Feb. 15, 1944. R TAYLOR ETAL 2,341,746

TELEPHONE SYSTEM

Original Filed April 15, 1940 4 Sheets-Sheet 1

_ ‘ F,Gl .‘ja4

Led ju
H9 oo kst

INVENTORS
REGINALD TAYLOR

BY 5EORGE THOMAS BAKE
e/ e

ATTORNEY




Feb. 15, 1944, R, TAYLOR ET AL 2,341,746

TELEPHONE SYSTEM

Original Filed April 15, 1940 4 Sheets~Sheet 2

= ka3 FILZ. QA

~ dp5 24

/ kb5 7kb6

R M +OUT
T Haan ¢
N
. INVENTORS
REGINALD TAYLOR
BY - GEORGE THOMAS BAKE

ATTORNEY




Feb. 15, 1944.

R. TAYLOR ETAL 2,341,746
TELEPHONE SYSTEM

Original Filed April 15, 1940 4 Sheets—Sheet 3

FIG3

Ibb5

\!kbl

} N
e\

rd  2p2 b2 H
: 2™ L 188

INVENTORS
REGINALD TAYLOR

, ’BY GEORGE THOMAS BAKER

=

ATTORNEY




Feb. 15, 1944, R. TAYLOR ET AL 2,341,746

TELEPHONE SYSTEM

Original Filed April 15, 1940 4 Sheets-Sheet 4

Him

-Figs.283
‘RU

ISR
RT2

I1G

[SPSPR

1GS

RTI
Ss

REGINALD TAYLOR
By EORGE_THOMAS BAKER

=

»
\ .
=) '\j_ . INVENTORS

- ATTORN




Patented Feb. 15, 1944

2,341,746

UNITED STATES PATENT OFFICE

TELEPHONE SYSTEM

Regzinald Taylor and George Thoimas Baker, Liv-
erpool, ‘England, assignors, by mesne assign-
ments, to Automatic Electric Laboratories, Inc.,
-Chicago, IlL, a corporation of Delaware

Original application April 15, 1940, Seérial No.
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The present invention concerns improvements
in of relating to mechanical impulse regenerators,
and is a division of cur copending United States
application Serial No. 329,608, filed April 15, 1940.
While particularly apblicable to arrangements
for setting up connections in ‘telephene systems
and to improved arrangements for dealing with
connections which must be recorded for charging
purposes, the invention has other -applications.

The object of the present invention is to pro-
vide a cheap and economical method of frans-
mitting items of information gver a connection

frotn one stage to another in the shortest possible
time, for instance to transfer a calling or called

party’s number to a recording position. In ‘the
case of a- called party’s number involving a large
number of digits the provision of separate stor-
ing means for each digit is liable to prove very
expensive and it is a feature of the present in-
vention that a plurality of digits may be stored
by the mere displacement of selected pins in a
mechanical impulse regenerator in a manner
which enables more digits to be stored than pre-
viously has been possible with such a device,

According to one feature of the invention a
mechanical impulse regenerator is provided with
a plurality of impulse responding means operable
in different combinations in accordance with im-
pulses received in code form and transmitting
nieans controlled by said impulse responding
means to send cut impulses in regenerated form
corresponding to the impulses received. _

According to a further featuie of the invention
a mechanical impulse regenerator comprises
means for responding to two sets of pulses, the
pulses of one set having a definite timed relation-
ship to the pulses of another set and in which
impulse regenerative means are controlled to re~
transmit two sets of pulses corresponding to and
having the same relationship as those received.

According to a further feature of the invention
a mechahnical impulse regenerator includes a re-
ceiving magnet by which a member is moved to
an extent determined by one set of pulses and
mernbers which are selectively displaced during
said movement in response to a second set of
pulses having a definite timed relationship in
respect to said first set.

Conveniently the impulse regenerator is con-
structed as described in United States Patent No.
2,188,461, issued Jan, 30, 1940, to McClew and
Woodland, and according to the invention a
member is moved by a receiving magnet to an
extent deterrined by one set 6f pulses while pins
are displaced during such movement in response
to @ second set of pulses acting upon a marking
magnet, such second set of pulses having a defi-
nite timed relationship with respe¢t to the first
set, an impulse generator controlled thereby is
adapted when released 10 operate and generate
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pulses corresponding in number to said first set
of pulses and to the €xtent of movement of said
member While a further ‘impulse generator is
adapted to be operated as each displaced pin is

‘encountered to generate pulses cofresponding to

the second $set of pulses.

By making the dumber of pulses constant both
in said first and second set of pillses it will be
immediately apparent in the eveiit the number of
plilses of said sets when received include a dif-
ferent number that there is a fault and hence a
lost pulse is iminediately detected. An extra
pulse intérpolated by interference is also imme-
diately detected. S ‘

These and othér features of the invention will
be better understood from a -description of the
following embodiments thereof ‘which are given
by way of eéxample, reference being had to the
adcompanying drawings comprising Figs. 1, 2, 3

‘and 4.

Fig. 1 illustrates circuit arrangements at an
outgcing relay set for -controlling a mechanical
impulse regenerator according to the invention,

~ so that it will receive the identification of a call-
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ing liné in code and subsequently retransmit it

to the recorder.

Figs. 2 and 3, when placed side by side with
Fig. 2 to the left of Fig. 3, illustrate circuit ar-
rangemetits for & similar regeherator-at the re-
cotding exchange to receive the pulses in code
form corresponding to the called ‘party’s number
ahd fetransmit them to the recorder.

Fig. 4 is a schematic trunking diagram illus-
trating the arrangement of certain apparatus (in-
cluding that shown in Figs. 1, 2 and 3) involved
in a typical connection from g calling subscriber
in one exchange to a called subscriber in a dif-
ferent exchange.

Referring first to Fig. 4, the operation involved
in the extension of a connection from a calling
subscriber in exchange A to a called subscriber
in exchange C will be described briefly. When
the calling subscriber removes his receiver the
uni-selector’ US automatically operates to con-
nect him to a first code selector ICS which has
associated with it cértain register-translator
equipmént RTi. ‘This equipment serves to re-
céive and store the digits of thé called subscrib-
ei’s Amber When they are dialled by the calling
subseriber; upen receipt of the called subscrib-
er’s number, register-translator RT1 transmits
routing digits dependetit on said ¢alled subsctib-
ef’s number, which digits contrél the first code
selector ICS to séize & trunk line | via the out-
going relay sét ORS and thén eontrol the incom-
ing selector ISR over said trunk line to seize an
idle toll liné Felay set TLRS. When the latter
is seized, thé hunter switch HS immediately as-
sociates an idle register-translator RT2 with the
toll line relay sét. Therétipon a signal is trans-
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mitted from the toll line relay set back over the
connection to register-translator RTI, and in re-
sponse to this signal the called subscriber’s num-
ber stored in RTI is transmitted over the con-
nection to register-translator RT2. In RT? the
called subscriber’s number is converted from dec-
imal form into code form and transmitted to the
toll line relay set TLRS where it is registered on
a mechanical impulse regenerator as will be de-
scribed more in detail presently.

The register-translator RT2 also transmits
routing digits dependent upon the called sub-
scriber’s number; these digits control the out-
going selector SR to seize a trunk line 2 extend-

ing to exchange C and then control switching-

apparatus in exchange C to complete the con-
nection to the called subscriber.

Upon seizure of trunk line | by the first code
selector ICS as described above, the outgoing
relay set ORS initiates the operation of identifi-
cation control relay set IC which with the aid
of the identification switch SS causes the calling
line’s number to be transmitted in code form
over the switches SS, US, and ICS to the out-
going relay set ORS where it is registered on an
mechanical impulse regenerator as will be ex-
plained below. The identification equipment is
preferably of the type disclosed in our copending
United States application Serial No. 321,783, filed
March 1, 1940, to which reference may be had for
details of its operation.

When the calling subscriber hangs up his re-
ceiver at the end of the call, the hunter switch
HS operates to associate an idle recording unit
RU with the toll line relay set TLRS whereupon
the mechanical impulse regenerators in the out-
going relay set ORS and in the toll line relay set
TLRS operate in turn to transmit the stored call-
ing-and called subscribers’ numbers, respectively,
to the recording unit, where facilities are pro-
vided for printing these items of information
on a ticket. ;

Considering briefly the construction of the me-
chanical impulse regenerator this will be better
understood from details given in Patent No.
2,188,461, previously mentioned, from which it
will be seen that the device comprises essentially
a receiving disc and sending disc which are ar-
ranged on elther side of a plate carrying a cir-
cular row of pins. The receiving disc is rotated
step-by-step in response to the impulses received
on a stepping magnet and carries with it a mark-
ing lever which is released on de-energization of
the marking magnet, not at the end of each train
of impulses as in the Patent No. 2,188,461, but,
according to- the present invention, in a definite
timed relationship with the pulses operating the
receiving magnet. The marking magnet pushes
pins corresponding thereto through the pin plate
into-the path of the sending dise. For each of
such operations of the marking magnet a corre-
sponding pin is pushed through the plate and
these pins serve to regulate the movement of the
sending' disc which controls the generation of
outgoing impulses by the regenerator impulse
springs. . i

To initiate the transmission of the outgoing
impulses, a pin which was previously displaced
into the path of the sending disc is pushed back
to its normal position by a resetting pin upon en-
ergization of the retransmitting magnet, but
owing to the stepped head on the reset pin the
sending disc is not immediately released and re-
mains held until the retransmitting megnet is
de-energized. ‘This magnet disconnects g relay
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which thereupon opens the magnet energizing
circuit as fully described in the patent referred
to, whereupon the sending disc is released and ro-
tates until the reset pin comes up against the
stop pin indicating the first of the pulses operat-
ing the marking magnet. The rotation of the disc
controls the generation of one set of pulses and
the successive engagement of the pins which are
successively reset controls the generation of a sec-
ond set of pulses having a definite timed rela-
tionship to the first set.

During the sending out of impulses, it will be
noted that since the reset pin is not conhecting
with any stop pin the relay above referred to
cannot he re-operated, while during this time the
first impulses received are sent out in regen-
erated form by way of impulse springs controlled
from the regenerator device. In this case no
timing is required as the stop pins are reached,

20; the control of the timing arrangements between

series of pulses shown in the said specification
being utilised according to the present invention
to generate a pulse of the second series.

It will be appreciated that the two operations
7 of reception and retransmission may go on simul-
taneously but independently of each other.

Turning now to Fig. 1, when the outgoing
relay set is seized it will be understood that earth
is extended forward on the private lead P to
roperate relay JA and this relay brings up relay
JB at its armature ja3 and at its armatures jad
and ja5 connects the incoming left-hand negative
and positive conductors through to the outgoing
junction to the tandem exchange. An impulse
.repeating loop is thereupon extended forward
“from- the first code selector right through the
outgoing relay set to the incoming selector at the
tandem exchange, and the remainder of the
routing digits transmitted from the register-
_translator in the originating exchange serve to

“route the call to a toll line relay set at the tan-

dem exchange which is shown in Figs. 2 and 3.

Returning again to the outgoing relay set it is
assumed that immediately on seizure calling line
identification equipment will be set into operation
‘to communicate details of the identification of the .
calling party’s number to the outgoing relay set
where it will be stored. Hence relay JB in operat-
ing at armature jb5 extends earth via armature
b3 to operate relay RA, assuming that the strap-
‘ping connections between terminals 17T and 18 are
disconnected. In other circumstances where the
outgoing junctions to the tandem exchange are -
assumed to serve both call recorded trafiic and
ordinary metered traffic the terminals IT and 18
will be strapped so that relay RA can only be op-
erated if a discriminating signal of alternating
current (indicating that the call is to be re-
corded) has been sent forward over the private
~lead P to operate relay 1P which is an ordinary
direct current relay connected in a full wave rec-
tification circuit comprising rectifiers MRC-—
MRF and connected to the incoming P lead via
condenser QD.

Relay RA in operating at its armature raé
completes an energizing circuit for the regener-
ator marking magnet IMM via armatures 4§b5,
Inl and 7a6 and at armatures ral—ra5 connects
the outgoing relay set to the common leads ex-
tending to the calling line identification equip-
ment.

In connection with the calling line identifica-
tion equipment it will be understood that this is
of the general type in which the private lead as-
sociated with each line in an exchange is marked
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with a code which is indicative of that particular

Iine. The marking thereupon passes -along the
P lead of the connection set up by the calhng
party and is received .at the outgomg relay set
where -this lnformatlon is required.

As regards the code, this may be preferably of
the well-known five unit type in which every
digit to be fransmitted or stored consists of five
parts and by sending signals in .one or more .of
‘these parts the various digits are indicated.
Parts or units without a signal are known as
spacing pulses and those with a signal are called
marking pulses. In the five unit code every digit
combprises two marking pulges and three spacing
pulses, the marking signals being transmitted
along the private lead to the outgoing relay set
while the spacing or synchronising pulses are
supplied independently of the talking train over
common leads from the identification equipment
to the outgoing relay set.

Assuming for instance that the five parts of
the code are designated:V, W, X, Y, Z, respec-
tively, then digit 1 will ‘be transmitted by send-
ing a marking pulse in the parts V, W, the cod-

ing for the various digits being indicated in the 2

following table:

VW—1

VX—2 WX—5

VY—3 WY—6 XY—8
VZ—4 W2zZ—1 XZ—9 YZ—0.

Thus for a four digit number a total of four
groups of five pulses each will be transmitted and
may be stored on the impulse storage and regen-
erative device on the outgoing relay set in the
same five unit ccde as received. Each five pins
in sequence on the regenerator form a digit and
pins in each of these groups of five are displaced
in accordance with the marking pulses received.

On referring back to the cireuit of the outgo-
ing relay set it will be understood that when re-
lay RA. operates, if the subscriber identification
equipment, or line marking equipment as it may
be alternatively termed, is not already in oper-
ation and performing a cycle of identification
then there will be an earth potential on the com-
mon lead S which will bring up relay RB over its
right-hand winding, and this relay thereupon
locks via armatures bl and 7b5 to earth on its
jeft-hand winding. At armature rb2 the regen-
erator receiving magnet {RM is connected up
to the pulsing lead PU in readiness for receiv-
ing spacing impulses, while at -armature rb3 the
initial energizing circuit for relay RA is opened
and this relay is now held operated to the com-
mon lead Z which it will be understood is earthed
in the line marking equipment and remains
~ edrthed until shortly before the end of a complete
identification cycle, when earth is momentarily
removed therefrom in order to signal the com-
pletion of a cycle to all calls which have received
a complete identification. At armature 755 earth
is extended from armature ra§.on to.the common
start lead ST in order to initiate a line marking
cycle. During the identification or line marking
cycle each step thereof causes an earth spacing
impulse to be applied to the PU wire, ‘and the
regenerator receiving maghet {RM therefore.steps

the receiving disc and marking arm around the

circulator row of pins.

Each time a marking impulse whlch it will be
understood, is of the alternating current type, is
received over the private lead relay IP will be
operated, and in so doing at its armature Ip!
disconnects the marking magnet {MM., This
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magnet in .restoring releases -the: m
carried by the . iving-
which it is posmloned 1s pushed 1n‘co the path of
the: send_l_ng disc, while at the same time contacts
tmm controlled by the marking magnet -close
after having been opened during the energization
of the magnet,-and in so doing complete a .circuit
for relay MMR over its left-hand winding. Re-
lay MMR at its armature mmr5 disconnects the
cireuit of relay [P which releases to re-energise
the marking magnet 1{MM, while at its armature
mmri it.locks over its right-hand ‘winding to the
earthed pulse lead PU until the pulse ‘is com-
pleued

At the end of the pulse relay MMR releases
and .reconnects relay [P on to the private lead in
readiness for a subsequent marking pulse.

Assuming that the calling subscriber’s number
is 1359, then twenty.code sighals will be received
by the regenerator, of which pulses Nos, 1 and 2,
6 and 9,12 and 13, 18 and 20, are marking -pulses,
the remainder being spacing pulses. Correspond-
ing pins are displaced in a row of twenty con-
secutive -pins on the regenerator, and in this
manner the-subscriber’s number can be stored in
code by means of ‘displaced pins.

If the calling subscriber has the usual register-
translator exchange number comprising three let-
ters and .four numerical digits the first part of
the number -will :be the same for all subscribers
on the exchange and hence this can be received

“directly from the line marking equipment with-

out ‘having to be transmitted over the talking
train. :

The code signals mdlcatlve of the initial dl“lts
of the number are received from the line marking
equipment via the “exchange code” common lead
EC which connects with the P lead and relay (P
via a non-linear resistance NLR which, in re-

40 sponse to the application of a suitable alternating
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current potential on to.lead EC, lowers its resist=
ance sufficiently to-allow. relay IP to operate in
series therewith. The five unit code is utilised
to communicate the initial digits of the number

7 to the impulse regenerator and when this has

been completed the numerical part of the number
is communicated over the P lead in the manner
already described.

When the identification cycle is completed,
earth is momentarily removed from the Z com-
mon and relay RA releases. The circuit now re-
mains in this condition until the end of the call
when the calling subscriber restores his receiver,
but before -considering what will happen at this
point, consideration will first be given to the set-
ting up of the toll call via a toll line relay set at
the parent-tandem exchange.

During the identification cycle which is 1n1t1-
ated on seizure of the outgoing relay set, trains
of routing impulses will be extended therethrough
to set up the call t0 a parent tandem exchange
toll line relay set such as is shown in Figs. 2
and 3.

The function of this relay setis ﬁrstly to gain
aggess over a 25 point uniselector switch HS 1o
register translating equipment serving the switch
train, and afterwards to gain access to call re-
cording equipment. It is also adapted to store
the called number on an impulse storage and re-
generative device, while furthermore, the dura-
tion of the call which is also required for the pur-
pose of call recording is determined therein by
means of twg 10 point reverse drive electromag-
netically operated stepping switches TS and US
operating in conjunction with the 25 point switeh
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HS which is actuated by a six seconds earth pulse
during ‘conversation for timing purposes.

Other particulars which are required for the
purpose of call recording such as the identity of
the calling number and the time of occurrence of
the call may be obtained respectively from the
outgoing relay set at the originating exchange as
already described, and from a common date and
time unit to which access is had from the call re-
cording equipment when this information is re-
quired.

‘When the toll lin€ relay set is seized a loop is
extended forward from the originating exchange
register-translator via the first code selector, the
oubgoing relay set, junction to the tandem ex-
change and incoming tandem exchange selecfor
to operate relay R in the tandem exchange toll
line relay set. A polarized relay in the register-
translator at the originating exchange is included
in this loop circuit. The battery connections to
line via relay R are such as not to operate the
polarized relay at the originating exchange, and
so hold up the sending out of the impulse trains
stored in the register-translator thereat until ac-
cess has been had via the hunting switch HS to
the routing register-translator equipment se1v1ng
the toll switch train.

Relay R in operating, at its armature i brings
up relay {B and this relay in turn brings up relay
BA. Relay BA in operating at its armature bal
completes a locking circuit for itself, at armature
ba2 extends a guarding and holding earth on to
the P lead, at armature bab completes an operat-
ing circuit for relay KR and at armature bab
completes an operating circuit for relay MD.

Relay KR in operating at armature %6 com-
pletes a self-interrupted driving circuit for the
magnet HSM of switch HS via the magnet inter-
rupter contacts hsm.

It will be remembered that the hunter switch
HS is arranged to have access either to register-
translators or to recording units, and it is initial-
ly arranged that hunting shall only take place
over bank contacts wired out to register-trans-
lators. This is ensured by arranging that an
operating circuit for the wiper switching relay K
can only be completed via contacts on the banks
of switch HS which are wired out to register-
translators, and whenever the wipers of this

switch are resting on such contacts earth will be

extended from armature %rT over the homing
bank and wiper HS9, armatures 104, k2 and ki,
resistance YC, armature kr2, windings of relay K
in series to the testing or P wiper HS8 of switch
HS.

If the outlet on which the HS switch wipers
are standing is engaged then relay K will fail
to operate and the switch will step its wipers on
to the next set of contacts. A self-interrupted
driving operation continues until an idle register-
translator is found, when wiper HS8 will en-
counter an idle resistance marking battery and
relay X will operate. In operating it disconnects
the magnet driving circuit at armature %3 to
arrest the motion of the switch, operates relay
KA at armature k2 and at its armature %kl ex-
tends a guarding and holding potential on to the
test wiper HS8 by way of its low resistance lower
winding.

Relay KA in operating at its armature kal dis-
_connects the circuit of the slow-to-release relay
KR and brings up relay KB, at armatures ka3
and ko4 the incoming negative and positive con-
ductors are connected through to the hunter
switch wipers HS2 and HS3, a holding circuit

2,341,746

being maintained to relay R via resistance YP,
and armature kaB, while at armature ka6 an op-
erating circuit is completed for relay 1BB.
Relay K in operating also at its armature k2
5 disconnects one section of its original operating
path and its upper winding of this relay is now
energised in an opposing direction to its lower
winding from earth via armature ki, upper wind-
ing, armature kr2, resistance YC and YD to bat-
10 tery in order that suitable release conditions for
this relay may be obtained in the remote case
where K relays in two toll line relay sets attempt
to switch substantially simultaneously into the
same register-translator.

In this case of a dual connection, the two K
relays are allowed to operate to the same idle
marking battery, but the holding fux produced
in each due to the current through their low
resistance lower windings will be halved, while
20 the opposing flux due to their upper windings
will remain the same. In these circumstances
both the K relays will release satisfactorily and
cause the respective hunter switches to continue
searching. .

Due to the difference in speed of any ‘two
switches, after a few steps one will reach a free
outlet before the other, whereupon the associ-
ated K. relay will operate to guard the outlet and
to disconnect the magnet driving circuit.

The energization of the upper winding of re-
lay K in an opposing direction to that of the
lower winding is maintained until release of relay
KR after which the circuit to the upper winding
is disconnected and relay X remains securely
35 held on its lower winding alone.

Relays KB and IBB in operating at armatures
kbl and kb2 and 105 and {bbb connect the out-
going negative and positive conductors on the
right-hand side of the circuit through to the
negative and positive out pulsing leads of the
register-translator, while at armature kb3 the
magnet driving circuit is further disconnected.
Relay iBB in operating further at its armature
1bbi locks independently of relay KA.

The distant register-translator at the originat-
ing exchange is now connected through the toll.
line relay set to the register-translator which is
in turn connected out via the toll line relay set to
the outgoing toll train switches at the tandem
exchange.

It will be understood that the battery connec-
tions to the incoming negative and positive leads
in the tandem register-translator are the reverse
to those obtaining with relay R so that the afore-
mentioned polarized relay in the register-trans-
lator at the originating exchange now operates
and initiates the sending out of the dialled num-
ber.

This information is received in the tandem
register translator in order to effect the neces-
sary translation to set up the call to the re-
quired subscriber, while at the same time the in-
formation is communicated therefrom to the im-
pulse storing and regenerative device in the toll
line relay set in the following manner. )

On the operation of relays KB and IBB it will
be noted that the regenerator receiving and mark-
ing magnets 2RM and 2MM are connected up
over wipers HS4 and HS5 to the register-trans-
lator seized, and it will be understood that the
marking magnet 2MM is immediately energized
to lift the marking lever clear of the pins in readi-
ness for the reception of impulses on the recelv-
ing magnet 2RM.

It will be understood that the decimal impulse
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trains received in the tandem-exchange register-
translator are also: changed over into: the five-
unit code form previously described in connection
with the line marking equipment -and are trans=
mitted: over banks and wipers HS% and HS§ to
the regenerator receiving and marking magnets
2RM and 2MM. For: each- digit received the re~
ceiving magnet ZRM receives five pulses, and a
marking pulse is delivered over bank and wiper
HSH on two out of- each-group of five impulses,
each marking pulse comprising a disconnection
of the earth potertial applied to bank HS5 and
releases the marking magnet MM so as to dis-
place certain pins-in accordance with the partic-
ular digits-involved as described in connection
with the storage- of the calling number in. code
form in the outgoing relay set regsnerator.

When  the tandem. register-translator com-
pletes the sending ouf of the routing digits to
route-the call to the required subscriber its func-
tion is completed and it thereupen removes the
marking battery from thie: contact on which wiper
HS8 is standing, thereby releasing relay K in the
toll line relay set. Relay K in releasing in turn
releases relays: KA and XB, and’ furthermore,
since - the register-translator: at the originating
exchange will have dropped out of the connection
by this time, the conversational channel will be
completed, the completion of this channel in the
toll line relay set being completed over the rest-
ing armatures ka3 and kaé, condensers QA and
QB and resting armatures kbi. and kbi. Relay
KB in releasing- also at:armature kb8 completes
a- homing circuit for the HS switch over the fol-
lowing: circuit: lead 21 which is earthed via de-
layed alarm equipment which comes into opera-
tion if the switeh should fail to home, armature
kr1, wiper:and bank HSS$, armatures k7& and kr3
according to the position of the. wiper HS$S: on
the bank, armatures db8, k3 and kb3, magnet in-
terrupter’ contacts ksm, magnet HSM to battery,
and the HS switch:wipers are accordingly rotated
to the home position. )

On the completion of-the setting up of the call,
the calléd subscriber is runhg from the distant ex-
change final selector-in-the usual way, and when
he. replies a battery: reversal will be. extended
backwardly over the- speaking: conductors: and
the. subsequent . operations®including: supervisicn
and timing of the call will take place as deseribed
in the main. application, Serial No, 328,608,

When:-the calling: subscriber- hangs up- relays
R, IB. and BB release in turn, but relay. BA
remaing -operated to.guard the:toll line relay set
over its. armature: ba2 and to -provide for.the
switching through of: this-relay set-to call record-
ing equipment..

Call recording-now-takes: place in-the follow-
ing. manner: Should it be:desired to record.ef=
fective calls only-it will be: understood that-ter~
minals- 21 and- 22 in.the circuit-of relay (0N
are strapped so that if: relay-DB- hag not been
operated as-a result of- the-called: party-reply-
ing, then' on release of relay: B relay [N :will
be:operated to release relay BA at its-armature
fond: and so initiate the release:of the toll line:
relay set’ without having gained access to: the
call recording equipment:

Should relay DB have been operated-and locked,
however, oi- should the strapping connection-be-
tween.terminals 21 and- 22 not: be provided, re-
lay KR in re-operating on the-release:of relay
IBB over armatures:bab, kol and 1bbdwill-cause

at. kr6 the- hunter- switeh’ HS- to- step- over- that
part:of itg:bank: giving’ access 40’ register-trans--
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lators: and hunt over that pari of'its:bank: giv-
ing access to printer controllers.-

When a- free:recording unit which:is marked,
as-in:the case of' & free register-translator, by a
resiStance marking: battery is-found; relay K op+
erates to-cut-the drive:and:to’once’ again-bring
in: relays KA and KB and: to release-relay KR.
Relay KA in-operatifig-at’ armatures £¢3 and -kas
switches-the:incoming:negative and positive leads
into the recording unit in readiness-for the re-
ception: of code-signals indicative of the calling
number; while relay KB'in'operating .at its arma-
ture kb5-and kb6 -prepares:a’ circuit for: transmit-
ting the: duration of corversation:over the banks
of the switches US and-TS to'the recording uhit.

The first- information to-be received-by the re-
cording: unit is the identity: of the-calling party
in order:that the junction between the-originating
exchange and the tandem exechange may be freed
as:soon as possible; and the-sending: out of: this
information-is:-initiated by the transmission from
the recording unit of a-50-cycle alternating cur-
rentpulse.

In the -circuit’ of the: outgoing relay- set” when
the calling subscriber replaces: his- receiver, the
seizing” earth extended: forward- from' the first
code selector:overthe P:léad isremoved.

If the call is-as' being described;.such as to
require call recording as distinet from single or
multi-fee metering’ earth momentarily discon-
nected from the P lead provides the requisite dis-
connect period- for: the release- of intermediate
switches and apparatus in the: train- between the
first code selector and the outgoing relay set.

When the toll line relay set finds a recording
unit the negative battery is-disconnected from
the positive lead at armature kad in the toll
line relay set. - Thereupon relay JR in the out-
going relay: set (Fig. 1)  releases, and, by short-
circuiting relay JB at armature jrl initiates the
release of relay JB.

A 50 cycle alternating current impulse is trans-
mitted from the recording unit on seizure to the
outgoing relay-set and this extends via condenser
QC and the windings of transformer TR to oper-
ate relay S. Reldy S in operating at armature s2
operates relay SR ffom the‘earthed regenerator
off-normal springs- {N1{ and provides an auxiliary
operating earth for itself at armature si. Relay
SR in operating at armature srl reoperates relay.
JR so that the short-circuit is removed from re-
lay JB before it has had time torelease. Atarma-
ture sr2 the circuit for relay S is made-dependent
on-the armature si, at armature sr3 a-locking:
circuit is completed for relay SR,-at armature-sr§
relay MMR is operated-over itsleft-hand winding:
from the earthed regenerator interrupter springs
IMP4., Relay MMR thereupon locks on'its right-
hand winding-to earth via-armatures mmr{ and
sré and regenerstor sending magnet interrupter
contacts {tm while at armature sr1'a guard earth
is maintained on the P lead independenily of re-
lays JA and JB.

At- the conclusion of the- alternating  current
signal from the toll line rélay set relay 'S releases,
whereupon earth is extended over regenerator-off:
normal contacts 1N!, and armatures s2, mm#2and
sa2 to. energize the.regenerator sending magnet
ITM, relay SA having operated on the operation
of relay MMR. Magnet ITM in energising opens-
the holding circuit of relay MMR at contacts {¢m;
whereupon: relay MMR in- releasing opens the
magnet' energising ‘circuit: at-armature mmr2;

On release of the magnet/ I’ TM:the-sending dise:
isreleased'in the-usudl manner-and commencesto:
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rotate under the stored up energy of the regener-
ator driving clock spring.

The sending disc in rotating sends out the ,call-
ing subscriber’s number in the five unit code form
previously described, = discrimination between
marking and spacing impulses being effected by
transmitting a 50 cycle impulse for each spacing
impulse and by transmitting a 50 cycle impulse
together with a 150 cycle impulse for each mark-
ing impulse.

Assuming that a four digit number is to be
transmitted, then a total of twenty impulses will
be transmitted over the line and the 50 cycle fre-
quency which is transmitted during every pulse
operates a suitably tuned relay in the recording
unit which advances a receiving switch step-by-
step through twenty positions. Whenever a
marking pulse is transmitted comprising the 50
and 150 cycle impulses together, then another
relay is operated in addition and connects earth to
a wiper of said receiving switch which energises
a particular storage relay in accordance with the
position of the wiper. Four sets of storage relays
will be provided in the recording unit, each set
comprising relays V, W, X, Y and Z by means
of which the received five unit codes can be inter-
preted on an ordinary numerical basis.

For the purpose of sending out the required
marking and spacing impulses comprising the
code, the regenerator in the outgoing relay set
is provided with two sets of impulse springs IMP4
and IMP5, the former being closed whenever the
latter are open and vice versa.

‘When the sending disc is freed and commences
rotation it closes the impulse springs IMPS5,
whereupon impulse springs IMP4 open and re-
lease relay SA in readiness for re-operating re-
lay MMR. With relay MMR normal a combined
earthed 50 and 150 cycle frequency source con-
nected up over common lead 29 is extended via
the impulsing springs IMPS to the transformer
TR and the 50 and 150 cycle frequencies then
extend through over the line to the tandem ex-
change recording unit. The receiving switch
thereat is caused to step oiff its home position |
to position 2 connecting with the V storage re-
lay in the first group in readiness for receiving
the calling number, it being noted that the re-
ception of the two frequencies at this initial
point in the operations are without effect on the
storage relays.

At the end of the impulse, impulse springs IMPS
open and impulse springs IMP4 close to pull up
relay MMR. If the reset pin {RP in the sending
disc has not now come up against a displaced
stop pin such as ISP indicating the first marking
impulse stored on the regenerator then relay
MMR in operating will lock over its right-hand
winding to the earthed sending magnet inter-
rupter contacts {im. The second time the
springs IMP5 close, since relay MMR is operated,
a 50 cycle earthed alternating current source con-
nected to common lead 18 extends via trans-
former TR and the juncticn line to the record-
ing unit, and this spacing pulse brings about the
stepping of the receiving switch thereat to the
second position 2.

The transmission of 50 cycle frequency im-
pulses continues until the re-set pin in the send-
ing disc encounters a displaced stop pin, when a
circuit will be completed from the earthed re-set
pin IRP and stop pin such as ISP, armature
mmr6, winding of relays SA to battery via arma-
ture. sr8, and relay SA in operating locks to the
impulse springs IMP4 (now closed), via its ar-
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mature saf. The magnet {TM is again energised
and at contacts 1tm releases relay MMR which in
turn disconnects the energising circuit for mag-
net ITM. With relay MMR normal the next
code pulse to be sent out to line will be a 50-+150
cycle pulse or marking impulse, and will bring up
a corresponding storing relay in the recording
unit.

If the next pin is not displaced then when the
impulse springs IMP4 reclose at the end of the
504150 cycle impulse, relay MMR will be oper-
ated, relay SA having been released during the
open period of the springs IMP4 when springs
IMP35 are closed and in this manner the infor-
mation stored in code on the regenerator in the
outgoing relay set is sent out in the same code
to the tandem exchange recording unit.

When all the signals stored in the regenerator
have been re-transmitted the sending disc 8 will
catch up with the receiving disc R, whereupon the
off-normal contacts {N! open and release relay
SR which removes the guarding potential from
the P lead.

To ensure that the junction is not seized again
before the tandem exchange equipment is ready
to handle further calls it will be arranged to ex-
tend a holding battery potential over the positive
line back to the outgoing relay set so as to main-
tain relays JR and JB operated and so maintain
a guarding earth on the P lead on release of re-
lay SR.

As soon as a junction becomes available for
further calls the holding condition is removed
therefrom at the tandem exchange and relay JR
in releasing shunts down relay JB to free the
junction for further outgoing traffic.

In case the call should not be completed and
recorded and particulars thereof should not be
therefore required relay JR will not be held op-
erated over the positive line on the release of re-
iay JA when the calling subscriber hangs up so
that relay JB will be short-circuited and released.
Relay JB in releasing at armature jb6 operates
relay SR and this relay in operating initiates the
sending ocut of the stored information from the
regenerator, but the impulses are ineffective in
this instance since the secondary circuit of the
transformer TR is disconnected at armature 7b3.

Returning again to the toll line relay set of
Figs. 2 and 3, it will be understood that when-all
the particulars of the calling number have been
received by the recording unit an earth is ex-
tended over bank and wiper HSI to operate re-
lay ION. Relay ION in operating locks over its
armature lonl to the earthed off-normal con-
tacts 2NI of the regenerator and at armature
{on2 disconnects relay BA. During the release
period of relay BA an unguard is given on-the in-
coming P lead so as to allow the earlier part of
the switch train in the tandem exchange to re-
lease, and this equipment in releasing removes
the holding condition back to the outgoing relay
set at the originating exchange so as to free this
for further common use as already deseribed,

Relay ION in operating also at armature fon3
allows the incoming P lead to be re-guarded from
the resting armature bal and at armature -loné
completes an operating circuit for relay RR.

Relay RR in operating locks over its armature
rrl and completes an operating circuit. for relay
2P at armature 772. Relay 2P in operating at
armature 2p2 completes an energising circuit for
the regenerator sending magnet 2TM and at its
armature 2pl renders the operation of relay RR.

. dependent on -the sending magnet ‘interrupter
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contacts 2¢7m, so that when these contacts are
cpened relay RR. restores and: disconnects. the
magnet energising circuit. :

The magnet 2TM in releasing frees the re-
generator sending disc in the usual manner; and
this in rotating drives two  sets of impulse
springs IMP6 and IMPT arranged in the same
manner as those in the outgoing relay set.

Meanwhile the receiving equipment in theé . re=
cording unit will have been made suitable. for
receiving code impulses indicative. of the.called
number from the impulse springs. IMPS, it being
arranged that spacing pulses will be transmitted
by means of impulses over. the: positive IN-léad. to
the recording unit via armatures kad and rr8 and
marking pulses. over the. negative IN lead via
armatures ka3 and 7r3.

The first impulse transmitted from the regen-
erator will always be effected . with relay RR nor=
mal, and accordingly it: will extend: from the im-
pulse springs IMPS§ via armatures. r73-and ka3,
the negative IN lead and wiper and:bank HS2.

During the extension of this pulse, the: break
impulse springs IMPT open and release relay
2P so that when they reclose at:the end. of the
impulse, relay RR will be.operated;  If no. dis-
placed pin such as 2SP is encountered by the re~
set pin 2RP in the sending disc then the next
pulse will be sent with relay. RR operated over
the positive IN lead. Until such time as‘a.dis-
placed pin is encountered. spacing: pulses com-
prising pulses over the positive IN lead, and wip=
er and bank HS3 will be sent into the recording

unit, while as soon as a displaced: pin is encoun-

tered the sending out is stopped: by:the reset-pin
2RP engaged with the displaced. stop pin-2SP,
and-a circuit is completed from armature {oné,
the reset pin 2RP, typical pin such as 2SP and
armature 772 to re-energize relay 2P. Relay 2P
in operating completes an energising circuit for
magnet 2TM which in turn disconnects the: cir=
cuit of relay RR, and this relay in turn discon-
nects the energising circuit of magnet:2TM. -

The sending disc is again released and since
relay RR.is normal the:first impulse delivered
will be. a marking impulse comprising an- earth
on the negative IN lead.

During this impulse the break. 1mpulse springs
IMPT in opening release relay 2P as:before, and
at the end of the impulse when these impulse
springs re-close relay RR. is operated: and:spac-
ing pulses comprising earth on to. the positive
wire continue to be sent out until another dis=
placed pin indicating a markinhg pulse is en-
countered.

In this manner the called number is. trans-
mitted from the toll line- relay.set into the re-
cording unit.

When the recording unit has received the called
number it now prepares for receiving the dura-
tion of the call from the toll line relay set as de-
scribed in the main application, Serial. No.
329,608.

The recording unit now has all the 1nformat1on
it requires from the toll line relay set for record-
ing the call and it thereupon removes the re-
sistance holding battery from: the test bank HS.
Relay K now releases and in turn releases relays
KA and KB. Relay R releases on release of
relay K and in' turn drops- relay {B and other
relays. held. operated therefrom; while on release
of relay KB a homing circuit is completed for the
hunter switch HS. At the same time homing cir-
cuits are completed for the switches US and TS

in turn, the first circuit extending from earth .78
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over armatures bab and kbé, US swilch off-nor-
mal contacts USNI, magnet USM, inteérrupter
contacts usm, magnet USM to battery. When
this switch reaches its-home position the homing
circuit' is disconnected at. the contacts USNI
which in restoring completes. 'a homing ecircuit
to the switch TSM. In this manner the toll line
relay set is freed for further common use.

What we claim as new and desire to- secure
by Letters: Patent is:

1. In an-impulse storage and regenerating sys-
tem, wherein two sets of impulses are transmitted
concurrently, one set having at least two: less
impulses than the othier set, and the impulses of
said one set having a definite timed relationship
to the impulses of said other set, means for re-
ceiving and storing both sets of impulses, and
impulse generating means controlled by the said
last means to transmit two sets of impulses cor-
responding to and havihg the same timed rela-
tionship as those received.

2. An impulse storage and regenerating system
as. claimed in claim 1, wherein said two sets of
received impulses comprise a single digit. -

3. In an impulse storage and regenerating sys-

‘tem as claimed in claim 1, ineans controlling said

retransmission so that the impulses are stored
for a variable interval of time. .

4. An impulse storing and regenerating system
a$ claimed in claim 1, wherein said two sets of
received impulses comprise a single digit, and
wherein the number of impulses in each of said
sets is always the same for every digit regardless
of the value of that digit.

5, In a mechanical impulse storage and regen-
erating device g series of pins, & member, a mag-
net for receiving certain ithpulses and for mov-
ing said member over said pins in accordarice
with said impulses, means- carried by said mem-
ber and controlled by other impulses having defi-
nite timed relationship to said certain impulses
to displace certain of said pins during such-move-
ment and the member over said pins; two impulse
generators then operated under control of said
certain piuns; one of said generators effective to
transmit impulseés corresponding- to-said certain
impulses and the other of said -generators effec-
tive to transmit impulses corresponding to -said
other impulses.

6:'In a storage and regencrating ' system
wherein different items of information are trahs-
mitted in the form of different impulse: codes,
each code-comprising the sanie total nuinber of
impulses as- the other codes but differing froin
them - in' the arrangement of such impulses, a
code- register having the same number of mov-
able elements as there are impiulses in a code,
means: for receiving a transmitted code and,
under the. control- therecf; displacing selected
ones of said elements in conformity with the ar-
rangement of the impulses in said code; and
means thereafter controlled by said elements for
trahsmitting a code corresponding in the nums=
ber and arrangement of impulses to said received
code.

7. In a storage-ahd regenerating system where-
in different items of information are transmitted
in the form of different impulse codes, each code
comprising the same total number ¢f impulses
as- the other codes but differing from them-in
the arrangement of suéh impulses; a-code régister
having a series of elements; means for receéiving
a plurality of codes in succession and, under the
control of each code, marking off a group of ele-
ments equal to the number of impulses in such
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code and characterizing selected ones of the
marked off elements in conformity with the ar-
rangement of the impulses in said code, and
means thereafter controlled by each marked off
group of elements for transmitting a code corre-
sponding in the number and arrangement of im-
pulses to the received code for that group of
elements.

8. In g storage and regenerating system where-
in different items of information are transmitted
in the form of different codes, and wherein each
code comprises two impulse trains transmitted
concurrently, one train being identical for all
codes and the other train varying, from cne code
to another, in the relationship of its impulses
to the impulses of said one train, a separate means
for responding to each impulse train of a re-
ceived code, a common register controlled con-
jointly by said separate responding means to
register both trains of impulses of said code, and
means subsequently controlled by said register
for transmitting concurrently two impulse trains
having a relationship corresponding to the rela-
tionship of the trains in said received code.

9. In a storage and regenerating system where-
in different items of information are transmitted
in the form of different codes, wherein each
code comprises two trains of impulses which to-
gether contain the same total number of im-
pulses as the corresponding impulse trains of
the other codes, and wherein the impulses of the
two trains comprising each code occur in a dis~
tinctive relationship indicative of the item of
information to which that code relates, a series
of elements each having a2 normal position, a
member, means for receiving one said impulse
train of a certain code and for moving said mem-
ber step-by-step in accordance therewith, there-
by to associate said member with the elements
of said series in sequence, means for receiving
the other said impulse train of the same. code
and for operating said member in accordance
therewith, said member effective upon each
such operation to displace the element with
which it is then associated, and means there-
after controlled by said elements for trans-
mitting two impulse trains whose respective im-
pulses occur in a relationship dependent upon
which elements of said series were displaced by
said member during said step-by-step movement
thereof.

10. In a system wherein different items of in-
formation are transmitted in the form of dif-
ferent codes, wherein each code comprises two
trains of impulses which together contain the
same total number of impulses as the corre-
sponding impulse trains of the other codes, and
wherein the impulses of the two trains compris-
ing each code occur in a distinctive relationship
indicative of the item of information to which
that code relates, a register comprising a series
of elements each having a normal position, a
member, means for receiving one said impulse
train of a certain code and for moving said mem-
ber step-by-step in accordance therewith, there-
by to associate said member with the elements
of said series in sequence, and means for re-
ceiving the other said impulse train of the same
code and for operating said member in accord-
ance therewith, said member effective upon each
such operation to displace the element with
which it is then associated.
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11. In a storage and regenerating system
wherein different items of information are trans-
mitted in the form of different codes, wherein
each code comprises two trains of impulses which
together contain the same total number of im-
pulses as the corresponding impulse trains of
the other codes, and wherein the impulses of
the two trains comprising each code occur in a
distinctive relationship indicative of the item of
information to which that code relates, a series
of elements each having a normal position, a
member, means for receiving one said impulse
train of a certain code and for moving said mem-
ber step-by-step in accordance therewith, there-
by to associate said member with the elements
of said series in sequence, means for receiving
the other said impulse train of the same code
and for operating said member in accordance
therewith, said member effective upon each such
operation to displace the element with which it
is then associated, means subsequently operated
to test the elements of said series in sequence,
means controlled by said testing means for trans-
mitting one train of impulses in dependence
upon- the displaced elements encountered dur-
ing said testing operation and for transmitting
another train of impulses in dependence upon
the wundisplaced elements encountered during
said testing operation.

12. In an impulse sender, a series of elements,
means for characterizing random ones of said
elements in a particular way thereby to  dis-
tinguish them from the uncharacterized of said
elements, means then operated to test the ele-
ments of said series in sequence, and means
controlled by said testing means for transmitting
one train of impulses solely in dependence upon
the characterized elements encountered during
sald testing operation and for transmitting an-
other train of impulses solely in dependence
upon the uncharacterized elements encountered
during said testing operation.

13. In an impulse sender, a series of elements,
means for characterizing random ones of said
elements in a particular way thereby to dis-
tinguish them from the uncharacterized ones of
said elements, means for generating a train of
electrical impulses, the impulses of said train
corresponding respectively to the elements of
said series, two impulse transmission paths, and
means' controlled by said elements for causing
each impulse corresponding to a characterized
element to be transmitted only over one of said
paths and each impulse corresponding to an un-
characterized element to be transmitted only
over the other of said paths.

14, In an impulse sender, a series of elements,
means for characterizing random ones of said
elements -in a particular way thereby to dis-
tinguish them from the other ones of said ele-
ments; means for transmitting a series of sub-
stantially uniformly spaced impulses, the im-
pulses of said series corresponding respectively
to the elements of said series, and means con-
trolled by said elements for characterizing the
impulses corresponding to said characterized
elements, thereby to distinguish them from the
other impulses of said series.

REGINALD TAYLOR.
GEORGE THOMAS BAKER.



