stored on group II of the
counting relays. These relays are not shown
but are connected to contacts 5 to 8 associated
with wiper 858 as shown by the bracketed con- 70
ductors II. Further on the 4th impulse of the
second digit the wipers of the switch OP are
stepped from position 2 to position 3 by earth
connected to wiper 953 on contact 8, armature
897 and then as previously traced. - ‘The thirdi7s
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‘digit. is stored on group III of the counting re-
-lays:conneécted to contacts 9 to 12 associated with
-wiper 950 while the wipers of the switch OP is

stepped from position. 3 to position 4 by earth
connected to wiper 953 on contact 12, armature
899 and thence over armature 887 as previously
traced. -The fourth, fifth, sixth and seventh dig-
its are -recorded in a similar manner, the im-
bulse repeating circuit for the seventh digit ex-

-tending over, contact 25 associated with wiper 950

and contacts 1-3 associated with wiper 951.
Now -the first seven digits as pointed out above
comprise. the called party’s number and hence

.are the only digits which have to be recorded in
‘the converter, the function of the converter be-

ing to transmit over the selected toll line the
necessary digits for completing the connection.
For this reason only contacts I-T associated with
wipers 859 to 962 of the switch OP are connected
to. the impulse-repeating circuit extending over
wipers 850 and 951 of the switch IP. These con-
nections are indicated generally by the conduc-
tors marked II-VII and by the bracketed con-
tacts 2-T associated with wipers 959 to 952.

The next digit to be received is the special-digit.
On a normal toll call set up by a subscriber; as

_pointed out in the description of the register-

translator, no “special” digit is transmitted and
hence no impulses are transmitted over the posi-
tive conductor so that the wipers of the switch
IP are stepped.over four contacts without any im-
pulses being repeated over the wipers of the
switch. If the call ‘although being for an ex-
change in another zone is to be considered as a
unit rate call, e. g., a call from Hautrage to Blaton
when the latter is automatic, or if the call is set
up by an operator at a manual exchange, e. g., a
call from Hautrage to Blaton when the latter is
manual, the special digit “9” is transmitted the
effect of which is to prevent a ticket being printed.
Thus when this.digi} is received, which consists
of a positive pulse on the third impulse only of the
series. an earth is connected to wiper 951 in posi-
tion 6 to cause the operation of relay 116. Relay
175 operates and locks over armature 829 to earth
at armature 860; at armature 832 removes earth

-from the contact associated with armsture 840
-in order to prevent the finder switch CF, on the

release of the converter, from hunting for an
idle printer-controller; at armature 83| close a
circuit for relay 182 which as described later
causes the restoration of the switch IP as no fur-
ther digits will be transmitted from the register-
translator; and at armature 839 prevents the
timing of the call. '

It will of course be understood that if it is de-

.cided to issue a ticket on a call from Hautrage

to Blaton even though the call it o unit rate one,
the “special” digit will not be transmitted in this
case,

There is also a further pOossibility for the special

.digit which occurs when the calling party requires .
-some additional information such .as the total
‘cost of the call. In this case the special digit is
-#0” and earth is then extended over wiper 951 in
‘position 7 to cause the operation of relay 905

which locks over contact 906 to earth at armature

: l86;]. The effect of this operation will be described
-later.

The next five digits to be received comprise the

-calling party’s number and these are stored on
-counting relay groups IX to XIIT (not shown) in
*a similar manner to that deseribed for the pre-
‘vious digits. The calling party’s number will not
-however be repeated to the converter.
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“Finally the 14th digit to be received is a digit
indicating the rate at which the call is to be
" charged and this digit is stored on counting relay
group XIV (not shown). .

It 'will be appreciated that the switch IP must

- be capable of responding to 56 impulses during
the reception of the 14 digits. The switch how-
ever has only 50 contacts and to enlarge its ca-
pacity, wipers 859 and 851 are disconnected at
the termination of the 50th impulse and wiper
852 is connected up instead. When wiper 934
-is positioned on contact 25 to receive the 50th im-
.pulse, the following circuit is closed: earth at
armature 861, wiper 954 on contact 25, armature

-896, upper winding of relay 111 to battery. Relay-

114 is a two-step relay and closes its “X” arma-
ture 802 only at this time. After the 50th im-
-pulse.has been received however and the switch
IP has been moved a further step, the earth ap-
plied to the upper winding of relay 171 is removed
‘and the relay operates fully over the following
circuit: earth at armature 28{, armature 982,
both windings of relay 171 'in series to battery.
‘At armature 988 relay T7{ prepares the cireuit
for extending earth over wiper 952 instead of wip-
‘ers 850 and 85! for the reception of the 51st to
-B6th impulses. ' :

When the 56th impulse has been received the
fellowing circuit is then closed: earth at arma-

ture 861, wiper 953 of the switch IP in position’

7. armature 90! of relay 711, winding of relay
782 to battery. Relay 782 operates and locks over
armature 836 to earth at armature 88i; at arma-
ture 833 it closes the following self-interrupting
circuit for the magnet 807 of the switch IP: earth
at off-normal springs 987 (Wig. 37), armatures
908, 833, 824, interrupter contacts 8¢4, windings
of magnet 837 to battery. The wipers of the
switeh IP are rotated intc the position shown
when springs 987 open to interrupt the energizing
cireuit for the magnet. Further at armature 8317
relay 782 disconnects magnet 887 from the rest-
ing contact associated with armature 845 and con-
nects it to armature ${8.

~ While the circuits shown are designed to oper-:

ate with the above described form of coded im-
pulsing, it is to be understood that other forms
“may be employed. For instance impulses may
pe transmitted over the positive or negative con-
ductor, those transmitted over the positive con-
ductor serving to operate a storage relay and step
‘the switch IP while those transmitted over the
négative conductor step the swifch IP only and
no storage relay is operated. This arrangement
Thas the advantage that a more positive check may
‘be effected since if an impulse over either con-
ductor is ineffective; Telay 782 will not operate
while in the case described in detail above. relay
'182 operates if all the impulses transmitted over
the negative conductor are effective irrespective
-of the impulses transmitted over the positive
conductor.. Failure of relay 782 to operate may
then prevent-the closure of the speaking circuit
so that the connection is not completed.

" The converter completes its operation, and then
battery is removed from wiper 971 to cause the
jelease of relay: 180 followed by the release of
relays 187, 788, and 785 while relay 788 is main-
tained over its locking armature 852 to earth at
armature 871. The speaking circuit is now com-
pleted through the toll line control circuit over
transformer 811, the ‘lower secondary winding
of which is connected directly to the out-going
conductor 159 of the tollline while the upper sec-

ondary winding is connected to.outgoing: con- .7
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-ductor. 160 over armature 863 of relay 787 and its

resting contact, resting contact and armature 921
of relay 184 to conductor 769. . .

It is possible that the converter may complete
its .operation before all the transmitted informa-
tion has been stored in the toll line control cir-
cuit. In this case the called party may reply
vefore.the calling party’s line has been extended
to the toll line control circuit. To avoid this it
may be necessary to delay the transmission of
the final digit from the converter until a prede-
termined number, for instance twelve digits have
been stored in the toll line control circuit. Such
an:arrangement has not been shown in the draw-
ings but the method of operation will be clearly
understood by those skilled in the art.

‘The circuit remains in this condition until a
momentary alternating current signal is returned
from the distant exchange indicating that the
connection has been completed to the desired
subscriber. ~ This signal calises. the momentary
operation of relay 778, half waves of one polarity
passing from the lower terminal-of the upper sec-
ondary winding of transformer 8{i1 through the
upper winding of relay 110, metal rectifier 922
in the conducting direction to the upper terminal
of the lower secondary winding while half-waves
of the other polarity pass from the upper termi-
nal of the lower secondary winding, lower wind-
ing -of relay 110, metal rectifier 923 in the con-
ducting direction to the lower terminal of the
upper secondary winding. The two windings of
relay 770 are so arranged that both half waves
act in the same sense to cause the operation of
the relay. - Relay T10 at armature 925 operates
relay 185 to close its “X” armature 864 and at the
end of the signal this relay operates fully over:
earth, armatures 818, 864, both windings of relay
165 in series to battery. In the case where the
call is being set up by an operator it will be re-
membered that relay 116 is operated. Hence the
operation of relay 185 at armature 856 causes
booster battery from conductor 758 to be extend-
ed over armature 823 of relay. 778, armature 819

5 to private conductor 152 which without releasing

the switches back to Hautrage serves to give an
indication at the operator’s position that the set-
ting up of the connection has been completed.

When the called party replies a further mo-
mentary alternating current signal is transmit-
ted back to .the toll line control circuit again to
cause the operation of relay 770 as described
above. Relay T70 at armature 925 closes a cir-
cuit for two-step relay 166 over armatures 863
and 941. Relay 168 energizes to operate its “X”
armature 912 and close a circuit for relay 767
over armature 926 to earth at armature 8{8. Re-
lay 767 in operating provides supervision at ar-
matures 813 and 8!4 by reversing the battery feed
to the calling party. On the termination of the
signal, relay 766 energizes fully and at armature
913 relay 786 initiates the timing of the call.

If the call is not set up by an operator the call
is timed by 5 second pulses transmifted over
conductor - 785 to cause the stepping of the
switches IP, T and OP. The switch IP it will be
remembered. has. been returned to its normal
position. while switch OP is in its eighth position.
Switch T is also in its normal position. Lo

The first eaarth pulse transmitted over con-
ductor 785 passes over armatures 830, 927, 913,
winding of relay-T73 to battery. Relay 7713 oper-
ates and at armature 88 closes the following cir-
cuit for magnet 807 of the switch IP: earth at
armature 918, armature 831, winding of magnet
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807 to battery. The magnet energizes and at the
end of the pulse releases to step the wipers of the
switch IP on to contact 2. - The switch IP is
therefore caused to take one step every 5 seconds
for thie duration of the conversation. On the re-
ception of the fourth pulse when wiper 953 is
on contact 4, the following circuit is closed: earth
at armature 851, wiper 853 on contact 4, arma-
tures 818, 830, contact { and wiper 9571 of the
switch T, interrupter contacts 933, windings of
magnet 888 upper low resistance winding of re-
lay 777 to battery. The magnet energizes and at
its interrupter contacts opens the above-traced
circuit whereupon the magnet releases to step
the wipers on to contact 2. In addition when
wiper 953 is moved on to contact 5 at the end of
the fourth pulse a further point is opened in
the energizing circuit for magnet 808. With
wiper 857 on contact 2 however a further circuit
is closed for magnet 808 as follows: earth at ar-
mature 31 (Fig. 37), bank multipling and wiper
§57, ‘interrupter contacts 933, windings of mag-
net 808 upper winding of relay 117 to battery.
The wipers of the switch T are now stepped on
to contact 4 where the energizing circuit for the
magnet is opened. The switch T now remains in

this position until three minutes have elapsed-

and wiper 581 is on contact {1 when earth is ex-
tended over the upper winding of relay 112, con-
tact 4 and wiper 957, interrupter contacts 933
windings of magnet 808 upper winding of relay
117 to battery. Relay 712 is a high resistance
relay and operates over this circuit although the
‘magnet does not. Relay 112 locks over its lower
winding and armature 932 to earth at armature
887 and at armature 930 and 931 opens points in
the first two energizing circuits traced above for
magnet 888. Further stepping of the switch T
is-now under the control of the switch IP and it
is arranged that the switch T makes one step
every minute which elapses. Thus on each re-
ception of the 12th pulse with wiper 953 of the
switch IP cn contact 12 or 24, the following cir-
cuit is closed: earth at armature 861 (Fig. 38),
wiver 983 of the switch IP on contact 12 or 24,
armatures 899, 830, 816, windings of magnet 808
to battery. The wipers of switch T are thus
stepped on to the next contact at the termina-
tion of the 12th pulse. The reason for stepping
switch T on to contact 4 at the end of 20 seconds
is that although charges for calls are based on a
minimum call of 3 minutes the subscriber is al-
lowed 3 grace period of 20 seconds before timing is
effective.

Thie number of 10 minute intervals which
elapse during a conversation are recorded on
the switch OP which it will be remembered is in
position 8. For this purpose when the switch
T has made 10 steps and is on contact 1i, the
next 5 second pulse causes earth io be extended
over wiper 938 of the switch T on contact I,
armature $!5, windings of magnet 869 to bat-

_tery. - At the end of the pulse the wipers of
switch OP are stepped on to contact 9.

It will be appreciated that in order for the
-positions of the wipers of the switch T to be the
-same for successive semi-rotations it is essential

to arrange that at the end of the first 10 min-
ute period the wipers of the switch T are brought
on to contact {4; at the end of the second 10
minute period the wipers are brought on to con-
tact | and so on. Thus at the end of the 10th
minute wiper 957 is stepped on to contact I
which is multipled to contacts 12 and 13 and
connected to earth. An obvious self-interrupt-
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ing eircuit is thus completed for magnet 808 and
the wipers are stepped to contact 4.

It will also be understood that it is necessary
to give the wipers of the switch IP an additional
step when they reach the 25th contact and hence
this contact associated with wiper 953 is con-
nected to the contact associated with armature
808 while the 25th contact associated with wiper
954 is connected to the contact associated with
arinature 889. Hence at the termination of the
24th pulse a circuit is completed as follows: earth
at armature 881, wiper 953 on contact 25, arma-
tures 968, 833, 824, interrupter contacts 84,
windings of magnet 807 to battery. Wipers 950,
952 and 953 are thus stepped off the 25th con-
tact and wipers 951, 854, and 991 are stepped
on to contact ! in order to receive the next pulse.
Similarly at the termination of the 48th pulse
with wiper 954 on contact 25 a similar circuit
is closed which extends in addition over arma-
ture 889 so that wipers 951, 954, and 99! are
steppeed off contact 25 and wipers §50, 952, and
§53 are stepped on to contact I.

Normally the timing operation is stopped only
on the termination of conversation, but if a call
lasts for 99 minutes, timing is terminated and a
signal may be given. 'This feature is of import-
ance since when the equipment is retained in
operation for this length of time it would indi-
cate a possible fault having developed for in-
stance a permanent earth on the calling party’s
line or on the junction line extending from
Hautrage to Mons. Thus at the end of the
99th minute wiper 856 of the switch T will be on
contact 1§ and wiper 864 of switch OP will be on
contact 17. The following circuit is now closed:
earth, wiper 956 on contact 18, upper winding of
relay 114, contact 1T and wiper 854, armature
816 to battery over resistance 934. Relay 114
operates and locks over its lower winding and
armature 828 to earth at armature 861; at arma-
ture 827 opens the circuit bstween conductor
155 and relay 772 and at armature 929 earth’s
conductor 161 to give an alarm.

Timing is stopped by the termination of con-
versation, when the calling party replaces his
receiver, and relays 163 and 764 release. Re-
lay 764 at armature 815 opens the circuit for
relay 711. Relay 171 in releasing slowly at ar-
mature 819 and its operating contact removes
earth from conductor 752 but this earth is re-
placed at its resting contact from armature 854
(Fig. 40) and finally at armature 818 relay T11
opens the circuit of relays 781, 165 and 766.
During the release period of relay 781 however a
circuit is closed from earth at armature 818 of
relay 1717, armature 827, wiper 963 and bank con-
tact as determined by the number of 10 minute
intervals, winding of one of the relays 955 to 938
to battery. A parallel branech of this circuit
extends over armatures 842 and 816 to wiper
284 and bank contact to a winding of another of
the same relays. 'The operation of a combina-
tion of relays 985 to 938 in accordance with the
digit to be stored will be apparent from Fig, 18
if the references 1, 2, 3 or 4 in the upper horizon-
tal row are replaced by the references 938, 931,
936 and 835 respectively. Thus if the call lasts
for less than 10 minutes, the switch OP will not
have been stepped and thus will remain on con-
fact 8. On the release of relay 11T therefore
relay 935 is operated over wiper 963 but no relay
is operated over wiper 954 in accordance with
the table. Relay 835 locks over armature 939
to earth at armature 855 (Fig. 34). This earth
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is also extended over the contact associated with
armature 938 to contact 18 associated with wiper
862, If the number to be stored is such that
another one or two of the relays 935, 936, 9317
and 938 are operated, the locking earth will be
extended to appropriate contacts associated with
wipers 959 to 962 in a similar manner.

The battery connection to magnet 838 of the
switch T is taken over the upper winding of
relay 111 to ensure that if the calling. party
hangs up during the reception of a pulse, the
circuit for operating the relays 935 to 938 is not
closed until the end of the pulse due to the con-
tinued energization of relay 177
~ The circuit for extending earth to w1pers 963

and 964 is opened at armature 827 when relay
181 finally releases. In addition relay 781 at
armature 828 closes the following circuit for re-
lay 189; earth at armature 315, armatures 828;
828, 872, winding of relay 180 to battery, at ar-
mature 824 closes a self-interrupting circuit for
magnet 807 to earth at off-normal springs 997
to return the switch IP to contact {-and finally
at armature 826 relay 181 closes a self-interrupt-~
ing circuit for magnet 818 of the switch CF. ‘Re=
lay 789 at armature 845 completes an energizing
circuit for magnet 8069 of the switch:OP -over
wiper 986 to earth at armature 888. The: switch
OP is thus stepped to position 17 unless:it is al-
ready at this position. A circuit is now closed
for relay 783 as follows: earth, armatures 859,
848 (Fig. 40), wiper 965 on contact 1T wind-
ing of relay 183 to battery. Relay 788 operates
and locks cver armature 889 to earth at arma-
ture 851.

It should be explained that the switch CF has
access over contacts | to 20 to the converters and
over contacts 21 to 25 to printer-controllers. " In
order to connect the toll line control circuit with
an idle printer-controller the switch CF has thus.
to be rotated automatically to contact 21 from:
whence it is stepped until it finds an idle prmter-A
confroller. The circuit for automatically rotat-
ing the wipers of the switch CF ‘to posmon 21
extends as follows: earth at armature 832 (Fig.
38), armatures 835, 826, 840, intérrupter contaets
841, windings of magnet 810 to battery,  When'

the’ wipers of the switch reach the 21st contact,

cam springs 842 are operated and the following

test circuit is completed: earth at armature 868

(Fig. 38), armature 834 and its operated contact,
armature 825 and its resting contact, both wind-

ings of relay 180 in series, cam springs 842 in:

their operated position, contact and armature 844,
wiper 971. A busy printer-controller is indicated

by earth which is extended over wiper a1l t0j

shunt relay 180 while an idie printer-controller is
indicated by battery which operates relay- ‘180.
Relay 180 in operating locks over its upper wind-
ing and armature 839; at armature 849, relay 189

opens the energizing circuit for the magnet- -810:
and at armature 838 closes as before a circuit:for:
relay 187 which operates followed by relay- 188
which is operated from earth at arma.mne 890‘

(Flig. 39).

The position at the present time is, therefore,.:
The toll line control circuit is asso-:
ciated over the switch CF with a printer-con-.
Further the toll line control circuiti has
the called party’s number stored on relay groups:
I to VII, the calling party’s number stored:on:

as follows.

troller,

velay groups IX-—XIII, the rate at which-the: call

is to be charged stored on relay group XIV.and
the duration of the call in minutes stored.on the;
switch T and relay group XV. The next opera-:
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tion is.to: fransfer this- stored mforma,tmn to the'
printer-controller.

. “The :transfer commences on the operatlon of
relay 183-as described above when impulsing con-
ductor- 153 delivering earth pulses:at the- rate of
15 per second is connected over armature 8§85 of
relay 183, armature 943, upper winding of relay
185 to battery. .Relay 785 operates its ‘X’ arma-
ture 944 at the commencement of the first pulse
and at-the:termination thereof operates fully
over both windings in series to earth at armature
861. At armature 943, relay 185 transfers the im-
pulsing conductor to the winding of relay T86.
Relay 186 at armature 884 repeats the pulses from
earth at armature 886 (F'ig.-39) to magnet 899 of
the switch OP and also over wiper- 972 of the
switch CF to the printer-controller. - On the re-
ception of the second pulse relay 188 operates to
energize magnet 809 and at armatures 880 to 883
connects ‘wipers 959 to 962 to-wipers 967 to 970
over armgtures-813 to 876 of relay 188, It will
be noted that contacts |17 associated with wipers
859, 961 and 982 of the switch OP are connected
to counting relay group XIV- (not shown) -on

. which:- the ‘“rate” digit is stored. The charging

rates :are 50 ‘devised that the rate digit may:be
any one of five digits and hence three relays only
of the -group XIV are employed.. Earth is thus
extended from armature 855 (Fig. 34) of relay
118: (Fig. 38) over-the locking.contacts.of the
operated counting relays, contacts 17 in the banks:

of wipers. 959, 861 or 992, armatures. 830, 882, or
883, armatures 873; 875 or 816, wipers ‘967,959
or-970 of the switch CF to the printer-controller.
At the termination of the second pulse, relay 786

- releases and the wipers of the switch OP:are

stepped on to the 18th contacts. Contacts.i8-of
wipers.953 to 862 are connected to the.contaets

- associated-with the locking armatures of the re<
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lays in group XV on which the humber.of 10-min~

. ute periods are stored. This information is trans-

mitted to the printer-controller in a simijlar man-
ner as that described for the “rate” digit. With -
the, switch. OP .on contfacts 19, connections are
completed from wipers 955 and 956 of the switch
T in order to transfer the minute periods to the
printer-controller. Contact 20 associated with
wiper: 862. is connected to the locking circuit .of
relay. 905 so that a circuit is now completed to
the printer-controlier if the calling party requires
the cost of the connection.  Contacts21-25 of the
switch OP are connected to counting reélay groups:
IX to XIIT to transfer the calling party’s number
to. the printer-controller. The wipers: of the

5 switch OP-are now stepped on .to contact 1 and

continue to step on to-contact 8 under the con-
trol: of relay ‘786 during which time the called
rarty’s number which is stored on counting relay.
groups I to VII is transferred to the printer-con-
troller.

It will be understood that the information need
not be transferred in the order stated. For in-
stance the starindication may be transferred last.
of all.

All the necessary 1nformat1on has now been
s_tored in the printer-controller which operates, to
control the printing or recording of the informa-:
tion as described in my previously-mentioned co-
pending .applications and the toll line control cir-
cuit may be released. When wiper. 965 of switch:
OP reaches contact 8 a circuit is completed from:
earth -at armature 850 (Fig. 40), armature. 846,
wiper 985 on contact 8, armature 891 to.the junc-
tion: of :the windings of relay. 179.; The lower:

- winding' of: this relay is thus.shunted and since
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‘the upper winding. cannot maintain the: relay
alone, it releases. Relay 7179 .at armature 869
opens its own locking circuit; at armature.868
opens: the locking circuit for relay 780 which re-
leases; at armature 867 and its operated contact
opens the circuit for relay 712 which releases;
at armature 871 opens the circuit of relay. 118
which releases and one point in the locking’ cir-
cuit for relay 789 and at armature 872 opens the
cireuit of relay 790 which releases slowly,
Relay 730 in releasing at armature 838 opens
the circuit for relay 187 which releases; at ar-
mature 839 opens a further point in its own
locking circuit and at armature 840 closes a
point in the homing ecirenit for magnet 818 of
the switch CF. Relay 187 causes the release of
relays 188 and 785 and relay 789 at armature
851 causes. the releéase of relay 183; and at ar-
mature 854 removes earth from conductor 152 to
free the toll line control circuit for other calls,
Relay 783 in releasing at armature 885 dis-
connects the impulse conductor 753 from the
winding of relay 786; at armature 888 discon-
nects the earth from armature 884 of the im-
pulse repeating relay 186; and at armature 888
initiates the restoration of the switch OP,
Relay 7712 in releasing at armature 931 closes
the following circuit for magnet 808 of the
switch T: earth at armature 921, bank multi-
pling and contact asscciated with wiper ' 957,
interrupter contacts 833, winding of magnet
808, upper winding of relay 117, to battery... The
switch T is thus restored to its normal position.
Earth is then extended on the release of relay
118 over.wiper 958 on contact 1, armature 858,
contact 17 associated with wiper 966, inter-
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rupter contacts 949, winding of magnet 869, to -
battery, and as the other contacts are-earthed
over: contact { associated with wiper 958 and: -

armature 839, the wipers of the switch OP are:

thus restored to their normal position.

Relays 118 in releasing at armatures 855; 856,
857 (Fig. 34) and 860 removes the holding earth
from all the counting relay groups and the op-
erated. relays thus release. Purther at arma-
ture 861 it removes a general holding earth to
enable the release of relays 7182 and 185,

Relay 793 in releasing at armatures 844 and
845 restores the original test circuit of the switch
CF to enable it to hunt.for a converter when
the toll line control circuit is seized on a :sub-
sequent call. S i

It will be noted that the switch CF is still on
contacts leading to the printer-controller. ‘'When

the toll line control circuit-is taken. into use on-

another call, the following: self-interrupting cir-
cuit is closed on the cperation of relay 18f; earth
at armature 832 (Fig. 38), armatures 835, ar-

matures 828 and its oparated contact, armature.

840, interrupter contact 841, windings of magnet
810 to battery. The wipers are thus stepped to
contact 1 during which time no test circuit is

operative to stop the switch since the cam springs:

842 are in their operated position. In position 1
however these springs are returned to normal
and a test circuit is then closed cver wiper 971
as described previously.

- Provision is also made in the above circuit for
an alteration in certain of the rates if a call
is set up between the hours of 19 and 7 o’clock.
The rate digits 1 and 2 represent charging rates
of 5 and 3 francs respectively and it is arranged
that during the call the rate: in both cases is
reduced to 1 fr. 80 centimes.  This is effected
by an earth which is extended from the date
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and time unit in a manner to be explained !ater,
to conductor 154 to cause the operaticn of re-
lay 162, It should be explained that digits 1
and 2 cause the operation of the first and sce-
ond and the first and third relays respectively
of the appropriate relay group. It will be nsted
however that contacts 4 and 5 associated with
wiper -952 of the switch IP (Fig. 31) are con-
nected to the windings of the storage relays over
armatures 993 and: 982 respectively. Conse-
quently with relay 762 operated, the first oniy of
the counting relays is operated in respense to
the reception of rate digit 1 or 2. Now the oper-
ation of the first relay of the group represents
the digit 7 which is equivalent to a rate of 1
fr. 80 centimes. A conversion of the rate has
thus taken place.

Detailed description of register tramslator or
- converter

This circuit which as previously explained is
seized from the toll line control circuit over
switch CF serves to control the transmission
of the required routing digits over the toll line
to control the setting up of the connection in
the distance exchange. It will be remembered
that on the reception of the called party’s num-
ber in the toll line control circuit, this number
was stored in that circuit and also repeated
over the wipers of the switch CF to the con-
verter. This number is also stored in the con-
verter. '~ As previously explained this number
comprises two digits representing the zone of the
called party and also five digits representing
his local exchange and number. The two zone
digits are translated to cause the transmission
of a maximum of five digits on a non-decimal
basis while the five local digits are transmit-
ted - without translation. On the converted

.basis each digit is converted into an impulse train

having a maximum of 20 impulses per train and
these impulses are effective on switches located
at the distant exchange and having 20 posi-
tions. The setting of these switches is not ef-
fective as regards the routing of the call but
determines other factors such as whether re-
peaters are to be inserted or not and whether a.
“good” or “poor” grade junction is to be em-
ployed for further extending the connection.
Finally the called party’s local number is trans-
mitted in its original numerical value. All im-
pulses transmitted 'over the toll line are in the
form of alternating current impulses.

A detailed description will now be given of the
operation of the converter. It will be remem-
bered that when the converter is seized by . the
toll line control circuit TLCC, earth .is extended.
over wiper 971 of the switch CF, and this is fur-
ther extended over conductor 984 and wiper (005
of the switch IPI on contact I in parallel over
resistance 1054 to battery and over the winding -
of relay 1036 to battery, the resistance-battery
serving fo prevent double seizure of the circuit.
Relay 1086 operates and at armature 1858 closes
the following circuit for relay (028 ; earth at
armature 1058, wiper 1026 of switch S in posi-
tion 1, winding of relay 1028 to battery. In ad-
dition at armature 1059 relay 1036 closes & start
circuit for the impulsing machine which drives
impulsing contacts 1684 and 1052, It should be-
pointed out in connection with these impulsing
contacts that contacts 1084 have a 33% break
period while contacts 1092 have a 66% break pe-
riod and in. addition the phase of the impulsing -
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contacts is so' arranged-that springs 1084 are
open when springs 1082 are .closed.

“Relay 1028 in operating at armature {061 closes
an obvious circuit for relay 1829 which in oper-
ating at armature 10865 closes an obvious circuit
for relay 1033. Relay 1838 in operating at ar-
mature 1070 closes & circuit over armature i074,
winding of relay 1837, resistance 1883 to battery.
Relay 1637 in operating at armature 1879 com-
pletes a circuit in parallel with its own wind-
ing for connecting the impulsing springs 1084 in
series with the magnet 1051 of the switch S. This
circuit extends as follows: earth, armatures 1870,
1014, impulsing contacts 1084, armatures 19879,
1085, windings of magnet 1051 to battery.

It is to be noted that impulsing springs 1082
are connected in series with the winding of re-
lay 1028, but the springs have no effect on relay
1028 at this time owing to the short-circuif which
extends over wiper 1026 of the switch S in posi-
tions 1 and 2.

-In addition relay 1837 at armature 1077 com-
pletes an energizing circuit from earth at arma-
ture 1071 for magnet 1047 of the switch OPI.
This magnet energizes preparatory to stepping
its wipers. )

“YWhen wiper 1025 steps cn to contact 3, the orig-
inal circuit of relay (628 is opened and the relay
is now dependent on the impulsing springs iogz.
Hence when wiper 1026 is stepped on to contact
3 on the opening of the contacts 1084 at the end
of the second effective pulse, springs 1832 close.
At the end of the make period springs 1392 open.
and relay 1028 releases. An alternating current
signal is now transmitted over conductor 1086
connected to one terminal of a 60 cycle current
source, armatures 1868, 1983, armature 10588 and
its resting contact, conductor 886. and thence
through the toll line control circuit to the posi-
tive toll line conductor, loop at the distant ex-
change, negative toll line conductor, through the
toll line control circuit, to conductor 887, arma-
ture 1085 and its resting contact, armatures 1368,
1062, conductor 1987 to the other terminal of.
the current source. At the end of the break pe-
riod relay 1928 operates to terminate the pulse
and simultaneously magnet 1051 de-energizes to
step the wipers of the switch S to position 4.
With wiper 1824 in position 4 the following cir-
cuit is closed: earth on wiper {012 of switch OPI
on contact I, contact & and wiper 1624 of the
switch S, armature 1084, winding of relay 1838 to

battery. Relay (038 operates and locks over
" pank multipling and contact 4, wiper 1026 to
earth at armature (058; at armature 1076 it
closes 5 shunt across the impulsing springs 1892
to prevent any further release of relay -1028; at
armature 10T opens the energizing circuit of
magnet 1047 which releases and steps the wipers
of the switch OPI to position 2 and at armature
{074 opens the circuit of relay {637 and the
pulsing circuit for the magnet 1981.. However,
relay 1031 on release closes the following self-
jnterrupting circuit for magnet i1051: earth on
wiper 1021, contact 4 and bank multipling ar-
mature 1082, interrupter contacts 1681, wind-
ings of magnet 19851 to battery. The wipers of
the switch S are thus stepped on to contact 15
when the following circuit is completed for relay
{037: earth at wiper 1627 on contact 15, arma-
ture 1075 winding of relay 1037 to battery. Re-
lay 1037 operates and causes the magnet 1054
to be again under the control of the impulsing
springs 1084. The wipers of the switch S are
thus rotated o position 23 where the first self-
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31
interrupting circuit is again effective:to rotate:
the wipers on to contact 1. The ohject of re-
turning switch S to normal partly by times step-
ping is to ensure that a sufficient interval elapses
between the trains of impulses transmitted over
the toll line as will be described later. .In posi-
tion 1 the circuit over wiper 1026 for relay 1028
is again completed while the circuit for relay
1638 is opened. Relay 1838 releases and at arma-
ture 1074 again closes the circuit for relay 1031.
Tn addition when the wipers of the switch OPI
are stepped on to contact 2, earth is extended
over wiper 1012, winding of relay 1883 to battery.
Relay 1033 operates and locks over its armature
1080, armature 1162 to earth at armature 1855,
At armatures 1688 and 1088 relay 1033 discon-
nects conductors 986 and 881 from the A C.
source and loops them over the upper winding
of relay 1032, ‘ -

During -the above operation, the called party’s
number has been stored cn the counting relay
groups I to VII, These digits are received in the
converter over wipers {888 to {6833 of the switch
IP{ and serve to operate the appropriate relays
in the relay groups I to VIL. These digits are in
code and the combination of relays which are
operated will be apparent {rom Fig. 18 if the relay
references 1641, 1042, 1043 and 1844 are substi-
tuted for the references {, 2, 3 and 4 respec-
tively appearing in the upper horizontal row. The-
first digit will cause the operation of the appro-
priate ones of relays 1041 to 1844 over wipers
1888 to 18023 in position 1. At the same time as
each digit is being received an earth pulse 'iS
transmitted from the toll line control circuit over
conductor 985 wiper {8656 and bank multipling
winding of magnet 1846 to battery. The magnet
thus energizes and when the earth pulse is ter-
minated at the end of the digit, the wipers of the
switch TP{ are stepped to position 2 in order that
the second digit is stored on counting relay group
II. The remaining digits are stored in a similar
manner and at the end of digit storing the wip-
ers of switch IP{ are on contact 8. ’

Tt will be remembered that the frst two digits:
represent the zone of the called party and in
order to secure the transmission -over the- toll:
line of the correct non-decimal impuise tiains, the-
two directional switch TD4 is operated in act
cordance with the numerical values of the first
two digits. ) c

Assuming that by the time the circuit of relay
1831 is completed for the second time as de-
scribed above, the first digit has been stored -on
group I of the counting relays, relay {337 oper-
ates and completes a circuit for magne$ {85! as
before. The wipers of the switch S are stepped
through position 2 to the third position in the
manner previously described when relay 1628 is
placed under the control of the impulsing springs
1092 which have just closed. At .the end of the
make period relay (028 releases and a circuit is
completed from earth at armature {861, armature
1064, wiper 1614 on -contact 2, windings of-ver-
tical magnet {848 of the switch TD4., The mag-
net of the switch S and the vertical magnet of:
the switch TD4 now step together, the number
of impulses which are to be delivered to the ver-
tical magnet being determined by wipers 1022 and
1823 of the switch S in conjunction with wipers
{068 to 10f1 of the switch OP{. Thus suppose
the numerical value of the first digit is “1.” Then
relays 1841 and 1842 will be operated and when
relay 1028 has transmitted the first impulse and
switch 8 is stepped.to position 4, the. following.
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circuits are completed: earth at armature 1067,
locking armature 1095, contact 2 and wiper 1088
of switch OPI, contact 4 and wiper 1022 of switch
S, right hand winding of relay 039 to battery.
Earth at armature 1687 is also extended over lock-
ing armature 1036, contact 2 and ‘wiper {889 of
switeh OPI, contact 4 and wiper 1822 of the switch
8, left-hand winding of relay 183§ to battery.
Relay 1089 operates only when both its windings
are energized. In this case therefore armature
1699 is operated and completes a circuit for re-
lay 1938 which operates, shunts the impulsing
contacts 1092 and causes the release of relay {837
and the return to normal of the switch S as pre-
viously described.

Ii however, the numerical value of the digit
has been “0,” relay 1844 only would have been
operated. In this case with the switch S in po-
sition 4, no circuit would have been closed for
1039, and relay 1628 continues to repeat impulses
to the vertical magnet and it will be noted from
the connections made to wipers 1622 and 1023
that the two windings of relay 1839 are not en-
ergized together until the wipers are on the 13th
contacts, i. e., until 10 impulses have been deliv-
ered to the vertical magnet. . Armature 1899 is
then operated to energize relay 1038 with the re-
sults desecribed above.

It is to be noted that if, when the circuit of
relay (837 is completed for the second time, the
first digit has not yet been stored, it is essential
that relay 1037 should be prevented from oper-
ating. Thus at this time the wipers of the
switch OPI are in position 2 and if the first digit
has not yet been stored, the wipers of the switch
IP1 are still in position 1. Earth is then extend-
ed from wiper 1004 of the switch IP! on contact
{, contact 2 and wiper 1813 of switch OPI , re-
sitsance 1083 to battery. Relay 1037 is thus
shunted and can only operate when wiper 1994
has stepped on to contact 2, i. e., When the first
digit has been stored. A similar precaution is
taken with regard to the storing of the 2nd and
subsequent digits although the detailed circuits
are not shown. ) :

The switch OPl makes one step on to con-
tact 3 on the release of relay 1837 at the end of
the vertical movement of the two-directional
switch TD4 and hence the next series of im-
pulses are repeated in a similar manner to the
rotary magnet 1048. The numerical values of
the two zones digits are thus recorded by the
vertical and rotary setting of the two-direc-
tional switch TD4. The impulse trains which
have to be transmitted are determined by cross-
connections extending between the banks of the
two-directional switch and the two banks asso-
ciated with wipers 1924 and 1925 of the switeh
S. In this particular case provision is made
for the transmission of up to five impulse trains
by means of cross-connections extending from
the banks associated with wipers 101§ to {829 of
the switch TD4, and further each impulse train
may comprise up to 20 impulses.

Impulse transmission from the converter com-
mences when the wipers of the switch OP{ are
stepped to position 4 at the end of the rotary
movement of the switch TD4. Before impulse
transmission commences, however, a signal has
t0 be fransmitted from the distant exchange to
indicate that the equipment is in a condition to
receive impulses. Prior to the reception. of this
signal, earth is extended from armature 1483
(Pig. 45), contact 4 and wiper 1013, resistance
1083 to battery to prevent the operation of relay
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1031. When the signal which comprises the
connection of battery and earth to the toll line
conductors is received, relay 1032 operates and
locks over its “X” armature 1101 to earth at
armature (069 and at armature 1103 removes
the shunting earth to enable relay 1037 to op-
erate to initiate impulse transmission. In addi-.
tion relay 1032 opens its original energizing cir-
cuit at armature 1186 and at armature 1162
opens the locking circuit of relay 1033 which
releases to prepare the impulse repeating circuit
to the toll line conductors at armatures. 1088 and
1089.

On the operation of relay 1037 the impulsing.
springs 1084 are again connected to magnet
1051 and the wipers of the switch S are again
stepped from position 1 to position 2. At the
commencement of the next break period of im-
pulsing springs 1084, the wipers of the switch S
are stepped to position 3. With the wipers in
this position and with the wipers of the switch
OPI in position 4 the following circuit ih closed:
earth at wiper 1027 on contact 3, armature 1081
and its operated contact, lower winding of relay
1031, armature 1851 and its operated contact,
bank multipling and contact 4, wiper 1915, in-
terrupter springs 1109, windings of magnet (047
to battery. Relay 1031 only operates over . this
circuit- and locks over its “X” armature 1086 to
earth at armature 1072. At armature 1085, re-
lay 1031 disconnects the impulsing springs {084
from the winding of magnet 1951 and connects
them to the winding of relay 1634.

As before when switch S steps to position 3,
relay 1028 comes under the control of springs
1092 and relay 1028 releases when springs 1082
open and at armature 1060 and 1062 transmits
the first of a train of alternating current im-
pulse over the toll line and also relay 1034 op-
erates over the following circuit: earth at ar-
mature 1070, armature 1074, impulsing springs
1084, armatures 1079, 1085, 1093, winding of re-
lay 1934 to battery. Relay 1034 operates and
prepares a locking circuit for itself in series
with the lower winding of relay 1035 over its
“X” armature 1105, make-before-break contacts
associated with armature 1106 to earth at ar-
mature 1978. Relay 1035 cperates over this
locking circuit when springs 1684 next open and
at armature 1093 disconnects the impulsing
springs from relay (034 and connects them to
magnet 105f. In addition at armature 1094 re-
lay 1835 connects relay 1838 to wiper 1025 of the
switch 8.

It will be noted that contacts 5 to 14 asso0-
ciated with wiper 1824 of the switch S are con-
nected to terminals marked 2, 4, 5, 8 and so
on' up to 20. Similarly contacts 4 to 13 2550~
ciated with wiper 1025 are connected to termi-
nals marked 1, 3, 5, 7 and so on up to 19. If
now the first impulse train to be transmitted
by the converter is to comprise 18 impulses, a
cross-connection is made from the bank con-
tact on which wiper {016 of the switch TDH is
set to terminal 18 associated with wiper {024,

The circuit over which magnet 1051 is now
energized extends as follows: earth at armature
1076, armature 1674, impulsing’ springs 1084, ar-
matures 1079, 1085, 1693, winding of relay 1040
and shunt resistance f{ 87, winding of magnet
1051 to battery. Relay 1040 also operates over
this circuit and at armature 10§ and its oper-
ated: contacts closes an additional circuit for
relay 135 over its upper winding to earth at

» armature- 1018 while at its resting contacts- it
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_opens the circuit extending over the winding of
relay 1034 and the lower winding of relay 1039.
Relay 1034 thus releases while relay 1035 re-
mains held. When the above-traced circuit for
the magnet 1051 and relay 1040 is opened at
springs 1084 the wipers of the switch S are
stepped to position 4. In this position a circuit
is extended irom terminal { and corresponding
contact over wiper 1025 armature 1094 in its

operated position to the winding of relay 1038..

Since in the example chosen the first train is to
comprise 18 impulses, there is no cross-connec-
tion from the contact on which wiper 96 of
the switch TD4 is standing to terminal 1 and
hence relay 1038 is not operated.

Relay 1049 also releases at this time and causes
the release of relay 1035 which at armature 1094
connects wiper 1024 to the winding of relay 1038.
Impulsing springs 1092 next open to cause the

release of relay 1028 to cause the transmission of .

the 2nd impulse over the toll line and in addi-
tion relays 1034, {035, and the magnet 1061 are
operated as previously described under the con-
trol of springs 1084, This interaction continues

with two impulses sent over the toll line for each

step of the switch S until fhe wipers 1024 and
1925 are stepped on to contact 13 when the fol-
lowing circuit is completed; earth, wiper 1812 on
contact 4, wiper 186 and bank contact cross-
connected to terminal 18, contact 13 and wiper
1024, armature 1094 and its resting contact,
winding of relay 1038 to battery. Relay 1838
operates to terminate impulse transmission ever
the toll line and to cause the wipers of the switeh
OPI to be stepped on to contact & as previously
described. In addition the switch S is restored
to normal. ‘The time required to restore switch
S and bring it to position 3 in readiness for the
transmission of the next series of impulses pro-
vides a pause sufficient to distinguish between
successive impulse trains.

Assuming five impulse trains are to be trans-
mitted, the operations for each.of the remain-
ing trains are similar to those described above
“and will net be further discussed.

When the fifth impulse train has been trans-

mitted earth is extended from wiper 1012 on con-
tact 9 to wiper 182i. The contacts in the levels
associated with wiper 1021 are sfrapped together
and connected to terminal 1108 whereupon earth
~on wiper 1012 is extended owver interrupter con-
tacts 1189 to the windings of magnet 1041, . The
wipers of switch OP[| are thus stepped on to
contact 19.

Relay 1031 is released on the operatlon of re--

lay 1038 and does not operate again owing to
the position of wiper 1015, The circuit is now
in a condition fo transmit without .conversion
the five digils representing the called panty’s
number under the control of the wipers {822
and 1023 in a similar manner to the transmis-
sion of impulses to the vertical and rotary mag-
nets of the switch TD4 except that the five digits
are transmitied over the toll line, relay 1033
- having released as pointed out above.

When the last of the five digits has been
transmitted, the wipers of the switch OPI 'will
be in position 15. Earth is then extended from
wiper 1812 on contact 15, bank muitipling asso-
ciated with wiper {1097 of the switch IPI, inter-
rupter contacts 112, winding of magnet 1048, to
battery. The wipers of switch IPl are. thus
advanced to position 9. When wiper 1005 moves
off contact 8 relay 1036 is disconnected from the

_gonductor incoming from the toll line control eir~
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-cuit. Relay 1036 at armature 1088 removes the
"general holding earth and also at armature 1059

removes earth from the start conductor for the
impulsing machine. Relay 1828 therefore finally
releases and causes the release of relays 1023
and 1880. In addition relay 1836 at armature
{056 closes a self-interrupting circuit for mag-

net 1041 over wiper {8i% and bank multipling

and the wipers of switch OPI are restored to
normal. Relay 10630 in releasing at armature
1067 extends earth over vertical off-normal con-
tacts 1110 to the winding of release magnet 1050
of the switch TD4. The magnet thereypon oper-
ates and restores the switch fo normal. In addi-
tion relay 1638 at armature 1088 restores the
self-interrupting circuit for magnet 1046, this
circuit Liaving been interrupted when the wip-
ers of switch OPl move away from position 15.
‘With the completion of the ghove-mentioned cir-
cuit however the wipers of the switch IPI are
rotated to the next normal position with the wip-
ers on contacts i3 where the seli-interrupting
circuit is opened at wiper 1001, In this position
relay 1636 is again connected to wiper 1609 and

the converter is available for another call.

It will be undersiood that while the operation
of the converter has been described with refer-
ence to a system where the called party’s num-~
ber comprises a two digit zone pumper and a

five digit local number, it is easily adapted by

a slight alteration in the ecross-connections for
operation where the called party’s number com-

brise a single zone digit and a six-digit local

number. In this case the first digit of the local
number is employed to determine the rotary set-
ting of the two directional switch TD4 and jin
addition this digit is again transmitted as the
first digit of the local number. This is effected
as follows. It will be remembered that in the
description given above whén the five routing
digits have been transmifted the wipers of the
switch OP{ are in position 9. In this position
earth on wiper (82 is extended to wiper 1§21.
In this case the contact on which wiper {9821
will be set is connected to terminal 1i08 and
thence to magnet 1847 so that the wipers of the
switch OPf are stepped on to posifion 10 from
which position the first of the 5 local digits are
transmitted. No digit is therefore transmitted
with the wipers of switch OPI in position 9.

‘Where the called party’s number comprise one

zone digit and six local digits, no cross-connection
is effected between the contact on which wiper
182§ is set and terminal i188. In this case

_therefore the digif which determined the rotary
setting of switch TD4 is again transmitted with-

out conversion due to the connection between
contacts 3 and 9 in the banks associated with
wipers 18§8—i8if of the switch OPI. The trans-
mission of remaining digits takes place as pre-

viously described.

In the description of the converter given above

Vit was assumed_ that five routing . digits were to
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be transmitted. This is the maximum number
which can be transmitted and it is possible that
in ‘certain cases fewer will be required. For in-

_stance if two routing digits only are required,

then the contacts on which wipers i0i8, 1619 and
1020 are set are all cross-connected to terminal
1108 to cause the wipers of the switch OPi to be

_out above for a two digit zone, wiper 1021 will also
_be cross-connected fo terminal 1198 to step the
_switch to position 10 fo enable the digits of the
_local number to be transmitfed while for a one

digit . zone number the first digit of the local
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‘number will be transmitted with the wipers of
switch OP|I in position 9.

In the above description the alternating cur-
rent impulses are transmitted from the converter,

through the toll line control circuit to the line.

Since, however, impulsing will' take place over
lines having different characteristics it may be
necessary to make adjustments in the impulse
transmitting circuits to compensate for these
differences. Now there is no indication stored in
the converter as to the kind of junction lines
which are to be employed but the toll line control
circuit has this information stored therein. It
may, therefore, be advisable for the converter to
transmit direct current impulses to the toll line
control circuit where they will be transformed in-
to alternating current impulses in a circuit hav-
ing the appropriate characteristics.
" Whatis claimed is:

1, In a telephone system divided into zones,
“each of said zones being identified by a digit or
digits individual thereto, a plurality of exchanges
in each of said zones, each of the exchanges in
a given zone being identified by a particular digit

or digits individual thereto, a plurality of lines:

-at-each of said exchanges, switching apparatus
operative to set up connections between said lines,
‘means including a register-translator for selec-
tively operating said switching apparatus, and
means for associating said register-transiator
with a calling line in a local zone, said register-
translator including a two-digit switch operative
in response to digits received over said calling line,
said register-translator being so connected and

arranged that in the event said two-digit switch’

*is operated in response to a preliminary digit or
digits indicating that the connection is to be ex-
tended from the local zone to a distant zone said

“two-digit switch is released and rendered oper-

ative in response to two additional digits identi-"

fying the distant zone and that in the event said
two-digit switch is operated in response to two
-digits identifying a particular exchange in the
local zone said two-digit switch is retained op-
erated. '
2. In a telephone system divided into zones,
-each of said zones being identified by a digit or
digits individual thereto, a plurality of exchanges
in each of said zones, each of the exchanges in,
a given zone being identified by a digit or digits
individual thereto, a plurality of lines at each of
~said exchanges, switching apparatus operative to
-set up connections between said lines, means in-

(-]
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cluding a register~translator for selectively oper-

-ating said switching apparatus, means for associ-
ating said register-translator with a calling line
in a local zone, and means included in said reg-
ister-translator and responsive to a preliminary
digit or digits received over said calling line in-
“dicating that the connection is to be extended
from the local zone to a distant zone for prepar-
“ing said register-translator to receive an addi-
tional digit or digits identifying the distant zone
and a further digit or digits identifying a par-
ticular exchange in the distant zone and for par-
tially operating said switching apparatus.
3. In a telephone system, first and second ex-
changes, o first grade trunk and a second grade
trunk directly interconnecting said exchanges,

switching apparatus operative to set up connec-'

tions between said exchanges, and means in-
cluded in said first exchange and governed in ac-
-cordance with the final destination of a connec-
tion for selectively operating said ‘switching ap-

paratus to determine the grade of trunk re-
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qulréd for sald connection and to set up a con-

‘nection over said determined first grade trunk
‘or said second grade trunk, whereby the trans-

mission quality of the connection is determined.

4. In a telephone system, first and second ex-
changes, a first grade trunk and a second grade
trunk directly interconnecting said exchanges,
switching apparatus operative to set up connec-
tions between said exchanges, means including a

‘register in said first exchange for registering the

final destination of a connection, and means
controlled by said register depending upon the
final destination registered for selectively oper-
ating said switching apparatus to set up a con-
nection to said second exchange either over said
first grade trunk or said second grade trunk,
whereby the transmission characteristics of -the

- connection is determined.

5. In a telephone system, first and second ex-
changes, a first-class trunk and a second-class

“trunk directly interconnecting said exchanges,

switching apparatus operative to set up ccnnec-
tions between said first and said second ex-
changes, means in said first exchange for regis-
tering the numerical digits of a called number,
and means controlled in response to said registra-

“tion and determined by the digits registered for

selectively operating-said switching apparatus to
set up g connection either over said first-class
trunk or said second-class trunk to said second

-exchange, the class of the trunk selected being

determined by the setting of said register.
6. In a telephone system, three exchanges, a
first group of trunks including hoth first and sec-

ond grades of trunks extending between a first

and a second of said exchanges, 5 second group
of trunks extending between said second and a
third of said exchanges, switching apparatus op-

‘erative to set up connections between said ex-

changes, and automatic means in said first ex-
change for selectively operating said switching
apparatus, whereby a connection from said first
exchange to said second exchange includes g sec-
ond grade trunk in said first group and a connec-
tion from said first exchange to said third ex-
change includes a first grade trunk in said first
group and a trunk in said second group.

7. In g telephone system, first and second ex-
changes, a first-class trunk and s second-class
trunk interconnecting said exchanges, switching
apparatus operative to set up connections be-
tween said first and said second exchanges, means

-in said first exchange for registering the numeri-

cal digits of a called number, means controlled
by said registration for selectively operating said
switching apparatus to set up a connection over
said first-class trunk or said second-class -trunk
to said second exchange, the class of the trunk
selected being determined by the setting of said
register, and means in said second exchange con-

" trolled by the registering means in said first ex-

change for registering the numerical digits of
said called number. : :
8. In a telephone system, a plurality of ex-
changes, a trunk circuit including g plurality of
Impulsing paths, -switching apparatus associated
with said trunk circuit and operative selectively
to set up local and inter-exchange connections,
a register sender including a digit register and
an impulse sender, means for selectively operating
sald digit register, means controlled by a first
operation of said digit register for causing said
impulse sender to send impulses over a first of
said impulsing paths, thereby to operate said
switching apparatus to set up a local connection,
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and means controlled by a second operation of
said digit register for causing said impulse sender
to send impulses over a second of said impulsing
.paths, thereby to operate said switching appara-
tus to set up an inter-exchange connection.

9. In a telephone system, a plurality of lines,
means comprising switching apparatus operative
in response to numerical digits transmitted there-
to for setting up a connection between two of said
lines, a register-translator, and means for {rans-
mitting numerical digits to said switching ap-
paratus and code digits to said register~-trans-
lator, said register-translator being adapted to
receive code digits and to transmit numerical
digits to said switching apparatus.

10. In a telephone system, s plurality of lines,
means comprising switching apparatus operative
in response to numerical digits transmitted there-
to for setting up a connection between two of said
lines, a register-translator, and means including
a register sender for transmitting in a predeter-
mined order numerical digits to said switching
apparatus and code digits to said register-trans-~
lator, said register-translator being adapted to
receive code digits and transmit numerical digits
to said switching apparatus.

11. In a telephone system, a plurality of lines,
means comprising successive switching stages op-
erative in response to numerical digits trans-
mitted thereto for progressively setting up a con-
nection between two of said lines, a register-
translator adapted to receive code digits and to
transmit numerical digits to certain of said
switching stages, and means including a register
sender for transmitting numerical digits to other
of said switching stages, thereby to set up said
connection - partially, and then for transmitting
code digits to said register-translator, thereby to
cause said connection to be set up completely.

12. In a telephone system, a plurality of lines,
means for setting up a connection between two
of said lines, an impulse sender operative to trans-
mit different code characters each comprising &
eycle of impulses including both effective and in-
effective impulses, the particular code character
represented by a given cycle of impulses being de-
termined jointly by the number and the position
or positions of the effective and ineffective im-
pulses in the given cycle, and means for operat-
ing said impulse sender to transmit over said con-
nection a plurality of code characters represent-
tng 3 plurality of items of information pertaining
to said connection.

13. In a telephone system, a plurality of lines,
means for setting up a connection between two
of said lines, an impulse sender operative to
transmit different code characters each compris-
ing a cycle of impuises including both effective
. and ineffective impulses, the particular code
“.character represented by a given cycle of im-
pulses being determined jointly by the number
and the position or positions of the effective and
_ ineffective impulses in the given cycle, means

- for . operating said impulse sender to transmit
over said connection a plurality of code charac-
térs representing a plurality of items of infor-
mation pertaining to said connection, and
means controlled by-the effective impulses of
the various cycles of impulses transmitted over
said connection for registering corresponding
code characters.

14. In g telephone system, a plurality of lines,
means for setting up a connection between two
of said lines, said connection including a plu-
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rality of conductors, an impulse sender opera-
tive to transmit different code characters each
comprising a cycle of impulses including both
effective and ineffective impulses, the particular
code character represented by a given cycle of
impulses being determined jointly by the num-
ber and the position or positicns of the effective
and ineffective impulses in the given cycle, means
for associating said impulse sender with said
connection and for operating said impulse sender
to transmit a plurality of code characters rep-
resenting a plurality of items of information
pertaining to said connection, said impulse
sender being so connected and arranged that it
transmits over a first conductor included in said
connection beth the effective and the ineffec-
tive impulses of each cycle and transmits over
4 second conductor included in said connection
only the effective impulses of each cycle, and
means associated with said connection and con-
trolled in accordance with the impulses trans-
mitted over the first and second conductors in-
cluded therein for registering the code charac-
ters transmitted by said impulse sender.

15. In a telephone system, a plurality of lines,
means for setting up a connection between two
of said lines, said connection including a plu-
rality of conductors, an impulse sender cpera-
tive to transmit different code characters. each
comprising a cycle of impulses including both
effective and ineffective impulses, the particular
code character represented by a given cycle of
impulses being determined jointly by the num-
ber and the position or positions of the effective
and ineffective impulses in the given cycle,
means for associating said impulse sender with
said connection and for operating said impulse
sender to transmit a plurality of code charac-
ters representing a plurality of items of infor-
mation pertaining to said connection, said im-
pulse sender being so connected and arranged
that it transmits over a first conductor in-
cluded in said connection both the effective and
ineffective impulses of each cycle and trans-
mits over a secondary conductor included in said
connection only the effective impulses of each
cycle, a register associated with said connection
and operative to store code characters, means
controlled by the impulses transmitted over the
first conductor ineluded in said connection for
conditioning said register to be operated, and
means controlled by the impulses transmitted
over the second conductor included in said con-
nection for operating said register. .

16. In a telephone system, two exchanges, a
first grade group of trunks and a second grade
group of trunks directly interconnecting said
exchanges, switching apparatus operative to set
up connections over said groups of trunks, means
in one of said exchanges controlled by a calling
subscriber for registering information pertain-
ing to the destination of said call, and means
controlled by said last mentioned means for
operating said switching apparatus to select an
idle trunk line in said first grade group in the
event that the destination of said call indicates
that the other of said exchanges is to func-
tion as a tandem exchange, and for operating
said switching apparatus to select an idle trunk
line in said second grade group in the event
that the destination of said call indicates that
the said other exchange is to function as a ter-
minating exchange.

JOHN ELLIS OSTLINE,




