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The present invention concerns improvements
in or relating to telephone ‘systems and in par-
ticular concerns novel arrangements connected
with the determination of the charge for a con-
" nection, especially, although not exclusively, for

connections between exchanges or networks nor-
mally linked by manual switching means where
the charge is assessed by an operator and which
‘connections are in future to be linked by auto-
matic switching means.

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

Associated with each network there are usually
a number of other exchanges which are too far
distant from the centre of the network to be
conveniently 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 fee rate for calls to and from such ex- .
" " changes as may be adopted for exchanges with-

in a certain distance of the centre of the net-
work,

Exchanges within an extended network may
be linked up either by incorporating them in the
same designation plan which is employed for
every exchange in the network while provided
special facilities for separately charging and
routing such calls, or if it is not convenient to
incorporate such exchanges in the same desig-
nation plan either because the exchanges are

more conveniently situated for inclusion in a dif--

ferent network having its own designation plan
or for any other reason, such as the fact that
the inclusion of certain exchanges would neces-
sitate a modification of the designation plan pro-
posed or in operation, then such exchanges and
subscribers connected thereto would be desig-
nated according to a different plan.

As examples of the latter, a designation plan
of a network may be based upon five digits and
the addition of a certain exchange or exchanges
may involve a 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 name. ‘

For the purpose of setting up calls between -

exchanges operatng on different designation

-plans, it is convenient to allot to the designa--
tion of e‘ach subscriber or party on a designation.
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plan, an additional distinctive digit or digits
which may be prefixed to the number to be used
by subscribers on the same designation plan to
indicate 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 all numbers or letters and
numbers or all letters, and which calling parties
in the area are to use alone in establishing a
connection to such subscribers or other parties,
and calling parties outside the area are to use
if setting up the call automatically after initially
sending a digit or digits characteristic of the
area. It will be understood that designation

plans in different areas may be compiled ac- -

cording to the same or different methods. For
convenience 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 a zone in
which subscribers may call each other for the
same unit fee, or in which such calls can be
registered on the subscriber’s individual meter,
such area being usually the area within a cer-
tain distance of a suitably. selected point in the
zone, and the “suburban area” of a zone for calls
to and from which special charging arrange-
ments have to be provided such as ticket print-
ing equipment, which area falls outside the said
distance and not within the area of another
zone.

One of the objects of the invention is to de-
termine the charge for a connection and man-
ner of charging locally in accordance with its
destination and irrespective of the route over
which it is set up.

Arniother object of the invention is to provide
a highly flexible scheme whereby calls' which
can alone be permitted to be set up by certain
subscribers or under certain conditions are con-
trolled independent of the route over which the
call is set up. . .

According to one feature of the invention calls
may be set up automatically between exchanges

" over local routes or. over inter-zone routes de-
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pendent upon the location of the exchanges, and
in which charges for a connection are made de- .
pendent upon the distance between the originat-
ing and destination exchanges, while the manner
of charging is made dependent upon the route
over which the connection is set up.

According to a further feature of the inven-
tion charge rate determining means are asso-
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clated with the originating exchange and assess

the rate of charging for connections to exchanges
within the zone as well as to exchanges outside

the zone in which the originating exchange is-

located and determine the manner in which the
charge is to be made.

_ According to a further feature of the inven-
tion a charge to an exchange outside the zone

2,373,008

of the wanted party, and the charge rate assess-
ing means could be conveniently a further switch

" which is set under the joint control of the two

[#]

of the calling party is determined jointly by a .

plurality. of devices adapied to be set independ-
ently in accordance with the zone and in accord-
‘ance with the exchange in the zone of the wanted
party respectively, so that the charge for the
call can be dependent upon the distance be-
- tween the calling and called subseribers’ ex-

changes and independent of the route over which

the call is -set up. '

A further feature of the invention is an ar-
rangement whereby in a telephone system calls
set up by a calling party may be metered in dif-
ferent ways.according to their destination, as
determined by registering means taken into use

on the initiation of a call, one of which ways of-

metering consists of automatically recording par-
ticulars including the calling party’s number and
the charge for the call; for instance, if the called
party’s exchange is located in the same urban

area of a zone as the calling party’s exchange

then metering may be effected in well-known

manner by operating the calling subscriber’s me--
ter, one or more times for each completed charge-.

‘gble connection. If the called party’s exchange
ijs located in the same zone but in a suburban area,
instead of an urban area, or where the charging
rate is greater than that allowed for by the usual
metering methods, thé metering may be effected
by printing a ticket with the charge for the call
printed thereon. If the called party’s exchange
is in a different zone from the calling party then
the metering may be effected by printing a ticket
even if the charging rate is no greater than that
allowed for by the usual metering methods.

" A further feature of the invention relates to
arrangements by which certain subscribers or

certain lines under certain conditions may be

prevented from setting up calls in which the
charge rate is more than -a predetermined
amount; for instance, two adjacent exchanges
may be so situated that one is within one zone
and another within the other zone, but they are
so near together that the charge rate is the low-
est or unit rate, and therefore while it may be
convenient from the point of view of the tele-
phone administration to set up such calls over
lines connecting different zones it is not expedient
that such connections should be prevented.
When it is borne in mind that a calling party
without such preventing means would be enabled
to set up quite expensive calls it is desirable to
ensure that only calls of a low rate should be
set up without special permission. )

A further feature therefore relates to an ar-
rangement for determining whether a telephone
connection can be set up by a calling party or
not, comprising a plurality of independent means
responsive to calling party control, each adapted
todetermine whether the calling party control cor-
responds to part of a subscriber’s number or not,
and charge rate assessing means adapted to be
variably operated in accordance with the setting
of said first means to determine according to its
setting whether a call is to be completed. or not;
for instance, the means responsive to calling
party control would be two directional switches
for registering respectively the zone and exchange

10

registers mentioned to determine the charge rate
for the call, and if the charge rate is greater
than a predetermined amount to prevent the
call. ‘ .

" Another feature of the invention is an ar-
rangement incorporating separate zone and ex-
change determining means for preventing calls
being set up to exchanges for which the charge

_is greater than a predetermined charge, while

15

permitting calls being set up to other exchanges -

over routes passing through said first exchanges
for which the charge is equal to or less than
said predetermined charge. .

Actually in the arrangement to be hereinafter
described, the predetermined charge is the unit

“ rate, but it is quite clear that with little modifi-

20

cation the predetermined charge might be made
double unit rate or any other selected minimum
charge. Similarly it has been assumed that only

. charges for a unit rate should be metered on the
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subscriber’s individual meter whereas actually
of course any known arrangements could be
used which would operate the subscriber’s meter
a variable number of times, and only the higher
charge rates need be ticketed. On the other hand
it may be desirable to eliminate the subscriber’s
individual meters altogether inwhich case all calls
would be then ticketed. It may be desirable to
have lines which are normally free fo set up con-
nections to any party, for instance, by the pro-
prietor of a premises, but to provide arrangements
to prevent visitors to the premises setting up
calls for which the charge rate exceeds a prede-
termined amount, and accordingly a further fea-
ture of the invention is an arrangement for con-

‘trolling the setting up of a call in which manually -

operated means are adapted to render effective
the prevention of the completion of a call when
the destination of the call is such that the charge
rate therefor exceeds a predetermined amount.

Another feature of the present invention con-
cerns the introduction of auftomatic recording
equipment for certain calls inside a. zone, while
other calls are recorded on subscribers’ individual
meters. When it is borne in mind that one of
the restrictions on the size of the zone, and prob-
ably a most important one in view of the recent
developments in long distance dialling and em-
ployment of repeaters, is that all exchanges of a
Zone are such that they can be metered by one
or more pulses on a subseriber’s meter depend-
ing upon the distance between such exchanges,
as all calls recorded on a subscriber’s meter can
only be charged in accordance with the meter
reading without reference to individual calls, it
becomes desirable to limit the charging rate for

calls which are metered in this manner and ac--

cording, therefore, to this feature of the inven-
tion the size of a zone can be such as to include
within its area exchanges the cost of calls to
which for other exchanges in the zone is greater
than a predetermined amount by providing auto-

" matic recording equipment suitably disposed as
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to be taken into use whenever calls are set up,
the charge -for which exceeds said predetermined
amount. It will be understood that where such
calls extend over a commeon trunk line over which
calls of less than the predetermined amount are
also extended provision may be made for auto-
matically recording the latter calls also. .
Another feature of the invention concerns the
provision of means whereby the transmission of
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particulars of a call for charging purposes are
transmitted or not in accordance with the rela-

tive positions of the originating and destination

exchanges in the same zone.

A further feature of the invention concerns
an arrangement in which the charge rate for a
connection is assessed at one stage in the setting
up of a connection which charge rate is subse-
quently transmitted to a position reached at a
different stage of a connection and where par-
ticulars of the connection are collected.

A ‘further feature of the invention concerns
an arrangement whereby calls outside the zone
of the calling party are adapted to be automati-
cally recorded by transmitting the zone, exchange
and number of the wanted party to the record-
ing position, calls inside the zone of the calling
party are adapted to be automatically recorded

if the connection extends over a junction line
having a recording position associated therewith .

to which only a part of a subscriber’s designa-

tion .requires to be transmitted and calls inside

the zone of the calling party not extending over
a junction line having a recording position asso-
ciated therewith which are adapted to be metered
on the subscriber’s individual meter. ,

The invention will be better understood from
the following description of one embodiment
taken in conjunction with the accompanying
drawings.

In the drawings

Fig. 1 shows a network of exchanges forming
a zone having the same designation plan and

10
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Part of Fig. 54 and Fig. 55 show the circuits
of the printer unit. )

Fig. 56 shows the type of ticket printed and
the holes which are engaged by a sprocket wheel

‘'on the typewriter to ensure definite alignment

of the tickets so that the various pieces of infor-
mation are recorded in correct positions under
their various headings.

The invention will be described with reference
to the Belgian telephone network since the ecir-

‘cuits illustrated were designed for use therein.

It will be appreciated however that the prin-
ciples upon which the invention is based are of
general application and are in no way limited to
the specific arrangements which are about to be
described.

For the purpose of determjning 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 town, for instance there is

30

showing both urban and suburban areas. It alsn .

shows trunk lines leading from the central ex-

change of the zone towards other zones and also -

nearby exchanges of other zones.
Figure 2 shows in diagrammatic form some of

35

the units of equipment at the central exchange .

and at one other exchange for the purpose of
illustrating the invention.

Figs. 3-12 illustrate the register translator for
use at other than the central exchange. ' These
figures should be arranged as shown in Fig. 13
-to give the complete circuit. .

- Fig. 14 shows a table indicating the manner in
which digits are transmitted in code.

Figs. 15-20 show the cross connections extend-
ing between the banks of the route control switch
RS6 which forms part of the register translator,
to various conductors shown adjacent the banks
thereof in Fig. 8.

Fig. 21 shows in brief a modification to the-

register translator circuits for dealing with the
barred service facility.

Figs. 22-24 show the circuits of the first group
selector.

Fig. 25 shows a junction line circuit

Figs. 26-35 show a toll line control circuit lo-'

cated at a central exchange which serves to store
"~ all the information transmitted from the regis-
ter translator, and to time the duration of the
call. These figures should be arranged as shown
in Fig. 57 to give the complete circuit.

Figs. 36-39 show the circuits of the date and
time unit.

_Figs. 40-53 and part of Fig. 54 show a printex
controller which receives from the toll line con-
trol circuit the rate at which the call is to be
charged, the duration of the call, the calling and
called party’s number in order to transfer this
information together with the date and time at
which the call was made to a printer unit. These
. figures should be arranged as shown in Fig. 58
to give the 'complete circuit.
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a. Mons zone, a Brussel zone, a Charleroi zone, a
Tournai zone and so on. Each zone is then di- .
vided up into an urban area which includes all
exchanges within approximately 10 kilometres
from the centre of the zone and into a suburban

‘area- which includes exchanges outside the 10

kilometre area but which properly belong to the
zone,

For instance referrmg to Flg 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 heavv
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
considered to be a unit rate call. The same ap-
plies to certain calls from exchanges within the
urban area to exchanges in the suburban area.
Thus 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 be-
tween other urban exchanges and Dour, however,
are considered as multi-rate calls.

In general calls between exchanges of dif-

ferent zones will be multi-rate calls but here

again since charges are based on straight-line
distances 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
considered as unit rate calls as indicated by
the shaded area which includes these exchanges.
It is to be noted that at presént 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 di-
rect junction to St. Ghislain. When Dour is con-
verted to automatic working this junction may
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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 & 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 between
the Mons central exchange and other central ex-
changes are of two grades which may be termed
»good” and “poor.” The grade of junetion to be
used on a particular call and whether repeaters
are t0 be used is determined in accordance with
the destination of the call. For instance on local
calls & “poor” junction line is employed but on
toll calls & “good” junction and a “good” toll line
are employed. The “poor” and “good” grades of
junctions are indicated in Fig. 1 by the light 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 the other central ex-
changes.

With regard to the numbering scheme, each
subscriber is allocated a five-figure number which
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is for use on local calls only that is to say for calls .
within the same Zone including urban and sub- -

urban exchanges. For calls outside the zone the
calling subscriber will be instructed to dial three
additional digits of which the first is aiways zero
and the next two are distinctive of the particu-
lar 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 ca-
pacity of 600 lines have numbers which will be-
gin with the digits 57 and Dour with an ultimate
capacity of 1200 lines have numbers which will
begin with the digit 6 followed by the digit 1 or 2.
Finally St. Ghislain with an ultimate capacity 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 the ex-

changes in the Mons zone. In the first place all’

connections from Hautrage, with the possible ex-

ception of direct calls to St. Ghislain, will even~

" tually 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 as-
‘sessing the charge for or the metering of connec-
tions, it should be explained that three types are
possible. On unit rate calls within the Mons ur-
ban 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 automatically
by ticketing or printing equipment located at the
Mons central exchange or for certain calls such
as toll or inter-zone calls which the subscriber de-
sires to have set up by an operator, or interna-
tional calls by the operator making out a ticket.

It is also to be noted that on calls from an ex-
change which is still manual such as Dour the
operator is provided with the necessary equip-
ment to set up the various calls automatically,
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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 the connection and
finally the rate at which the call is to be charged
are determined. Further the arrangement should
be able if necessary to store the calling and called
parties’ numbers for subsequent transmission to
the automatic ticketing equipment at Mons. The
arrangement employed at each automatic ex-
change takes the form of a register translator.

The determination at the originating exchange
of the rate at which the call is to be charged is
of advantage in connection with determining
whether the call is allowable or not. The public
may be allowed the use of the telephone for set-
ting up unit rate calls. With the complete auto-
matisation of the telephone network however if
this privilege is continued, a member of the pub-
lic would normally be able to set up a *oll call.
Accordingly it is arranged to provide a push but-
ton, the operation of which so alters the circuit
of the instrument for instance by placing an earth
on the mid-point of the ringer windings that if it
is determined by the equipment at the local ex-
change that the call is a “barred” call, e. g., 2
multi-rate call, the call is prevented from being
set up and a tone is returned to the calling party.
Where, however, the call is a unit rate call then
even though, as in the case of a call from Hau-
trage to Blaton when the latter is automatic, the
connection extends over toll or inter-zone lines
and may involve the use of repeaters, it can be set
up.

Reference will now be made to Fig. 2 of the
drawings which shows the trunking layout at the
exchanges of Hautrage and Mons. It is to beun--
derstood however that only that part of the lay-
out which is essential for an understanding of the
invention has been shown. Both exchanges em-
ploy a finder switch system but the arrangement
of the finder switches at Haufrage only has been
shown since that at Mons is in all respects similar.

The subscribers’ lines are divided into groups of
200 and a group of register translators is usually.
provided for each group of 2000 lines, a calling
line being adapted to be temporarily associated .
with a register translator of the appropriate
group. It will however be understood that since

. the ultimate capacity of Hautrage is only 600
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the type of metering employed being based on the -

considerations mentioned above. -
It will thus be understood that it is essential to
provide at each of the automatic exchanges ar-

rangements whereby the routing of the connec-.

75

lines, a single group of register translators is suffi-
cient to deal with all calls. The calling line is
associated with a register franslator over line
finder switches ILF, 2LF, (LFi, 2LF| and over 2
register translator finder switch RTF, RTFI, the
line finders being permanently connected respec-
tively to first group selectors 1GS, 2GS, 1GSI,
2GSl. Each line finder has two sets of wipers
and thus has access to 200 lines and in the exam-
ple of Figure 2, line finders have access to the
lines numbered as shown. The register-transla-
tor finders RTF, RTFI are respectively common
to line finders ILF and 2 LF and ILFI and 2LFI.
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 differ-
ent subscribers’ numbers within the 2000 line
group terminating at their banks which wil] also
have access to the same register-translators.

Each first group selector at Hautrage has ac-
cess over levels 1, 2, 4, 5, 7 and 8 to local final
selectors; over level 3 to junction lines extend-
ing to Blaton; over level 6 to.junction lines ex-.
tending to St. Ghislain; over level 9 to “poor”
grade junction lines to Mons -and over level 0.
to “good” grade junction lines to Mons.
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‘The junction lines to Mons terminate on an
incoming selector IS which has access over levels
1 to 6, 9 and 10 to local group selectors LGS.
Over level 7 the selector IS has access to further
selectors such as L8 over which access is obtained
to junction lines extending to exchanges within
the urban area. Over level 8 the selector IS has
access to special service selectors such as TS.
Over levels 1 and 4 of the selector TS access is
had to operator’s positions such as OP over a

relay group RG2, a register R also being con--.

nected 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 positions.
have access to operators’ positions at which' toll
calls are set up while the other level has access

to operators’ positions at which international calls .

are set up. Levels 5 to 10 inclusive of the se-
lector TS are employed for setting up any other
special services which may be required as such
-as the 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 as-
sociated with both these levels is similar and has
been shown in respect of level 3 only. Each con-
tact on level 3 is connected to a relay group RG
which in accordance with the type of call serves
to set in operation according as to whether a

“good” or “poor” grade junction is required one -

or other of the toll line finder switches TLF!I and

TLF2 to hunt for a toll line control circuit such .

as TLCC associated with a junction of the ap-
propriate grade. . ‘Similar equipment is associated
with each toll line but that associated with a
“good” grade toll line only has 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 switches and the relay group
RG1{ to enable the operator to take what step
may be necessary. ) :

The toll line control circuit TLCC is adapted to
be connected over a hunting switch CF with a
converter C for setting up the connection and
with a printer control unit PC on the termina-
tion 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 control 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
Figures 3-25 represent equipment located at
Hautrage exchange while Figs. 26-55 represent
equipment located at Mons central exchange.
The equipment illustrated in Figs. 3-14, 15-17,
18-20, 22-35 is the same as the equipment illus-
trated in Figs. 7-18, 19-21, 23-25, 27-40 in my
co-pending application Serial No, 278,727, filed
June 12, 1939, and the equipment illustrated in
PFigs. 26-56 is the same as the equipment illus-
trated in Figs. 1-31 of my co-pending applica-
tion Serial No. 278,729, filed June 12, 1939, certain
figures which do not concern the present inven-
tion having been omitted.

It will therefore be assumed in the foregoing
description that the line finder and register trans-

Thus one levél may -
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lator finder have been operated to the extent
of selzing an Idle register translator RT full de-
tails of which operation are to be found in my
co-pending application Ser. No. 278,727, filed
June 12, 1938, :

EXTENSION OF IMPULSING CIRCUIT TO REGISTER
TRANSLATOR '

The subscriber’s.loop circuit is extended into

‘the register translator as follows: earth, lower

winding of relay 188, conductor 137 (Fig. 11), sub-

* seribér’s loop, conductor 138, lower winding of

.relay. 187 ‘to battery. Relay (88 operates over
this loop circuit and at armature 317 provides

an alternative earth for relay 189.' In addition
dial tone is now transmitted from the dial tone
source 818 (Fig. 7), condenser 319, cam contacts

. 380 in their resting position, armatures 333, 340,

25

30

condenser 381’, winding of relays 187 and (88 to
earth and thence over the loop circuit by induc-
tion into the second windings of the relays. The
calling party now dials the required number.

GENERAL DESCRIPTION OF REGISTER TRANSLATOR

These circuits are shown in Figs. 3 to 12 which
should be arranged as indicated in Fig. 13. In
Fig. 13 the components of the circuits are indi-
cated briefly in. order that a clear picture is
obtained of the essential elements. The circuits
comprise - three two-directional switches TD!,
TD2, (Fig. 4), TD3 (Pig. 5), rotary switches RS,

- RS2 (Fig. 6), RS3, RS4, (Fig. 10), RS5 (Fig. 7)
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and RS6 (Fig. 8) together with various relay
groups which are indicated by the references RG3,
(Fig. 11), RG4 (PFig. 12), RG5 (Fig. 10), RG6
(Fig. 6), RGT (Fig. 9), RG8 (Fig. 7) and RGY
(Fig. 3). The called party’s number is recorded
on the switches TDI, TD2, RS(, RS2 and RSS, the
latter also acting as a distributor switch for rout-
ing the incoming digits to the appropriate
switches. Switch 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 described in my - copending
application Ser. No. 278,727, filed June 12, 1939,
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 destination of
the. call as determined by the registration of the

. called party’s number a particular wiper of the

(]

switch RS6 is selected and the contacts 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. Impulse 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 indirectiy

- over the various switch banks to a group of ten

control conductors indicated generally .by the
cable 282 with its various branches. These cons
ductors extend from the relay group RG5 and are
multipled to the - various switch banks in the

. register translaior as indicated by the cabled con-

ductor and are connected directly to certain con-
tacts in the banks of the switch RS6. In certain
circumstances coded impulses are transmitted by
the register translator in which case the relay
group RGS is adapted to act in conjunction with




6
the relay croup RGS due to the operation of re-
lays 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. '
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of the switches TDI and TD2 respectively is con-
nected to the appropriate one of the control con-
ductors | to 10 while in the bank associated with

- wipers 260 and 268 of the same switches the con-

Following the registration of the calling party’s

number dial tone is transmitted from the register '

translator and the next operation to be per-

formed is the registration of the ealled perty'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 digits, the first
being other than zero. _
The first incoming digit is registered by the
vertical movement of the switch TDI, the second
. by the rotary movement of the switch TDi. The
thirq and fourth are registered by the vertical
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 RSS 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 RS6, the wiper 261
being employed in accordance with the kind of
call which the contacts represent on five-digit
calls while wipér 263 is employed on multi-rate
calls. On all calls the first digit re-transmitted
by the register translator is effective in the first

group selector such as IGS (Fig. 2) to register the .

type of metering which is to be employed that is

10

tacts in each vertical column are connected to-
gether and thence to the appropriate one of the
control conductors | to (0. Similarly contacts |
to 10 of the banks associated with wiper 212 of
switch RSI, wiper 214 of switch RS2 and contacts
8 to 17 associated with wiper 261 of switch RS§ -
are connected to conductors { to 10. At the ter-

" mination of the transmission of the last impulse
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to say this digit indicates whether the call is to

be metered by the calling subscriber’s meter or by
an operator or by an automatic ticketing arrange-

. ment. This digit is determined by a cross-con-
nection extending from a contact associated with .

the selected wiper of the switch RS6 to the appro-
priate -one of the control conductors i-10.

In general the number of contacts of the banks
of the switch RS6 which are employed for cross-
connection purposes. is less than half the number

series a cross-connection occurs to conductor 311
which disconnects the impuising means and serves
to release the register translator and register
translator finder RTF, ’
Consideration will now be given to the registra-
tion of called numbers the first digit of which is 0
thereby indicating that the call is for a special
service. In connection with the term -‘special
service,” it is to be understood that this term in-
cludes calls to 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 absorbed but a
cireuit operation which will be pointed ouf in
detail hereafter takes place an effect of which
is that wiper 263 instead of wiper 261 is employed
for determining which wiper of the switch RS6 is
o be employed. The 2nd and 3rd digits are then

5 registered by the vertical and rotary movement

respectively of the switch TDI the 4th and 5th by
the vertical and rotary movement respectively of .

. the switch TD2, the 6th by the operation of the
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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 de-
termination as to whether the cross-connections
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 connected
to the magnet of the switch RS6 over a cam con-
tact 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-connections
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. o

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 type 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 212 of the switch RS{ are connected up in

turn by means of cross-connections extending
from the contacts of the selected bank of the
switch RS6. Thus for instance each contact in
the vertical banks associated with wipers 3283, 325
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switch RSI, the 7th by the operation of the switch
RS2 and the 8th by the operation of the switch
RS5. In addition the switch TD3 is set aufo-
matically in dependence upon the position of the
wipers of the switch TDI as regards the vertical
movement and as regards its rotary movement in
accordance with the position of the wipers of the
gwitch 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 trans-
lator. The purpose of the switch TD3 is {o 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 rafe at
which the call is to be charged.

The control of digit transmission from the reg-
ister translator is again effected by the route con-
trol switch RS8 as it steps from contact to con-
tact and as in-the case of a local call the first digit
retransmitted by the register translator is effec-
tive 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 ex-
change in order that the call is routed towards
the desired terminating exchange. 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 call digit have been
transmitted the called party’s number and the
calling party’s number is transmitted to equip-
ment Iocated at the outgoing 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 appropriate contact in the
selected bank of the switch RS6 t{o the conductor
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316. This causes the operation of the relays 224,
225 and 226, to enable co-operation to take place
between the relay groups RGB and RG6. Finally
after these coded impulses have been transmitted
the “tariff” digit is transmitted in accordance
with the position of wiper 271 of the switch TDS.
After the transmission of the “tariff” digit the

7

magnet 288 of the switch RSI respectively, the
relay 240 remaining operated during the reception
of the fourth digit. It will of course be under-

. stood that the switch RSB is advanced one step as

next, contact of the route control switch is cross-

connected to conductor 31T to cause the release
of the register-translator and register-translator
finder RTF.

DETAILED DESCRIPTION OF REGISTER TRANSLATOR

It will be sufficient for the purpose of this in-
vention to describe the following four examples
of kinds of calls:

1. Local call with individual metering.

2. Call to an operator with manual ticketing.

3. Call outside the zone with automatic ticket-
ing.

4. Call to & suburban exchange.

LocaL 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 wishes to set up a connection to a sub-
scriber in his own exchange, that is to say in the
Hautrage exchange. In my ccpending applica-
tion Serial No. 278,727, flled June 12, 1939, there
appears a more detailed description of the reg-
ister translator. It will be remembered that upon
registration of the calling party’s number and the
transmission of dial tone back to the calling sub-
scriber over the windings of relays 187 and 188
(Fig. 11), the lower windings of these relays were
energised over the calling subscriber’s loop. As
pointed out above all subscribers connected to the
- Hautrage. exchange will have for the first two
digits in their call number the digits 5 and 7.
Consequently the flrst two digits dialled by the
called subscriber will be 5 and 7.

When the first break occurs in the calling sub-
scribers line circuit relays 187 and 188 will re-
lease and at armature 327 a circuit is closed as
follows: earth, armatures 321, 334, winding of
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relay 204 to battery. A branch of this circuit

also extends over wiper 259 of the switch RS5
in position 1, winding- of the vertical magnet 244
of the two-directional switch TDI to battery.
Relay 204 at contact 383 closes an obvious circuit
for relay 203, both these relays being slow-to-
release so that they are maintained operated dur-
ing the reception of the impulse train. The first
digit dialled 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 re-
leases after a short-period and at contact 383
opens the circuit of relay 203.. During the release
period of the relay 203, however, a circuit is closed
over earth, armatures 383, 384, contact 1 and
wiper 258 of the switch RS5, armature 330, wind-
ing of magnet 243 of the switch RS5 to battery.
The magnet of the switch RS5 is, therefore, ener-
gised for the duration of the release period of
relay 203 after the wipers of the switch RS5 are
stepped on to their second position whereby the
impulsing circuit is extended over relay 239 to the
rotary magnet 245 of the switch TDI. Relay 239
Is a slow-to-release relay and is maintained op-
erated for the duration of the impulse train. The
third, fourth and fifth digits will be registered by
the operation of the vertical magnet 247 and the
rotary magnet 248 of the switch TD2 and the
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each digit is received so that at the termination
of the fifth digit the wipers of the switch will
be in their sixth position. .

IMPULSE TRANSMISSION FROM REGISTER TRANSLATOR
ON DECIMAL Basis

Digit transmission from the register translator
takes place 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 190 (Fig. 11) rotary off-
normal springs 385 of the switch TDI in their op-
erated position, armatures 398, 404, 407, winding

-of relay 235 to battery. Relay 235 operates ar- .

mature 409 and this completes the following cir-
cuit: impulsing conductor 399 extending from an
impulsing machine, armature 400, rotary off-nor-
mal springs 386 of the switch TDI! in their oper-
ated position, armatures 409, 402, 411 (Fig. 9),
414, 415, 416, 420, lower wmdmg of relay 213 to
battery On the reception of the first impulse
from the impulsing machine relay 213 operates
over its first step and closes armature 421 and
energises fully at the end of the impulse. On
energising. fully relay 213 at armature 420 opens
its original energising circuit at its resting con-
tact and at its operated contact transfers the
impulsing conductor to the winding of relay 211,
The succeeding impulses, therefore, cause the
synchronous operation of relay 21{ which at ar- .
matures 366 and 367 repeats the impulses to ‘the
first group selector by opening the circuit ex-
tending from relays 209 and 210 to the impulse
responding relay in the group selector, = Further
at armature 364 relay 211{ closes an obvious cir-
cuit for relay 212, Relay 212 is a slow-to-release
relay and is thus maintained operated during the
period that relay 211 is being impulsed. At arma-
ture 423 relay 212 closes a circuit from earth at
armature 430 of relay 222, armature 4283, winding
of relay 215 to battery. At armature 424 and 425
the relay 212 replaces the battery and earth con- -
nections normally supplied by relays 210 and 208
by battery over a resistance 435 and a direct
earth to improve the impulsing circuit to the
group selector. Relays 2u9 and 210 release during
impulse transmission but a shunt circuit is pro-

‘vided across armatures 414 and 415 which shunt

circuit extends over armature 422 of relay 212.
The impulses transmitted by relay 2i1 to the
group selector are repeated at armature 365 to
the group of counting relays RGb.

It will be understood that for impulse trans-
mission to take place from the register trans- °
lator both conductors must-be alive from stage
to stage otherwise one or both of relays 209 and
210 will not be operated.

OPERATION OF COUNTING RELAY GROUP RG5 oN
-DECIMAL BASIS

The counting relays RGS comprise the relays

" 216 to 221 inclusive arranged to count any num-
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ber of impulses up to ten. The relays are oper-
ated 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
transmission from the. register translator is
stopped by a marking extended over one of the
ten control conductors 1-10 and over armatures
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of the counting relays to operate relay 214.
Thus for example assume the digit 2 is the first
digit to be transmitted from the register trans-
lator. In this case an earth is extended in a
manner to be described later, over conductor 2
of tae control conductors. Then when relay 241
operates on the first impulse it cloges a circuit
over: earth, armatures 365, 450, 449, 446, 442,
438 of relays 220, 218, 218, 24T and 216 respec-
tively, lower winding of 26 to battery.- Relay
216 operates over its first step and closes its
“X” armature #37. Af the end of the impulse,
relay 216 operates fully over both windings in
series and armatures 437 and 440 to earth at
armature #26 of relay 212 and at armature 438
and its resting contact opens its original ener-
gising circuit and at its operating contact pre-
pares the energising circuit for relay 211. The
second impulse causes the operation of relay 211
in a similar manner first to close its “X” arma-
ture 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
211 a circuit is closed from earth on conductor 2,
armatures 443, 451 and 46{, winding of relay
214 to battery. Relay 214 operates and locks
over armature 418 to earth at armature 434 and
at armature 416 disconnects the impulsing con-
ductor from relay 211 whereby further impulse
transmission is prevented. In addition relay 2i4
. at armature #i7 opens the locking circuit for
relay 2183 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 213 releases when
its circuit is opened at armature 417 and at ar-
mature 420 opens a further point in the impuls-
ing circuit to relay 211. Relay 212 releases a short
period after the disconnection of the impulsing
conductor from relay 211 and at armature 426
opens the locking circuits for the counting relays-
which then release; at armatures 424 and 425
restores tie non-shunted condition of relays 210
and 209 across conductors 133 and 140 respectively
and at armature 823 opens the circuit of relay
215. Relay 215 releases and at armature 434
opens the locking circuit of relay 214 which re-
leases and reconnects the impulsing conductor to
relay 213 to start the transmission of the next
digit.
ROUTE CONTROL SWITCH RS6

Consideration will now be given to the arrange-
ments for determining the particular digits which
are to be transmitted: by the register translator.
As stated above this is determined by cross-con-
nections extending between the contacts of the
route control switch RS6 and the various conduc-
tors and contacts grouped adjacent the banks.
Typical examples are shown of the cross-connec-
tions in Figs. 15-20 and in this connection it
should be pointed out that in general each wiper
of the switch may be used for controlling the
setting up of two types of connection. Thus for
example wiper 296 Fig. 8, cross-connected as
shown in Pig. 15, controls the setting up of local
calls, i. e, calls fo Hautrage subscribers and
also calls to Mons subscribers. An exception to
this ocecurs 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-
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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
TD4, TD2, TD3 and so on. Thus for instance

-calls to exchanges within the Mons urban area
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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.
In 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

v 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
employed. - :

For an understanding of the case under con-
sideration reference will be made to Fig. 15, which
shows the cross-connections made from wiper 286
of the switch RS6. It should be pointed out that
the selection of the appropriate wiper of the
switch RS8 is effected by the position taken up
by wipers 261 and 263 of the switch TDI, ac-
cording to the type of connection required. Con-
nections are taken from contacts in the banks
associated with these wipers to the appropriate
wipers of the route control switch RS6é which are

thus connected up in dependence upon the first
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two digits recorded in the register 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 meter 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 296 will be
connected directly to conductor 2 of the conduc-
tors 1-10, since the call is local no routing digits
are transmitted and further since Hautrage has
less than 1000 lines, three digits only need be re-
transmitted. Hence the 2nd, 3rd and 4th con-
tacts are cross-connected to the wipers of the
switches TD2 and RS| the position of which rep-
resent the 3rd, 4th and 5th digits dialled, i. e,
wipers 325, 266 and 2712, )

In detail, when wiper 296 of switch RS6 is on

- the first contact, earth at. armature 412 of relay

192 (Fig. 11) is extended over armature 412 and
its resting contact, armatures 471, 410 (Fig. 3),
401, 328, wiper 261 on contact (5, 7), wiper 296
of switch RS6 on contact 1, cross-connection to
conductor 2 and thence as described above in con-
nection with the operation of the counting relay
group RG5 (Fig. 10). When relay 214 is oper-
ated at the end of the transmission of digit 2,
it completes the following circuit: earth at con-
tact 419, lower winding of relay 208, winding of
magnet 326 of switch RS6 to battery. The mag-
net 326 is maintained energised until the release
of relay 214 when its circuit is opened and it de-
energises to step the wipers of the switch on to
contact 2. Relay 208 operdtes over the energis-
ing circuit of the switch magnet and at contact
414 disconnects the impulsing conductor from re-
lays 213 and 211 until the switch has stepped.
Contact 2 associated with wiper 296 of switch
RS6 is cross-connected to one of the group of con-
ductors 309 to 3f§ which are connected to the
various wipers of the switches whose positions
represent the digits dialled by the calling party.
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In the present case contact 2 is connected to con-
ductor 811 and thence to vertical wiper 328 of
switch TD2 over vertical off normal springs 390.
Assume the number of the required subscriber
is 57,146, Then wiper 325 is in engagement with
contact 1 of the vertical bank and thence to con-
ductor 1 of the conductors 1-10 of the cable 290.
Hence the digit 1 will be transmitted from the
register translator to the group selector {GS (Fig.
2). The group selector then hunts over the first
level for an idle final selector (not shown). Wip-
er 296 of the switch RS6 is now rotated on to the
3rd contact which is cross-connected to conduc-
tor 312 connected to wiper 266 of the switch TD2.
As g result of this cross-connection conductor 4
will be earthed and the digit 4 (the tens digit)
will be transmitted to the final selector (not
shown).
286 of the switch RS6 is cross connected to con-
ductor 313 connected to wiper 272 of the switch
RSI and consequently the final digit transmitted
is 6. Digit transmission is now completed and

wiper 216 of switch RS6 is stepped to contact 5

which is cross-connected to conductor 317. A cir-
cuit is now closed from the earthed wiper 296 of
switch RS6, conductor 317, armature 474 and
resting contact (Fig. 7), armature 358 to conduc-
tor 142 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 209 and 210 (Fig. 9) re-
lease together with relays 187 and. (88 (Fig. 11).
The release of the latter two relays opens the
circuit 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 battery. Relay 204 causes
the operation of relay 203 and when relay
189 releases and the above traced circuit is

opened a pulse is transmitted during the re- .

lease time of relay 203 to magnet 243 of the
switch RS5. Switch RS is thus, stepped -on to
contact 7. Relay {89 in releasing opens the cir-
cuit of relay 190 which releases and opens the
circuit of relay 191.
armature 483 closes a circuit as follows: earth,
armature 483, winding of relay 359, armature
332, operated vertical off-normal springs 388 of
the switch TDI in their operated position, release
magnet 246 to battery. The release magnet 246
is thus energised and the switch TDI restored to

normal. Rotary off-normal contacts 385 are thus !

opened and relay 235 de-energises, thereby dis-

connecting earth from wiper 26f of the switch-

TDI. Further the restoration of the vertical off-
normal contacts 388 extends the earth connec-
tion previously traced, to the release magnet 249
of -the switch TD2 over operated vertical off-nor-
mal springs 389. The switch TD2 is thus restored
to normal and the earth connection is again ex-
tended over vertical off-normal springs 389 of
the switch TD2 in their resting position, vertical
off-normal springs 393 of the switch TD3 in their
resting position, wiper 273, bank contact and
multipling associated with this wiper. infer-
rupter springs 485, magnet 253 of the switch
RSI to battery. Switch RS{ is thus rotated to

the 11th contact whereupon the above energising’

circuit is further extended over wiper 275 and
conductor 295 in turn to magnets 254, 255, 256
and 283 to step switches RS2, RS3 and RS4 to
their 11th or 25th contacts and to restore switch

Relay (91 in releasing at.
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RSB to normal. . On the restoration of switch
RSS, the circuit is further.extended over off-nor-
mal springs .381 and. their resting position, ar-
mature 481 of relay 191, off normal contacts 489
of the switch RS6, interrupter contacts 490, wind-
ing of magnet 326 to battery. The switch RS6
is thus returned to normal in which position the
off-normal springs 489 are opened and the above-
traced circuit is interrupted. - The register trans-
lator has now been completely released and can
be used for a further call, :

CALLS THE FIRST DIGIT OF WiICH Is 0
Operation on all calls

When the first digit dialled by the calling party
is the digit 0 the switch TD{ will be raised to the
10th level whereupon a circuit is closed during the
energized period of relay 204 from earth at ar-
mature 382 of relay 204 and its operated contact
(Fig. 3) armature 495, vertical wiper 324, tenth
vertical bank contact, armature 497, winding of
relay 238 to battery. Relay 238 operates and

locks over armature 33t to earth at armature .-

338 (Fiig. 11). Relay 238 in operating at contact
330 opens the circuit to magnet 243 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 cir--

cuit for the release magnet 246 of the switch .

TDI: earth at armature 382 and its resting con--
tact (Fig. 3), armatures 486 and 332, vertical off-

normal springs 388 and their operated contacts,”

winding of release magnet 246 to battery. The
switch TD{ is thereby restored to normal. In
addition relay 238 at armature 330 closes a cir-
cuit during the release period of relay 203 as fol-

lows: earth at armature 383, armature 384, con-

tact 1 and wiper 258 of switch RS5, armatures
330, 492, lower winding of relay 237 to battery.
Relay 237 operates and locks over both windings
in series with armatiire 493 and at armature 492
and ifs operated contact prepares- a circuit for

"the magnet 243 of the switch RS5.

The above operations take place whenéver 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.” First there are the three digit call numbers -

for setting up a connection to an operator and
for obtaining other services and second there are
the eight digit call numbers for setting up calls
to exchanges in other zones. Consideration will
now be given 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 than “0.” In
the first subdivision are included calls to an oper-,
ator (call number 001 for a toll operator and 004

" for an international operator) and calls for cer-
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tain services (call numbers 005-008 inclusive).
In the second are included for instance calls. for
the speaking clock (call numbers 091 and 092). .

SEcCOND DIGIT “0” .

When the second digit is “0” the switch TDI
is again raised to the 10th level and is then ro~ .
tated over this level in accordance with the third -~
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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

elther 1 or 4, i. e., a call for a toll or interna- -

tional operator. Contacts 1 .and 4 in the 10th .

level of the contact bank associated with wiper
263 are connected together  and to wiper 281
(Fig. 16) of the switch RS6. The setting up of
these two connections is controlled over contacts
1 to 11 associated 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 contact 16.
extehded to wiper 297 over the following circuit:

earth, armature 412 (Fig. 11), armatures 412,

. 4TI, 410, 401, 328 and its operated contact, wiper
263 of the switch TDI! on contact 1 or 4 to wiper
297 of the switch RS6. 'The impulsing conductor

399 is also extended on the release of relay 238,

to the relay group RG1 to enable digit trans-
mission from the register translator to commence,

With regard to the digits which are to be
‘ye-transmitted, in this case the call will ‘be
metered by an operator in the usual way. Conse-
quently the first digit re-transmitted -from the
register translator will be the digit “1” and for
this purpose, referring to Fig. 16, contact 1 asso-
ciated with wiper 297 of the switch RS6 is cross-

connected to conductor 1 of the control conduc- ’

tors. The second digit transmitted will serve

10

Earth potential is now
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to position the first group selector on to a ‘“poor” .

grade junction line extending to the Mons ex-
change at which the operators are located, and
for this purpose the second contact associated
with wiper 297 is connected to conductor 9
in the similar way as for a call to Mons described
above. T
The third digit transmitted by the register
translator serves to set the incoming selector IS
(Figure 2) at the Mons exchange to a level over
which it has access to the special service se-
lectors TS. According to the trunking diagram
shown in Fig. 2 this digit will be “8,” and hence
_contact 3 associated with wiper 297 is cross-
connected to conductor 8 of the control. con-
ductors. The level to which selector TS is to be
raised is determined by the third digit dialled by
the calling party, that is to say, the second digit
‘registered by the register translator and hence
contact 4 associated with wiper 291 is cross-con-
" nected to conductor 310 which is directly con-
nected to wiper 260. Thus, for instance, if the
third digit dialled by the calling party is “1”
the contact on which wiper 260 rests will be
connected to conductor 1 of the confrol con-
. ductors and hence the fourth digit transmitted by
the register translator will be the digit “1.”
If however, the third digit dialled’ by the calling
party is the digit “4” then that digit will be
transmitted 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 opera-
tors’ positions. o
The 5th contact associated with wiper 291 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, 862, winding of relay 214 to battery.
Relay 214 at contact 418 closes an energising
circuit for magnet 826 as described above. Fur-
ther earth at contact 419 is also extended over
armature 453 of relay 224 to the upper winding
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of relay 225. Relay 228 is slow-to-energise and
first closes a locking circuit over its “X” arma-
ture 457 in series with the winding of relay 226
from earth at contact 339 (Fig. 11). When relay
228 operates fully it opens at armature 462 the

circuit for relay 214 which releases and at arma-

ture 419 opens the energising circuit of magnet
326 whereby the wipers of switch RS6 are stepped
on to the next, i. e., the 6th contacts. Relay
226 operates in the above locking circuit and
relays 225 and 226 by their operation cause the
counting relays RGS5 to co-operate with the
counting relays RGS6 to enable . the remaining
digits transmitted by the register translator to be
in codéd form. ' '

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 transmisﬁion from the point of view of the
route control switch RS6, a description of the
arrangements for tranSmitting impulses in code
being postponed until later. :

It will be noted on referring to Fig. 16 that
contacts 6 and 7 associated with wiper 287 of the
switch RSB are extended over armatures 501 and
500 of relay 207 in the resting position to con-
ductors 318 and 319 while contacts 8, 9 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
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over armature 498 of relay 20{ and its resting
contact and conductor 499 to conductor 7 of the
control conductors. This as explained previously
is always the same since the ultimate capacity
of Hautrage exchange is only 600 lines and hence
the 10,000 and 1,000 numbers of all the sub-.
scribers 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 281, 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. Simi-
larly when wiper 297 steps on to contact 7 earth
is extended over a similar circuit, contact 467
of relay 226, windings 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 relay 202 to operated armature
362 of relay 200, armatures 509, 510 in their rest
position to conductor 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 appro-

" priate relays of the group RGS as described above.

Conductors 321 and 322 are connected to wipers
276 and 219 respectively of switches RS3 and RS#&
and thence over cable 282 as described above to
the appropriate relays of the group RG6. It will
thus be understood that as wiper 287 of the switch
RSE steps from the 6th to the 10th contact the
calling party’s number will be transmitted in
code over the junction line to the Mons central
exchange. At the termination of digit trans-
mission wiper 297 will be stepped on to the 11th
contact which is cross-connected to conductor 317
to cause the release of the register translator as
described above. .
The above description deals with calls of which
the number is 001 and 004, As pointed out pre-
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viously however arrangements are provided for
dealing with other services and calls 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
different wiper of the switch RS6.
digit of these calls may be any of the digits5 to 8
and consequently a connection is made from con-
tacts 5 to 8 of the 10th level of the bank asso-
ciated with wiper 263 of the switch TD{ to wiper
298 (Fig. 17) of the switch RS6, Further the

first part of the bank is employed for the calls’

and hence no connection is made from the con-
tact on which wiper 264 of the switch TDI{ is
standing to magnet 326.

Referring now to Fig. 17 which shows the cross-
connections for a call of this type, it will be

noted that contact 1 is cross-connected to con-.

ductor { of the. control conductors so that the
first digit transmitted will be the digit “1” indi-

cating that metering is to be effected by an op--

erator. The next two contacts are cross-con-
nected to conductors 9 and 8 respectively of the
control conductors in order to secure the neces-
sary routing of the connection as far as the
switch TS at the Mons exchange. Contact 4 is
cross-connected to conductor 316 which is directly
connected to wipber 260 of the switch TDI in
order that the third digit dialled by the.calling
" party is retransmitted without translation to
raise the switch TS to the appropriate level.
Finally contact 5 is cross-connected to conductor
317 to cause the release of the register-translator.

EIGHT DIGIT CALLS
Straight forward connection

If the second digit is 1-8 it indicates that the
call is for an gxchange in another zone. In this
case when the second digit has been registered by
the vertical movement of the switch TDI and
relay 204 has released, a circuit is closed as fol-
lows: earth at armature 382 and its resting con-
tact (Fig. 3), 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 231, 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 transmission. The fourth and
fifth digits dialled by the calling party are reg-
istered by the vertical and rotary movements of
the switch TD2 and the sixth by the operation of

the switch RS| as previously described. At the.

termination of the reception of the sixth digit, the

wipers of the switch RS5 are stepped on to the

6th contacts and the seventh series of impulses
are thus repeated to magnet 254 of the switch
RS2. The wipers of the switch RS5 are now
stepped on to the 7th contacts and the eighth
digit dialled is repeated at contacts 321 of relay
181 (Fig. 11) to.the magnet 243 of the switch
RS5 as follows: earth, armatures 327, 334, wiper
259 of switch RS5 on contact 7, armature 523 of
relay 205, contact 7 and wiper 258, armatures 330,
492 in their operated positions winding of magnet
243 to battery. The eighth and last digit 1s thus
registered on the switch RSS.

As pointed out above in a call for an exchange
of another zone the switch TD3 is automaticaily

The third

11

ance with the resultant of the first two dlgits
recorded in the register translator and as regards
\lts rotary movement in accordance with the third

".and fourth digits registered-in the register trans-

‘lator. Relay 236 prepares the circuit for operat-
ing the switch TD3 which .circuit is completed as

" follows on the registration of the fourth digit:

10

-'springs 395 of the swite

earth at armature 406 of relay 236, armature
518 of relay 240, rotary off-normal springs 391
and their operated contscts, rotary off-nofmal
TD3 and their resting
contacts, vertical off-normal springs 394 and their
resting contacts, winding of relay 241 to battery.
Relay 222 (Fig. 9) is also operated in parallel
with relay 241. Relay 222 at armature 43{ con-
nects the impulsing conductor 516 extending from

~ an impulsing machine to relay 213, the circuit
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extending as follows: impulsing conductor 516, -
armature 431, contact and armature 411, arma-
ture 421 and its operated contact, armatures 4{6,
420, winding of relay 213 to battery. Relay 213
operates as previously described and at armature

" 420 and its operated contact extends the impuls-

ing conductor to relay 21({. Relay 211 operates
and completes an impulsing circuit extending
from earth at armature 364, armature 429 of relay
222, armature 58 and its operated contact, wind-
ing of relay 241, winding of vertical magnet 250
of the switch TD3 to battery. Relay 2{{ and the
magnet 250 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 366 of relay 211 to prevent any impulses
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being transmitted 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 relay 182 (Fig. 11), armatures 412, 47,
428, 405 to wiper 300. ,

The' determination as to the number of steps
to be taken by the switch TD3 is effécted over
wiper 262 of the switch TDi. Referring to Fig.
-18 it will be noted that contact 1 associated with
wiper 300 of the switch RS6 is cross-connected to
conductor 383 which is directly connected with
‘wiper 262.  Confacts associated with wiper 262
are connected to appropriate ones of the 10 con-
ductors 1-16 and according, therefore, to the
conductor which is connected to the particular
contact on which wiper 262 .is resting so t .e
switch TD3 will make this number of vertical

_steps, the control being exerted over cable 285 and

cable 282 through the counting relays RG5 in a
precisely similar manner to that described in con-
nection with the digit transmission on a decimal
basis from the register translator. Thus relay
214 (Fig. 9) will operate when the switch TD3

. has made the required number of steps and at

(Y]
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set as regards its vertical mov_ement in accord- 78

armature 419 will close the circuit of magnet 326
to step wiper 300 on 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 trans-
mitted over its upper winding to the vertical mag-
net 266. When the switch TD3 moves off-normal,
however, the original energising circuit for relay
241 is extended to the lower winding of relay 242
over vertical off-normal springs 394 in their oper-

- ated position. Relay 242 cperates and at contact

519 prepares the impulsing circuit for the rotary
magnet 25{. When relay 241 releases at the end
of the vertical movement this impulsing circuit

" is completed over armature 511 of relay 24{ and ‘
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the switch TD3 is rotated over the level upon
which it has been set. The rotary movement of
the switch TD3 is determined by the position of
the wiper 261 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 move-
ment, contact 2 associated with wiper 300 of the
switch RS6 being cross-connected to conductor
304 and thence to wiper 267. Relay 242 at arma-
ture 520 serves to maintain the circuit of relay
‘222 during the rotary movement, the original cir-
cuit being opened at rotary off-normal springs
385. At the termination of the rotary movement
of the switch TD3, the wipers of switch RS6 are
stepped on to the 3rd contact and relay 222 re-
leases. .
The release of relay 222 causes at armature 431
the disconnection of the impulsing conductor 516
from. relay 21f. A further impulsing conductor
528 is, however, connected for the purpose of
digit transmission from the register translator
over rotary off-normal springs 396 of the switch
TD3 in their operated position (Fig. 5) to arma-
ture 411 of relay 208. It is to be noted that the
circuit over which earth is extended to wiper 300
{s opened at armature 428 on the release of relay
222. The circuit is however maintained over
rotary off-normal springs 397 which close on the
first rotary step of the switch TD3 to shunt arma-
ture 428. Impulse transmission now commences
-from the register translator and the first digit
is controlled by wiper 300 of the switch RS6 in
position 3. Referring again to Fig. 18 it will be
~ seen that contact 3 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

_ Consequently contact 8 associated with wiper 300 '
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routing of the connection to and through the .

Mons central exchange. Thus contact 4 is cross-
connected to conductor 0 of the 10 control con-
ductors to step the first group selecior 1GS to
the 10th level where it selects an idle junction
line of “good” grade to the Mons central ex-
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change. As previously pointed out the nexi digit,

will be the digit 8 in order to step the incoming
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 con-
tact 6 associated with wiper 300 will be cross-
. connected to conductor 305 which is direcily 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 services
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 retrans-
mitted determines whether a “good” or “poor”
grade junction line extending from the Mons cen-
tral exchange shall be taken into use. As pointed
out previously this depends on the destination
exchange and also as to whether repeaters are to
be used in the connection. Assuming that a
“good” grade junction is to be employell as de-
termined by wiper 270, the transmission of the
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next digit will cause the toll line circuit finder
TLF| to start hunting for an idle toll line con-
trol circuit TLCC. The routing of the' call

_through Mons exchange is now completed and the

remaining digits are transmitted to Mons in code.

is cross-connected to conductor 316 to cause cir-
cuit operations to take place as described pre-
viously which result in the transmission of coded
impulses., The next seven contacts, i. e., contacts
9 to 15 associated with wiper 300 are cross-con-
nected respectively to conductors 308 to 315 in-
clusive which are directly connected with the
vertical and rotary wipers 323 and 260 of the
switch TDI, the vertical and rotary wipers 32§
and 266 of the switch TD2 and the wipers 212,
214 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 & signal from
the toll line control circuit TLCC. The digit
control when wiper 300 is on contact 16 is only
employed in certain circimstances which will be
described later and on a normal call no digit is
transmitted. Contact 16 is, therefore, cross-con-
nected over armature 503 of relay 207 and its
resting contact, armature 521 of relay 206 and
its resting contact to conductor 507 (Fig. 6).
Earth extended over wiper 300 therefore causes
the energisation of relay 233 which at armature
529 closes a circuit which caudes wiper 300 to be
stepped on' to contact 17 without any digit being
transmitted. This circuit will be traced in detail
later. The remaining digits to be transmitted
from the register translator represent the cdlling
party’s number and the rate at which the call is
to be charged. The transmission .of the digits
representing the calling party’s number takes
place as described previously except that the
cross~-connection between contact 17 and conduc-
tor 318 which controls the transmission of the
10,000 digit of the called subsecriber’s number is
extended over contact 502 and its resfing con-
tact, the purpose of which cross-connection will
be explained later. Finally when the calling
party’s number has been transmitted wiper 308
is stepped on to contact 22 which is connected to
conductor 308 which is directly connected to
wiper 211 of the switch TD3. This is for the pur-
pose 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 exchapnge in that
zone. Finally contact 23 is cross-connected to
conductor 317 to cause the release of the register-
translator as previously 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 in-
dicating the type of metering which is to be em-
ployed is transmitted to the first group selector
subsequently. This method of operation con-
siderably reduces the holding time of the junc-
tion. The necessary alterations to effect this
modification are slight and will be readily ap-
parent to those skilled in the art.
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VARIATION IN THE CROSS-CONNECTING FIELD WHEN

PRICE or CALL REQUIRED
Facilities are provided whereby on multi-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 ¢all number. This additional
digit has the following effect.

When. the 8th digit has been received by the .

register-translator, the following circuit is always
closed during the release period of relay 204:
- earth at armature 383 (Fig. 7),-armatures 384,
524, wiper §52 and bank commoning lower wind-
ing of relay 205 to battery. Relay 205 partially
operates in this circuit and closes its “X” arma.
ture 525 both windings being energised in series
to earth at armature 338 (Fig, 11) when' relay
203 releases and at armatures 524 a circuit is pre-
bared for relay 206.. If now a further digit is
dialled, the individual Ampulses will have no effect
‘but at the end of the train the following circuit
is closed also during the release period of relay
204: earth at armature 383, armatures 384, 524
and its operated contact, winding of relay 206 to
battery. Relay 206 in operating at armature 526
completes a holding circuit for itself to earth at
armature 338 and at armature 527 alters the
cross-connection extending from contact 1¢ 8550~
ciated with wiper 300 (Fig. 18),
- Referring now to Fig. 18 it will be seen that
contact 16 is normally cross-connected over
armature 503 of relay 207 and its resting contact,
armature 5271 and .its resting contact to condue-
tor 507 extending to relay 233 (Fig. 6). As pre-
viously described this connection serves
the switch RS6 on to contact 17 without the
transmission of any coded digit from the register-
- translator. - With relay 206 operated however the
€ross connection extends over armature 527 and
" its operated contact to conductor 0 of the con-
-trol conductors. The digit “0” is. thus trans-

to step *
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- mitted in code and transmission of this digit -

-causes an indication such as an asterisk or other
. suitable sign to be printed on the ticket so that
at the.end of conversation the calling party is
rung and given the total cost of the connection.
It can also operate g warning signal to call the
attention of an attendant.
It is pointed out‘that any digit can be employed
. for obtaining this facility since the number of
.- impulses transmitted is not of importance, ‘1t
has however been found preferable to employ
the digit “0” for this purpose.. .

- VARIATION WHEN CALLS ARE SET UP FROM MaNUAL
. , OPERATOR

50

. 4s 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 in-
- ternationa) operator, the call is metered by the
manual operator and
“‘ments must be provided for altering the cross-
" connections. extending from the contacts asso-

ciated with the appropriate wipers of the switch
“RS6,

It should be pointed out that when the register
translator is seized from g manual operator’s
position, booster battery is - extended from the
register translator finder switch over conductor
131 to cause the operation of relay 186, the recti-

_ fler 514 being so arranged that it is not operated
" when the usual battery potential is applied over

for this purpose arrange-
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this conductor. Relay 186 in operating locks over
its “X” armature 513 to earth at armature 344
of relay 190; at armature 512 it opens its original
energising circuit; at armature 510 it closes an
energising circuit for relay 197 to prevent any
operation of relays 188 to 202 and the Switches
RS3 and RS4 which normally record the calling
party’s number and at armature 809 closes a cir-
cuit for relay 201. Relay 207 operates and at
armatures 500 to 506 alters the cross-connection
extending from certain of the contacts associated
with wipers 297, 300 and 302, - )

_.Consideration will now be given to the effect
of the operation of relay 201 as regards the cross.
connections extending from contacts associated
with wipers 297 and 300, that for wiper 302 being
considered later. Referring first to wiper 297 jg
will be remembered that contact 6 is cross-con-
nected over armature 501 of relay 2071 and its
resting contact to conductor 318 to cause the
transmission of the 10,000 digit of the calling
party’s number in code, Similarly contact 7 iy
cross-connected over armature 500 and its rest-
ing contact to conductor 318 to cause the trans-

5 mission of the 1,000 digit of the calling party’s

number. When the connection is being set up by
manual operator, however, the calling party’s
number will not be transmitted but in place of
tnis 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 501 in its
operated position to conductor 1 of the contro}
conductors. No further transmission is now nec-
essary from the register translator and conse-
quently contact 7 is cross-connected over arma-
ture 500 and its operated contact. to conductor
317 to cause the release of the register trans-
lator. : .

With regard to wiper 300 it will be remembered
that contact 3 is normally cross-connected over
armature 504 and its resting contact to con-
ductor 3 of the control conductors to cause the
transmission of the digit which gives an indica-
tion in the first group selector of the type of
metering which is to be employed. Since the call
is metered by the manual operator when a con-
nection is being set up from a manual exchange,
the operation of relay 207 causes the cross-con-
nection from contact 3 to be extended over ar-
mature 504 and its operated contact to conductor
1 whereby the digit 1 is transmitted from the reg-
ister-translator. Purther contact 16 which is
hormally cross-connected to armature 521 would
now be cross-connected over armature 503 and
its operated contact to conductor 9 of the control
conductors, to cause the transmission of the digit
9 thereby giving an indication that the connec-
tion is being set up by a manual operator. Fur-
ther contact 17 which is normally cross-connected
over armature 502 and its resting contact to con.
ductor 818 to cause the transmission of the 10,000
digit of the calling party’s number is now Cross-
connected over armature 502 and its operated
contact to conductor 317 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 cost of the call to be communicated

* to him. It will be understood that if the call
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originates from a manual exchange, the call is
metered in the usual way by the originating op-
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erator and hence no rate digit will be transmit-
ted. This involves & loss of time since the route
control switch RS6 has still to step over this
contact. Now there will normally be five rate
digits with a possibility of a sixth when Blaton
is converted to automatic working and by refer-
. ring to Fig. 14 it will be seen that six digits can
be transmitted without employing the fourth im-
pulse of the cycle. Hence by employing the digit
«g” for instance as a manusal indication it can
pe transmitted as an alternative to the rate digit
with a consequent saving of time. :

CoDED IMPULSE TRANSMISSION 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
240 and 209 to earth and battery respectively in
the first group selector, battery potential being
extended over the positive conductor. When im-
pulse transmission” takes place, the battery and
earth potentials are replaced in the register trans-
lator by battery over resistance .43% and direct
earth, impulsing being. controlled by contacts 366
and 367. )

When coded impulses are to be transmitted,
each digit is represented by the eyclic operation
of four of the counting relays of the group RGb.
Normally the sequential operation of these four
relays would involve the transmission of four im-
pulses 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
ag regards their transmission over the positive
conductor, those transmitted over the negative
conducior being in all cases unaffected. The
code adopted is indicated in Fig. 14 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, the 1st and 3rd
jmpulses of the cycle will be stuppressed, the 2nd
and 4th being transmitted and so on for other
digits.

The manner in which this coded transmission
takes place will now be considered. On the op-
eration of relays 225 and 226, the counting relays
of the group RGS will be removed from the con-
trol of conductors 1-10, at armature 460 and 46{.
1n addition conductors 1_10 of the cable 288 will
be' extended over armatures 455 and 456 of relay
295 and armatures 463-410 inclusive of relay 226
to the windings of relays 221 to 232 inclusive.

Assume the digit «5” is to be transmitted. Then
earth is extended over conductor 5 as previously
described to cause the energisation of relay 232.
Relay 232 then closes the following. circuit: bat-
tery, resistance 435 (Fig. 9), armature 521 of re-
lay 232, armature 436 of relay 216, armatures 439,
444 to the contact associated 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 re~
sponds to the first impulse however and on the
termination thereof opens the shunt circuit at
contact 436. The next impulse is therefore trans-
mitted over the positive conductor and at the end
of this impulse relay 217 operates fully and again
closes the shunt circuibt
armature 366. This shunt circuit extends as
traced above except that it passes over armature
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position instead of over
and armatures 436 and
is transmitted over the
the termination of this
fully and locks

armature 521 of relay 232
439. The fourth impulse
positive conductor and at
impulse relay 218 operates
over its own armature 448 and
relay 218. Relay 2 i9 at armature
447 opens the circuit of relay 218 which releases
and st armature 445 opens the circuit of relay
218 which also releases. On the release of relay
219 the four relays 216, 211, 218 and 219 are now
all de-energised and the transmission of the next
place. It will of course be under-
stood that the transmission of digits other than
the digit #5" will take place in a manner similar
to that described above although the detailed
circuits will differ in order that the correct im-
pulses as indicated in Fig. 14 may be suppressed.
For instance for the digit “0” relay 282 will be
energised over its lower winding in series with
relay 221. The shunting circuit for the first and
third impulse is the same as described in connec-
tion with the transmission of digit 5 and the.
shunting circuit for the second impulse thus ex-
tends over armatures 554 and 553 to armature
436 so that the first, second and third impulses
are suppressed.

The switch RS6 is stepped at the termination
of each digit transmission over a branch of the
energising circuit for relay 219 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 & number of ways. For instance
the impulses may be transmitted over the posi-
tive or the negative conductor and this method
enables a more satisfactory check to be made at
the point where the jmpulsés are received as will
be explained more fully in connection with the
operation of the toll line control circuit.

BARRED CALL FACILITY

As mentioned previously the register-trans-
jator is provided°with arrangements whereby it
can be determined whether a call set up by a par-
ticular subscriber is allowable or not. This facil-
ity is of considerable importance where a tele-
phone instrument is available to the public who
could otherwise set up quite expensive calls with-
out paying the appropriate fee. On a fully auto-
matic system this privilege may possibly be
abused in that the public may endeavour to set
up calls to which they are not entitled. The cir-
cuits of the register-translator are, therefore, ar-
ranged in one embodiment so that a ealling party
is unable to set up from such an instrument calls
prefixed by the digit “0.” To enable the necessary
discrimination to pe effected at the register-
translator between ordinary subscribers and sub-
seribers having limited facilities it is arranged
that in the latter case an earth is connected to
the positive conductor extending to the register
be remembered that when the

- calling party’s loop is extended to the register
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across the contact of

522 of relay 232 and armature 439 in its operated 7%

translator, relays 181 and 188 are operated and
a circuit is completed for relay 189 over arma-
ture 326a of relay 181 to earth at armature 329
of relay 238 (Fig. 3). An additional circuit is
also provided for relay 189 at armature 3711 of
relay 188, When, however, earth is connected to
the calling party’s loop, relay 188 is not operated
and relay 189 is then held solely from earth ab
armature 329. If, however, the first digit oper-
ated is “0,” relay 238 is operated and earth is thus
removed at armature 329 from relay 189 with the
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result that this relay releases followed by the re-
lays 190 and 191 to cause the release of the regis-
ter translator as described above,

. It is, however, at times Permissible for certain
calls to be set up the first digit of which is “0.”
This will be the case for instance for g call to
the speaking clock or for a call from Hautrage
to Blaton when the latter is fully automatic and
it is, therefore, desirable for the register trans-~
lator to perform a further diseriminatory func-
~tion to distinguish between allowed ang.barred
calls commencing with the digit “0.” Reference
should now be made to Fig, 21, which shows the
essential arrangements for carrying this into ef-
fect. It should be pointeq out that the same
relays and armatures are given the same refer-
ences in Fig, 21 and Figs, 3 to 12, Referring now
to Fig. 21 when a call comes in from a subscriber
having limited facilities, relay 1871 only operates
and causes the sequential operation of relays 189
‘and 190. When the first digit, that is the digit
“0,” is registered by the vertical movemeni of
the switch TDi, relay 238 is operated followed
shortly after by the operation of relay 231. Dur-
- ing the period between the operation of relays
238 and 237, relay §53 is operated over armature
326a of relay
relay. 189. Relay 189 remains energised. Relay
553 closes at locking circuit for itself from earth,

armatures 329, 557, lower winding of relay 553 to .

battery, over the resistance 560. Relay 553 at
armature 558 connects the terminal 558 which is
arranged in the Cross-connecting field of the ro-
tary switch RSS, to conductor 142,

Terminal 559 is cross-connected to contact 3
associated with wiper 300 of the switch RS6 and
consequently the register translator and the reg-
ister translator finder are restored to. normal
and a tone is transmitted to the calling subscriber.,
It will be understood that the -addition "of the
Cross-connection to terminal 559 is in addition
to the connections shown in Fig. 18. Thus con-
tact 3 will be cross-connected to terminal 559
while contact 4 wil] be_cross-connecteg to con-
ductor 3 of the 10 control conductors. AIll the
other cross-connections will be similarly advanced
by one contact. . . ’

. In the case of g call from an unrestricted sub-

- scriber, relay 188 operates together with relay
{87 and causes the sequential operation of relays
189, 190, and 191, the energising circuit of the
latter relay extending over armature 555 while
the locking circuit extends over armature 554.
Relay 553 cannot now operate since it is short-
circuited by earth at armature 377 and the con-
nection is set up as previously described. o

Calls commencing with the gdigit “0” and which
are regarded as local are, however, allowed to the
restricted subscriber ang the wiper 56§ of the
switch TD3 which represent these calls are
strapped together ang a connection is taken.over
conductor 562 to the junction point of the lower
winding of relay 553 and the resistance 560. On
a call of this nature, therefore, relay 553 operates
and locks as before but .the locking circuit over
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is dialled as the first digit the earth connection
is effected due to the rotation of the finger hold

~ plate or it can be made under the control of a
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the lower winding is short-circuited by earth over -

wiper 561 when the switch TD3 has. been set.
Relay 553 is thus released and the call may be
set up as previously described. ’ T
With regard to the arrangements for connect-
ing earth to the .Positive conductor where the
* barred call service is required this may be either
bermanent or temporary. In the former case an
addition may be made to the dial switch of the
telephone instrument so that when the digit “0”
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" 19 it will be seen that

push-button which may be remote from the tele~
bhone instrument. The latter arrangement en-
ables the barred call facility to be employed or

not as desired. . )
OTHER CALLS

A brief description will now be given of the
cross-connections employed for setting up other
calls from Hautrage exchange. :

CALLS TO SUBURBAN EXCHANGE

As explained previously there is at present a
direct junction between St. Ghislain and Dour
and calls from Hautrage to Dour are extended
through -8t. Ghislain. ' Now Dour is in 8 subur-
ban area within the Mons Zone and hence a call
thereto from Hautrage is g multi-rate call. At
the moment, therefore, the call is metereq by the
operator dealing with incoming calls at Dour,
The cross-connections for setting up a- call to
Dour extend from contacts 1-4 associated with
wiper 801 -of the switch RS6 and referring to Fig, .
contact 1 is cross-connecteq
to ‘conductor 1 of the control conductors while
contact 2 is cross-connected to conductor 309 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 arrangeq 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 310 in order to secure the transmission
of the. second digit dialled by the calling party,
This digit is repeated through St. Ghislain to
Dour to extend the connection to an operator’s
position at Dour. The remainder of the call is
thus set up manually and consequently conduc-
tor 4 is cross-connected to conductor 317 to cause
the release of the register transtator,

When Dour is converted to automatic working,
the junction between it and St. Ghislain will prob-
ably .be removed and g direct junction will be
brovided between Dour and Mons so that calls
from Hautrage to Dour will be set up entirely
automatically and will be routed through Mons.
Further, since the call is a multi-rate call ticket-
printing apparatus will be taken into use at Mons -
for the purpose of recording the total charge.
The trunking layout shown in Fig, 2 does not
provide the necessary switches for routing the
call to Dour when the latter is automatic, but
it is obviously not a qifficult matter to arrange for
this. The switch LS has no spare contacts but

2 group selector could be inserted between the

switches IS ang LS, the group selector having
access t0 ‘switches such as LS, some of, which
would have connecteq thereto junction lines ex-
tending to exchanges in the urban area while one
or more would have access to junction lines ex-
tending to exchanges in the suburban area. This
segregation would be desirable owing to the fact
that ticket-printing equipment has to be asso-
ciated with junction lines extending to subur-
ban exchanges. Alternatively the switch IS may
have direct access to junction lineg leading to
Dour. :

With regard to the ‘operation of the register
translator, it will be understood that although g
call to Dour is a multi-rate call, it differs from
multi-rate calls to exchanges in other zones 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 reg-
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ister transiator the further operation is controlled
by the route control switch RS6, the circuits of
the register translator will not have to be al-
tered but the modifications will occur in the cross
connections extending from the contacts associ-
ated with wiper 301 of the switch RSS. ‘
Rate determination will be limited to the choice
between 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 & call to an ex-
change in another zone. The requisite informa-
tion will be transmitted to the Mons exchange in
coded form since this results in & saving of time
and a converter will be employed for converting
the codéd digits into decimal
non-decimal impulse trains will be required how-
ever since repeaters will not be employed and
“poor” grade junction lines may be used. The
routing digits may be transmitted in the form
of alternating current impulses or if direct cur-
rent impulsing is to be employed, regeneration
may be made use of. At the end of conversa-
. tion the various jtems will be transferred to the
printer-controller as for other calls with the ex-
ception that the star indication may not be em-
ployed.

An example of the cross-connections which"

would serve for setting up & call to Dour when
the latter is sutomatic is shown in Fig. 20. It
should, however, be understood that this partic-

routing digits. No
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upper winding of relay 808 to battery. Similarly
battery is extended over the positive conductor
108 to conductor 60§, armature §62 and its rest-
ing contact, make-before-break contacts of arma-
tures 658 and 860, lower winding of relay- 609 to
earth. Relay 609 therefore operates and at ar-
mature 649 closes a circuit for relay 610. In ad-
dition 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
801 to test conductor 602 and conductor 110. The
switch is now in a condition to receive impulses
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-
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ular example is somewhat. tentative and may in- -

volve alteration when the route which the eall
follows in the Mons exchange has been finally
decided. Wiper 302 in Fig. 20 represents an al-
ternative to wiper 381 of switch RS6 and can he
substituted therefor when the change takes place.
to Fig. 20 it will be noted that

contact 1 associated with wiper 302 is cross-con- -

nected to
to cause the transmission of the
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 IGS (Fig. 2) is raised to the ninth
level to select a “poor” grade junction line to
Mons. Contact 3 is cross-connected to conductor
306 which in turn is connected to wiper 265. The
contact on which wiper 265 is resting is connect-
ed to the appropriate control conductor to cause
the transmission of the appropriate routing digit
to Mons. This is the only routing digit trans-
mitted to Mons and hence in this particular ex-
ample the junction lines to Dour .are directly
accessible over the switch IS. Contact 4 is cross-
connected to conductor 316 to. enable the remain-
ing digits to.be transmitted in code. The re-
maining contacts are eross-connected in a man-
ner similar to thaf for a toll call to another zone
as shown in Fig.'18 the rate digit being transmit-
ted between the calling and called party’s num-
ber. .

DETAILED DESCRIPTION OF FIrST GROUP SELECTOR

Reference will now be made to Figs. 22, 23 and
24 which show the circuits of the first group se-
lector IGS and to Fig. 25 which shows & junction
line circuit accessible to the wipers of the first
group selector.

. When the line finder {LF switches through on

to the calling line, earth as previously explained

is extended from the register-translator over the -

negative conductor {09, to conductor 500 (Fig.
922), armature 661 and its resting contact, make-
before-break contacts of armatures §51 and 639,
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ation of the switch wipers. This digit may be
1, 2 or 3 and on the first impuise, relay 608 re-
leases and closes & circuit over: earth, armature
648 and its resting contact, armature 655 and its
operated contact, rotary off-normal springs 642,
make-before-break contacts of armature 665, ad-
matures 669, 8713, lower winding of relay 613 to
battery. Relay 613 is & two-step relay and at
this time closes its “X” armature 612 only. At
the termination of the impulse, relay 613 operates
fully over: earth, armatures 654 (Fig. 22), 661,
672 to battery over both windings of relay 6i3 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 61t
is energised over both windings in a parallel
pranch of the impulse repeating circuit and being
slow-to-release is maintained operated for the
whole of the impulse train. R
Assume that the first digit comprises three im-
pulses. Then the second impulse will cause the
energisation of relay 612 over operated armature
613. Relay 612 is also a two-step relay and op-
erates in a similar manner to relay 613. It locks
over its “X” contacts 668 to earth over armatures
619 and 654 and on operating fully at armature
6671 opens the locking circuit of relay 613 which
thereupon releases. Finally the third impulse
causes the energisation of relay 615 over operated
armature 669. Relay 615 is a two-step relay and
at the end of the impulse locks over its “X” ar-
mature 680, armatures 686, 656, to earth and op-
erates fully. At armature 679 relay 615 opens the
locking circuit of relay 612 which releases. Re-
lay 611 also releases at the end of the impulse se-
ries and at armature 676 the’ following circuit is
closed for relay 620; -earth, armatures 653, 676
(Fig. 22), armatures 518, 684, or armature 611
or 566 according to the number of impulses, ver-
tical off-normal springs 644, resistance 688, centre
winding of relay 620 to battery. Relay 620 oper-
ates and at armature 665 prepares an impulsing -
circuit to the. vertical magnet 622. The second
impulse series transmitted from the register
translator is repeated at armature 649 of relay
6)9 over the following circuit: earth, armature
549 (Fig. 22) and its resting contact, armature
655, rotary off-normal springs 642, operated con-

_ tacts and armature 665, resistance 689, rotary off-
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‘relay 620 is opened at vertical

normal springs 64! in parallel with the low re-
sistance lower winding of relay 620, winding of
magnet 622 to battery. On the first vertical step
of the switch the original energising circuit of
off-normal springs
644 but the relay is maintained operated by the
impulses over the lower winding. At the end of
the impulse series, relay 620 releases and at ar-
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mature 668 the following circult is closed for the
rotary magnet 621: earth, armatures 653, 676
(Fig. 22), armatures 6§18, 684, vertical off-normal
springs 644 in their operated position, armature
664, winding of rotary magnet 621 to battery. The
rotary magnet energises and steps the wipers on
- to the first line in the selected level. Further on
energising the rotary magnet closes contacts 630
thereby completing the following”circuit: earth,
armature 654 (Fig. 22), winding of relay 6189, ar-
mature 685, 11th step springs 640, self-interrupt-
_ ing contacts 690 of magnet 621, 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 620 operates and at armature 664 opens
the circuit of the rotary magnet. - The rotary

magnet thereupon releases and opens contacts

590 whereupon relay 620 releases and again closes
the circuit for the rotary magnet.  This interac-
tion continues until an idle line is found to which
no battery potential is applied. Relay 618 now
operates in series with the upper winding of relay

20

620 and locks over armature 687 in series with '

the centre and upper windings of relay 620 and
at armature 684 opens the energising circuit of
the rotary magnet to prevent any further opera-
tion thereof. Further at armature 686 relay 619
opens at its resting contact, the locking circuit 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 686 of relay 619 closes
the following circuit for relay 608; earth at ar-
 mature 856 (Fig. 22), armatures 686, 696, wind-

ing of relay 608 to battery. In addition relay 619
at armatures 681 and 682 closes points in the cir-
cuit of the outgoing conductors. Relay 608 in op-
erating over the above circuit at armatures 657,
658, 659 and 660 disconnects the conductors 600
and 60f incoming from the register-translator
from relay 609 which releases and connects them
to the outgoing conductors over a circuit which
bypasses the condensers-681 and 692, thereby pro-
viding a direct current impulsing circuit from the
register translator to the succeeding ‘apparatus.
Impulse transmission from the register-transla-
tor continues and at the termination thereof,

earth is disconnected from conductor 602 where- ;

upon relay 607 which was short-circuited by this
" earth and the earth extended from armature 652,
operates over the following circuit: earth, arma-
ture 652, upper winding of relay 607, armatures
695, 651, winding of relay 610 to battery over re-.
sistance 699. Relay 607 operates and locks over
its “X” armature 697 to earth at armature 656;
at armature 696 relay 607 opens the circuit of re-
lay 698 which releases; at armatures 693 and 694
it closes a loop including resistances 780 and 701
for holding subsequent switches and at armature
695 short-circuits its upper winding to make it
slow-to-release. Relay .608 on releasing recon-
nects the incoming conductors to relay 689 which
energises and at armatures 647 and 648 shunts
armatures 693 and 694 together with resistances
700 and 701. This holding circuit extends as fol-
lows: negative conductor, wiper 624, armatures
681, 648, make-before-break contacts associated
-with armature 103, right-hard winding of shunt
field relay 614, upper winding of relay 615, make-
before-break contacts associated with armature
102, armatures 647, 682 to the positive wiper 625.
The lefthand winding of relay 614 was energised
on the operation of relay 610 but the relay does
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not operate at this stage and neither does re-
lap 615. P ' .

The effect of the operation-of relays 612, 613
and 615-in response to the first digit received from .
the first group selector will now be discussed and
it will first be assumed that the connection is to:
be metered by the calling party’s meter in the
usual manner, 1. e., the first digit is “2” and relay -
612 is operated.- When the called party replies
the battery and earth connéctions are reversed
to cause the operation of relay 614. Relay 6i4 at
armature 106 closes the following circuit for re- -
lay 606: earth at rotary -off-normal springs 643
and their operated contacts (Fig. 24), armatures
105, 706, 670, winding of relay 606 to battery. Re-
lay 606 operates and at armature 108 disconnects
the earth from armature 652 which is applied to.
conductor 602 and connects booster battery there- .
to over conductor 110, The calling party’s meter
is thus operated. ‘Further relay 666 at armature
7088 short-circuits relay 612 which releases and
at armature 610 opens the circuit of relay 606
which also releases. . Purther operation.of the
calling party’s meter is thus prevented.

When the calling party replaces his receiver
at the end of conversation, relay 609 releases fol-
lowed shortly after by relay 610.  Relay 610 at

“armature 6§94 opens the circuit for relays 69 and

620 which release and at armature 653 and its

resting contact the following circuit is closed for
the release magnet 623: earth, armatures 653,
683, vertical off-normal springs 645, winding of

-release magnet 623 to battery, The switch wip-" .

ers are thus returned to normel. Further at ar-
mature 656 the locking circuits of the various
relays are opened and the switch is thus restored
to normal. _ : i Ce
When the first digit transmitted by the register-
translator is “1” indicating that the connection
is extended to an operator who as previously
stated will control the metering, relay 613 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 106
however, owing to the operation of relay 613,
relay 616 instead of relay 606 is operated, the cir- -
cuit being as follows: earth at operated rotary
off-normal contacts 643, armatures 705, 706, 614,
winding of relay 6i6 to battery. Relay 616 at

_armatures 102 and 703 disconnects the outgoing

conductors from the windings of relays 614 and
615 and connects them to earth over the wind-
ing of relay 617 and to battery over the winding
of relay 618, both the. relays operating. At ar-
mature T05 relay 616 opens ifts-own energising
circuit but being slow-to-release it is maintained
operated until its alternative circuit is closed at
armature Ti1 or Ti4; at armature 704 relay 616
provides an- alternative earth for relay 610 so
that the release of the switch and hence of the

connection set up by the calling party is com-

pletely under the control of the operator.
Thus when the calling party replaces his re-
ceiver, relay 609 releases but the only effect of

this release is to remove at armatures 641 and - .

648 the short-circuit around armatures 693 and
694 and the high resistances 700 and 701. The
current flowing in the loop circuit is thus reduced
sufficient to cause the release of the line relay at
the operator’s position to indicate that the call-

ing 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
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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 nega-

tive conductor is opened at the operator’s posi-
tion. Relay 8i8 then releases and the following
circuit is closed; earth at operated. rotary off-
normal springs 643, armatures 105, 712, 71i8, 8590,
winding of relay 804 to battery. Relay 604 oper-
ates and at armatures 661 and 882 connects con-
ductors T{T and 1i8 to conductors 800 and 8601
over which conductors ringing current is trans-
mitted to the calling party.

It is also possible as will be appreciated frocm
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
617 releases and a circuit is closed as follows:
earth at operated rotary off-normal springs 643,
“armatures 705, 712, 716, winding of relay §06.
" Relay 606 operates and causes the operation 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 125 is connected up.
This conductor is periodically earthed and serves
to energise relay 605 over: conductor 7125, arma-
tures 707, 713, 698, make-before-break contacts
associated with armature 721, upper winding of
relay 605 to battery. Relay 605 operates and locks
over its lower winding, armatures 722, 108, 705 to

earth af rotary off-normal springs 643; at arms- -

ture 721 it opens its original energising circuit
and at armature 728 connects conductor 723 to
the junction point of resistance 699 and the
winding of relay 6i8. Conductor 723 is also
earthed periodically, the time between an earth
pulse over conductor 725 and one over conductor
123 being considerably greater than that neces-
sary for the connection to be set up and the called
party to reply. Consequently when an earth
pulse is transmitted over conductor 723, relay
810 is short-circuited and releases to ¢ause the

release of the group selector and of the connec-

tion,

On g call for an exchange to a different zone, if

- no junction lines to the required zone are avail-
able the connection is automatically routed o an
operator at the Mons exchange who then sets
up the connection and controls the release there-
of. In this case relay 613 in the group selector
must be operated and to do this a pulse of alter-
nating current is transmitted over the negative
conductor to the group selector when the opera-
tor replies. It will be understood that this alter-
nating current signal will be received before the
register-translator has finished impulse transmis-
sion, so that relay 608 is still operated. Relay 603
responds to the alternating current due to the
parallel-connected rectifier 129 and at armature
728 closes an obvious circuit for relay 613. Fur-
ther 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
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
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and at their operated contacts earth is applied to
wiper 628 to operate an overflow meter; at con-
tact 638 a circuit is closed for relays 619 and 620

in series so that these relays operate to prevent

further energisation of magnet 621 and finally at
contact 638, busy tone is transmitted over con-
ductor 128, condenser 127 to the positive conduc-
tor and thence to the calling party. The latter
now replaces his receiver and relays 609 and 610

_release and the release of the switch takes place

as previously described. i R

Referring to the junction line circuit shown in
Fig. 25 it will be seen that when earth is extended
over wiper 626 of the 1st group. selector on the
operation of armature 685 (Fig. 24), relay 627 is
operated and at armatures 130 and 731, the
wipers of the group selector are extended over
conductors 632 and 633, armatures 7130 and 731,
to the junction line conductors 635 and 836. Re-
lay 627 in addition locks independent of arma-
tures 138 and 7135 over contact 732 to earth on .
wiper 626 of the group selector, this earth pro-
viding busy test to other group selectors. Final-
ly at armature 733 the shunting earth is removed
from relay 631 which thereupon operates and an
armature T43 closes a signal ecircuit to indicate
the busy condition of -the junction line,

The junection 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
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and 629 operate. At armatures 734 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 737 removes
the shunting earth from relay 631 to enable this
relay to operate. Relay 630 in operating at arma-
tures 739 and 740 extends the junction line con-
ductors 635 and 636 to conductors 744 and 145
extending to the incoming group selector which
is permanently associated with the junction line;
at armature 138 extends a further guarding earth
to conductor 634; at armature 741 locks to earth
in the incoming group selector over conductor 145
and at armature 742 opens & further point in the
shunting circuit to relay 631. Reélays 628 and 629
release when their circuits are opened at arma-
tures 739 and 740, 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 ‘yet released, relays 628 and 629 operate again
to maintain the junction line busy. When the
Mons equipment has released, relays 628 and 629
release and the junction line is available for other
calls.

Reference will now be made to the circuits
which are provided at the Mons exchange. Itwill
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 detailed
description will therefore be given only of the
toll line control circuit TILCC, the printer-con-
troller PC, the date and time unit DTU and the
printer units PT and PU. The register trans-
lator or converter C with the associated finder
switch CF is described in detail in my co-pending
apphcatoin Ser. No. 278,721, filed June 12, 1939.
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D!TAILED D!SCRIPTION or ToLL LINE CONTROL
CIRCUIT

The toll line control cireuit 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 register-translator as
previously described. In addition the toll line
- control circuit sets in operation the switch CF to

10

hunt for an idle converter C to which the digits ‘

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 infor-
mation and finally at the end of the call it again
sets the switch CF in operation to hunt for an
idle printer-controller PC to which it transmits

all the stored information, whereupon the con-.

nection is released.
When a connection is extended to the toll line
control circuit earth potential is extended over
. conductor 150 (Fig. 31), upper primary winding
of transformer 8{{, 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 T77.
Relay 111 in operating at armature 819 extends
earth from make-before-break contacts asso-
ciated with armature 823 to conductor 752 to
- guard the toll line control circuit and at armature
818 closes an obvious circuit for relay T8i.
181 in operating at armature 826 closes a self-
interrupting circuit for the magnet 810 of the
converter finder switch CF (Fig. 30). This circuit
extends as follows: earth, armature 832 (Fig. 33),
armatures 825, 826, 840, self-interrupting con-
tacts 841, windings of magnet 8(0 to battery. A
busy converter is indicated by an earth on the
appropriate contact associated with wiper 9TI
which is extended over armature 844 in its resting
Eosition, cam springs 842 in their resting. posi-
fion to the upper winding of relay 180, the other
terminal of this winding being connected to earth
over the following circuit: earth at armature 817
(Fig. 33), armatures 834, 825 in its operated posi-
tion both windings of relay 780 in series. Relay

180 is thus short-circuited and does not operate 3

so that the wipers of the switch CF are rotated
until they reach an idle converter. When this
occurs relay 180 operates from earth at armature
. 811 as traced above over wiper 971 and conductor
984 to battery in the converter. Relay 7180 in
operating at armature 840 opens the energising
“circuit to the magnet 810; at armature 839 clases
a locking circuit for itself independent of relays
7181 and 182 and at armature 838 closes an ob-
vious circuit for relay 187. Relay 181 in operating

Relay
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at armature 848 closes a circuit for relay 7188 to -

earth at armature 841 and at armature 849 closes
a circuit for relay 7189. Relay 7188 in operating at
armature 879 closes a circuit from earth at arma-
ture 886 . (Fig. 34) for relay 786 which operates.
The operation of relays 186 and 188 causes wipers
959 to 962 of the switch OP to be. connected to
wipers 861 to 910 of the switch CF over the pairs
of contacts 880, 813; 881, 874; 882, 815; and 883,

816. Further relay 187 at armatures 863 and 864

connects wipers. 973 and 914 of the switch CF'to
the toll line conductors 158 and 760. Relay 789
in operating at armature 852 extends earth at
armature 848 over the winding of relay 7118 to
‘battery (Fig. 33) and at armature 853 connects
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relay 163 (Fig. 31) to the. positive. conductor 151

over make-before-break contacts of armature ’

814 and the lower primary winding of trans-
former 811. Relay 163 operates on its connection
to conductor 15¢ and at armature 862 extends
earth from armature 865, windings of relay 119 to
battery. Further -its connections :to this con-
ductor serves as an indication in the register-
translator that the toll line control circuit is
ready to receive impulses therefrom. Relay 119
operates and locks over armature’ 869 to earth
at armature 851 (Fig. 35). Relay 119 in operat-
ing at armature 871 closes an alternative circuit .
for relay 118 independent of relay 181 and 789.

“It should be pointed out that the cam springs
842 of the switch CF remain in the position shown
‘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 reglster-tra.nslator
now commences snd in this connection it will be
appreciated from the description of the opera-
tion of the register-translator on- a  call for
another zone that the digits which are to be
received by the toll line control circuit TLCC
comprise the called party’s number (seven digits),
the special digit, if any, the calling party’s num-
ber (five digits) and finally a digit which indi-
cates the rate at which the call is to be charged.
Further all these digits are transmitted in code.

With regard to the code in which the digits
are transmitted each digit is transmitted by a
series of four impulses, each impulse being trans-

. mitted over the. negative conductor while only

certain combinations of the impulses are trans-
mitted over the positive conductor. Briefly the
effect of for example the first digit in the toll line
control circuit is that the impulses over the neg-
ative conductor serve to step the switch IP from
contact 1 to contact 4 while the -impulses trans-
mitted over the positive conductor serve to op-
erate appropriate ones of the counting relays of
group I comprising relays 892 to 895 which are
connected up over contacts 1 to.4 associated with
wiper 850 of switch IP. A similar group of count-
ing relays Is provided for each digit and since a
‘maximum of 14 digits have to be stored, that
number of relay groups will have to be provided.

These relay groups are accessible over wipers 950,
85¢{ and 952 of the switch IP, wipers 950 and
851 being spaced apart by 180°, In addition the
impulses transmitted to the counting relays are
also transmitted over the wipers of the switches
OP and CF to the converter, the switch OP mak-
ing one step on the reception of each digit. The
relay or combinations of relays which operate to
indicate the different dizits will be apparent from
Fig. 14 if the numbers.1, 2, 3 or 4 appearing in
the upper horizontal row are replaced by the
relay references 892, 893, 894 and 895 respective-
ly. The same applies to the relays in the other
counting groups. It should also be pointed out
t-at the counting relays employed in the various
circuits are of a special small type having a lock-
ing contact only. They are indicated in the
drawings by the diggonal lme m the bottom left
hand corner of the relay. .

A detailed description will now be ngen of the
reception of the first digit which by way of ex-
ample will be assumed to be the digit. 1. Refer-

- ring: to Pig. 14 it will be seen that the first two

impulses only are transmitted over the positive
conductor. The first xmpulse therefore interrupts
both t"e positive and.negative conductors 15{
and 750 and both relays .164 and 163 will de-
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energise. Relay T84 at armature 813 and its rest-
ing contact closes the following circuit: earth,
armature 815 and its resting contact, armature
828 and its operated contact; armature 837, wind-
ing of magnet 887 of switch IP to battery. Mag-
" net 807 energises but since it operates on the re-
verse-drive principle the wipers are not stepped
at this time.
815 and its'operated contact the circuit for relay
111 is opened but this relay is sufficiently slow-

to-release to enable it to remain operated for the -

It will be noted that at armature -

10

duration of the impulse series. Relay 163 at ar- .-

mature 862 closes the following circuit: earth,
armature 865, armature 862 in its resting posi-
. tion, armature 810, armature 900 in its resting
position, wiper 850 of switch IP on contact 1,
winding of relay 892 to battery. Relay 892 op-
erates and locks at armature 903 to earth at
armature 856 (Fig. 29) of relay 118 (¥ig.-33).
addition the impulse is also transmitted over con-
ductor 904, contact 1 and wiper 959 of the switch
OP, armatures 880, 813, wiper 967 of the switch
CF to the converter.

At the end .of the first impulse relays 763 and
164 re-operate and earth .is thus removed. from
wiper 950 and from the winding of magnet 801.

" The switch IP is thus stepped on to contact 2.
On the second-impulse relays 763 and 164 again

2,878,808

sition 3 to position 4 by earth connected to wiper
853 on contact 12, armature 889 and thence over
armature 897 as previously traced. The fourth,

-fifth, sixth and seventh digits are recorded in a

similar manner, the impulse repeating circuit for

" the seventh digit extending over contact 25 asso-

ciated with wiper 950 and contacts 1-3 asso-
ciated with wiper 851,

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.
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For this reason only éontacts 1-7 assoclated with
wipers 959 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 IT—VII and by the bracketed con-

tacts 2—7 associated with wipers 959 to 962,
~ 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 iransmitted over the posi-

- tive conductor so that the wipers of the switch

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
transmitted over contact 1 and wiper 860 of
switch OP, armatures 881 and 814, wiper 968 of
the switch CF to the converter. At the end of
the second impulse relays 163 and 764 re-operate
and earth is again removed from wiper 950 and
from the winding of magnet 807. The switch IP

is thus stepped on to contact-3. On.the third

impulse relay 764 only releases so that no earth
potential is applied to wiper. 850 and no impulse
is repeated.to the converter., The wipers of the
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switch IP are however stepped o position 4. - In

this position' the following circuit is completed:
earth, armature 861 (Fig. 33), wiper 953 of switch
IP on contact 4, armaturés 898, 897, winding of

mszgnet 809 of the switch OP to- battery. A’

branch of this circuit also extends over contact

818 of relay 188, wiper 9712 of the sw1tch CF to

the converter.

Magnet 809 is energlsed in the above cu'cult
but since the switch is arranged to operate on
the reverse. drive principle the wipers are not

stepped ‘at this time. On the fourth impulse no

impulse is transmitted over wiper 950 of the
switch IP or to the. converter but relay 7164 re-
leases to step the wipers of the switch IP to po-
position 5. . With wiper 853 on contact 5 the above
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traced circuit for magnet 809 is opened so that -
the magnet de-energises 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 d1g1t has now been
stored.

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 950 as shown by the bracketed conductors
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 third digit is stored on
group III of the counting relays connected to
contacts. 9 to 12 associated with wiper 950 while
the wipers of the switch OP is stepped from po-
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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 digit is received, which
consists of a positive pulse on the third impulse

-only of the series an earth is connected to wiper

951 in position 6 to cause the operation of relay
716. Relay T16 operates and locks over armature
829 to earth at armature 860; at armature 832
removes earth from the contact associated with
armature 840in order to prevent the finder switch
CF, on the release of the converter, from hunting
for an idle printer-controller; at armature 83f
closes a circuit for relay 182 which as described
later causes the restoration of the switch IP as no
further digits will be transmitted from the regis-
ter-translator; and at armature 830 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 is 2 unit rate one,
the “special” digit will not be transmitted in this
case. -

There is also a further possibility for the spe-
cial 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
851 in position 7 to cause the operation of relay

<)

905 which locks over contact 906 to earth at ar-

mature 860. 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 XTIT (not shown) in
a similar manner to that described for the pre-
vious digits.. The calling party’s number will not
however be repeated to the converter.

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 re-
1ay 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 950 and 861 are disconnected at
the termination of the 50th impulse and wiper
952 is connected up instead. When wiper 854 is
positioned on contact 25 to receive the 50th im-
pulse the following circuit is closed: earth at ar-
mature 861, wiper 954, on contact 25, armature
896, upper winding of relay 711 to battery. Re-
lay 111 is a two-step relay and closes its “X”
armature 802 only at this time. After the 50th
impulse 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 re-
moved and the relay operates fully over the fol-
lowing circuit: earth at armature 861, armature
902, both windings of relay 711 in series to bat-
tery. At armature 900 relay T7{ prepares the
circuit for extending earth over wiper 952 in-

- stead of wipers 950 and 951 for the reception of
the 51st to 56th impulses.

When the 56th impulse has been received the
following circuit is then closed: earth-at arma-
ture 861, wiper 853 of the switch IP in position
7, armature 904 of relay 171, winding of relay
782 to battery.  Relay 182 operates and locks over
armature 836 to earth at armature 864; at ar-
mature 833 it closes the following self-interrupt-
ing circuit for the magnet 807 of the switch IP:
earth at off-normal springs.807 (Fig. 26), arma-
tures - 908, 833, 824, interrupter contacts 914,
windings of magnet 807 to battery. The wipers
of the switch IP are rotated into the position
shown when springs 907 open to interrupt the
energising circuit for the magnet.
armature 837 relay 7182 disconnects magnet 807
from the resting contact associated with arma-
ture 815 and connects it to armature 918.

‘While the circuits shown are designed to oper-
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resting contact, resting contact and armature
921 of relay 184 to conductor 760. :

It is possible that the converter may complete
its operation before all the transmitted informa-
tion has been stored in the toll line control circuit. .
In this case the called party may reply before the
calling party’s line has been extended to the toll
line control circuit. To avoid this it may be neces-
sary to delay the transmission of the final digit
from the converter until a predetermined number, .
for instance twelve digits have been stored in the
toll line contro} circuit. Such an arrangement
has not been shown in the drawings 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 sub-
scriber. This sighal causes the momentary oper-
ation of relay 110, half waves of one polarity pass-
ing from the lower terminal of the upper sec-
ondary winding of transformer 811 through the
upper winding of relay 170, 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 terminal

* of the lower secondary winding, lower winding of
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ate with the above described form of coded im-. :

pulsing, it is to be understood that other forms
may be employéd: For instance impulses may be
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 negative conductor step the switch IP only

and no storage relay is operated. This arrange-.

ment has the advantage that a more positive
check may be effected since if an impulse over
either conductor is ineffective, relay 182 will not
operate while in the case described in detail
above, relay 182 operates if all the impulses trans-
mitted over the negative conductor are effective
irrespective of the impulses transmitted over the
positive conductor. Failure of relay 782 to oper-
ate 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
release of relay 780 followed by the release of re-
lays 787, 788, and 786 while relay 189 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 outgoing con-
~ ductor 759 of the toll line while the upper sec-
ondary winding is connected to outgoing con-
ductor 760 over armature 863 of relay 781 and its
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relay 710, metal rectifier 923 in the conducting
direction to the lower terminal of the upper sec~
ondary winding. The two windings of relay 110
are so arranged that both half waves act in the
same sense to cause the operation .of the relay.
Relay 110 at armature 925 operates relay 165 to
close its “X” armature 864 and at the end of the
signal this relay operates fully over: earth, arma-
tures 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 remembered that
relay 116 is operated. Hence the operation of
relay 165 at armature 866 causes booster battery
from conductor 158 to be extended over arma-
ture 823 of relay 116, armature 819 to private
conductor 752 which without releasing the
switches back to Hautrage serves to give an indi-
cation at the operator’s position that the setting
up of the connection has been completed.

When the called party replies a further momen-
tary alternating current signal is transmitted back
to the toll line control circuit again to cause the
opération of relay 110 as described above. Relay
110 at armature 925 closes a circuit for two-step
relay 166 over armatures 863 and 911. Relay 166
energises to operate its “X” armature 812 and
close a circuit for relay 161 over armature 926 -
to earth at armature 818. Relay 167 in operat-
ing provides supervision at armatures 813 and 814
by reversing the battery feed to the calling party.
On the termination of the signal, relay 166 ener-
gises.fully and at armature 913 relay 766 initiates
the timing of the call. .

If the call is not set up by an operator the call
is timed by 5 second pulses transmitted over con-
ductor 155 to cause the stepping of the switches
IP, T and OP. The switch IP it will be re-
membered has been returned to its normal posi-
tion while switch OP is in its eighth position.
Switch T is glso in its normal position, ’

The first earth pulse transmitted over conductor
155 passes over armatures 830, 921, 813, winding
of relay 113 to battery. Relay 113 operates and
at armature 918 closes the -following circuit for
magnet 807 of the switch IP; earth at armature '
918, armature 831, winding of magnet 807 to bat-
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tery. The magnet energises 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 the duration
of the conversation. On the reception of the
fourth pulse when wiper 953 is on contact 4, the
following circuit is closed: earth at armature 861,
wiper 953 on contact 4, armatures 90, 930, con-
tact 1 and wiper 957 of the switch T, interrupter
contacts 933, windings of magnet 808 upper low
resistance winding of relay 1171 fo battery. The
magnet energises and at its inferrupter contacts
opens the above-traced circuit whereupon the
magnet releases to step the wipers on to contact
2. In addition when wiper 9§83 is moved on to con-
tact 5 at the end of the fourth pulse a further
point is opened in the energising circuit for mag-
net 808. With wiper 957 on contact 2 how-
ever a further circuit is closed for magnet 808
as follows: earth at armature 931 (Fig. 32), bank
multipling and wiper 957, interrupter contacts
933, windings of magnet 808 upper winding of
relay 111 to battery. The wipers of the switch T
are now stepped on to contact 4 where the ener-
gising circuit for the magnet is opened. The
‘switch T now remains in this position until three
minutes have elapsed and wiper 991 is on contact
11 when earth is extended over the upper wind-
ing of relay 112, contact 4 and wiper 951, inter-
rupter contacts 933 windings of magnet 808 upper
winding of relay 717 to battery. Relay 7712 is a
high resistance relay and operates over this cir-
cuit although the magnet does not. Relay 112
locks over its lower winding and armature 932
to earth af armature 867 and at armature 930
and 931 opens points in the first two energising
circuits traced above for magnet 808. 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 receptign of the 12th pulse with
wiper 953 of the switch IP on contact 12 or 24,
the following circuit is closed: earth at armature
861 (Fig. 33), wiper 953 of the switch IP on con-
tact 12 or 24, armatures 899, 990, 916, windings of
magnet 808 to battery. The wipers of switch T
are thus stepped on to the next contact at the
termination of the 12th pulse. The reason for
stepping switch T on to contact 4 at the end of 20
seconds is thaf although charges for calls are
based on 2 minimum call of 3 minutes the sub-
seriber is allowed a grace period of 20 seconds be-
fore timing is effective.

The number of 10-minute intervals which
elapse during a conversation are recorded on the
switch OP which it will be remembered is ih po-
sition 8. For this purpose when the switch T has
made 10 steps and is on contact 11, the next 5
second pulse causes earth to be extended over
wiper 958 of the switch T on contact {1, arma-
ture 915, windings of magnet 809 to battery. 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 po-
sitions 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-minute
period the wipers of the switch T are brought on
to contact 14; at the end of the second 10 min-
ute period the wipers are brought on to contact
1 and so on. Thus at the end of the 10th minute

~ wiper 957 is stepped on to contact 11 which is
multipled to contacts 12 and 13 and connected to
-earth. “An obvious self-interrupting eircuit is thus
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completed for magnet 808 and the wipers are
stepped to contact 14. .

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 256th contact associated with wiper
954 is connected to the contact associated with
armature 909. Hence at the termination of the
24th pulse a circuit is completed as follows: earth
at armature 881, wiper 853 on contact 25, arma-
tures 808, 833, 824, interrupter contacts 914, wind-
ings of magnet 807 to battery. Wipers 950, 952,
and 953 are thus stepped off the 25th contact and
wipers 951, 854 and 991 are stepped on to contact 1
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 armature 908 so that
wipers 951, 954 and 991 are stepped off contact 25
and wipers 950, 952 and 953 are stepped on to
contact 1. ’

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 impor-
tance since when the equipment is retained in
opergtion for this length of time it would indicate
a possible fault having developed for instance 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 956 of the switch T will be on contact 10
and wiper 964 of switch OP will be on contact 17.
The following circuit is not closed: earth, wiper
886 on confact 10, upper winding of relay 1714,
confact 17 and wiper 964, armature 816 to bat-
tery over resistance 934. Relay 714 operates and
locks over its lower winding and armature 928
to earth at armature 86f; at armature 827 opens
the - circuit between conductor 7155 and relay 173
and at armature 929 earth’s conductor 761 to give
an alarm.

Timing is stopped by the termination of con-
versation, when the calling party replaces his
receiver, and relays 163 and T64 release. Relay
164 at armature 815 opens the circuit for relay
11 Relay 717 in releasing slowly at armature
819 and its operating contact removes earth from
conductor 152 but this earth is replaced at its -
resting contact from armature 854 (Fig. 35) and
finally at armature 818 relay 117 opens the circuit
of relays 181, 165 and 766. During the release
period of relay 18f however a circuit is closed
from earth at armature 818 of relay 717, arma-
ture 827, wiper 963 and bank contact as deter-
mined by the number of 10 minute intervals,
winding of one of the relays 935 to 938 to battery.
A parallel branch of this circuit extends over
armatures 843 and 8i6 to wiper 964 and bank
contact to a winding of another of the same re-
lays. The operation of a combination of relays
935 to 938 in accordance with the digit to be
stored will be apparent from Fig. 14 if the ref-
ences 1, 2, 3 or 4 in the upper horizonta] row are
replaced by the refernces 838, 937, 336 and 835
respectively. Thus if the call lasts for less than

- 10 minutes, the switch OP will not have been
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stepped and thus will remain on contact 8. On
the release of relay 717 therefore relay 935 is
operated over wiper 963 but no relay is operated
over wiper 964 in accordance with the table. Re-
lay 935 locks over armature 938 to earth at
armature 855 (Fig. 29). This earth is glso ex-
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tended over the contact associated with ‘arma-
ture 939 to contact 18 associated with wiper 962.
1t the number to be stored is such that another
one or two of the relays 935, 936, 937 and 938 arc
“operated, the locking earth will be extended to
appropriate contacts associated with wipers 989
to 962 in a similar manner.

The battery connection to magnet 808 of the
switeh T is taken over the upper winding of relay
117 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 continued ener-
gisation of relay 111. o

The circuit for extending earth to wiper 963
and 964 is opened at armature 827 when relay 181
finally releases. In addition relay 181 at arma-
ture 828 closes the following circuit for relay
190: earth at armature 815, armatures 820, 828,
812, winding of relay 790 to battery; at armature
824 closes a self-interrupting circuit for magnet
807 to earth at off-normal springs 807 to return
the switch IP to contact 1 and finally at arma-
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ture 826 relay 181 closes a self-interrupting cir- -

cuit for magnet 810 of the switch CF. Relay 180
at armature 845 completes an energising cirecuit
for magnet 809 of the switch OP over wiper 966
to earth at armature 888. The switch OP is thus
stepped to position 17 unless it is already at this
. position.” A circuit is now closed for relay 783 as
follows: earth, armatures 850, 846 (Fig. 35), wiper
965 on contact 17 winding of relay 183 to battery.
Relay 183 operates and locks over armature 889
to earth at armature 851,
1t should be explained that the switch CF has
access over contacts 1 to 20 to the converters and
over contacts 21 to 25 fo 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 printer-
controller. The circuit for automatically rotating
the wipers of the switch CF to position 21 extends
as follows: earth at armature 832 (Fig. 33), ar-
matures 835, 826, 840, interrupter contacts 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.
33), armature 834 and its operated contact, ar-
mature 825 and its resting contact, both windings
of relay 180 in series, cam springs 842 in their
operated position, contact snd armature 844,
wiper 971, A busy printer-controller is indicated
by earth which is extended over wiper 911 to
shunt relay 180 while an idle 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 840, relay 780
opens the energising circuit for the magnet 810
and at armature 838 closes as before 2 circuit for
relay 181 which operates followed by relay 188
- which is operated from earth at armature 890
(Fig. 34).
The position at the present time is, therefore,
as follows. The toll line control circuit is asso-

25

30

38

40

45

50

85

60

65

ciated over the switch CF with a printer-con- .

troller. Further the toll line control circuit has
the called party’s number stored on relay groups
I to VII, the calling party’s number stored on
relay 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 Tand relay group XV. The next operation

70

5

23

is to transfer this stored information to the
printer-controller.

The transfer commences on the operation 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 885 of
relay 783, 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 arma-
ture 861. At armature 943, relay 185 transfers the
impulsing conductor to the winding of relay 186.
Relay 186 at armature 884 repeats the pulses from
earth at armature 886 (Fig. 34) to magnet 809
of the switch OP. and also over wiper 912 of
the switch CF to the printer controller. On the
reception of the second pulse relay 7186 operates
to energise magnet 809 and at armatures 880 to
883 connects wipers 959 to 962 to wipers 967 to
810 over armatures 873 to 876 of relay 788; It
will be noted that contacts 17 associated with -
wipers 959, 961 and 962 of the switch OP are con-
nected to counting relay group XIV (not shown)
on which the “rate” digit is stored. The charg-
ing rates are so 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. 28) of relay
118 (Pig. 33) over the locking contacts of the
operated counting relays, contacts 17 in the banks
of wipers. 959, 961 or 962, armatures 880, 882, or
883, armatures 813, 815 or 816, wipers 967, 969
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 18 of
wipers 958 to 962 are connected to the contacts as-
sociated wtih the locking armatures of the re-
lays in group XV on which the number of 10-
minute periods are stored. This information is
transmitted to the printer-controller in a similar
manner as that described for the “rate” digit.
With: the switch OP on contacts 19, connections
are completed from wipers 955 and.956 of the
switeh T in order to transfer the minute periods
to the printer-controller. Contact 20 associated
with wiper 962 is connected to the locking circuit
of relay 905 so that a circuit is now completed
to the printer-controller if the calling party re-
quires the cost of the connection. Contacts 21-25
of the switch OP are connected to counting relay
groups IX to XIIT to transfer the calling party’s
number to the printer-controller. The wipers of
the switch OP are now stepped on to contact 1
and continue to step on to contact 8 under the
control of relay 186 during which time the called
party’s number which is stored on counting relay
groups I to VII is transférred to the printer-con-
troller. - : '

It will be understood that the information need
not be transferred in the order stated. For in-
si;an](;e the star indication may be transferred last .
of all.

All the necessary information has now been
stored in the printer-controller and the toll line
control circuit may be released.. When wiper 965
of switech OP reaches contact 8 a circuit is com-
pleted from earth at armature 850 (Fig. 35), ar-
mature 846, wiper 965 on contact 8; armature 891
to the junction of the windings of relay 119, The
lower winding of this relay is thus shunted and
since the upper- winding cannot maintain the

.relay alone, it releases. Relay 7118 at armature

869 opens its own locking circuit; at armature
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" 868 opens the locking circuit for relay 780 which
releases; at armature 867 and its operated con-
tact opens the circuit for relay 172 which re-
leases; at armature 871 opens the circuit of relay
7118 which releases and one point in the locking
circuit for relay 189 and at armature 812 opens
the circuit of relay 790 which releases slowly.

Relay 780 in releasing at armature 838 opens
the circuit for relay 781 which releases; at arma-
ture 839 opens a further point in its own locking
circuit and at armature 840 closes a point in the
homing circuit for magnet 810 of the switch CF.
Relay 787 causes the release of relays 188 and 788
and relay 189 at armature 851 causes the release
of relay 183; and at armature 854 removes earth
from conductor 152 to free the toll line control
circuit for other calls, :

Relay 783 in releasing at armature 8885 dis-
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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 7186; and at armature 888
initiates the restoration of the switch OP,

Relay 112 in releasing at armature 931 closes
the following circuit for magnet 808 of the switch
T: earth at armature 931, bank multipling and
contact associated with wiper 957, inferrupter
contacts 933, winding of magnet 808 upper wind-
ing of relay 111, to battery. The switch T is thus
resored in its normal position. Earth is then
extended on the release of relay 118 over wiper
958 on contact 1, armature 858, contact 17 asso-
ciated with wiper 966, inferrupter contacts 949,
winding of magnet 809, fo battery, and as the
other contacts are earthed over contact 1 associ-
ated with wiper 958 and armature 859, the wipers
of the switch OP are thus restored to their nor-
mal position.

Relays 118 in releasing at armatures 855, 856,
857 (Fig. 29) and 860 removes the holding earth
from all the counting relay groups and the op-
erated relays thus release. Further at armature
861 it removes a general holding earth to enable
the release of relays 182 and 785.

Relay 790 in releasing at armatures 844 and
845 restores the original test circuit of the switch
CP to enable it to hunt for a converter when
the toll line control circuit is seized on a subse-
quent call.

It will be noted that the switeh CF is still on
contacts leading to the printer-controller. When
the toll line control ecircuit is taken into use on
another call, the following self-interrupting cir-
cuit is closed on the operation of relay 181; earth
at armature 832 (Fig. 33), armatures 835, arma-
tures 826 and its operated contact, armature 840,
interrupter contact- 841, windings of magnet 810
to battery. The wipers are thus stepped to con-
tact 1 during which time no test circuit is op-
erative 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 over wiper 974
as described previously.

- Provision is also made in the above c1rcu1t 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 and

time unit in a manner fo be explained later, to-

conductor 7154 to cause the operation of relay
162. It should he explained that digits 1 and 2
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cause the operation of the first and second and
the first and third relays respectively of the
appropriate relay group. It will be noted how-
ever that contacts 4 and 5 associated with wiper
952 of the switch IP (Fig. 26) are connected to
to the windings of -the storage relays over arma-
tures 993 and 892 respectively. Consequently
with relay 762 operated, the first only of the
counting relays is operated in response to the re- -
ception of rate digit 1 or 2. Now the operation
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 DATE AND TIME UNIT

The date and time unit (Figs. 36-39) which is
provided in common to the exchange operates
continuously and is adapted to be connected for
a short period to any printer-controller to enable
the time in hours and minutes and the date in
day of the month and month to be recorded in
the printer-controller. With regard to the time
this is given in the Continental manner that is to
say the day commences at midnight and the hours
are numbered from 1 to 24.

The whole circuit is operated by minute-im-
pulses delivered from a master clock. These im-
pulses are repeated by relay 1200 to the magnet of
the switch MI which records the minutes. When
60 minutes have been recorded the switch HO
which records the hours makes one step. When
the 24th hour has been recorded the switch DA
which records the day of the month makes one"
step. The switch MO which records the months
makes one step after the switch DA has recorded
the appropriate number of days. At all times -
markings are extended to the groups of conduc-
tors 1,2, 3 and 4 of the tens groups T and 1, 2, 3
and 4 of the units groups U associated with each
switch so that whenever a printer-controller is.
connected to the date and time unit, the markings
are immediately extended over these conductors
to the printer-controller and the date and time is
recorded therein.

A detailed description will now be given of the
operation of the unit and for convenience it will
be assumed that the unit is started up from the
position shown at midnight on December 3ist
January Ist, 1937. At the end of the first minute,
relay 1200 is operated and at armature 12{1 ex-
tends earth over key 1234 to the windings of
the magnet 1207 of the switch MI. At the end of
the impulse when relay 1208 releases, the wipers
of the switch MI are stepped to position 2. ‘The
counting of the minutes as regards the units is
controlled over wipers 1245 and (246, both of
which are earthen and the contacts in the banks
are so connected to conductors 1, 2, 3, and 4 of the
units group U that at any moment the units por-
tion of the number of minutes is indicated by
markings extended to the conductors in accorg-
ance with the code given in Fig. 14. Thus prior
to the first minute pulse, wipers 1245 and 1246 will
be on contacts 1 and contact 1 associated
with wiper 1245 is connected to conductor 4 while
contact 1 associated with wiper 1246 is discon-
nected to indicate the digit 0. After the first
minute pulse wipers 1245 and (248 will be on con-"
tacts 2. In this position wiper 1245 is connected
to conductor 1 while wiper 1246 is connected to
conductor 2 to indicate the digit 1. Similar con-
nections are made from succeeding contacts asso-
ciated with these wipers. ‘- At the end of the 10th
impulse, the wipers of the switch MI will be
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stepped to position 11 and in this position a cir-
cult is closed from earth at wiper 1246 on contact
11, bank multipling, interiupter contacts (230,

windings of magnet {207 to battery. Contacts 11,

12 and 13 associated with wiper 1246 are multipled

together so that the switch is automatically.

stepped by the above self-interrupting circuit to
contact 14. ‘ -

1t will also be seen that earth is extended from )

armature 1219 of relay 1202 over armature 1214

10

to wiper 1242 and from armature 1220 of relay

1202 over armature 1215 to wiper 1239.. Contacts
1 to 14 associated with these‘wipers are discon-
nected so that during the first 10 minutes no
earth is extended to conductors 1, 2, 3 or 4 of the
tens group T. When the wipers are stepped to
position 14, i. e., at the end of the 10th minute,
earth is extended over wiper 1239 to conductor 1
and over wiper 1242 to conductor 2 thereby indi-
cating the digit 1 in accordance with the table
of Pig. 14. Further, earth over wiper 1245 on
contact 14 is extended to conductor 4 while con-
tact 14 associated with wiper 1246 is disconnected
thereby indicating the digit 0. Contacts 14 to 23
associated with wiper 1239 and 1242 are multipled
so that the same combination of conductor are
earthed from the 10th to the 19th minute as from
the 1st to the 9th minute. - At the end of the 20th
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1241. In addition relay 1202 at armature 1218
opens the locking circuit of relay ‘1201 which re- .
lesses. As before relay 1204 operates with the
switch in the 25th position and closes & self-in-
terrupting circuit for magnet 1207 to step the

wipers on to position 1. Markings now extend
over wipers $241 and 1244 in positions 1 to 10 to

conductors 2 and 3 of the tens group T to indi-
cate the digit 4 and in positions 14 to 23 to con-
ductors 3 and 4 to indicate the digit 5.

At the end of the 59th minute, the wipers are
stepped to position 24 where a self-interrupting

~ circuit is closed to step the wipers to position 25
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impulse, the wipers are stepped to position 24 .

where earth is extended over wiper 1246 on con-
tact 24, interrupter contacts 1230, windings of
magnet 1207 to battery. The wipers are now
stepped to position 25 where a circult is com-
pleted from earth at armature 1220, armature
1248, wiper 1239 on. contact 25, upper winding
" of relay 1201 to battery. Relay’ §201 at armature
‘1218 and its resting contact disconnects earth
_ from wiper 1239 and at ifs operating contact con-
" nects earth to wiper 1240 at the same time open-
ing its own energising circuit. It now locks. over
armature 1213 to earth at armature 218. Fur-

ther at armature 1248 and its resting contact

earth-is removed from wiper (242 and extended
at its operating contact to wiper 1243. With the
switch in the 25th position, a circuit is also com-
pleted from earth at- wiper 1246 on contact 25,
winding of relay 1204 to battery, relay 1204 being
slow=to-operate but quick-to-release. Relay 1204

in operating at armature 1224 closes an obvious -

self-interrupting circuit to magnet 1207 so that
the wipers are stepped to position 1 where the
circuit of relsy (204 is opened. It will be seen
that in this position, earth on wiper 1240 is ex-
tended to conductor 1 of the tens group T while
earth on wiper 1243 is extended to conductor 3 to
indicate the digit 2. As before a marking is ex-
tended over wiper 1245 to indicate the digit 0.
~ The markings extended over wipers 1240 and
1243 remains the same while the switch steps from
contacts 1 to 10. From contacts 14 to 23 the
markings are altered to indicate the digit 3.

At the end of the 39th minute the wipers are
stepped on to position 2¢ where a self-interrupt-
ing circuit is again closed for magnet 1207 and
the wipers are stepped to position 25. In this po-
sition earth is extended over wiper 1240 upper
winding of relay 1202 to batterv. Relay 1202
closes its “X” armatures 1217 and when wiper
1240 leaves the 25th position it operates fully
from earth at armature 1221 and at armature
1219 and its resting contact removes earth from
wiper 1243 and at its operated contact extends it
to wiper 1284; at armature 1220 and its resting
‘contact it removes earth from wiper 1240 and at
its operating ‘contact connects earth to wiper
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winding of relay (205 to battery.

where a circuit is closed for relay 1203 over wiper
1281 and for relay 1204 over wiper 1246. The op-
eration of relay 1204 also causes the wipers-of the
switch MI to be stepped to position 1. Relay
{203 operates its “X” armature 1222 and when
wiper 1244 of the switch MI leaves position 25
it operates fully. Earth Is now extended from ar-
mature (216 over armature 1228, windings of
magnet (208 to battery. The magnet is thereby
energised. Further relay 1202 is released at ar-
mature 1221 of relay 1208. Relay (204 also re-
leases when the wipers are stepped to position 1
whereupon earth is removed from magnet 1208
whereby the magnet de-energizes and the wipers -
of the switch HO are stepped from contact 1 to’
contact, 2. . Relay 1202 at armature 1218 opens
the locking circuit to relay 1203 which also re- .
leases. The switch MI together with relays 120f
to 1204 are now in & position to commence re-
cording the second hour. ,
Referring now to the switch HO, the units digit
of the hours is indicated by earth extended over
wipers 1249 and 1280 to conductors 1, 2,30r40f -
the units group U while the tens digit is indicated
by earth extended over wipers 1247 and 1248 to

.conductors 1, 2 and 3 of the tens group T. It

will be appreciated that three conductors only are
provided in the tens group since this digit will-
be zero, 1 or 2. The connections between the
contacts associated with wipers 1249 and 1250
and the conductors 1, 2, 3 and 4 are the same as
those between the contacts of wipers 1245 and '
1246 of the switch MI and the four units conduc-
tors, with the exception that since the switch HO
counts from 1 to 24 instead of in groups of 10,
the contacts representing the last hour of the first.
ten and the first hour of the second ten are con-
secutive and so are the last hour of the second
ten and the first hour of the third ten. )
With the wipers on position 1, conductor 4 is .
earthed over wiper 1249 thereby indicating the
digit 0. With the wipers on position 2, conduc-
tors 1 and 2 are earthed over wipers 1249 and
1250 respectively. In succeeding positions the
appropriate conductors are earthed in accordance
with the table given in Fig. 14. After the 10th
hour, the wipers are stepped to position 11 where-
by conductors 1 and 2 of the tens group T are
earthed over wipers (247 and 1248 respectively
to indicate the digit 1, while conductor 4 is earthed
over wiper 1248 to indicate the digit 0. Further
at the end of the 20th hour, the wipers are
stepped to position 21 where conductors 1 and 3
of the tens group are earthed over wipers 1241
and (248 respectively to indicate the digit 2,
while conductor 4 of the units group is again
earthed over wiper 1249. At the end of the 24th
hour the wipers are stepped to position 25 where
earth is extended over wiper 1258 on contact 25,
Relay 1208
in operating at armature (225 closes an obvious
self-interrupting circuit for magnet 1208 over
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interrupter contacts 1231 to step the wipers of
the switch HO on to contact 1 and at armature
1226 cioses an energising circuit for magnet 1209

of the switch DA on which the days of the month

are recorded. When the wipers of switch HO are
in position 1, relay 1205 releases, magnet 1208 de-
energises and the wipers of switch DA are stopped
from position 1 to position 2. :

The switch DA which records the day of the

month has to be arranged to have a minimum of
28 settings and & maximum of 31 according to
the least and greatest number. of days in the
month. In order to cope with this the markings
for the conductors of the tens group are extended
over the four wipers 1251 to 1254, all the wipers
being single ended with wipers 1251 ang 1252
being spaced 180° apart from wipers 1253 and
§254. The connections to the conductors of the

units group are again extended over two wipers,

1288 and 1258, the wipers being double-ended.
The connections from these wipers to the con~
" ductors of the units group are again the same as
for wipers 1245 and 1246 of the switch MI and
since the days are counted in groups of 10, the
two sets of contacts in each bank which count
successive groups of 10 are spaced apart by two
contacts. - ’
With the wipers in position 1, no earth is ex-
tended to the conductors of the tens group while
earth is extended over wiper 1255 to conductor 4
“of the units group to indicate the digit 0. As
the wipers are stepped from positions 1 to 11.
earth will be extended over wipers 1255 and 1256
to the appropriate conductors as expla‘ned pre-
viously in connection with switches MI and HO.
At the end of the 10th day, the wipers are stepped
on to contact 11 and-a self-interrupting circuit
is completed over ‘wiper 1256 and interrupter
contacts 1232 for magnet 1209. The wipers are
now stepped to position 14 where earth is ex-
tended over wipers 1251 and 1252 to conductors
1 and 2 of the tens group respectively to indicate
the digit 1 while earth is extended over wiper
1255 to conductor 4 of the units group to indi-
cate the digit 0. At the end of the 19th day the
wipers are stepped to position 24 where g further
self-interrupting circuit is completed for the mag-
- net 1209 and the wipers 1255 and 1256 are stepped

to position 1. Further wipers 1251 and 1252 are

stepped out of contact and wipers 1253 and 1254
.are stepped into contact with their banks. In this

- position conductors 1 and 3 of th= tens group are
earthed over wipers 1253 and 1254 respectively
to indicate the digit 2 and conductor 4 of the units
group is earthed over wiper 1255 to indicate the
digit 0. The wipers continue to step to give the

- appropriate indications in a2 manner which it is
believed will now be easily understood.

The stepping of the switch MO on which the
months are recorded is effected under the con-
trol of wiper §257 of the switch DA in conjunc-
tion with wipers 1263 ang {284 of the switch MO,
these two wipers being single-ended and spaced
apart by 180°. The units digit in the month
number is determined by earth extended over

. wiper 1261 and 1262 while the tens gdigit is deter-
mined by earth extended over wipers 1259 and
. 1280. With the present assumption that the ap-
paratus is started up at midnight on December
3ist-January 1st, the wipers of the switch MO
will be on position 1 and earth will be extended
to conductors 1 and 2 of the units group over
wipers 1261 and 1262 respectively. Now the wip-
ers of the switch MO should be stepped to posi-
tion 2- after the switch DA has made 31 steps,
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January having 31 days. At the end of the 31st -
day the wipers of the switch DA will be on po-
sition 16.and in this position a circuit is closed
from earth at wiper 1283 on contact 1, bank
multiplying, contact 16 associated with wiper 1257
of the switch DA, winding of relay 1206 to bat-

" tery. Relay 1208 in operating locks at armature

10

15

20 .

30

40

43

55

a5

70

78

1228 to earth over wiper 1258 and bank multi-
pling; at armature 1229 closes an energising cir-
cuit for the magnet 1210; at armature $221 closes
a self-interrupting circuit for magnet 1209 which
thereupon rotates its wipers into the position
shown where the energising and locking circuits
of relay 1208 are opened. . The relay releases and
at armature 1229 opens the circuit for magnet
1210 which de-energises and steps the wipers on
to position 2 where earth is extended to the ap-
propriate conductors of the units group to indi-
cate the digit 2.- .

The switch DA continues to be stepped from
position 1 and at the end of the 28th day the
wipers are stepped on to position 10 whereupon
a circuit is again closed for relay 1208 over wiper
1263 on contact 2, contact 10 and wiper 1257.
Relay 1206 operates with results as previously
described. Thus it will be seen that the connec-
tions between wipers 1257 and the wipers 1263
and 1264 are so arranged that the switch MO is
only stepped after the lapse of the number of
days contained in the particular month.

It has been assumed that the unit was set in -
operation -at. the beginning of 1937. The next
leap year therefore occurs in 1940, During this
year wiper 1264 of the switch MO will be step-
ping oVer contacts 13 to 24 of the associated hank.
In order to take care of the fact that February
of this year will have 29 days, contact 14 asso-
ciated with wiper 1264 is connected to contact 14
associated with wiper 1257 of the switch DA. The
wipers of the switch DA step to position 14 at the
end of the 29th day so that the stepping of the
wipers of switch MO from contacts 14 to 15 is
delayed foroneday. . - T -
At the end of the fourth year the wipers of the
switch MO will be stepped to position 25 and 2
self-interrupting eircuit is completed from earth
at wiper 1262, interrupter contacts 1233 to mag-
net 1210 to step the wipers to the position shown.

It will of course be appreciated that while for
convenience of description the unit has been as-
sumed fo be set in operation at a particular time
and on a particular date, it can in practice be
set in operation at any time on any-date, the
keys 1235 to 1238 being provided for giving the
appropriate settings to the various switches man-
ually while key 1234 is provided for preventing
operation by the minute pulses during this set-
ting operation. In addition the keys 1235 to 1238
enable corrections to be made in the settings of
the various switches during the operation of th
unit. : i

It will be understood that it is undesirable for
the stepping of any of the switches to occur while
the unit is connected to & printer-controller. To
avoid this earth is fed over conductor 1265 from-
the printer-controller so that if relay 1200 is op-
erated during the association of the two units, it
locks over” armature 1212 to conductor 1265.
Since the various switches are stepped on release
of relay 1200, stepping is delayed until the printer-
controller is disconnected from the date and time
unit.

It will be remembered that when discussing the
operation of the toll line control circuit it was
pointed out that the rate digit was susceptible to
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alteration during the period from 19 to 7 o’clock.
This alteration in tne rate is effected under the
control of wiper 1266 of the switch HO. This

wiper is directly earthed and this earth is ex- -
tended to conductor (267 when the wiper is on

contacts 1 to 8 and 20 to 25, 1. e, between the
hours of 19 and 7. Conductor 1267 is connected
to conductor 154 of the toll line control circuit
(Fig. 31) and when earthed serves to operate re-
lay 162 with the results previously described.

DETAILED DESCRIPTION OF PRINTER-CONTROLLER

When the printer-controller (Figs. 40-54) is .

seized from a toll line control circuit, earth is
extended from wiper 971 of the toll line control
circuit (Fig. 30) to conductor {445 and thence

Hn

over armature (408, winding of relay 1305, .

contact 1 and wiper 1362 of switch TS, resistance
1447 to battery, the battery connected to the
winding of relay 305 over resistance 1448 serv-
ing as a marking battery. -Relay (305 operates
and at armature 1428 closes an obvious circuit for
the lower winding of relay 1306. Relay (306 at
armatures 1426, 1427 and 1428 and 1429 provides
a locking earth for the various counting relay
groups. ]

——The information stored in the toll line control
circuit is now transferred to the printer-con-
troller and the transfer takes place in the follow-
ing order; digit representing the rate at which
the call is to be charged; digits representing the
duration of the call; digit indicating that the call-
ing party requires the cost of the connection to

20

25

30

27

clusive. Of these relay groups, groups XIII, XV
and XVII only are shown and comprise relays
1339-1342, 1343 and 1344 and 1345-1347 respec-
tively. The remaining counting groups are con-
nected to the groups of conductors with the ap-
propriate references. In addition to its function
of connecting relay groups XIII and XIV to the
date and time unit, relay (337 at armature (449
extends earth over conductor {265 leading to the
date and time unit for a purpose which was ex-
plained in the detailed description of that unit.

The duration of the call is represented by tw~

digits which are stored on relay groups XXII and

XXIII comprising relays 1323 to 1326 and (321
to 1330 respectively. When these two digits are
stored, the wipers of the switch IP2 are stepped
to position 4 in which position the circuit over
wiper 1352 for relays 1338, 1337, 1336 and 1335
is opened and the relays release to disconnect the
date and time unit from the printer-controller.
In addition wiper 1352 on contact 4 extends earth
over wiper (363 on contact 1, armatures. 1414,
1428, upper winding of relay 1304 to battery.
It will be noted that the relay is self-interrupt-
ing at armature 1424 and the operate and release
times of the relay can be adjusted by the variable
condenser 1450 connected between its lower
winding and battery, in order to varythe rate at
which it generates impulses. '

Relay 1304 on its first operation at armature
1423 transmits a pulse from earth at wiper 1352

. as described above and then over armature 1431,
. winding of magnet 1395 of switch RS17 fo battery.

be communicated to him without. delay; digits

representing the calling party’s number and
finally digits representing the called party’s num-
ber. o

Consideration will first be given to the recep-

tion in the printer-controller of the digits repre- .

senting the rate and duration. As previously
pointed out the rate is represented by a single
digit and in the printer-controller is stored on
counting relay group XXI comprising relays
1319-1322 inclusive. These relays are connected
to position 1 associated with wipers 1348-1351 re-
spectively of the switch IP2. These four wipers
are connected respectively with wipers 967-970
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The wipers of the switch RST are thus stepped
to position 2. It should be explained at this

. time that the switch RST performs two distinet

40
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of the switch CF (Fig. 28) of the toll line con- -

trol circuit and it will be understood that as the
switch OP of the toll line control circuit steps,
the information stored on the various groups of
counting relays in that circuit will be transferred
over wipers 967-870 of the switch CF (Fig. 28),
wipérs 1348-1351 of the switch IP2 to the appro-
priate groups of counting relays accessible thereto.

In position 1 the relays of group XXI are first

operated in accordance with the charging rate .

85 -

digit and then as each digit is transferred to the .

printer-controller, earth is extended from the toll
line control circuit and its. wiper 912 over con-
ductor 1446, windings of magnet 1392 of the

switch TP2 to battery. The wipers of the switch

1P2 are thus stepped from position fo position
as the digits are received to enable the correct
counting relay group to be connected to the wip-
ers of the switch.

When the rate has been stored on group XXI
of the counting relays the wipers of the switch
IP? are stepped to position 2 where earth is ex-
tended over wiper 1352 on contact 2, windings of
relays 1338, 1337, 1336 and {335 in series to bat-
tery. These relays operate and serve to connect
the date and time unit with the printer-controller
to store the time of the day and the day of the
month on counting relay groups XIII fo XX in-
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functions. In the first place it converts the rate
digit into the equivalent cash value—in the pres-
ent embodiment into franecs and centimes—and
also it selects one of the two-directional switches
TDS5, TD6 or TDT and certain wipers of the se-
lected switch in order to effect the calculation of
the total cost of the call. With regard to the
relation between the rate digit and the equivalent
cash value, this is shown in the following table:

Cash value
in francsand
centimes

" Rate dieit

The rate digits 3, 5 and 6, are reserved for pos-
sible additions while digit 9 is employed where
unit rate calls such as to Blaton are ticket printed.
The conversion of the rate digit into francs and
centines is effected over wipers 367 and 1368
of the switch RST. For this purpose.the appro-
priate contacts associated with these wipers are
connected to one of six conductors which in turn
are connected through the cable 1451 to corre- .
sponding ones of the 10 digit conductors ex-
tending to the printer unit. Subsequently as will
be described later the wipers (367 and 1368 are
earthed in turn and this earth is extended over
the appropriate digit conductor to cause the par-

-ticular digit to be printed.

The selection of the two-directional switch and
the wipers of the switch is effected over wiper
1369 of the switch RST and for this purpose con-

“tacts 3, 2, 9, 5 and 8 associated with this wiper
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are connected to relays 1318, l_3!1,_l3l6, 1315 and




28
1314 respectively whlch relays at their operated
aTmatures prepare points in the circuits for the
vertical and rotary magnets of the switches and
also prepare circuits which ext.end over the wipers
of the switches.

Returning now to the detailed description it
will be assumed by way of example that the rate
digit  “8” has been stored in relay group XXT1
by the operation of velay 1320. The connections
between the locking contacts of the relays of
group XXI and the contacts associated with
wipers 1365 and 1366 are so arranged that after
the switch wipers have made a number of steps
equivalent to the numerical value of the digit
stored on group XXI, earth is extended from the
locking contacts of the counting relays over bank
contact and both wipers to stop the rotation of
the switch. Thus when wipers 1365 and 1368 are

positioned on the 9th contacts due to the auto-.

matic stepping controlled by relay 1304 the fol-
lowing circuits will be completed: firstly earth
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those of the second group are connected to con-
tacts 13 to 22 associated with the same wipers.
‘These connections are effected in the same man-
ner as those to wipers 1365 and 1366 of the switch
R8T and hence the number of steps taken by the -
switch TS over the first part of its banks corre-
sponds numeriecally with the number of ‘10 minute
intervals and over thé second part of its banks to
the number of minute intervals.

Assume by way of example that the call lasted
for 9 minutes. Then the digit 0 will be stored on
relay group XXIT by the operation of relay 1326
and the digit 9 will be stored on relay group XXII1
by the operation of relay 1329.

Returning now to the operation of the switch
TS and the vertical magnet 1401, it will be seen -
that the switch TS will be stepped until wipers
1358 and 1360 are positioned on contact 11 when
the vertical magnet 1481 has raised the wipers
of the switch TD6 to the 10th level. With wipers

" 1359 and 1360 on contact 11, the following circuits

at armature 1429 (Fig. 51), locking armature 1452 ..

of relay 1320, contact 9 and wiper 1368 of the

switch RST, left-hand winding of relay 1307 to .

battery; and secondly earth at contact 9 and
wiper 1366 of the switch RST, right-hand wind-
ing of relay 1307 to battery.. Relay 1307 ener-
gises when both its windings are energised and

25

- 1308 to battery.

at armature §431 and its resting contact opens -

the pulsing circuit for the magnet 1395 of the :

switch RST.
position 9.
Further relay 1397 at armature 1432 closes the
following circuit: earth at armature 1432, wipers
1369 of switch RST on contact 9, winding of
‘relay 1316 to battery. Relay 1316 operates and
locks at armature 1454 to earth at armature
" 1428; at armature 1459 it completes an energising
circuit for the vertical magnet 1401 of the two-

The switch wipers thus remain-at

directional switch: TDS and at armature 1458 it 40

prepares a circuit for the rotary magnet 1480 of

the switch TDS, thereby selecting the switch TDS,

while at armatures 1455, 1456 and 1457 it con-
"nects up wipers 1383, 1384 and 1385 respectively

- of the switch TD6..

The circuit for energmmg the vertical mag-
net 1401 extends as follows on the next ener-
gisation of relay 1308; earth at armature (422
(Fig. 51), armature 1441, wiper 1361 of the
switch TS on contact 1, bank multipling, arma-
ture- 1450, winding of masgnet (401 t{o battery.
The magnet 1481 energises preparatory to rais-
ing the wipers to the first level. Further the
operation of relay 1384 extends earth over arma-
tures 1423 and 1431 to magnet 1394 ‘which ener-

‘ gizes and at the termination of the pulse de-en-

ergises - to step the wipers of - the switch TS to

" position 2, while the circuit of the vertical mag-.

net 1401 is opened. The magnetof the switch TS
and the vertical magnet operate in unison under
the control of relay 1308 until the-circuit of the
vertical magnet is :ﬁnally opened as described
below. :

It should be pointed out that the ‘two-direc-
- tional switch is set as regards the vertical move-
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are closed: firstly from earth at armature 1429
(Fig. 51) locking armature 1460, contact 11 and
wiper- 1359, right hand winding of relay 1308 to
battery: and secondly, earth at contact 11 asso-
ciated with wiper 1360, left hand winding of relay
Relay 1308 energises and at ar-
mature 1433 closes a circuit for relay 1303 which
energises and at armature 1417 opens the pulsing
circuit ‘to the vertical magnet 1401, this circuit
being aiso opened when wiper 1361 is stepped o
-contact 11. Relay 1303 locks over its armature
1419, contact 11 and w1per 1362, resistance 1447
-to battery.

At the end of the 1ith pulse delivered by relay
1304, the wipers of the switch TS are stepped to
position 12 where the circuit for relay 1308 is
opened together with the locking circuit of relay
1303 so that both these relays release. Relay {303
at armature 1416 closes & new circuit for relay
1304. The first circuit for relay 1304 extended
from earth on wiper 1352 and contact on which it
is resting between contacts 4 and 25 over wiper
1363, armatures 1414 and 1424 to battery over
the relay winding. With wiper 1363 on contact
12, the circuit extends over wiper 1363, armature

1418, contact 11, bank multipling of contacts

1-11, and thence as before. This circuit is not
completed until relay 1303 has released so that -
the operation of relay 1304 is delayed slightly
before delivering the 12th pulse. In addition at
armature {447 relay 1303 now closes the follow-
ing circuit for the rotary magnet 1480 of the
switch TD6 on the next operation of relay 1304:°
"earth at armature 1422, armature (447, wiper
1361 on contact 12, armature {458, windings of-

- \rota.ry magnet 1400 to battery.

The rotary magnet 1400-and the switch TS now

‘'step in a similar manner to that described pre-

PY viously. When the wipers of the switch TS reach

ment in accordance with the number of 10 min- -
ute intervals that the call has lasted and as re- -

gards the rotary movement in accordance with
the excess number of minute intervals. Now the
number of 10 minute intervals is recorded on re-
lay group XXII and the number of minute inter-
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vals on relay group XXIII ang the contacts asso--

ciated with the locking armatures of the first
group are connected to contacts 2 to 11 associated

with wipers !353 and 1360 of the switch TS while

position 21, i. e, after 9 steps, a circuit is closed

‘over locking armature 1461 of relay (329 and

wiper {359 for the right hand winding of relay
1388 and from earth on contact 21 and wiper
1360 for the left hand winding of relay 1308. Re-
lay 1308 operates followed by relay 1303 with the
results described previously.. The two-directional
switch TD8 is now set as regards both the verti-
cal and rotary movement and over its wipers and
-contacts on which these are set, circuits are pre--
‘pared for transferring the total charge of the call
 to the printer unit as will be described later.
During the above operation of the two-direc--

~ tional switch TDS, the remaining information
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_has been transferred from the toll line control
_circuit to the printer-controller. Thusif the call-
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" “ing party requires the cost of the cell earth is ex-
. tended over wiper 1381 of the switch IP2 on con-
~tact 4, winding of relay (300 to battery. Relay
‘4300 operates and locks over armature 1408 to
- earth at armature 14298. The calling party’s num-
ber is stored on relay groups I to V while the
wipers-of the switch IP2-are stepped from posi-
tions 5 to 9. Relay group I comprising relays
1331, 1332, 1333, and. 1334 is shown but in order
to simplify the drawings the remaining groups
are not shown, they being precisely similar to
group I. Pinally the called party’s number is
_stored on relay groups VI to XII (not shown), as
the wipers of the switch IP2 are stepped from po-
sition 10 to position 16. When the last digit of
the called party’s number has been stored, the
wipers of switch IP2 are stepped to position 17
when the following circuit is closed: earth lower
winding of relay 1301, contact 17 and wiper 1353,
interrupter contacts 1438, windings of magnet
- 1392 to battery. Relay 1301 only energises in this
circuit and locks over its upper winding and ar-
mature 1409 to earth at wiper 1352, In addition
relay 1301 at armature {410 shunts its lower
winding to enable the magnet 1392 to energise
and step the wipers to position 18 and at arma-
ture 1408 relay 1301 openg the circuit to relay
1305 . thereby opening the circuit of relay .1308
~ and disconnecting battery potential from con-
ductor 1445 to allow the toll line control circuit to
release as previously described. Relay 1306 re-

_ \ 29
lowing circuit is closed assuming relay 1300 has
been operated as described above: earth, arma-
tures 1412, 1420, wiper 1311 of switch OP2 on con-
tact 1, armature (407 to conductor 1488, )

It should be explained that two printers PT and
PU (Fig. 55) which take the form of electric type-

. writers are employed, one of which PT prints a -

10
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leases but relay 1306 remains held over its upper

. -winding to earth at wiper 1352. The wipers of

the switch TP2 now remain at position 18 until
the information has been transferred from the
printer-controller to the printer unit as will ba
described later. - . .

Relay 1303 in operating at the end of the rotary
movement of the switch TD8 as described above,
also closes -the following circuit: earth at wiper
1352 of the switch IP2 on contact 18, wiper 1363
on contact 21, armature (416 and its operated
contact armature 1411 and its resting contact,

conductor 1463. Earth extended over this con-
ductor causes a printer unit to be seized over a
preselecting allotting switch AL (Fig. 54) as will

- be described later. Further the operation of re-
lay 1303 causes battery to be extended over re-
sistance 1441 (Fig. 45), wiper 1362 on contact 21,
armature 1418, winding of relay 1302 to conductor
1462 to cause the printer-controller finder switch
PF (Fig. 54) permanently connected with the se-
lected printer unit to hunt for the printer-con-
troller. When the finder switch finds the marked
printer-controller, relay 1302 operates to earth
in the printer unit. Relay 1302 at armature 1415
closes the following circuit: earth at wiper 1352
of the switch IP2, armature 1415, lower winding
of relay 1308 to battery and at armature 1411

opens the circuit to conductor 1463 to prevent the
next printer unit being seized over the wipers of
the allotting switch AL. Relay 1309 operates over
the above-traced circuit and at armature 1435
closes g circuit for the lower winding of relay
1306 which is at present held over its upper wind-
ing and gt armature 1437 provides a new energiz-
ing circuit for relay 1304, .

The next operation which takes place is the
conversion of all the coded information into its
numerical value and the operation of the printers
to print the numerical values. The control of the
printers is effected over the groups of conductors

" numbered 1, 2, 3 to 0 together with the conductors
1464 to 1468, . ’ :
On the next operation of relay §304, the fol-
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ticket in the manner shown in Fig, 56 while the
second PU prints the items for-a particular call
along one line, the different items being separated

- by for instance a star, while corresponding items

for successive calls are all printed in the same
column so that the whole record may be made on
a continuous roll of paper. The control of the -
shifting and spacing mechanisms of the ticket
printer PT is effected over wipers 137t and 13172
of the switch OP2 while the similar control of the
record printer PU is effected over wipers 1318 and
1374, o } .

The effect of earth extended over conductor
1469 is to cause the record printer PU to print a
star at the beginning of the line to give an indica-
tion that the calling party wishes to know the cost

‘of the call,

Returning now to the operation of relay 1304,
the following circuit is also closed at armature
(421: earth at armature (412, armature 1421,
wiper 1313 of the switch OP2 on contact 1, wind-
ing of magnet 1393 of the switch GT to battery.
The maghet energises and on the release of relay
1304 de-energises to step the wipers of switch GT
on to contact 2. In addition the following circuit
is also closed when relay 1304 energises: earth
at armature 1422, armatures 1417, 1413, winding
of magnet 1396 to battery. Magnet (396 ener-
gises and on the release of relay (304 de-ener-
gises to step the wipers on to contact 2. . With the
wipers of the switch GT on position 2, the locking
circuits of the relay group I are extended over
wipers 1354 to 1357 of the switch GT to the wind-
ings of relays (310, 1311, 1312 and 1313. The
calling party’s number is stored on groups I to
V and assuming as before that the calling party’s
number is. 57109, relays 1332 and 1334 of group I
will be operated. The following circuits are
therefore closed: firstly from earth at armature
1421 (Fig. 51), locking armature 1470 of relay
1332, contact 2 and wiper #3585 of the switch GT,
winding of relay 1311 to battery: and secondly
from earth at armature 1421, locking armature
1471 of relay 1334, contact 2 and wiper 1351,
winding of relay 1313 to battery. The conversion
to numerical values is effected over the contacts
of relays 1311 and 1313 and a circuit is closed im-
mediately on the operation of relays 1341 and 1313
from earth at armature 1412, armature 1420, wip-
er 1371 on contact 2, armature 1472 in its resting
position, armatures 1473 and 1474 in their operat-
ed position over conductor 5 to the printer to
cause the numeral 5 to be printed.. The switches
GT and OP2 now continue to be stepped synchro-
nously under the control of relay 1304 to cause the
remaining four digits of the calling party’s num-
ber to be transferred successively from relay
groups II to V to the transfer relay group com-
prising relays 1310 to 1313 which then cause earth
to be extended sucéessively over conductors 7, 1,
0 and 9 to cause the printing of these numerals.
When this has been completed the wipers of the
switch OP2 are stepped to position 7. In this
position at wiper 1371 the circuit over the arma-
tures of relays 1310 to 1313 is opened and on the
next operation of relay 1304 earth is extended
to conductor 1464 leading to the printer unit to
cause the operation of the shift mechanism asso-
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ciated with the ticket printer PT, and at wiper
13713 the circuit of the magnet 1393 of the switch
GT is opened while on the next operation of relay
1304 earth is now extended over conductor 1468
leading to the printer unit to cause a star to be
printed by the record printer PU in order to sepa-
rate the various items in the line. )
Thus with the switch OP2 in position 7 the earth
. extended over wiper {371 to conductor {464 causes
~ the operation of the shift mechanism of the ticket
printer in order that the next digit may be
printed on a fresh line. Similarly the earth ex-
tended over wiper {3738 to conductor 1468 causes
g star to be printed by the record printer.

Contact 8 of the switch OP2 is not connected in
order to provide & suitable time for the type-
writer carriage to arrive at the beginning of the

- next lne, .

The next item fo be printed is the called party’s
number. Now this is always prefixed with the
digit “0” which when dialled by the calling party
is absorbed in the register translator as previously
deseribed. This digit is therefore reinserted at
this stage in order to give the complete number
and for this purpose contact 9 associated with
wiper 1371 is connected directly to conductor “0”
extending to the printer unit.

With the wipers of the switch OP2 in position
10, the next operation of relay 1304 causes earth
to be again extended over wiper (371 to the arma-
tures associated with relays (318 to 13{3 while
over wiper {313 & point is again prepared in the
energising circuit to magnet 1393 of the switch
GT. The switches GT and OP2 are now stepped
synchronously in order to secure the successive
transfer of the remaining seven digits of the
called party’'s number from relay groups VI to
XII (not shown) to the transfer relays 1310 to
{313 and so secure the successive earthing of the
appropriate ones of conductors 1 to 0 leading to
the printer unit to cause the called party’s number
to be printed, both on the ticket and also on the
record strip.

At the termination of this operation the wipers
of the switch OP2 are on position 17 where as be-
fore the eircuit over the armatures of the trans-
fer relays is opened and on the next operation of
relay #1304 earth is extended to conductor 1464

over wiper 1371 and over wiper {373 the circuit of

magnet (439 is opened and earth is extended to
conductor £469.

Contact 18 associated with wipers {371 and 1313
is left blank while the stepping of these wipers
over contacts 19 and 20 causes the day of the
month to be printed. Contact 21 assoclated with
wiper 1371 is connected to conductor 1465 to cause
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a stroke to be printed by the ticket printer. The -

day of the month and the month are printed con-
secutively on the record strip and hence contact
21 associated with wiper 1313 is left unconnected.
The stepping of wipers 1371 and (373 over con-
tacts 22 and 23 causes the printing of the month
on both the ticket and the record strip while con-
tacts 24 and 25 associated with wiper {311 are con-
nected to conductor 1468 to cause the spacing
mechanism of the ticket prinfer to be operated
twice. Contact 24 associated with wiper 1313 is
again connected to conductor {469 to cause 8 star
to be printed on the record strip. Following this
- the time of the day in hours and minutes is printed
while wipers (372 and 1374 step froin position 26
to 30, contact 28 associated with wiper 1372 being
.connected fo conductor 1466 to cause the printing
of a period beétween the hours gnd minutes. With
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regard to the printing on the record strip, the
hours and minutes are again run together so
that contact 28 associated with wiper {374 will be
disconnected. Contact 31 associated with wiper
1312 is connected to conductor 1464 to cause the
operation of the shift mechanism of the ticket
printer while contact 31 associated with wiper
t314 is connected to conductor {468 to cause a
star to be printed by the record printer.

The next item to be printed is the charging rate
in francs and centimes. The franc portion of the
rate is determined by the position of wiper 1387
of the switch RST and the centime portion by
the position of wiper (368 of the switch RST as
explained previously. Contact 33 associated with
wiper 1312 is therefore connected to wiper {387
and contact 35 is connected to wiper 1368, contact
34 being connected to conductor 1466 to cause the
printing of the period between the francs and
centimes. It has been assumed that the rate
at which the call is to be charged is 0.80 franc or
80 centimes. With wiper 372 on contact 33 there-
fore earth is extended on the operation of relay
£304 over wiper (372 on contact 33, wiper 1367
on contact 9, conductor 0, cable 1451 to conductor
0 extending to the printer unit to cause this nu-
meral to be printed. The period is next printed

and with wiper 1312 on contact 35 a circuit is

closed on the operation of relay 1304 which ex-
tends over wiper 1312 on contact 35, wiper 1368 on
contact 9 whereby earth is extended to conductor
8 leading to the printer unit. The different rates
aft which calls are t{o be charged are chosen so
that the last digit of the centime part of the rate .
is always “0.” Thus for the five rates which are
at present employed, the centime parg is respec-
tively 00, 00, 80, 80 and 20. Contact 36 associated
with wiper §372 is thus connected directy to con-
ductor 0 leading to the printer unit in order that
this digit may be printed.

Contacts 37, 38 and 39 are multipled together
and connected to conductor {468 extending {o the
printer unit to cause the ticket prinfer to move
the ticket three spaces.

The next item to be printed is the duration of
the call which is stored on relay groups XXII and
XXIIY. The switch GT and the switch OBP2 are
thus synchronously stepped over the next two
contacts to cause the number of ten minufe in-
tervals and minute intervals to be transferred
successively to the transfer relays 1328 to {313
whereby earth is extended successively over con-
ductors 0 to 9 leading to the printer unit {o cause
these digits to be printed in accordance with the
example previously given. '

Contact 42 associated with wiper 1372 is con-
nected to conductor 1464 to cause the operation
of the shift mechanism of the ticket printer while
contact 42 associated with wiper 1374 is connected
to conductor 1469 to cause a star to be printed by
the record printer. '

The next and final item to be printed is the
total cost of the call. This item is obtained by
a calculation which is effected by the seiected
one of the switches TDS5, TD6 and®’ TDI. As
pointed out previously according to the rate digit
one of the five relays 1318 to (318 are operated
to select one of the three switches ‘TDS, TD6 and
TDT and glso to select a group of wipers of the se-
lected switch. Thus for the rate digit 2, wipers
§377 and 1378 of the switch TD5 are selected: for
the rate digit 1, wipers 1379 to 1382 of the same
switch_are selected and so on. In the present
case it has been assumed that the rate digit is the
digit 8 representing a cash value of 80 centimes .
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" wiper 1312 on contact 50 is extended to conductor

~ and hence the wipers 1383 to 1385 of the switch
TD# have been selected. . Further the switch is
positioned in accordance with the duration of the
call and since each wiper has 100 associated con-
tacts and the longest period for which a call can
be timed is 99 minutes it will be appreciated that
by means of appropriate cross-connections be-
tween the contacts associated with the wipers and
. the conductors 1-0 leading. to the printer the
. printer may be caused to print a number of digits
which represent the total cost of the call accord-
ing to any arbitrary scheme of calculation.

It is to be noted that in the case of the rate
digit 2 (3 francs), two wipers only of the switch
TDS are connected up, while in the case of the
rate digit 1 (5 francs), four wipers-of the same
switch are employed. The reason for this is that
in the first case there is only a maximum of two
variable digits in the total cost while in the sec-
ond case there is a possibility of four variable
digits and hence four wipers must be employed.
For the remaining rates there are three variable
digits and three wipers are employed in each case.
In addition with the present scheme of charging
the total charge never includes a centime value
of less than ten, and hence the last digit is always
caused to be printed by a direct connection to

conductor 0. -

In the example which has been assumed, the
rate is 80 centimes and the duration of the call
is 9 minutes. It should be explained that in this
case the charge is 80 centimes for each three min-
ute interval, a duration of 4 or 5 minutes being
reckoned as & six minute call. The total cost will
therefore be 2 francs 40 centimes. Contact 9 in
the 10th level associated with (385 will, there-

fore, be cross-connected not.to one of the 10 con-
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1484 in order to cause the operation of the shift
mechanism of the ticket printer while earth at
wiper 1314 on contact 50 is extended to conduc-
tor 1467 to cause the operation of the shift mech-
anism of the record printer. AlL the items are
now printed on the ticket and the record strip
and the printer-controller may be released and
the printer unit made available for another call.
The release of the printer-controller is effected
when the wipers of the switch OP2 are stepped
to their 1st position when the locking circuit for
relay 1309 is opened. This relay releases and
at armature (437 removes earth from the wind-
ing of relay 1304 to prevent this relay from deliv-
ering further pulses and at armature 1435 opens
the circuit of relay 1306. Relay 1306 releases and
opens the locking circuits of all the storing re-
1ays including relays 1314 to 1318 and all these
relays release. In addition relay 1306 at arma-
ture 1428 and its resting contact closes a circuit
over vertical off-normal springs 1444 for the re- -

Jease magnet 1402 of the two-directional switch

TD6 which is thus restored to normal and at ar-
mature 1426 and its resting contact closes an
obvious self-interrupting circuit for magnet 1395
of the switch RS7 which is restored to normal
in which position the circuit is extended over
wiper 13710 on contact 1 to magnet (393 of the
switch GT over wiper 1358 and interrupter con-

- tacts 1489. The wipers of the switch GT are thus

ductors but to conductor 1468 to cause the opera- .

tion of the spacing mechanism of the ticket
printer; contact 9 in the 10th level associated
with wiper 1384 will be cross-connected to con-
ductor 2 and contact 9 in the 10th level associ-
ated with 1383 will be cross-connected to conduc-
tor 4. . .
Returning now to the description of the opera-
tion of switch OP2, the wipers of this switch after
the duration of the call has been printed are
. - stepped over position 43 to position 44. Earth
' is now extended over wiper 1312, gs it steps over
contacts 44, 45, 46 and 48, over the selected
wipers of the selected two directional switch to
the appropriate ones of the ten conductors ex-
tending to the printer unit. It is' to be noted
however that the earth extended over contact
44 is only effective when relay 1317 is operated,
i, e,, the rateis 5 francs, since as.pointed out above
this is the only rate for which the total cost in-
volves a maximum of four variable digits. ,
In the present case, therefore, - the earth at

wiper 13712 on contact 44 js'ineffective; that ex~-

tended over -contact 45 is further extended over

armature 1457, wiper 1385, conductor 1468 to

‘cause the operation of the spacing mechanism of
the ticket printer to be operated. Earth at wiper
1372 is next extended over contact 46, armature
1486, wiper 1384, and cross-connection to conduc-
tor 2 extending to the printer unit.- Earth on
wiper 1312 is extended over contact 47 to conduc-
tor 1466 to cause
the ticket. Earth at wiper 1372 is extended over
contact 48, armature 1456, wiper 1383 and cross-
connection to conductor 4 extending to . the
printer unit. Earth at wiper 1312 on contact 49
-ig extended directly to conductor 0 to cause the
printing of the last digit and finally earth at

restored to normal when the circuit is again ex-
tended over wiper 1358 on contact 1, wiper 1364
of the switch TS, interrupter contacts 1440, mag-
net 1394 to battery. The wipers of the switch
TS are thus restored to normal. In addition re-
lay 1306 at armature 1429 closes a self-interrupt-
ing circuit over contact 18 and wiper 1353 of the
switch IP2 whereupon the wipers are rotated to

40 contact 20 and thence to contact 1 by the earth
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the printing of the period on
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multiple. It will also be noted that relay 1308
releases on the first step of the switch TS in its
restoring movement and at armature 1433 opens
the circuit of relay 1303 which releases and at
armature 1418 opens the circuit of relay 1302
which restores to enable the printer to be taken
into use again. . .

Finally relay 1301 releases when the wipers of
the switch IP2 arrive at position 1 and at ar-
mature 1408 battery is again connected to corn-
ductor 18445 to enable the printer controller to

' be taken into use by another toll line control cir-

cuit.

It should be noted that if no printer unit is.
available, the printer-controller waits until a
printer unit becomes idle. This will be explained
in more detail in the description of the printer
unit but it should be pointed out that since the
toll line control circuit is released when all the
information has been transferred to the printer-
controller, there is no junction line equipment
maintained busy while the printer-controller
walts for an idle printer unit.

Tt will be understood that the operation of the
printer-controller may be varied in a number of
ways. For instance, instead of waiting until the
total price has been calculated before a printer
is taken into use, a printer may be seized imme-
diately so that printing takes place while the cal-
culstion of the total price is being effected.

DETAILED DESCRIPTION OF ALLOTTER AND
PRINTER UNIT

Three printer units are provided to deal with
the printing operations and each printer unit as
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deseribed above include two printers PU and PT
each of which takes the form of an electric type-
writer. One of the printers, PT, prints the ticket
while the other, PU, prints the ltems on & contin-
uous roli for record purposes.

o

When all the necessary information has been .

transferred from the toll line control circuit
TLCC to fthe printer-controller PC and the calcu-
lation of the total charge has been effected in the
printer-confroller as described previously and as-
suming fhe allotter has in the position shown
preselected an idle printer, earth is-extended over
conductor 1463 fo cause the operation of relay
1508. Relay 1508 at armature (634 extends earth
over wiper 513 of the allotfer switch AL, bank
contact leading to the preselected printer unit,
armature (528, winding of relay (507 to battery.
Relay [607 operates and at armature {533 com-
pletes the following self-interrupting circuit for
the magnet 1509 of the printer-controller finder
switch PF: earth at armature 1533, armatures
1631, 1526, interrupter springs 1555, windings of
magnet 1503 {o battery. The wipers of the switch
PF are thus rotated until the contact associated

with wiper 512 which is marked by battery po- 2

tential in the printer-controller is reached when
relay 1805 operates from earth at armature 1532
over wiper 1502 to battery on conductor 1462.
Relay 505 in operating at armature 1528 opens

the circuift of magnet (609 and at armature 524 ;

closes an obvious circuif for relay 1506. Relay
1506 operates and at armafure 1528 closes a
locking circuit for relay 1505 from earth at arma-
ture 1525; at armature 1527 it closes a circuit over
wiper 51t of the switch PF for relays 180f and
‘502 which operate to extend conductors {464 {o
{468 and the conirol conductors 1 to 0 from the
printer-controller to the magnets of the printers;

at armature (529 it opens the circuit for relay -

{807 which releases slowly and at armature {530
it removes one earth from the shunt circuit
around relay [568 and extends it over contact 1
associated with wiper 1514 of the switch AL, in-
terrupter springs 1556, windings of magnet (510
of the switch AL to battery. The switch AL thus

1o
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This earth causes the operation of the star-print-
ing magnet associated with the record prinfer
and is also extended over armature (535, upper
winding of relay 1584 to battery. Relay (504
operates and locks over armatures 1538 to earth
at key 1519. Further at armature (5371 relay
1504 earths conductor (557 fo cause an audible
alarm to be given to attract the attention of an
attendant to the fact that a calling subscriber
wishes to know the cost of the connection. Relay
1504 may be released by opening key {518.

When describing the printing of the recording
roll, it was pointed out that a start was printed
between each item and it will be appreciated that
the above-described alarm should not be given
in such cases. Accordingly the battery supply
for the magnets which contro} the printing of the
digits is taken over the upper winding of relay
1503 and conductor 1528 so that on the applica-
tion of earth to any of the conductors 1 to 0 to
print the first digit, relay (583 operates and locks
over armature 536 to earth at armature 1521.

Further at armature (535 relay {503 opens the

circuit to relay (504 to prevent any further alarm
being given. _

No turther change occurs in the circuits of the
printer unit until all the items have been printed.-
Battery is then removed from- conductor 1462
and relay 1505 releases followed by relay 1506.

_ Relay 1506 opens the circuits of relays (50¢, 1502

and (503 which release and the printer unit is
available for connection to another printer-con-
troller.

The printer units can be made busy by the
operation of the key BKI for the first unit and

. similar keys for the second and third units and
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steps its wipers on to the next set of contacts -

leading to the second printer unit in which posi-
tion the above traced circuif is interrupted pro-
vided the second printer unit is idle. It will be
understood that conductors 1522 and (55 lead-
ing to the second and third prinfer unifs respec-
tively are connected to a relay similar fo relay
§507 over normally closed contacts similar to the
contacts associated with armature 1529 of the
first printer unit. Further conductors (523 and
i516 are extended fo contacts similar {o the con-
tacts associated with armature 1530.

With regard to the printers themselves, these-

are shown diasgrammatically by the dotted rec-
‘tangles PU and PT. Conductors 1 fo 0 extending
from the printer-controller control the magnets
in both printers as indicated by the connecting
terminals associated with these econductors.
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in addition make-busy-contacts are provided on
each printer PT and PU, the operation of which
causes earth to be connected to conductor 1521.

The purpose of relay (558 is to give an glarm
when the allotter switch AL is unable to find an
idle printer unit. Relay 1558 is common to the
three printer units and when all the latter are
busy, the shunt around relay 1558 is removed
and the relay operates. At armature §559 relay
1658 removes earth from contact 25 associated
with wiper 1514 of the allotter switch and con-
necis alarm- conductor 1568 to contact 25 and an
alarm is given. i

I claim:

1. In a telephone system, & plurality of ex-
changes, each of said -exchanges having an ex-
change code individual thereto, switching appa-
ratus for setting up a connection between said ex-
changes, means controlled jointly in accordaence
with the originating and the terminating ex-
change invelved in the connection and the dura-
tion of the connection for establishing a charge
applicable to the connection, and means for regis-
tering on a single ticket, the exchange codes of
the originating and the ‘terminating exchanges
included in a connection and the charge estab-

. lished by said means.

Conductors 1464 to 1469 are however individual -

- to the particular printer, thus conductors {461
and 1469 control the shift mechanism and the
star-prinfing magnet of the record printer while
conductors 1464, {485, {866 and (468 control the
shift mechanism, stroke printing magnet, period
printing magnet and the spacing mechanism re-
spectively of the ticket printing unit.
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As pointed out in the deseription of the printer- -

controller, if the calling subscriber wishes to

know the cost of the call, conductor {468 is

earthed prior to the printing of any of the items.

(3

2. In g telephone- system, a plurality of ex-
changes, each of said exchanges having an ex-
change code individua] thereto, switching appa-
ratus for setting up a connection between said
exchanges, means controlled jointly in accord-
ance with the originating and the terminating
exchange involved in the connection and the
duration of the connection for establishing a
charge applicable to the connection, and means
controlled upon the termination of said connec-
tion for registering on a single ticket, the date
and the time of the termination of said given
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‘connection and the exchange codes of the orig-
" inating and the terminating exchanges involved
in said given connection and the charge estab-
lished by said means. )
} 3. In a telephone system, a plurality - of ex-
" changes, each of said exchanges having an ex-
~change code individual thereto, a plurality of
" Jines terminating at each of said exchanges, each
“line terminating at a given exchange having a
directory number individual thereto, switching

33

termination of said call and for stox;ing the col-
lected items in other of said registers, and means
controlled up on the termination of said call for

v operating said recorder.

10

_apparatus for setting up connections between the .

" lines terminating at said exchanges, means con-
trolled jointly in accordance with the originating
and the terminating exchanges involved in & con-
nection and the duration of the connection for
establishing a charge applicable to the connec-
tion, and means for registering on a single ticket
individual to said connection, the directory num-
pbers of the calling line in the originating ex-
change and the called line in the terminating ex-
change involved in a connection, the exchange
codes of the originating and the terminating ex-
changes involved in the connection and the
charge established by said means.

4. In a telephone system, a plurality of ex-
changes, each of said exchanges having an ex-
" change code individual thereto, switching appa-
ratus for setting up connections between said ex-
changes, means controlled jointly in accordance
with the originating and the terminating ex-
changes involved in a connection and the dura-
tion of the connection for establishing a charge
applicable to the connection, a ticket printer,
and means controlled upon the termination of a
given connection for causing said ticket printer
to print a ticket individual to said given connec-
tion including characters representing the ex-
change codes of the originating and the termi-
nating exchanges involved in said given connec-

tion and the established charge established by .

said means. .

- 5, In g telephone system, a calling line, a called
line, means for setting up a call from said calling
line to said called line, a plurality of registers
adapted to store variable items of .record in-
formation pertaining tv said call, a recorder op-.

erative to print a record in ordinary language-

characters of the items stored in said registers,
automatic means for collecting some items of
record information pertaining to said connection
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7. In a telephone system, a plurality of ex-
changes, switching apparatus including links and
operative to set up connections between said ex-
changes, means for. selectively operating said
switching apparatus, means controlled in accord-
ance with the exchanges included in & connec-
tion for establishing a rate factor applicable to
the connection, means controlled in accordance
with the duration of a connection for establish-
ing a time factor applicable to the connection,
a calculating device operative to assess a charge
for & connection, means controlled upon the ter-
mination of .a given connection for associating
said calculating device therewith, means con-
trolled jointly in accordance with the estab-
lished rate and time factors applicable to said
given connections for selectively operating said
calculating device, and means for positively pre-
venting the release of a link utilized in said given
connection prior to the association of said calcu-
lating device with said given connection.

8. In a telephone system, & plurality of ex-
changes, switching apparatus including links and
operative to set- up connections between said ex-

. changes, means for selectively operating said
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switching apparatus, means contyolled in accord-
ance - with the exchanges included in a connec-
tion for establishing a rate factor applicable to
the connection, means controlled in -accordance
with the duration of a connection for establish-
ing & time factor applicable to the connection, a
calculating device operative to assess a charge
for a connection, means controlled upon the ter-

“mination of a given connection for associating
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during the progress of said call and for storing -

the collected items in some of said registers, auto-
matic means for collecting other items of record
information pertaining to said call upon the ter-
mination of said call and for storing the collected
items in other of said registers, and means con-
trolled upon the termination of said call for op-
erating said recorder. N oL

6. In a calling system, a calling line, a
called line, means for setting up a call from said
calling line to said called line, means including
a date and time unit for progressively storing
certain items of record infromation pertaining
to the date and the time, a plurality of registers
adapted to store variable items of record infor-
mation pertaining to said call, a recorder oper-
ative to print a record in ordinary language char-
acters of the items stored in said date and time
unit at any given time and the items stored in
said registers, automatic means for collecting
certain items of record information pertaining
to said call during the progress of said call and
for storing the items in some of said registers, au-
“tomatic means for collecting other items of rec-
ord information pertaining to said call upon the
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said -calculating device. therewith, means con-
trolled jointly in accordance with the established
rate and time factors applicable to said given
connections for selectively operating said calcu-
lating device, means for positively preventing the
release of & link utilized in said given connection
prior to the association of said calculating device
with said given connection, and additional means
controlled subsequent to the association of said
calculating device with sald given connection for
causing the link utilized therein to be released.

9. In a telephone system, a plurality oflines,
switching apparatus including links for setting -

“up connections between said lines, whereby each
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connection utilizes one of said links, each of said
links including @ set of registers, means con- "
trolled incident to the completion of a connection
and while the connection is completed for collect-
ing various items of record information pertain-
ing to thé connection and for storing the items
in the registers included in the link utilized in the
connection, & plurality of record control devices,.
means controlled upon the termination of a given
connection for selecting an idle one of said record
control devices associating it with the set of reg-

‘isters included in the link utilized in said given

connection, -and means controlled by said one
record control device for making a record of the

_items stored in an’ associated set of registers.
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10. In 3 telephone system, a plurality of lines,
switching apparatus including links for setting up
connections between said lines, whereby each
connection utilizes one of said links, each of said
links including a set of registers, means. con-
trolled incident to the completion of a connec-
tion and while the connection is completed for
collecting various items of record information
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pertaining to the cunnection and for storing the
items in the registers included in the link utilized

in the connection, a plurality of record control

devices, means controlled upon the termination -
of a given connection for selecting an idle one of

seid record control devices associating it with
the set of registers included in the link utilized
‘in said given connection, means controlled by any
one of said record producing devices for making
a record of the items stored in an associafed set
of registers, and means for positively preventing
the link utilized in & connection from heing re-
leased incident to the termination of the con-
nection prior to the association therewith of one
of ssid record control devices.

11, In a telephone sysiem, & plurality of ex-
changes, a plurality of lines terminating st each
of said exchanges, switching spparatus for set-
ting up local and infer-exchange connections he-
tween said lines, sald switching spparatus-in-
ciuding & number of links which are utilized
only ‘in completing interexchanges connections,
each of said links including a set of registers,
means controlled inecident to the completion of
an interexchange connection and while the in-
terexchange connection is completed for collect-
ing various items of record information pertain-
ing to the interexchange connection and for stor-
ing the items in the registers included in the link
utilized in the interexchange connection, & plu-
ralty of record conirol devices, means controlied
upon the termination of & given inferezchange
connection for selecting an idle one of said rec-
ord control devices assoclating it with the set of
registers included in the link utilized in sad
given inferexchange connection, end means con-
trolled by any one of said record control devices
for making a record of the items stored in an
associated set of registers.

12. In a telephone system, & plurality of lines,
switching apparatus for setting up connections
between said lines, a plurality of eontrol circuits,
each of said control circuits including g set of
registers, means controlled upon the termination
of a connection for selecting an idle one of said
control circuits and for storing in the set of regis-
ters included therein various items of record in-
formation pertaining to the connection, & record
producing device, and means for causing said
record producing device to make & record of the
items stored in the set of registers included in
said one control circuit. :

13. In a telephone system, a plurelity of lines,
switching apparatus for setting up connections
between said lines, a plurality of céntrol circuits,
each of said control circuits including a sef of
registers, means controlled upon the termination
of a connection for selecting an idle one of said
control circuits and for storing in the set of
registers included therein various items of record

information pertaining to the connection, a ticket

printer, and means controlled in accordance with
the items stored in the set of registers included
in said one control circuit for causing said ticket
printer to print on a ticket individual to said
last-mentioned connection characters cofre-
sponding to said last~-mentioned items.

14. In a telephone system, a plurality of lines,
switching apparatus including links for setting
“up connections hetween said lines, whereby each
connection utilizes one of said links, each of said
-links including a set of registers, means con-
troiled incident to the completion of a connec-
tion and while the connection is completed for
collecting various items of record information
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pertaining to the connection and for storing the
items in the registers included in the link utilized
in the connection, a plurality of control circuits,
each of said control circuits including a set of
registers, means controlled upon the termination

. of a given connection for selecting an idle one of

K

20

it}

5 -

(HY

75

said control circuits, means for transferring the
items stored in the set of registers included in the
link utilized in said given connections to the set
of registers included in said selected control cir-
cuit, s record producing device, and means for
causing seid record producing device to make &
record of the items sfored in the set of registers
included in said selected control circuit.

15. In o telephone system, a plurality of lnes,
switching apparatus including links for setting up
connections between sald lines, whereby each
connection utilizes one of said links, each of said
links including 2 set of registers and a stepping
switch having access to the individual registers
in the set, means controlled incident to the com-
pletion of a connection and while the connection
is compleied for collecting various items of record
information pertaining to the connection and for
storing the items in the vegisters included in the
link utilized in the connection, a plurality of con-
trol circuits, each of said control circuits includg-
ing & set of regisiers and a stepping switch having
access 1o the individual registers in the set, means
controlled upon the termination of a given con-
nection for selecting an idle one of said control
circuifs, and means controlled when said control
cireuit is selectsd for operating in synchronism
the stepping swilch included in the link utilized in
sald given connection and the stepping switch
Included in said one control circuit, whereby the
items stored in the individual registers in the
set included in said last-mentioned link are trans-
ferred to corresponding ones of the individual
registers in the set included in said one control
circuit.

16. In = telephone system, a plurality of con-
trol eircuits, each of said control circuits includ-
ing first and second sets of registers, means for
selecting an idie one of said control circuits and
for storing in the first set of registers therein
certain items of record information pertsining
to a telephone connection, a date and time unit,
means responsive fo the selection of saig one con-
trol circuit for causing said date and iime unit
to store in the second set of registers included in
said- one control circuit certain items of record
information pertaining to the date and the time,
a record producing device, and means for causing
said record producing device to make a record of
the items stored in the first and the second sets
of registers included in said one confrol eircuit.

17. In @ telephone system, a plurality of con-
trol circuits, each of said control circuits inelud-
ing first and second sets of registers, means for
selecting an idie one of said control circuits and
for storing in the first set of registers therein cer-
tain items of record information pertaining to a
telephone connection, a date and time unit opera-

5 tive continuously to change the date and the time,

means responsive to the selection of said one con-
trol circuit for momentarily arresting the opera-
tion-of said date and time unit for causing said
date and time unit to store in the second set of
registers included in said one control cireuit while
the operation thereof is arrested certain items of
recerd information pertaining to the date and the
time, 2 record producing device, and means for
causing said record producing device to make &
record of the items stored in the first and the
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o second sets of registers mcl\icied.l'_l; 'sg'id,one con-

. trol circut. Sl ; S
.~ "18..In a telephone system, a plurality of ex-
" changes, switching apparatus for setting up con-.

‘hections between said exchanges, said switching

' .-gpparatus including a link provided with a-num-

‘ber of registers, a plurality of item collectors, a

: - phirality - of record control devices, means con-

*trolled prior to .the completion of & connection

/. for-associating an idle one of said item collectors
- ‘with sald link, whereby. the associated item col-

‘lector is rendered operative to collect certain

" jtems of record information pertaining to the con-
nection and-said link is rendered -operative to

- store the items in said registers, and means con-
‘- trolled upon: the termination of a connection for

- selecting an idle. one of sald record control de-

.“vices and sssoclating it with said link, whereby
- ‘the- associated record control device is rendered

" operative to cause a record to be made of the :

. items stored in sald registers. o .

. 19. In a telephone ‘system, a plurality of ex-
- changes, switching apparatus for setting up con-
" “'nections between sald exchanges, said switching

" apparatus including a link provided with a num-
~-ber. of registers, a plurality of item collectors, a

- plurality of record. control deviceés, means con-
__trolled prior to completion of a connection for
.. associating an idle one of said item collectors

.with said link, whereby the associated item col-

lector is rendered operative to -collect certain

-items of record information pertaining to the con-

‘nection and said link is rendered operative to

- “store the items in said registers, means controlled
upon the termination of a conrection for associ-’

ating. an idle one of said record control devices
. with said link, a record producer, and means for
" agsoclating said record producer with said one
record control device, whereby said. record pro-

_' ~ ducer is controlled by said one record control de-

~ vice to make a record of the items stored in said
Tegisters. . -
20. In a telephone system, a plurality of ex-

" changes, switching apparatus for setting up con- -

nections between said exchanges, said switching

"apparatus including a link provided with a num-

" ber-of registers, a plurality of item collectors, a

_ . -plurality of record. control d_evice's, means con-
- trolled prior to the completion: of & connection

-for associating an idle one of said item collectors
-with said link, whereby the associated item col-
" Jector is rendered operative to collect certain items
of record information pertaining to the connec-
_tion and sald link is rendered operative to store
“the items in said registers, means controlled upon
_"the termination of a connection for associating
an idle .one of said record control devices with
said link, whereby the associated record control
device is rendered operative to cause a record to
- be made of the items stored in said registers, and
means for positively preventing the release of
said link incident to the termination of a connec-
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collector being operative to collect certain items

of record information pertaining to the connec-
tion and the said link being operative to store
the items in said registers, and means controlled
upon the termination of a connection for caus-

- ing said automatic switch to select an idle one of

said recrod control devices, the selected record

' control device being operative to cause a record
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tary values.:

to be made of the items stored in said registers.

22. In a telephone system, a first exchange,
a plurality of second exchanges, switching mech-
anism for routing a coll from said first exchange
to any one of said second exchanges, means for
establishing a rate factor dependent upon the
one of said second exchanges to which a call is
routed from said first exchange, means for es-
tablishing a time factor dependent upon the du-

ration of an established connection between said -

first exchange and one of said second exchanges,
a pluurality of calculating devices each of which

‘Yeing operable to calculate. the cost of a call in

monetary values, means for selecting one of sald
calculating devices in accordance with one of
said establishing factors, and means for operat-
ing the selected calculating device exclusively in

-accordance with the other of said established fac-

tors, whereby the selected calculating device is
operated to calculate the cost of the call in mone-

23. In a telephone system, a first exchange, a

 plurality of second exchanges, switching mecha-
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nism for routing a call from said first exchangs

to any one of said second exchanges, means for
controlling said switching mechanism to estab-
lish a conhection between said first exchange and

_one of .sald second exchanges, means for estab-

lishing a rate factor applicable to said call, a
timer, means controlled when said connection is
established for initiating operation of said timer,
means controlled when said connection is released
for arresting operation of said timer, means con-
trolled by the operation of said timer for estab-
lishing a time factor applicable to said call, a
plurality of calculating devices, means controlled
in accordance with one of said established factors
for selecting a corresponding one of said calcu-
lating devices, means controlled in accordance

.. with the other of said established factors for cor-
-respondingly operating said one calculating de-
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vice exclusively, a register operative to register
the cost of a call, and means controlled in ac-

~ cordance with the operation of said one calcu-
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tion prior to the association therewith of one of .

said record control devices. oo : .
. 21, In & telephone system, & plurality of. ex-
changes, switching apparatus for setting up con-
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nections between said exchanges, said switching -

apparatus including & link provided with a num-
~ ber of registers and an automatic switch, a plu-

rality of item collectors accessible to said auto-
matic switch, a plurality of record control devices
accessible to said automatic switch, means con-
trolled prior to the completion of a connection
for causing said automasatic switch to select an
idle one of said item collectors, the selected item
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lating device for controlling said register, thereby
to cause said register to register the cost of said
call. . ‘

~ 24. In a telephone system, a first exchange, a
plurality of second exchanges, switching mecha-
nism for routing a call from said first exchange to
any one of said second exchanges, means for es-
tablishing a rate factor dependent upon the one
of said second exchanges to which a call is routed
from .said first exchangc, means for establishing
a time factor including two digits dependent upon
the duration of an established connection between
said first exchange and one of said second ex-
changes, a Dplurality of two-motion calculating
switches, means for selecting one of said calcu-
lating switches in accordance with the rate fac-
tor established, means for setting the selected
calculating switch in one direction in accordance
with one digit of the time factor established,
means for setting the select:d calculating switch
in the other direction in accordance with the
other digit of the time factor established, a reg-
ister operative to register the cost of a call from
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. said first exchange to one of sald second ex-
changes, and means for controlling said register
dependent upon the particular one of said cal-
culating switches selected and the particular set-
ting of the selected calculating switeh.

25. In a telephone system, a plurality of lines,
switching apparatus for. setting up a connection
between two of said lines, automatic means con-
nected to said switching apparatus for establish-
ing a rate factor applicable to said connection,
automatic means connected to said switching ap-
paratus for establishing a time factor applicable to
said connection, a plurality of switches, each se-
lectable by a different rate factor, means oper-
ated by an established rate factor for selecting
one of said switches, means for thersafter oper-
ating the selected switch in accordance with the
established time factor for sstablishing & charge
applicable to said connection, and means for re-
cording in monefary values the established
charge applicable to said connection.

26. In a telephone system, a plurality of lines,
switching apparatus for setting up a connection
between two of said lines, automatic means con-
nected to said switching apparatus for establish-
ing a rate factor applicable to said connection,
automatic means connected to said switching ap-
paratus for establishing a time factor applicahle
to said connection, automatic means connected to
said switching apparatus controlied jointly in ac-
cordance with the established rate and time fac-
tors for establishing s charge applicable fo said
- cennection, and means for recording the estab-
lished rate and t{ime factors and the established
charge applicable to said connection.

27. In a telephone system, a plurality of lines,
switching apparatus for seiting up a connection
between two of said lines, automatic means con-
nected to said switch apparatus for establishing
a rate factor applicable to said connection, auto-
matic means connected to said switching appa-
ratus for establishing a time factor applicable to
said connection, a plurality of switches, each se-
lectable by a different rate factor, means operated
by an established rate factor for selecting one of
said switches, means for thereafter operating the
selected switch in accordance with the estab-
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lished time factor for establishing & charge ap- .

plicable to said connection, and means for print-
ing upon a ticket individual to said connection
the established charge in monetary values appli-
cable {o said connection.

28. In a telephone system, a plurality of lines,
switching apparatus for setting up a connection
between two of said lines, automatic means for
establishing a rate factor applicable to said con-
nection, a timer, means controlled in response
to the completion of said conneetion for inifiat-
ing operation of said timer, means controlled in
response to the termination of said connection for
arresting operation of said timer, means auto-
matically controlled in accordance with the ar-
rested position of said timer for establishing a
time factor applicable to said connection, a plu-
rality of switches, each selectable by a different
rate factor, means operated by an established
rate factor for selecting one of said switches,
means for thereafier operating the selected
switch in accordance with the established time
factor for establishing a charge applicable to
szid connection.

25. In a telephone system, a set of registers,
means for storing in said set of registers a plu-
rality of variable items of record information
pertaining to a telephone connection, the items
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stored including rate and time factors, & cai-
culating device operative jointly in accordance
with the rate and time factors stored in said set
of registers to establish a cost item for the con-
nection, a recorder operative to record the items
stored in said set.of registers and the item estab-
lished by said calculating device, and means con-
trolled upon the termination of the connection for
operating both said calculating device and said
recorder. ‘

30. In a telephone system, means for setting
up a telephone connection, automatic means as-
sociated with said connection for establishing a
rate factor applicable to said connection, means
including ‘a date and time unit for converting
said established rate factor into one of & plurality
of established rate itemgs in monetary values ap-
plicable to said connection in accordance with a
predetermined rate-time schedule, automatc
means associated with said connection for estab-
lishing & time item applicable to said connection,
caiculating mechanism variably operative to as-
sess corresponding charge items applicable to
connections, and automatic means associated with
said connection jointly controlled in accordance
with said established rate item and saig estab-
lished time iiem for correspondingly operatng
said calculating mechanism, thereby to assess a
chargé item applicable to saidg connection.

31i. In a telephone system, means for seiting
up a telephone connection, automatic means asso-
ciated with said connection for establishing a rate
factor applicable ic said connection, means for
converting said established rate factor info one
of a plurzlity of esiablished rate items in mone-
tary values applicable to said connection, auto-
matic means associated with said connection for
establishing & time item applicable to said con-
nection, calculating mechanism variably opera-
tive to assess corresponding charge items appli-
cable to connections, and automatic means asso-
ciated with said connect.on jointly controlled in
accordance with said established rate item and
said established time item for correspondingly op-
erating said calculating mechanism, therzby to
access a charge item applicable to said connec-
tion.

32. In a telephone system, means for sefting
up a telephone connection, automatic means asso-
ciated with said connection for establishing a
rate factor applicable fo said connection, means
including a date and time unit for converting said
established rate factor into one of a plurality of
established rate items in monetary values appli-
cable to saigd connection in accordance with a
predetermined rate-time schedule, automatic
means associated with said connection for estab-
lishing a time item in minutes applicable to said
connection, calculating mechanism variably op-
erative to assess corresponding charge items in
monetary values applicable to connections, and
automatic means associated with said connec-
tion jointly controlled in accordance with said
established rate ifem and said established time
item for correspondingly operating said calculat-
ing mechanism, thereby to assess a charge in
monetary values applicable to said ccnnection.

33. In a telephone system, g calling telephone
station, a called telephone station, switching ap-
paratus, means controlled for said calling station
for operating said switching apparatus to estab-
lish g connection between said telephone stat'ons,
automatic means for registering certain items of
record information pertaining to said connection
and means associated with said registering means
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and selectively operated from one of said stations
for indicating that the party thereat desires to be
informed after the termination of said connection
of certain of the registered items.

34. In @ telephone system, & calling telephone
station, a called telephone station, switching ap-
paratus operative to set up a call between said
stations, automatic means for registering certain
items of information pertaining to said call, an
indicator operative to indicate that the party at
daid calling subscriber substation desires to be
‘informed after the termination of said call of
certain of the registered items, and means con-
trollable from said calling telephone station for

operating both said switching apparatus and said |

indicator.

35. In a telephone system, a calling telephone
station, a called telephone station, switching ap-
paratus operative to set up a call between said
stations, automatic means for establishing a
charge for said call, an indicator operative to in-
dictite that the party at sald calling telephone
station desires to be informed after the termina-
tion of sald call of the charge therefor, and means
controllable from said calling telephone station
for operating both said switching apparatus and
said indicator. .

36. In a telephone system, a calling telephone
station, a called telephone station, switching ap-
paratus for setting up a connection between said
telephone stations, automatic means for reglister-
ing certain items of record information pertaining

to said call, & digit responsive indicator operative .

to indicate that the party at one of sald telephone
stations desires to be informed after the termi-
nation of the call of certain of the items, and
means controlled from said one telephone station
for transmitting & digit to said indicator, thereby
to cause operation of said indicator.

10

30

35

37

37. In a telephone system, a calling telephone
station, a called telephone station, digit respon-
sive switching apparatus operative to set up a
call between said telephone stations, automatic
means for registering certain items of record in-
formation pertaining to said call, a digit respon-
sive indicator operative to indicate that the party
at said calling telephone station desires to be
informed after the termination of the call of cer-
tain of the items, and means controllable from
said calling telephone station for transmitting
digits to said switching apparatus and to said in-
dicator. .

38. In a telephone system, a calling telephone
station, a called telephone station, switching ap-
paratus operative to set up a call between said
telephone stations, automatic means for register-
ing certain items of record information pertain-
ing. to said call, an indicator operative to indi-
cate that the party at said calling telephone sta-
tion desireg to be informed subsequent to the ter-
mination of the call of certain of the items, and
means including a register-sender controllable
from said calling telephone station for operating
said switching apparatus and said indicator.

39. In a telephone system, a calling line, a
called line, means for setting up a connection
between said lines, route mechanism selectively
controlled in accordance with the relative posi-
tiong of said lines, timer mechanism selectively
controlled in accordance with the time duration
of said connection, clock mechanism selectively
controlled in accordance with the time of day, and
calculating mechanism selectively controlled con-

jointly by said route mechanism and said timer

mechanism and said clock mechanism to assess &
charge applicable to said connection. :
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