(19) I*I Canadian

Intellectual Property
Office

An Agency of
Industry Canada

Office de la Propriété (11) CA 537495 (13) A
Intellectuelle
du Canada (40) 26.02.1957

Un organisme
d'industrie Canada

(12)

(21) Application number. 537495D
(22) Date of filing:

(51) Int. CI:

(71) Applicant: GEN ELECTRIC CO LTD.

(72) Inventor: LEVY MAURICE M ().
CHUBB ALEXANDER A ().

(54) TELECOMMUNICATION SYSTEMS EMBODYING

AUTOMATIC EXCHANGES

(57) Abstract:

(54) SYSTEMES DE TELECOMMUNICATION INCORPORANT

DES ECHANGES AUTOMATIQUES

This First Page has been artificially created and is not part of the CIPO Official Publication



10.

- 20..

v2'?{4935

‘ ‘
O

‘The present invention relates to

telecommunication systems embodying aubomatic

_exchangés. Such sysbems are commonly used in

telephony but may bé used in other fields such
as for example, telegraphy and remote metering.
In automatic exchange practice it is
usual to employ automaﬁio switching apparatus
which  performs the>dual function of routeing a
calling signal from a'calling subseriber to the
called subscriber &nd subsequently providing
the link through which conversation takes place.

A disadvantage of this arrangement

~arises 'from the fact that as the same

automatic sWitchihg'apparatus is used for

’providing the link through which conversations .

take*plaoe,_askwell as for calling the called
suhsbribers,-the major factors determining the
quantity of aubomsbic switching apparatus
fequired at an exchange are the number of

subscribers, the average number of calls in

‘a given period (the calling rate) and the

average duration of conversations. The

~average time teken to‘ésﬁéblish a call is a

minor factor. ’

'One object of the present invention
ig to provide an improved automatic exchange
in which, the average duration of conversation

is a minor factor in determining the quahtity
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of automatic switching apparstus required.

According to the present iavention
an auvtomatic exchange comprises a plurality
of communication channels, line terminating
apparatus. regponsive to an initial calling
signal from a calling station to select a free
one of the said channels, routeing apparatus
adapted, in response to dialling signals from
the calling station to route to the line
terminating epparatus of the called station
an identification signal identifying the
selected one of the channels, and further.
apparatus responsive 4o the chamnel idenbifi-
cebion signal to cgnnect the called station
to the selected channel. |

‘ Other objects and features of the
invention will be apparent from the following
description of the invention given, by way of
example, with reference to the accompanying
drawings in which,

Figure 1 is a block schematic
diagram of an automatic telephone exchange
according to the invention, .

Figures 2 to 12 are circuit diagrems
of parts shown in block form in Figure 1,

Figure 13 is an explanatory diagrem,
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Figure 14 is a circult diagram of a
part shown in block form in Figure 1, |
Figures 15 and 16 are explanatory
diagrams, and
Figures 17 and 18 are circuit
diagrams showing modifications of the axrange;
ments of Fi@ures‘a and 5 respectively.
Referring to Figure 1, this is -a

block schematic diagram of en automatic

_telephong exchange for use with 2,000 subscribers.

Of the Z,OQQ‘subsoribers stations connected to

’the'exchangé, one is shown at 10 and enother

at 11, the'statién 10 being terminated in the

exchange at "gub's line circuit™ 12 and the

._station‘ll being'terminated in the exchange at

"sub's line ecircuit® 13, to be described later.

_ The exchangé contains 100 commupicaﬁion
chaunels provided by a 100 channel, time~sharing
pulse comrurnication arrangement. This arrange;
ment comprises a pulse generator 14 adapted to
generate pulses suitable for combination fo
provide thé 100 chamels at a pulse repetition
frequenby.bfVB,OOO Q{pgs. as will be described
later. The 100 chamels are terminated at one
end by lOO'”calling units? respectively of
which one is shown at 15. 100 "ezalled units®

are provided for terminating the other ends

- of the 100 channels respectively when in use
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one of the called units being shown at 16.
The celling and called units will be described
later. Signals between the calling and called
units pass through a "Go speech junction® 17,

a "RETURN speech junction“ 18, or a ™metering

and release junction®™ 19 as the case may be,

In the evert of a called subseriber being
engagéd, a "tusy signal' is transmitied to the
calling subscriber by way of a "busy junction®
10, 20 as will be described later. .
| In addition to the pulse generator
14 g pulse generator 21 is provided for the
purpose of generating pulses suitable for use
in routeingakcalling signal to the terminal
equipment iS‘of‘a called subscriber, For the
purpose. of rouhﬂng the calllng s1gnal to the
tenmlnal equlpmenb of the called subscriber
a router 23 (to be deucrlbed later) is employed.
The router is operated under the concrol
20, of a register contalned in block 23 in Figure
1.

 Assuming the subscriber at stabion

10 to be calling the subscriber at station 11
" the first operation occurs in the sub's line
circuit 12. This contains a finder which
finds a free calling unit, An allotter 24
v . (to be described later) then comes into

operation and allots a free register and calling
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wnit finder 23 to the calling unit. The calling”
wnit finder operates to connect the calling
unit 15 found by the sub's line circuit 12 to
the allotted register 230 A dialling tone is then
automatically transmitted to the calling
subscriber.

Dialling impulses from the calling
subseriber's stabion are transmifted to the

register where they are stored on four uni-

selectors (not shown in Figure 1). Pulses are

—— applied from the pulse generator 21 to the

uni-selectors which serve to select pulses
represenbatlve of the four digits dialled.
These selected pulses are transmltted togcther

with pulses representatlve of the channel

“number of the free calllng unlt found® by the =
'sub's line circuit- 12, to the router 22» The

'router transm:ts to the line circuit 13 of the

called SUbbCleeT 11 a pulse representatlve of the
last dlglt in the number dialled and the pulses
repxescntatlve of the channel number of the
seized calling unit 15.

The line circuit: 13 on reception of
these pulses, finds a free called unit 16.
When the free called unit is seized the pulses
representative of ﬁhe chamel number of the

seized calling unit are transmitted to a
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translator 25. The translator contains ]
un1~selectors to be described later which are
set to positions dependent upon the characber~
istics of the received pulses and apply the
appropriate speech channel pulses to the called
unit from the pulse generator 14 to enable
comnunication to be established between the
seized calling and called units, through the
(C end REIURN speech junctions 17 and 18.

lO. A ringing tone is then automatically trans-
mitted to the called subscriber's station.
Signals for controlling the metering of the
call and for releasing the register 23 and
router 23 aré‘ﬁransmitted through the metering
and release junction 19. | _

. The automatic exchange shown in
Flgure 1 will now be described in more
detail with reference to Figures 2 to 15.
Throughout Figures 2 to 15 all releys and

20. auiomatlo switches are shown in conventlonal
manuner the operutlng windings thercof belng
referenced with a letter over a figure, the

arindicating the number of relay contacts

or banks of switch comtacts associated with
the Winding; The contacts or banks of
contacts associated with a winding are given

the same letter refercnce followed by figure

references to different contacts or banks of
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contacts containing diff erent figﬁresa A

contact may also have the same reference

letter ag its operating winding followed

- by a further letter or letters. All relays

and switches are shown in their unoperated
positions. N

, Roferring to Figure 2 this is a
circuit diagram of apparatus suitable for use
as the sub's line circuits 12 and i3 of Figure
1. The subscriberts line is comnected to line

terminals LTy and LTp, LT3 being normally

~connected to earth through relay contacts Kl

and LTg belng normally connected through relay ,

~ contacts KZ relay winding L and bartory BATq . -

to ea:th A unl selector hav1ng 31x banks of
contaéﬁsvSl to 56 i ‘operated by a winding S
and interruptor Sdm. The automatlc interruptor -
operatlon may be as desorlbed on page 225 of
Telephony Volume 2 by J. Atklnson, published
by Siz Isaac Pitmen & Soms, Ltd. 1950. This

work‘by Atkinson will be hereinafter referred

- %o as Telephony (either Vol I or II) by
~ Atkinson. Bach of the banks S1, 52 and 3
‘has 25 flxed contacts, a first of the contacts

belng the "home™ contact, the next 12 being 4
OUT contacts, and the other 12 belng IN contacts.
The banks Sl end S%‘are for carrying

Sbeedh, the wipers therecof being connected

,,,,,
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to IT4 agdkLTamrespectively, when the apparatus”
is in use, by relay contacts K1 and K2.
Contacts 2 to 13 of Sl are comnected to 12 oubput
terminals respectively of which one is shown
at +0y, and contacts 14 to 25 are connected
to_lé input terminals respectively of which
one is ghown at +I;. Contacts 2 to lé of 85 7
are connected to lZ_output terminals of which
on? is shown at ;Ol, and contacts 14 to 25
are connected to 12 input terminals of which
one is shown at ;I~ . The benk 53 is used
for‘COntrol purposes, contacts 2 to 13 being
oonneoted to 12 output termlnals respocﬁlvely
ofkwhlch one is shown atb POl, end contacts 14

tozzsfbeing 6ohnectéd to 12 input terminals of

; “'Wﬁlch one is shown at PIj.

" Bek 54 has an insulated home contact
and a homing arc BGy. The function of the

,homlng arc is as described on pages 259 and

260 of melephony Voli.I1"by Atkinson.
Bank S5 has an insulated home contact
an arcuate contact BCj uxtendlng over the

equlvalent of contacts 2 to 13 on Sl, 'S2 and

83, and & further arcuate contact B03 extending

over the equlvalent of contacts 14 to 25 on
Sl, S2 and S3. Contact BGZ is conncected
thwugh relay contacts 722 to earth.
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Bank S6 has an insulated home contact,
an arcuate contact BC) extending over the
equivalent of contacts 2 to 13 of S1, 52 and
83, and a further arcuate contact BCy
extending over the equlvalent of contacts 14
to 25 on S1, 82 and 83. Contact BCy i1s
connected to an output terminal CSl.

‘ The home contact on 83 is connected
through relay contacts L1l to earth. The
wiper of S3 1s connected through contacts
K3 and L1 to earth; through contacts L2, and
K4+ to contacts Sdm; and through a rectifier Wy
and meter winding M to earth.

The wiper of 8k is connected through
contacts L2 to contacts K4 and to the wiper of

85.

The wiper of S6 is connected through
relay contacts K7 to an inﬁut terminal RT. This
ﬁerminal is conmected through relay contacts
K6 to an output terminal BJ; and through
resistors Ry and R, in series, to the control
grid of a gas-fllled triode valve Vj. An input
terminal UP), 1is connected through a rectifier Wy
to the junction of resistors Ry and Ry.  The
cathode lead of the valve Vq has, 1n serles
therewith, a relay winding Z and the anode of the

valve Vq is connected through relay contacts

K5 to the terminal HT+1l of a source (not shown)
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of D.Cs whose negative terminal is earthed. A ~
relay winding K is connected between contacts.
Sdm and Id,

Referring now to FigurGIS this is a
circuit diegram of apparatus suiteble for use
as the calling unit 15 of Figwe 1. It will be
assumed that this 9alling unit is that connected

to terminals +07, ~07 and POj of Figure 2, these

terminals also being shown in Figure 3. Terminal
lf1+01 is connected through relay contacts DL and

 one Wiﬁﬂing of relay A to eartﬁ. Terminal ~07

is cbhpQQted through rolay céntachs D2, a second

wind ing of relay A and a battery BATg to earth.

\At%~Terminals'+Ol and'~01 are also connected through
“.o.capacitors 0y and Oy 'respectively to a winding

';'QMWl*‘of a hybrid transformer HY; which has a

balancing resistor RB. .The function of the

hybrid “transformer and balancing resistor is as

T: dq$§ribéd ohfpége'88 Yol I of Telephony by

Atkinson, ) .
"‘“The'winding OWy of the hybrid |

transformer is‘cdhﬁeotod{throygh a_capacitor

O3 to the control grid of a pentode valve Ty

whose anode is copneofed tgrough a load

resistor Ry to the positive terminal HT+2

of a source {not shown) pqu;C, whose negative

terminal}is'eafthﬁd, Ehefééﬁhode of the

s T A Mt L T S

iy
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valve Vg is earthed, the screen grid is
connected directly to the terminal HT+Z,
and the suppressor grid is connected thyough :
a resistor Ry to the negative terminal ~GBq
of a bias source (not shown) whose positive
terminal istearthed. The suppressor grid is
also connected through a capacitor Oy and B
relay contacis BS to a terminal GP. The anode
of the wvalve V4 is connected through a.
capacitor U5 to a terminal GSP.
Winding IWj of the hybrid'trans;

forme:iHYi is ccnnected to the
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output of a low-pass filter FIL,. One input ’
terminal of the filter is commected to the anode
ef a pentode wvalve V3 and the other to earth through
a capacitor Cg and through a resistor B5 to the
positive terminal HT + 3 of a source of D.C. (not
shown) . The _suppressor grid and cathode of the
valve V3 are connected to earth. o
A terminal RSPOl is connected through a
capacitor Cgvto the control grid of a pentode
10 valve Vg vhose cathode is esarthed. Negative bias
) i applied ﬁo«the control[grid of the valve Vs
from the negaﬁive'terminal - GByy of a bilas source
(not shown) whose positive terminal is earthed.
. The anode of the valve V; is connected through the
?*primary winding of a transformer XFl\to the

J'positive terminal HT + 5 ‘of a source (not shown)
-*&50f D C.‘whose negative termlnal is earthed.
:  The screen grid of the valve V5 is connected
S "directly to “the berminal 'HT + 5 and the suppressor
252Q;"_f grid is cennected through a resistor Rg. “to the
| negative terminal - GB3 of a blas source (not
t - shown) whose positlve terminal is earthed. The
v':suppressor grid of the valve V; is also connected
rlthreugh a capacitor C9 and the contacts B5 to
the terminal GP+ '
 The transformer XF1 has two secondary
wipdings 81XF1 and 32XF1. One terminal of winding
\Slel7 is connected to the negative terminal
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- GB_ of a bias source (not shown) and the other
terminal is comnected through a rectifier W5,
a resistor R7 and the capacitor C7 to the
control grid of the pentode valve V3, One
terminal of the winding SZX$1 is connected to
the negative terminal - GB4 cf a bias source
- (not shown) whose positive terminal is earthed,
/  - and ‘the other terminal of the winding SoXFq
‘is Eonnectei through a rectifier Wy to the
' éoﬁtrol grid of the valve Vs. The terminal

- GB, is alsolcdnneoted to the control grid of

Vg and a capacitor ClO is connected between the
control grid of Vg and earth.

4 A termlnal ABPO; is connected through
a reotlflar W7 and Cﬁpacltor Cll to theseontrol
___tr;ode valve Vé whose cathode is
oax%hed and whose anode is connecﬁed through

Ca relay Wlndlng D to the positive terminal HT + 5

ijyﬁofga D.C. source (not shown)'whose negative
- terminal is"earthed, The control grid of the

~ valve Vg is also conmected through a rectifier

Wig to the negative terminal - GBs of a bias
sdurce,(not shown) whose positive terminal is
‘earthed, The Junctlon of the capacitor Ciy
and the rectifier W%bis comnscted to the terminal
. GP through a resistor Rg.
A relay winding J has one terminal
connected to earth through a battery BAT;. The
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other terminal of the relay winding J is y
comnected to earth through relay cohtacts D3,

a busbar BUS; and relay contacts B4. The busbar.
is comnected through relay contacts El, one
winding of relay E and a battery BATg to-earth.

- A control terminal Py is connected either

directly to earth or through the other winding
of relay E and a battery BATg to carth depending
upon the setting of~reiayvcontacts B3 and E3.
The busbar BUS; is eonnccted through rclay

contacts Gl, one winding of a reclay G and a

“battery BAT, to earth. The other winding of the
'relay G has one termlnal connected to caxﬁh
~~through-aAbattqrymBAQSqﬁgnd’h&s its .other --

terminal ccﬁnécted difectly to a tcrminal BUj.

~ The busbar is also connected through rolaj

ccntacts 2 to an output terminal AlL.
Termlnal HO is commected through relay
contacts D5, E4 and Al to carth. A relay winding

B has one terminal connectced through contacts
Al to earth and thec other.through a battery
BATg to earth. An.output terminal TMP is
connected through rclay contacts B2 and Al to
earth. : '

o - Input termlnals 1dé and Tu® 1 are
'connected together through resistors Rg and .
RlO and the junction of these two rcsistors is

connected through relaj contacts ‘E6 to an
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output terminal Rdlu . y
Terminal POy is conne cted through

f'f‘ relay contacts Bl to relay contacts D4 which
‘depending upon their setting, provide either an
earth connection or a.connection to relay
contacts J1. The relay contacts J1 provide
either an earth conncction or a comncction
through a resistor Rll and a battory BATy to
earth.

10; . ~ The cathode of a gas-filled triode
valve Vé is connected to carth through‘rolay
contacts AZ and its anode is connccted through
a reléy winding F to the positive terminal
HP -+ 6 of a sultable source (not shown) of D.C.
,whéso nogatlvo terminal is ‘carthed. A
-capa01tor Cip 1is normally connected to the
positive terminal HT +.7 of a source (not shown)
of D.C. whose negati%e termiﬁal is éaxthed.

g - The control grid of the valve Vo is connected
‘v20. to the,capacltor,CIZ through a rQ51stor Ryo and
B the contacts ES. o
:A’sdurce (not shown) of busy tone is

comected to the terminal BT which is connected.

-toyﬁhe centreﬂwinding'of.ﬁhq,relay'Aithrough
. relay contacts Go.

A source (not shown) of dialling tone

is connected to the terminal DT which is
connceted through relay contacts FL to the
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centre wlndlng of the reclay A - .
Referring now to. Flg 4, thig is a
eircuit diagram of an allptter_suatablo for use
at 24 in Fig.l., The terﬁin&l AL ¢orTesponds
$o the terminal AL.of Fig.3. and is connccted
through a relay Wind{ng ST aﬁd a bétterj BATq
to earth. A uni-scloctor FD has four banks of
contacts FD1, FD2, FD3 and FD4 whosc wipers are
controlled by automatic stepping appara?us
including winding ¥D and contagts Fddm. The
wiper of the bank FD1 is comnected through relay
contacts ST1l, the contacts FDdm the winding FD
and a battery BATlZ to earth The junction of
the contacts FDdm and the winding FD is connected
to earth through relay contacts FK2 and DR4.
The fixed contacts of the bank DL are oonnected
to output terminals respectlvely of which one is
showﬁ at Q. A terminal R is comnected through
z relay winding DK and relay contacts ST2 . to
the'moving contact of the bank FD1. The
terminal R is also connected through contacts
ST3, and DK1 to contacts ST1.  The contacts

DKl arc also connected through relay winding

IR ond & battery BATj3 o earth.

The bank contacts of the bank FD4 are
comnected to output terminals respectively of
Which one is shown at X. The wiper of the bank
FD& is conncoted through relay contacts DR3,FK1,



10.

arth

~18- | 23749

and DR1 to earth. )

The fixed contacts of the bank FD3 are
connected to output terminals respectively of
which one«is shown at Po. The wiper of the bank
FD3 is comnected through relay contacts DR and
one winding of rclay FK to earth. One terminal
of the other winding of the relay FK is
connected through the contacts FK1 and DRI to
earth, and the other tcrminal thereof is
connected through a battory'BAT14 to .earth.

The bank contacts of the bank FDZ arc
cohnécted to output terminals respectively of
which onc is*éhown at Y. The wiper of FD2 is
oonnected through tho contacts FK1 ond DR1 to

| Reforf'ing now to Fig.5. this is a_
theoreﬁicél circuit diagrdm of a suitable register.

and calling unit finder for usc in the

Varfangemént of Fig.l. The terminals IMP, Rdlul
. BUy, HO, and Pl correspond to the terminals of

the same reference in Flg 3, and $erminals

’ Y, Pz X, R and' Q@ correspond to those of the same

‘ refcrence in Flg 4y

7 ~The calllng unit finder uOCthn of the
arrangement shown in Fig.5 compriscs a uni-
selector CUF:having six banks CUFL to CUFG;
who =& Wipers.are driven by an automatic stepping

circuit inecluding a béttery BAT15 connected
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between earth and one terminal of winding CUF,
and contacts CUFdm connected between the other
terminal of the wlnding CUF and the termlnal Y.
The IMP terminals of several calling units

(15 Fig.l.) are comnected to the bank contacts
respectively of the bank CUFl whose wlper 1s
connected through relay contacts Hl, a relay
winding AA and a batery BAT ¢4 to earth. - The
terminals Rdiu of the several calling units
are connected to the bank contacts of CUF2
respectively, whose wiper 1s connected through
a rectifiler W9 to an output terminal RO. The

BU; terminals of the several calling units are

" connected to the bank contacts respectively of

CUF3 whose wilper is connected through relay
conbacts BR1 to earth. The HO terminals of the
several calling units are connected to the bank
contacts respectively of CUFY% whose wiper 1s
connected through a relay winding H and a battery
BAT32 to earthe. The Py terminals of the several
calling units are connected to the bank contacts
respectively of CUF5 whose wiper is comnected to
terminal Pp. The bank CUF6 is a homing bank.
Rach of the banks CUFl to CUF6 has an insulated
home contacte

The terminal P, is also connected
through relay contacts KF6é to earth. The

terminal R 1s connected through relay contacts
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KF6 to carth end through rclay cdhtacts KFS to
terminal Q which is also commceted through
contacts K5 and a battery BAT17 to earth. The
terminal X is connected through a relay winding
KF and battery BAT18 to carth, and through relay
contacts XF1l and HZ to earth.
A uni-selector 77 has two banks ZZL
and ZZ2 whose wipers are driven by an automatic
stepping circuit ineluding winding 27 and
10. contacts Zde., The windinngZ has one terminal
connected through a battery BILT19 to earth and
the other through relay contacts BBl to earth,
.and.through the contacts ZZdm to the wiper of
;azzz. L capacitor Cy3 and resistor R, are
employed to reduce sparking between the contacts
‘-MmM,MW;YZde when 1n operqtlon.ﬂme bank 272 is a homlng
. .bunk and 1s-connected to eﬁrth through rclay
contacts KF3.
The register scction of Plg 5. comprises
- 20.  four uni-selectors M, C, D and U. The uni-
| selecfbrs are(opérated by impulscs caused by the
.opcration of relay contacts 44l as will be
_&v'described later. The moving conbact of LAl is
‘ﬁ?bonnected through relay contacts H7 to earth and
‘the fixed contact of ALl is oonnectodlfhrough
S relay conta ots qu to the wiper of the uni~-
7o % selector bank ZZl. The first four bank eontacts

of ZZl arc connected to the windings M, C, D and

.U respectively whose other toerminals are connceted
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~ to earth through batteries BAT,, to BAToq /
respectively. The first four bank contacts of
~ ZZl are also connected through contacts Mdm,‘
= , Cdm, Ddm and Udm to the wipers of the banks
o | M2, C2, D2 and U2 respectively. Eszch of these
banks is a homing bank. The homing arcs of the
':  homing banks M, C2, D2 and U2 are connected to
3 earth_through relay contacts H6, H3, H4 and H5

. ;ijgisw”,f‘k «yObpeotlvely.

15’,‘\, s T The £ifth contact of Z4L is connected

31.through a relay winding PQ and a battery BATo,
to earth, and through relay contacts PQ3 and

KP4 1n series to éarth. A relaj w1nd1ng BB

is connected betweern the fixed contact of AAl

and the negatlve termlnal of a babtery BAT25

st

g . g

whose p081t1ve termlnal is earthed.
Fach of the banks M1, Cl, D1, and

- ﬂl,-has'anyinsulated home contact and ten

) ‘:{5, bank contacts. The ten bank contacts of M1

'20.  are comnected bo terminals MPi to MPy and NP
_ | respectively. The ten bank contacts of Cl are
' o o connccted to terminals CP, to CPy and CFp
respectively. The ten bank contacts of D1 are
connected to terminals DPy to DPg and DP
respectively,; and those of Ul are connccted to
terminals UPy to UPg and UPy rcspectively.
The wipers of the banks M1, Cl, D1 and Ul are
connceted through reetifiers WlD to Wiy




10.

20,
o bhe juncﬁion of Ryp and Rleis connected to

22~ ]
5374995
respectively to the terminal RO.

An input terminal BJO is commected
through a resistor Rjg and a capacitor Cj3 and
resistor Ryjg in series to the control grid of

a gas-filled triode Vp., The junction of Rz and

| C13 is comnected through a resistor Ryy to the

positive terminal HT + 8 of & source (not shown)
of D.C. whose negative terminal is earthed.

The cathode of the valve Vp is connected to
earth through a fesistor Rys and the anode of
the valve Vy is connected through relay contacts

H8 to the positive terminal HT + 9 of a source

(not shown) of D.C. whose negative terminal is

- earthed.

The terminal BJO is also comnected

through a capacitor Cy4 and a resistor Ryg to the

j*vcontrol grid of a gasffilled triode Vg whose
. cathode is earthed, The junction of C14 and Rig
i cbnnectéd through two rcsistors Ry7 and RlB

win scries to the cathode of the valve Vp, and

earth through a capacitor C15- Tho anode of the

valve Vg is connected to tho terminal HT +

- through o relay winding BR. The jugction of the

resistor Ryg and the capacitor Cy3 is connected

- through a rectifier Wyq to the wiper of switch

bonk CUF2. Terminal PP is connected through
relay contacts PQo to earth, and terminal MM is
connected through relay contacts Pyéd to earth. '
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A suitable router (22 Fig.l.) will now .
be described with reference to Figs. 6 ond 7.
Referring to Fig.6. this is a block schematic |
diagram of part of the router, fhe terminals
RO, PP and MM corresponding to the terminals
of like referencc respectively in Fig.5. The
terminal MM is connected through relay contocts
RRZ, contacts RFdm a uni-selector winding JF and
a battery BATsg to earth. The uni-selector RF
hes two banks RFL and RF2. The bank contacts
of the bank RFL are comnccted to the terminsls

RO of the several registers
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respectively. The other bank contacts of R%B
are connected to the terminals PP of the
several registers respectively and the wiper
of RF2 is connected through a relay winding

RR and a battery BAT27 to earth.
The wiper of bauk RF1l is connected
~ through relay contacts RRL to the input
terminals of two gates MGy and MGl. A
gating voltage terminal MPO is connected to
the gate MG, and a gating voltage terminal

0

MP1 is connected to the gate MGl. These
gates will be referred to as the M gates.

- The outputs of the M gates are

‘ applled to two groups respectively of
further gates each group having ten gates.
. These gates¥w1ll be referred to as the C
gates of whlch one group 18 shown at CGO
vﬁo_CGg connected to the output of the gate
MGl. . The gates GGO to CGQ have gating
voltage terminals CP_ to CP9 respectively.
, The outputs of the 20 C gates
are applied to 20 groups respectively of
further gates which w1ll be referred to as
.the-p gates. One group DGO to DG9 of
D gates is shown connected to the output
ef‘the?G‘gate-CGéi The D gates DG, to
DG9 have gating voltage terminals DPO
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to DP9 respectively.

The outputs of the 200 D gates are

connected to 200 groups of subscriber's line
g circuits (12 and 13 of Figure 1) each group
containing 10 subscriber's line circuits. In
Figure 6 one output terminal RT,; is shown
connected to the output of the D gate DGy, the
subscript 13 in the reference RT13 indicating
that this terminal is connected to the terminal
10 RT in the subseriberts line eircult 13 of Figure
oL Bach of the gates‘shown in Figure 6 has a
" terminal T32 through which, in operation voltages
are applied for closing fhe gates. The terminals

T32 of the gates MGO and'MGl are connected
through resistors RMO and RMl respectively
-  to a terminal CLP, the terminals T32,of the

gates CG, to CGgy are connected through

resistors RCy To BC9 respectively to the
terminal CLP, and the terminals T3p of the gates
20 = DGy to DGy are comnected through resistors

RD, to RD

0

9 respectively to the terminal CLP.
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Ref?rring now to Figure -7 this is
a theoretical circuit diégram 6f three of~'
the gates shown in block form in Figure 6.
The gates shown in Figure 7 are the gates
4 and DG6 of Figure 6. The input
to the gate MGl is applied through a

resistor RZO to the control grid of a

. triode valve'Vé whose anode is

connected to the positive -

SUR
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terminal HT + 9 of a D.C. source (not shown)
whose negative terminal is earthed. The
cathode of the trilode V9 is connected to
earth through a cathode load resistor R21.
The terminal MP1 is connected to the cathode
of a diode valve V,, whose anode 1is connected
to the input terminal of the gate through a
resistor R,,, and directly to the control
grid of a trlode valve Vll’ The anode of the

10 triode vll is connected to the positive
terminal HT + 10 of a source (not shown) of
D.C. whose negative terminal is earthed.
The cathode of the triode V., is connected
to earth through a capacitbr 016’ The
terminal T32 of the gate MGl is connected

to the control grid

. 17
of a triode wvalve Vlz whose cathode 1is

through a capacltor C

earthed. The control grid of the triode
V5 1is also connected through a grid leak
20 323 to the negative terminal -GB6 of a bias
source (not shown) whose positive terminal
1 is earthed. The anode of the triode V4,
is connected to the cathode of the triode
Vll and to the cathode of a diode valve
V13 whose anode 1s connected to the control
grid of the triode V9. The output of the

A
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gate MGl is taken from the cathode of the

cathode follower valve Vg. ,

, The gateCG4 is identical with the
gate MGl>and contains three triode valves
Va0 V150 Ve

four resistors R24 to sz, twg capacitors

018 and 019, and a terminal -GBy which is

~ connected to the negative terminal of a bias

two diode valves Vl7 and V18’

source (not shown) whose positive terminal
o 10 is connected to earth.,

The gate DG6 is also 1dent10al
with the gate MGl_and contains three
triode valves V. , V. and V__, two diode

: 19 - 20 - 21
valves V_ . and V four resistors RZB to

22 23
two capa01tors C -and C 91 and a

- 3]_’
' termlnal GB which is connccted to the

negatlve;termlnal of a bias source (not

shown) whose positivé terminal is earthed.

' Referring to Figure 8 this is a
20 ’theoréticallcircuit diagram of a suitable
N called unit (16 Figure 1). In Figure 8
a-control terminal PT, is conuected
through relay contaots R83 a relay
w1ndlng RQ and a battery BAT to earth
The yermlnal PI is connected to one of
the PI torminals of the bank 83 of ‘the

" uniselector in one of the sub's line
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circuits (Figure 2). Two terminals +I2

and -I2 are connected through relay contacts
F2 and F3 respectively, and capacitors 022
and 023 to a wigding MWé of a hybrid
trensformer HYé. An outpu! winding OWé of
the transformgr HXé has one terminal sarthed
and the other terminal thereof is connected
through o capacitor 024 to the control grid
. . of a pentode valve V o4 whose cathode is

10 earthed, The anode of the valve V24
connected through a load resistor 382 to the
positive terminal HI+1ll of a source (not

shown) of D.C. whose negative terminal is

earthed. The anode is also connected through
Ha capacltor 025 to an output terminal RSPE,

and the screen grid is connected directly to
‘the terminal HP+1l. Negative bias is
| applled to the control grld of the valve

V. from a bias terminal -GBZl. The

_ 24
20 suppressor grld is cqnnected through a

capacitof 026 to relay contacts CDhl, and
through a resistor R__ to the negative
,ﬁermihal ;GBB of a bias source (not shown)
whose p031t1ve terminal is earthed.

An 1nput terminal GSPOl is

connected through a capacitor 027 to the

T gt i A
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control grid of a péntode valve V25 whose
cathode is earthed. The control grid'of the
pentode V. is also connected through a

25
resistor R.. to the negative terminal -GB

of a bias gguroe (not shown) whose positize'
terminal is earthed. The énode. of the
pentode V25 is connected through the

primary winding of a transformer XF2 to

the positive terminal HT+12 of a source

(not shown) of D,C; whose negative terminal

is earthed. The anode is also connected
through a capaéitor 028 to the control grid
of a triode valve V26 whose cathode ig earthed.
The anode of the triode V26 is connected
through a relay w1nd1nv BB to the p091t1ve
terminal HI+13 of a source (not shown) of

D,C. Whﬁse negative terminal is earthed.

The coﬁtrol grid of th3 triode V26 is

onhnecﬁed~through a réctifier'wlg to the
negative terminal --GBll of a bias source

whosge positive terminal is earthed. The

- screen grid of the pentode V25 is

connected through a resistor R35 to the
positive terminal HT+12., The suppressor

grid is connected through a resistor R36 to

g
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source (not shown) whose positive terminal is

earthed, and through a capacitor 029 to the

ﬂ;relay contacts CDL.

:<«The transformer XFZ has two

“secondary windings S XF and S XF One

termlnal of the w1nd1ng S1 5 is connec{ed to
the negative ﬁermlnal —GBlz of a bias

source (not»shown) whose positive terminal is
earthed, and the other terminal thereof is
cognebted through é rectifier Wie and a
capacitor C3O to the control grid of a

pentode valve \/‘2,7 whose cathode is earthed.

_One terminal of the winding SZAF?

connected to ecrth and the other terminal _
thereof is connected through o rectifier W_,
e resistor R end the cepacitor Gy 0 tho
control grid of the pentode V?7. The left-
hend plate (in the drewing) of the capecitor
030 is connebted through a rectifier ng and
a cepactitor 031 in parallel to the

negative terminal of a bias source (not
shown) whose positive terminal is earthed.
The centre grid of the pentode VZ? is
conneoted‘thropgh a rectifier W. 1o the

19
terminal -GB_ .
13

-
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\ The anode of the pentode V
e vconnected through the input circuit of a low-

~ pass filter FIL to the positive terminal

’ "7ﬁ"HT+l4 of e source (not shown) of D.C. whose

! ;# ;negative terminal is esarthed. The screen grid
| ;ifﬁof the pentode V o is comnected through a
_resistol 338 to the positive. tcrmlnal HTP14
and 1s decoupled by = cqpapltor 632 One
output terminal of the low-pass filter FII?
is connected to earth and the other output
termlnal 1s connected through the winding IWé
of the hybrld trcnsformer HYé to carth.
‘The termlnal I is normally
‘.oonnected 1o enrth through ‘the relay contacts
'.;FB.andg
'QIé ié normally connected through the relay

‘ cOntaéts F2 and through+one winding of a relay

tﬁery BATBS, and the terminal

F”td‘the -moving contact of felay contacts RB4.
Theoe contacts. are normally open and the

flxed contact thereof is connected through

the secondary Wlndlng of a transformer XF3

to earth., The primary winding of the
transformer XF3 islponnected to terminals

TR to which ringing current is applied from

a suitable source (not shown). The

obﬁtacts FS are bridged by a capacitor 064°
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Cne terminal of the other winding of relay F
is connected through a battery BAT29 to earﬁh
and the other terminal thereof 1s connected
through relay contacts F1 and RBl1 to sarth.
One winding of a relay RD is connected
between the right-hand plate (in the drawing)
of the capacitor 622 and earth. The other
winding of the relay RD has one terminal
connected to the right-hand plate of the
capacitor C and has the other terminal

23

connected through a battery BAT30 to earth.

A uniselector ZRU has three banks
ZRU1l, ZRU2 and ZRU3, each of which has a

‘home ¢ohta¢t and bank contacts. The bank

ZRU1l has ten bank contacts which are
connected to the translator 25 to be described
later. The wiper of the bank ZRUl is
connected through a resistor R39 to the

'|Eontrol grid of a gas-filled triode valve
lV28’ The cathode of the valve V28 is

cqnnected to the negative terminal of a bias

source GB,, whose positive terminal is

earthed. The anode of the wvalve V28 is

connected through relay contacts DAl to one

terminal of a relay winding DA. The other
terminal of the winding DA is connected

through relay contacts RQL and RBZ“in
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parallel to the positive terminal HI+15 of‘a
source (not shown) of D.C. whose negative
terminal is earthed.

The bank ZRU2 is a homing bank and

has its homing are BC, connccted to carth

6
through relay contacts DA2. The wiper of the

g' bank ZRUZ is connected through contacts

ZRUdm, operating winding ZRU, a relay

% ' winding CD and a battery BAT3l in series to
: | 10 earth., The home contact of the bank ZRUZ is
g . ‘ ‘ connected thiough relay contacts RQ2 to earth.

5o s ‘ | The bank ZRUB-has ten bank contacts
B which are connected to ten terminals Tu, %o

Tu9 respectively. The wiper of the bank

| ZRUBIis connected through e resistor R4O

4 to the fixed contact of contacts CDI.

; | ' LB uniselegﬁor-ZRD has three banks
7RD1, RD2 and ZRD3, each of which has a home
contact and bank contacts. The bank ZRD1

/. 20 has ten bank contacts which are connected
to the translator 25. The wiper of ZRD1

is connscted through a resistor R4l to the

control grid of a gas-filled triode V30
; whose cathode is connected %o earth through
a biaslsource GB. . The anode of the

valve VéO is connected through relay
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contacts UALl to one terminal of a relay
winding UA one other terminal of the winding
UA is connected through the relay contacts
RQL and RB2 to the terminal HI+15.

The bank ZRD2 is a homing bank and
the homing arc BC7 is connected through
relay contacts UA2 to earth, and the home
contacts RQ2 to earth. The wiper of the
bank ZRD2 1is chnected through the
mechanically operated contéct ZRDdm, the
operating winding ZRD, the relay winding CD
and the battery BAT31 in'series, to earth.

The bank ZRD3 has ten bank contacts
which are connected to ten terminals 'l‘do to

Td, respectively. The wiper of the bank

9 )
ZRD3 is connected through a rectifier W,,

to the fixed contact of contacts CDl.

The moving contact of the contacts

VY_CDl, in addition to being connected through

the capacitors 026 and 029 to the

suppressor grids of the pentodes Vék and

v reépectively, is connected through a

25
reslistor ha to earth and directly to the
moving contact of contact RDl. The fixed
contact of contacts RD1 is connected -

through a resistor R to earth and

43
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through a capacitor 03 to the control grid
of a triode valve VBl whose cathode is earthed.
Negative bias is applied through a resistor

R,, to the control gri@ of the triode VBl from

44 :
the negative terminal -GB, of a bias source

16
(not shown) whose positive terminal is earthed.
The anoue of the valve V31 is connected th?ough
a capacitor 034 to en output terminal ASPl,

and through a fesistor R _ to the positive

terminal H+16 of a sourgg (not shown) of
D.C. whose negativé terninal is earthed.

/ The translator 25 is connected
through relay contacts RQ3 to the positive

terminal HI+17 of AJ
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a source (not shown) of D.C. whose negative terminal
is earthed. Ten terminals Tu'o to Tu'9 and ten ter-
minals Td', to Td'g are connected to the translator,
and a further terminal CS, which is connected to
the CS terminals in the sub's line circuits (see
Fig. 2). |

Referring now to Fig. 9 this is a '
theoretical circuit diagram of the translator 25.
The translabor comprises two groups of gas-filled
triode valves each group containing ten valves. A
first of the groups contains ten triodes Vi, to Vi
whose cathodes are connected to earth through re-
sistors Ryg to Rgg feSpectively, and directly to
the ten bank contacts respectively of the uniselector
bank ZRU,. The anodes of the triodes Vzz to Vaz
are connected together and through the relay con-
tacts RQ3 to the terminal HI+17}ﬂ The terminals Tu',

)

to Tu'g are connected through ten rectifiers Wys to

. Wz, and ten resistors Rgg 1o 375 respectively to

the control grids of the triodes Vs, to V,i. The

terninal (S, is connected through ten resistors Rgg

to R95 to the junctions of the rectifiers and res-

istors connecting the terminals 'I‘u'O to Tu'9 res-

pectively to the control grids of the triodes Vg, to Vesi.
The second group contains ten triodes

Ve to Vsl whose cathodes are earthed through

resistors Rgg to Rgg respectively.  The cathodes

of these valves are also connected directly to

the ten bank contacts respectively of the
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uniselector bank ZRDi. The anodes of the valves
Vap 1o V5l are connected together ahd through the
relay contacts RQ3 to the terminal HT+1p. The
terminals Td'y to Td'g are connected through ten

rectifiers Wzs1 to Wyo and ten resistors RVG to Rgg

: to the control grids of the valves V,p to Vsl

' respectively. The terminal CS; is connected
through ten resistors Rgg to Rygs to the jurctions
respectively of the rectifiers and resistors

10 connecting the berminals Td' o b0 Td'g to the

‘ ~ control grids of the valves Vsp to Vgp respectively.
Referring now to Fig. 10 this is a

circuit diagram of an arrangement suitable for use

as the GO speech junctions 17 of PFig., 1. The

i 7 output terminals GSPy to GSPyo, Of the 100 calling

%:;5 CEe 51? 5" ‘units respectively (see GSP, of Fig, 3) are conn-

:! £ ‘ i ected to inpﬁt terminals GSP; to GSPigo of the

i}:; | o -:“‘& | arrangement of Fig. 10. In Fig. 10 only GSP: to

, e GSPso are shown. The inpul terminals GSPi to

w"{; [ﬂ7 20 GSP1oo,aré grouped into ten groups of ten terminals

e | " each and the ten groups are connected o thé control
grids of ten pentodes of which five are shown at
Vsz'forvsg. The terminals GSPs to GSPio are
connecﬁéd through rectifiers Wi to Wsg respectively
to the control grid of the pentode Vss.  The other

. nine groups of input terminals are connected in a

like manner to the control grids of the other nine
input pentodesrrespectively. The five pentodes

V52.to Vg have a common cathode resistor Ryya,
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and the cathodes of the other five innut pentodes
(not shown) are likcwise provided with a common
cathode resistor. The anodes of the five input
pentodes V52 to Vgg are connected together as
shown and have a common wide band anode load
comprising a resistor Rygn, an inductor L; and a
‘capacitor C35. A resistor Rygy and a capacitor
Cge are for découpling purposes. The anode conn-
ections of ‘he other five input pentodes are the
same as those.shown for the pentodes Vsp to Vgg.
The common anode connection of the 4

five pentodes Vg2 to V56 is connected through a

| capaci’sor_c39 to the control grid of a pentode

~ valve Vgp. The common anode connection of the
other five input péntoaes (not shown) is

connected ﬁhrough a capacitqr.Ciy.to the control
erid of a pentode valve V58‘ The control grid of
. the pentode Vg, is connected to earth through a

- rectifier Ws) and a resistor Rygg in parallel, and
the control grid of the pentode VSS is connected
to earth thrd@éh a rectifier Wsp and a resistor
Ry.2 in parallel. The scréen grids of the two
pentodes V$7ga§d Y58 are connected together and
through a resistor Riio to the common cathode
““connection of the two pentodes Vsy and Vsg. The
suppreSsof:gridélof these two pentodes are -
earthéd.:‘ T : ”:
The anodes of the two pentodes Vg7 and

_ Vg are connected together and have a common wide
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band load comprising a resistor Riiz an inductor
Le and a capacitor Cgy. A resisbor‘Riié and a
capacitor 038 are for decoupling purposes, and the
junection of Ri.x and 038 is connected to the screen
grids of the two pentodes V57 and Vgg.

The anodes of the two par todes V57 and

| Vsg are connected through a capacitor Cgio to the

control grid of a pentode valve Vgg. The control

grid of this valve is also connected to earth

- through a rectifier Wgg and a resistor 3114 in

parallel. The cathode of the pentode valve Vgg

is obnnected to carth through a resistor Ryis

and the anode has a w1de band load comprising a
resistor RllG an inductor Ls and a capacltor Cast.
A res;stor Rll? and a capacitor 043 are for de-
coupling purposes. The junction of Ryip and O4e

is connebtea to the screen grid of the valve Vgg

and the suppregsor grid of the valve ng is earthed.

The anode of the valve V, 59 is connected

through a capacltor 043 to the control grid of a
$riode valve_vgo, the control grid also heing

‘connected to earth through a resistor Ryjg and in

parallel therewith a rectifier W54 and bias source

GB]V "connected in series. . 'The valve- VéO has a

~ cathode load resistdr R119 and the anode thereof

is decoupled by means of a resistor Rygp and a

capacitor Css. The load resistor Rjjg is coupled

by means of a wide band coupling comprlslnb two

capacitors Oy 9@11&46 an inductor L, to the control
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grids of three cathode follower valves Vgl to Veg.

The control grids of these valves are also

connected to earth through a rectifief'w55 and bias
source GByg. The valves Vg %o Vg have cathode
load resistors Ris1 to Risz respectively and the
cathodes are connected to output terminals GSPO4
to GSPOQ respectively.

Although three cathode followers Vél
to Vg3 have been shown more may be used if

T o e S e T A P P TR T S T T S S
2 R AN R AR “

10 desired.

| An arrangement as shown in Fig. 10 may
_ also be used as the RETURN speech junction 18 and
as the metering and release junction 19 of Fig. 1.
" When used as the RETURN speech junction the
terminals GSP1 b0 GSPago are replaced by the
tgrminals RSP, to RSPioo (see RSP, Fig. 8), and
the terminals GSPO;: to GSPOz are replaced by the
terminals RSPOs to RSPOg (see RSPOs Fig.3). When
the arrangement of Fig. 10 is used as the metering

20 end release junction the texminals GSP, to GSPico

‘arerreplaéed by the terminals ASP; to ASPico (see
f ASP; Fig. 8) and the terminals GSPO to GSPOg, aze
' replaced by terminals ASPO4 to ASPOa (see ASPO;/ a4

Pig. 8). |
Referring now to Fig. 11 this:is a

circuit diagram of part of the busy gunetlon 20
of Fig. 1, The 2,000 1nput terminals to the
'busy junction are grouped in groups of ten and

of the 200 groups one is shown at BJ1 %o BJio in
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the Figure, These 2,000 terminals are connected
to the terminals BJ in the 2,000 sub's line circuits
respectively (see BJ, in Tig, 2).

Pulses appearing at the terminals BJ; to
BJio are combined through resistors Riss t0 Risg.
The combined outputs of the 200 groups are com-
bined in further groups of ten by means of
rectifiers the rectifiers of one group being shown
at Wsg to Wgs. The outputs of these 20 groups are
combined in two further groups of ten each by
means of resistors and a see-saw circuit. One of
these groups of resistors is shown at Rygs to Rygy
which are connected to the control grid of a pentode
valve Vgo connected in a see;saw circuit comprising
resistors Rygg, Rypg 804 Bygp.  The see-saw circuit
functions as described in the M.I.T, Radiation

Laboratory Series Vol. 19, Chapter 2, Section 5,

~ ;“27_et seq, Fig 2.12(a) publiShedkby’the MeGraw Hill
- __v5‘Book,ComPany'Inp. A resister Ripg and a capacitor

Q48 ars for decoupling the anode cireuit of the valve
Véég 'Thé céthode.and suppressor grid of this valve
se connected o earth, the screen grid’to the
junction of 3179 énd 048’ and negatiVé“Biés”fpr.fhe
contrbl'grid is supplied from a bias battery fhrough

resistors 3177 and R158° The gain of the see-saw

‘eircuit is made substantially unity by appropriate

selection of the valves of the resistors in the

cimit.

The second see-saw circuit comprises a
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pentode valve VBB connected in a circuit identical

with that associated with the valve V52, and

comprising resistors Rygy to Rygy and a capacitor
049.

The outputs of the two valves Vg, and
V53 are combined through two resistors Rjgg and

Rig5 and applied to the control grid of & pentode
valve Vg connected in a further see-saw circuit.
The cathode of the pentode is earthed and the
10 . anode is coupled to the control grid by means of
resisﬁors Ry 66> R1682'R169 and Rl?b' & resistor
Rigy and a capacitor Cgy serve to decouple the
anode circuit of the valve Vgy.
The junction of the resistors Rygg to
Ring is connected to the control grid of a pentode
valve Vsg which is coupled to a further_ pentode
valve ng by means of a resistor Rypq which is
vcommbn to the cathodes of both valves V55 and Ve
‘The anode circuit of . the valve Vgg
20 contains an anode load resisbor Ryno and is de-
~ coupled by means of a resistor Ryns and capacitor
'Q54.‘> The suppreésof grids of the valves V55 and
, 756 are;éarthed and thaip screen grids are conn-
1ected to_the junction of 3173 with 054.. o
A capacitor Cgj serves to connect the
anode of -the valve VSG to the confrol grid of a
triode Visg. D.C. restoration of the voltages
- appliea to the control grid of the valve Vgg is

effected by a diode valve Vg, and a resistor Rlyé.
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The triode VSB has a cathode load R175 and acts as

a cathode follower the cathode being connected to

g ’ ; an output terminal BJO. This terminal is conn- -

é - '-., - ected to the terminal of like referenoe in each

L - register (see Fig.5).

o A suitable high frequency pulse generator -

(14 of Plg 1) will now be described with reference

to Fig. 12 (a) to (e). 1In Fig. 12(a) the output

of an oseillator 081‘is applied to a ringing

10 dircuit comprising a pentode valve V59 whose anode
cireuit includes the primary winding of a trans-
former XF,. The secondary winding of the trans-
former XF, has a centre tap connected to earth
through a resistor ngl'which is decoupled by a
.éapacitor 054., The lower end of the secondary
winding is connected o the cathode of a diode

valve’Véo whose anode is connected through a

~resistor Rygg to the positive terminal HT+18 of a
[T SOurce1(not'shown)‘of D.U, whose negative terminal
;201 is earthed. ~ The anode of the diode VéO is also
_ connected directly to the control grid of a pentode
§ﬁ  : - _valve Vél whose cathode is connected to earth

?;1 e ‘  through'a bias resistor Rigs which is decoupled
k | .by a capacitor‘055.

During the positive half eyeles of the
voltage at the cathode of the diode Vg0 this diode
is non~conducting. Thus the control grid of the
valve VGi becomes highly positive and anodée current
6f high value flows in the anode circuit of the
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valve v61'

During negative half-cycles of the voltage
at the cathode of the diode Vgy this diode conducts
and it 1s arranged that the voltage at the control
grid of the valve Y61 falls below the walue for
anode current cut-off in the valve Vg,.  Thus the
wave form of the voltage at the anode of the valve
Vél is substantiallyM;gqyangular. The "mark-to=

space ratio® of thiswﬁ£Ve form can be varied by

changing the values of RlSl apﬁwR183. A value of

k31l 1s used. _ :
The potential variations at the anode of

the valve V61 are applied through a cathode

followe: ‘valve v62 to a terminal TA.

A diode valve V63 and two pentode valves

_ V64 and v65 fﬂnction in like manner to provide
f"rectangular pulses cf the same frequency but in

‘ »anti-phase at a terminal TB.

20

‘The output of the valve V65 is

j.differentiated by a capaciter 057 and resistor 3187

then applied through an inverter comprising a valve
v66 to a terminal TCe
In Fig. l2(b) the input terminal TC

- which corresponﬁs to the terminal ¢ in Fig. 12(a)

is coupled through two dlode valves V67 and v68

to a multivibrator comprising two valves V69 and
V70. The multivibrator functions in known manner
as a frequency divider and provides a division
ratio of 5:1. The output voltage of this multi-
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vibrator is -ed through a cathode follower valve
Vpy %o an output terminal TD.  The output applied
to TD is also differentiated by a capacitor Cgg

and resistor Rygg and applied to a phase inverter
comprising a pentode valve Vpg,

The output of this phase inverter is fed
through two diodes Vyq and Ty, to a multivibrator
comprising two pentodes Vps and Vng,  This multi-
vibrator functions as a freéuency divider and
provides a diﬁision ratio of 2:1, and its output
is applied through a phase splitter comprising a
valve Vpg o two terminals TE and TF. The voltage
applied to the terminal TF ig also differentiated
by a_capaciﬁor Csg and resistor Rl89 and applied
through a phase inverter comprising a valve Vg,
to a terggnal G,

" In Fig. 12(c) the terminal TG, which
corresponds to the terminal TG of Fig. 12(b) is

Qonneoted_ﬁo a further multivibrator.MV1 which

functions as a frequency divider and provides a

division ratio of 5:1. The output of MV, is
applied. through a cathode follower CF; to a
terminal TH. _

In Fig. 12(d) the terminal TD corres-
ponds to the terminal TD of Fig., 12 (b) and is
connected to the input of a delay network DLi of

known kind which has ten equally spaced taps

. Ty to Tyo respectively and is terminated by a

matched termination 3184‘ The delay of the
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network DL{fis nade edual 10 the recurrence period
of the pulaés applied at the terminal TD from
the valve Vpy of Fig. 12(b), and the delay from
the input to the first tap Ts is made equal to the
delay between adjacent taps. |

The terminal TH in Fig. 12(d) corres-
ponds to the terminal TH of Fig. 12(c) and is
connected to the input end of a delay network
DL, which Las ten equally spaced taps Tii to Tzq.
The delay of the network is made equal to the
recurrence period of the pulses applied at TH and

the delay from the input to the tap Ti1i is made

‘equal to the delay between adjacent taps. The

netwqr%_DLz is terminated by a matched termination
Bgse |
: ~ The pulse generator is provided with

twenty output circuits of which one is shown in

" Fig, 12(e). In Fig;‘lz(e) an input terminal Ts

which corresponds to Ti in Fig. 12(d) is conn-
ected tc the control grid cf a pentode Tpg. Ao
input terminal TA which corresponds to TA in Fig.
12(a) is connected to the suppressor grid of the

pentode Vpy. A cathode bias resistor R de-

coupled by a capacitor Cgq provides biasliir the
pentode #nd by means of a diode Vys the suppressor
grid is kept'normally at negative potential as a
result of the D.0. restoration action of the

diode in response to the positive-going pulses

applied at the terminal TA, This negative potential
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on the Suppre”‘;r grid is arranged to be sufficieﬁt
vto render th\’pentbde V74 normally non-conducting.

| ‘Thus the pentode Vb4 acts as a gate and g
pulse applied to the terminal T, passes through the
gate only if a pulse is simultaneously applied to
the terminal TA.

The output of the vale Vpy is applied
through a phase inverter Voe and & cathode follower
Voy to an output terminal Tu,.

The other 19 output circuits are identical
'mth that shown in Fig. 12(e) and their outputs
appear at terminals Tug to Tdg respectively.

The-terminal TA is also connected to the
‘suppreé;or gridsJof the‘gatés in the four output
-gircuits connected to the termlnals Tug, Tu4, Tug
and TuB and the terminals Tz, T5, T7 and Ty are .
connected to the control grids of those four gates.

The terminal TB of Pig, lz(a) is connected
to the suppressor grids of the gates in the five
| output circuits connected to the termlnals Tug, Tug,
Tu5, Tup and Tug and the terminals T,, T, T6’ T

and 110 are connected to their control grids.

8

The terminal TE is connected to the supp-
Tessor grlds of the gates of the five output circuits
connested to the terminals Td o» Tdp, Tda, Td6 and Tdg
and the terminals Tgs, Tisz, T 15° Tl? and Tyg are
connected o the combrol grlds thereof respectively.

The terminal TF of Fig. 12(b) is connected

fo the suppressor grids of the gates in the remaining
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five output circuits and the terminals Tlé’ Tlh’
T16»> T1g and Tpy of Fige. 12(d) are connected to
the control grids thereof respeetively.

Thus the pulses appearing at the
terminals Td, to Td9
Fig. 13, and the pulses appearing at the terminals
Tno to Tu

are as shown at d to 52 in

9 are‘as shown et u, to 32 in Fig. 13.

The pulses EQ to 52 and'EQ to Ez‘are

' combined in gates (of which two will be described

for) to provideathe 100 communication channels.

_t;For example the- pulses E; are applied to open and

‘close a gate to which the pulses uq are applied to

20

 'd pulse an& the 100

_ provide channel NOc 3%. Only one of the w,

ugh this gate during each 43

”tem_an examinatian of Fig.

qulses are gated by the 4

spulses to provide the 100, channels.
“The™ pulse width of the ' pulses,,and

v;hence the channel pulses, is arranged to be about

'0.5 UeSECe and the recurrence frequency of the
pulses in each channel is arranged to be about
8,000 per second.

Referring now o Fig. 14 this is a
schematic diagram of the low frequency pulse
~generator;21,ef Fig. 1. In Fig. 1k(a) a low
frequency oscillator 08, is conmected to a 1imiter

.LlMl Which‘serfes~to,nroduee square waves. These

are differentiated by a capacitor 060 and
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resistor R190 and the differentiated voltage 1s -
passed to a cathode follower CF2. This 1is blased

so as to remove the negative-going portions of the
differentlated voltage and to pass the positive-
going portions to a terminal PA and to a multi-
vibrator MV_. The multivibrator MV, functions as

2
a frequency divider of a division ratio of 2:1 and

1ts output is differentiated by a capacitor 061 and
a resistor R191° This differentiated voltage 1s
applied through a cathode follower CF3 to a
multivibrator MV3 which funetions as a frequency
divider of a diyision ratio of 5:1. The output

of thefmulti?ibrgﬁor MV, 1s @ifferentiated by a
capacitor“q6é;and_resistor_Rigz-and passed through

a cathode follower CF), to a multivibrator MV,

‘whichfonétions:asfa‘fréqteﬁcy'divider~of a

divisioﬁ ratio of 7:l. The output of MV, is
applied through a terminal PB to a differentiating
cireuit cqmprising a capacitor'063 and a resistor
3193 in Fige. 1¥(b). The differentilated voltage
appearing across the resistor 3193 is applied

through a phase inverter PI to an output terminal

'PC. The terminals PA of Fig. 14(a) are connected

together for the'purpose of applying re-setting
pulses to the multivibrator MY, .

The pulses appearing at the terminal PB
at a recurrence frequency 1/90th of that of the
pulses appearing at the terminal PA of Fig. 14(a)

are applled to an arrangement of 70 bil-stable
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multivibrators (flip-flop circuits) of which two
are shown in Fig. 1k4(ec). The terminal PC in Figi
1#&9) is connected to a multivibrator MVg and each
pulse appearing at the terminal PC operates the
multivibrator MV5. Re-setting pulsés are applied
to the multivibrator MVg5 from the terminal PA and
hence the multivibrator MVs remains in its
operated}cdndition for only 1/70th of the
,repetitioﬁ period of the pulses applied at PC.

The resulting pulse from the multivibrator MV5 is
passed through a phase splitter PS4 to an output
terminal MPi:and to a second bi-stable multivibrator
(flip—flop cireuit) MV6. Re-setting pulses for
this multivibrator are also applied thereto from

the terminal PA. The pulses from the multivibrator
MVé are fed through a phase splitter PS, to an
'oufput-terminal MP, and to the next ﬁultivibrator

(not shown).  The remaining multivibrators are

arranged in the séme way as those shown in Fig.

1%(c) whereby a group of 70 pulses are produced
in succession for each pulse applied to the
terminal PC.

v One such group of 70 pulses is
represented in Pig. 15(3). - The first ten
pulses appear at terminals MPy to MPg and MP
respectively (Fig. 15(b)) of which MP, and
MP, are shown in Fig. 14(ec). The next ten pulses
appear at terminals CPy to CP9 and CP, respectively,

\the next ten at terminals DPl to DP9 and DPo
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respectively, the next ten at terminals UP; to U?g
and UP, respectively, the next ten at terminals
d's to d'g and d'o respectively and the next ten
at terminals u'; to u'g and u', respectively. The
66th pulse appears at a terminal CLP and the
remainder are not used. E

As explained in conncction with the
router (Fig. 6);!fhe sub's_line circuits are
groﬁped in groups of ten, The terminals UF, to
UPgiand UPO-of‘Fig. 15(b) are connected to the
UP terminals of the tén sub's line circuits
resPeétively‘of eachjérOup (see UP, of ¥ig. 2).

% er ‘The terminals MPy %o MP9 and MP,, CPs to
0Py and CP,, Py to DPg and DBy, UPy to UPg ond
UP tof Fig. l5(b) are connected to- the termlnals
of llke reference in Fl 5; ‘ The: termlnals MP1
o WPy and UP,, 0Py to CPg and CP, and DP: to DB
~and IP, are connycted to the terminals of like

reference in Flg.'é. The terminal CLP of Fig, 15
(b) is connested $o the terminal CLP of Fig. 6.
One of the terminals Td',; to Td'9 and Td', and
one of the terminals Tu'y to Tu'g and Tu'  are
connected to each calllng unlt (see Td'y and Tu'y
of Fig. 3), different’ eomblnatlons of Td'" and Tu’
terminals being connected to ‘different calling
uniﬁs.'.,Fér'example, Td'o and Tu'y are connected
to the callingzunit terminating channel No, 1 in
the 100 channel communication arrangement (see
Fig.3.). Td's and Tu'g are connected to the



10

)

;53_ o

-

. calling unit terminating channel No, 86 and so on,

the subscript in the Td' reference representing the
number of tens in the channel number and the sub-
seript in'the Tu' reference representing the number -
of units, in the channel number.

~"The terminals Td'y to Td'g and Td'y, and
the terminals Tu'y to Tu'g and Tu'y of Fig. 15(b)

are also connected to the terminals of like ref-

‘erence respectively in the translator (Fig. 9).

It is‘arranged that each of the low

frequency pulses is of about 150 milliseconds

duration, and that the recurrence frequency, that

- ig to say the recurrence frequency of the pulses

éppearing at each output terminal is about 50

. DeDeS.

o Operation
It_will be assumed that the subseriber
at the station 10 of Fig. 1 is calling the

‘subscriber at the station 11 and that the number

of the station 11 is 1464,
Vhen the subseriber at the station 10

1ifts his telephone handset from its rest a

oonnection is autoﬁgtically made from the
tefminal LT, of Fig, 2 through the subscriber's
line and telephone set back to the terminal LT,.
Thus a circuit is completed from earth through

“ the battery BAT, and the relay winding L back to

earth., The relay‘therefore operates and its
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contacts Ll and Lz close. ' -

' These contacts complete the automabic
stepping circuit for the uniselector S, this
circuit being from earth through the battery BAT,,
the winding S, mechanically operated contacts
Sdm, the relay contacts K4, the relay contacts L2,>
the wiper and home contact of the bank 53 and the '

contacts L1 back to earth. The uniselector

commences to hunt, _

Referring now to Fig. 3 (calling unit)
it is arranged that when a calling unit is in
use the terminal PO thereof (PO, in Fig. 8) is

/+ . earthed through contacts Bl as will be described

later. When, however, the calling unit is free

" the contacts Bl are open (as will be described

latér) and the earth is removed from the terminal
PO ‘thereof.

Referring again to Fig. 2, so long as

the wiper of the bank S3 is passing over contacts

connected‘tb'engaged calling units the automatic -
stepping circuit of the uniselector remains
completed through the earthed términals PO in

those units. When, however, a contact

connécted‘to a free calling unit is reached the
PO terminal thereof is not earthed end hence the
automatic stepping circuit is broken and the
motidn of the wiper arrested. |

The relay K is then energised through a

circuit comprising the battery BAT,, the winding
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S, the contacts Sdm, and the relay contacts Ll.
The resistance of the relay winding K is made
sufficiently high to prevent further operation
of the stepping circult as a result of the
current flowing in the circuit of the relay
winding K.
Relay contacts X1 to K7 close. Contacts

K1 and K2 connect the terminals LTq and LT2 through
to the unliselector banks S1 and S2. Agsuming
the wiper of the bank S3 to be arrested on
contact POy, the wipers of S1 and S2 comnect the
terminals LTy and LT, to the terminals +0; and
-0q respectively. _

‘ Whilst this is occurring the cirecuit
in the seized calling unitboperates to puﬁ an

earth on the terminal P01 ag will be deserilibed

Wheh the relay contacts K1 and K2 close

the relay winding L bééomes de~energised and the

relay contacts 11 and L2 open.  The relay K
remains opérated however because of the earth
applied to the terminal PO by the seilzed calling
unit. i
The operation of the remainder of the
circﬁit df Fig. 2 will be described later.
Referring now to Fig. 3, assuming
this to be the seized calling unit current flows
from earth through the left-hand winding of the
relay windings A, through the relay contacts D1,



through the calling subscriber's line, back through
the relay‘cgntacts D2, through the right-hand .
winding}A-and through the battery BATz to earth.
Thus the relay A operates and its contacts Al
and A2 close.

The contacts A2 apply an earth to the
cathode of the gas-filled triode V., and hence

prepare this valve for later operation,

The contacts Al complete the circuit of
10 the relay winding B the circuit being from earth
| through the battery BATg through the winding B and
“the contacts Al to earth. The relay contacts Bl
%0 B5 close. The contacts Bl apply an earth to the
termlnal POl. The contacts B2 prepare a circuit
for transmlttlng subsequent dlalllng impulses to the
- terninal INP. The contacts B3 connect the termipal
1>gL to the contacts E3 and thence through the left-
" hand relay winding E to the negatlve terminal of the
| battery BATg. The contacts B4 put an earth on the .
20  busbar BUS:. The contacts B5 connect the terminal GP
u to the suppressor grids,of'the‘two valves V, and V5l‘
. ‘ It is agsumed @hat the seized calling unit
terminafes chapnel Neo. 1. The high?frequency pulses
- do and uly(ﬁig;lS) are therefore applied to the éalling
B unit at Tdo énd'Tul from the terminals of like ref-
erence in Fig.‘lz(c). 'The rectifier Wgg provides a
low impedance patp for all of each do pulse applied
to the terminal Tdo except that part
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‘thereof which oceurs during a u; pulse. The

uy pulses render the rectifier non-conducting.

Thus during‘the absence of the uy pulse the

d, pulse applied to the,terminaideo is

azepped across the resisto: Rypg. During

~ each uy pulse coincident with a d  pulse,

however voltage is passed to the terminal GP.

The voltage pulses appearing at

i the terminal GP are arranged to be positive-

100

zoing. ‘The negative bias applied to the

suppressor grids of the two pentodes V and

V. is arranged to be sufflclent to render

5
these two valves normally nonwconductlng.

The:emplitude of the voltage pulses applied
to the suppressor grids of the two pentodes

V4fand V_ from the terminal GP is arranged to
be sufficient to overcome the biay and to

render these two valves eonducting..-Thue the

valves V, and V. are gated in channel No.l,

4 7 5
and'unmodulated pulses in channel No.l are

transmitted from the amode of V4,,thfough
the capacitor Cg to the terminal GSP

, | 1 |
- The manner in which a register is

 allotted to the seized calling unit will

now be described. An earth is applied to
the terminal AL through the contacts B4,
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the busbar BUS,, and the contacts E2.

Referring now to the register and
calling unit finder circuit of Figure 5,
whenever o register is free an earth is put
on to the terminal R through the contacts KF6,
and a connection is made from earth through
the battery BATlV and the contacts KF5 to the
terminal Q. _

Referring to the allotter circuit
of Figure 4 the earth on the terminal AL

from the seized calling unit completes the

| energising circuit of the relay ST th?ough

the battery BATll. Thus contacts ST1, ST2
and ST3 close. The automatic stepping
circuit of the uniselector FD is completed
from earth through the battery BAle, the
winding ¥D, the mechanically operated
contacts Fde, and the contacts ST1, DKl
and;STS to the earthed terminal R of a free
registay. Thus the unisglector commences
to hunt,

The contacts ST2 connect the
relay winding DK between the earthed
terminal R and the wiper of/the
uniselector bank FD1. When the
terminal @ of the free register is /
reached by the wiper of the bank FD1 the
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energising circuit of the winding IXK is
completed through the contacts KF3 (Figure 5)
and the battery BATl?'

The contacts DKl operate and hence
break the automatic stepping circuit of the
uniselector FD, and complete the energising
circuit of the relay winding DR from the
earthed terminal R through the contacts ST3
end DK1, the winding DR end the battery BAT13_
to earth. Thus the contacts DRL to DR4 close.

The contacts DR1 complete a circuit
from earth, through the contacts DR1, the
contacts FK1, the bank ¥D2, the terminal Y,

. the mechanically operated contacts CUFdm

(Figure 5), the operating winding CUF and the
battery BAT15
CUF of Figure 5 commcnczs to hunt,

When the wiper of the bank CUF5
reaches the terminal P. connccted to the

1
terminal of the same reference in the secized

to earth. Thus the uniselector

calling unit (Figurs 3) a éircuit is
completed from sarth through the battery
BAT, (Figure 3), the left-hand winding.
of the relay E, the contacts E3 and B3,

the terminal P the unisclector bank

l,
CUF5 (Figure 5) the terminal PZ’ the
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uniselector bank FD3 (Figure 4) the contacts
DR2 and the left-hend winding of the relay
FK. Thus the relay E of Figure 3 and the
relay FK of Figﬁro 4 arec encrgised. The
contacts FK1 in Figurc 4 also complete a .
circuit f:om earth through the battery BAT14,
the right-hand winding of relay FZ, the
contacts FK1 and DR1 to earth, This circuit
holds the relay FK energisgd until released
as will be described later.

, In Figure 4 the contacts FK1 and
FK2 close. The contacts FK1 complete a _
circult from earth through the contacts DRI,
FK1 and DR3, the uniselector bank FD4, the
terminal X, the rslay winding KF (Figure 5)
and a battery BATlB to earth. Thus the relay
XF of Figure 5 is ensrgised, Thc opening of

the contacts KF2 arrests the motion of the

- wipers of the unisclector CUF, the carth

having already been removed from the terminal
Y by the operation of the contacts FK1 of
Figure 4. The contacts KF5 (Figure 5)
disconnect the battery BAT17 from the
terminal Q. The contacts KF6 remove the
carth from the terminal R and carth the

terninals P2 and Pl' The contacts KF3
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remove the earth froﬁ-the honing arc of the
uniselector bank ZZZ, and the contacts KF4
prepare an earth for the contaets Q3.

When the earth is removed from the
terminal R (Figure 5) and tne battery BAT17
disconnected from the terminal Q by operation.
of tﬁe rélay KF the.relay DK of Figure 4 ié

released. The operation of the contacts DK1

" peleases the relay DR and the contacts DRI

opening break the energising circuit of the
right~hend winding of the relay FK. Referring

to Figure 3, when the relay E is cnergised

as préviou31y described the contacts El are

arrangéd'to‘c}ose before any other contacts

‘of this relay. A holding circuit is then

~complefed from earth through the contacts B4,

the contacts El, the rignt--hand winding of the

- relay E, and the battery BAT5 to earth.

Operation of the contacts E3 carths the

ferminals‘Pl ond hence releases the relay FK

of Figure 4. Contacts ER open and remove

the earth f?om the te?@inal AL, The

allotter is, therefore, released and the
wipers thereof home to their home

contacts.
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Until the allotter is released the
contacts FK2 and DR4 (Figure 4) serve to hold
the uniselector FD. ‘

Referring to Figure 3 the contacts
T4 oomplete_avcirouitwfrom oarth through the
contacts Al, E4 and D5 to the terninal HO.,
The terminal HO of Figure 5 is connected
through the uniselector bank CUF4, through

- the relay winding H end the battery BAT,, to
10 - earth, The relsy H is therefore operated.
The oontactsle to H8 close and the contacts
H2 ser#eyio hold the relay winding XF
-energiséé;;and hence %o hold the reg@ster
'connectedﬂfo.the.seized calling unit.
_ ‘The cotitacts E5 (Figure 3) connect
' the'ohdrged‘capacitor'C12 tb the;contfol grid
of thekvalve Vé which, therefore, strikes and

energises the relay winding F. The contacts
Tl close and hence dialling tone is fed to
20 the calling subsc;ibers'line throughlthe 7
Windingékbf the relay A, t

f The contacts E6 connect the ,
terninals Td' o and Tu'y to the torminal
Rd'y,'. The low frequency pulscs d'o
and u'l arec applicd to the terminals Td'o

and TETl respectively end hence appear
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at the terminal Rd%l'.

When the calling subscriber dials
the number he reduires (1464 in this example)
the dialling impulses operate the relay A and
hence the contacts Al.

The relay H of Figure 5 is slow
acting and hence is not affected by the rapid
operation of the contacts Al of Figure 3.

The contacts H1 connect the terminal IMP
!f 10 . through the uniselector bank CUFl, the relay
- ‘ winding AA and the battery BLTl
Thus the operation of the contacts Ll of
Figure 3 is followed by the contacts AAL of

Figure 5. The contacts H7? earth the noving

6 to .earth,

| coniaqt‘of‘the.contadisdﬂﬂl“and:henee each

time the contacts ALl are closed by a
'dialling impulse of the first digit a eircuit
is‘madé.from,earth through the contacts H7,
o AAl and PQl, the wiper of the uniselectqr
_ »?Q' - bank 771, the first bank contact of ZZ1,
i the operating winding M and the battery
BATZO fo earth. Thus in the present
example where the number of impulses in
the first}digit is_one the wiper on the

uniselector bank M1 is set to the first

bank contact and'hénée is connected to

,thevferminal MPl.
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The relay BB is slow operating and
its contacts BBL close and open only once for
cach digit dialled irrespective of the number
of impulses in the digit the cnergising cirecuit
for the winding BB being fron ecarth through
the contacts H7 and AAl, the winding BB and
the battery BATsg to earth. Thus when the
first digit of the wanted nunber is being
diaslled the relay contacts BBl close and renmain
closed until the dialling impulses for that
digit end. The contacts BB1 then open and &s
a result the wiper of the‘unise}ector bank
ZZ]:ﬁoves to its second contact.

. The dielling impulses of the next
digit (4 .in this example) are therefore applied
to actuate the operating winding of the .
unisélectqr-c. The'wiﬁer of the bank Cl is,
thersfore, connscted through to the terminal
CP,. Iikewise the dielling impulses of the
third and fourth digits dialled (6 and 4 in

this example) are applied to actuate the

operating windings
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of the uniselectors D and U respectively and hence -~
the wipers of the banks D1 and Ul are éonnected. .
through to the terminals DPé and UP4 respectively.
The pulses My to Mg and Mo generated by
the low frequency‘pulse generator of Fig. 14 are
applied to the terminals MPy to MP9 and MPo reSpec;
tively of Fig. 5. Likewise the pulses C1to Cg and
Co are applied to the terminals CP; to CP9 and -
CPO respectively, thevpulses D1 to Dg and D, are
applied to the terminals DPj to DPg and DPo

respectively, and the pulses Uy to Ug and Up are

~applied to the terminals UPj to UPg and UP, res-

pectively.
Thus the pulses My, Cq, Dg and Uy appear
at the wipers of the four selector banks M1, C1, D1

through the rectifiers W10 to W13 respectively o
the output terminal RO and the pulses g'o and w'i
are applied from the terminal Rd'u' through the
selector bank CUF2 and the rectifier Wg to the
terminal Ro; Thus the pulses appearing at the

terminal RO are in recurring groups each group

containing the pulses I, C4, Dg, Ug, d'o and u'y,

- in that order, ¥

After the last digit is dialled the wiper
of the bank ZZ1 sbeps on to the fifth bank contact
and hence completes the encrgising circuit of the
relay winding PQ. The contacts PQl open and

isolate the contacts AAl from the uniselectors
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: M, C, D and Ue The contacts PQ2 and PQ4% close and ~
...... ,ff?‘: apply earths to the terminals PP and MM, and the .
: contacts PQ3 close and hold the winding PQ
energised.

Referring now to the diagram of the router
shown in Fig. 6. If the router is free, the relay
winding RR is de-energised and hence the contacts
RR1 are open and the contacts RR2 closed.

The automatic stepping circuit of the

10 uniselector RF is therefore completed from the
: oarthed terminal MM, through the contacts RR2,
_the mechanically operated contacts RFdm, the
(operating winding RF and the battery BAT26 to sarthe.
The uniselector hunts unxil the wiper of the bank
 BF2 reaches the bank contact connected to the earthed
'terminal PP. The circuit of the relay winding RR

: '»is then completed from the earthed terminal PP,
© through the bank RF2, through the winding RR and
4'wuithrough the battery BAT27 to. earth. The contacts
20 RRl close connecting the terminal RO to the input
‘of the router, and the contacts RR2 open thus
] :breaking the stepping circuit of the uniselector
RF and ariéétiﬁg ‘the motion of the wipers.

'The fifst My pulse'to arrive at the
terminal RO after the. relay contacts RR1 close,
causes the gate MG, to be opened. This is effected

; . -+ as followsi=-

Referring to Fig. 7 the pulses M1 are

applied from the pulse generator of Fig. 14 to the
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terminal MPj. The diode Vyp is arranged to be eon:
ducting in the absence of the Mj pulses and to be
insulating during each Mj pulse. If, therefore
pulses other than Mj pulses appear at the input
terminal of the gate MGy, the diode Vip is conduct;
ing thereto and hence no appreciable change of
current takes place in the triods V3. The charge
in the capacitor C16 is normally very low and the

reactance of this capacitor is made low and heace

 the control grid of the triode Vg is substantially

short-circuited to earth through the valve V13 and
the capacitor Cig. Any pulses other than Mj pulses

do th,therefofe, appreciably affect the anode

current of the valve Vg.

Wheh an My pulse appears at the input of the

gate, however, the diode ViQ is non—cqnducting thereto,

the conbtrol grid of the valve V1] is mede positive

by the Mj pulse and hence thé capééitor Cig receives

a charge, the upper plate in the drawing becoming
positive. The cathode of the diode Vig likewise
becomes pogitive and this valve becomes non;conduc;
ting and hence thé short-circuit from the control
grid of the valve Vg is removed. The valve Vip is
nade non;conducting by the bias applied to its
control grid ana hence the charge in the oapaoitor
C16 is held and the diode Vi3 remains non- ’
conducting. » v
" The next succeeding C4 pulse appears,

therefore, across the cathode load resistor Rgy
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and hence at the inputs of the C gates connected to
the output of the gate MGj. The gate CG4 functions

in like memner with respect to the C4 pulses as the

jf, gate functions with respect to the My pulses. Thus

the next succeeding Dg pulse eppears at the inputs of
the D gates connected to the output of the gate CGyq.
The D gates function i like manner to the
M and O gates and hence the gate DG6 is opened by the
next succeedirg Dg pulse.
| The remaining pulses of the Group (pulses
Uy, d'o end u'j in this example) pass therefore to the
terminal RTlu. |
Referrlng now %o Fig., 2, and assuming this

£0 be the line cireuit of the called subscriber, the

1 T“f>U4‘pulses generated by the low frequemey genérator
’ *‘(Fig. 14) are also applied at UP4 the rectifier Wo
~is made non-conducting for the duration of the Ty

20 pulse applied thereto from the terminal RT. This U4

pu18e passes. therefore through the resistor Ry to the
control grld of bhe gas-filled triode V1 and strikes
thls_valve. The resultlng anode curr?nt'energlses
the relay 7 and contacts Z1 and Z2 close.

The contacts ZL complete the energising

ST clrcult of tha relay L and hence the relay contacts

11 and 12 close. The contacts Z2 earth the contact
BCg of the unlseleotor bank S5,
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The contacts L1 complete a circuit froﬁ
earth through the home contact and wiper of the
uniselector control bank S3, through the contacts 12,
K4, and Sdm, the operating winding and the battery
BATs to earth., The uniselector S commences to hunb.
The earth on the contact BCg of the bank 3§ ensures
that the uniselector steps over the OUT contacts on
the banks 81, S2 and 83 on to the IN contacts.

‘Referring to Fig. 8 (called unit) when
the called unit is free the terminal PIp is connected
through the contacts Rﬁ3,.the relay winding RQ and the
battery BATgg to earth, and hence the terminal PIp is
of negative potential. When, however, the called
unit is engaged the contacts RB3 are closed (as will
be described late?) whereby the terminal PIp is
- Thus, referring again to Fige 2, the wiper

of the bank‘SS supplies an earth for the automatic

‘stepping circuit of the uniselector S so long as the

“wiper is passing over IN contacts comneched to

engaged called units. When a contact is reached
connected to a free called‘unit, hoWever, the
automatic stepping circuit'is broken and the motion
of the wipers arrested. |

| _ The relay K then becomes energised
through L1, the earth having been removed from the
wiper of 853 end hence from the contacts K. The
contacts K1 and K2 connect the line terminals Iy

and LT to the seized called unit.
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The contacts K3 close and connect the ’
winding K to the wiper of the bank S3.

The contacts K4 open and hence the moving
contact of the contacts K4 is disconnected from the
moving contact of the contacts 12 and from the wiper
of the bank S5. o

The contacts K5 oper and extinguish the
valve V1 whereby the relay Z becomes de-energised.,
The contacts 21 open and de;energise the relay L.
The contacts Ll oper and remove the direct earth
from thé,relay winding XK. The relays Z and L are,
however, slow-operating and it is arrenged that the
earth from the seized called unit is applied to hqld
the .relay X before the contacts L1 open as will be

described later. The contacts 12 prepare a homing

earth from the bank S84 and the contacts Z2 open and

rémDVe the earth from the contact BCg of the bank

The relay contacts K6 connect the terminal

RT to the terminal BJ] for a purpose to be deseribed

later, &nd the contacts K7 connect the terminal RT
through the uniselector bank S6 to the terminal CS53.
Referring back to the cireuit of the
router (ﬂlg. 6) after each group of M, C, D, U, 4
and u' pulses has passed therethrough all gates are
closed by the application of a pulse to thé terminal

CLP from the low frequency pulse generator‘(Fig 14),

The M, C and D pulses of the next succeeding group
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reopen the appropriate gates to allow the U, 4°
and u' pulses to pass through again. This u
contiﬁues until the relay K of Fig. 2 closes when
the next succeeding d' and u' pulses (d*, and u'y
in this example) to arrive at the terminal RT are
passed to the terminal CSqe

As soon as the relay K operates, and

- whilst the relays Z and L are opening, the relay

RQ of the seized called unit Fig. 8 becomes

energised, the energising circuit being from earth

bthrough the winding RQ, the contacts RB3, the
‘uniselectorwbank S3 of Fig. 2, the contacts K3 and
: L1 t6 earth.  Thus the‘contacts RQ1l, RQ2, and
'RQ3 of Fig. 8 close. The conmtacts RQL apply H.T.
‘to the two valves V28 and V29 The contacts RQ2"

complete ‘the automatic steppling circuits of the

'» _uniselectors ZRU and ZRD, and in addition complete

20

’~fﬁhe energising eircuit of the relay CD.  Thus the
t:uniseleetors ZRD and ZRU start the hunt, and whilst
-'they are hunting the wipers of the banks ZRD3 and

ZRU3 are isolated from the valves V243 V25 and V31
by the opening of the contacts CDl. The relay

~ contacts RQ3 apply H.T. to the translator 25.

‘ Referring to Fig. 9 the~gl and u! pulses

‘arriving at the_terminal CSy from the called

'Subscribérs_line elrcuit are applied to the control

grids of'tha valves V32 to V51 through the resis-
tors RB6 to R105 re;pectively. The rectiflers W21
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to Wg0 are, however, conducting to these pulses

except the rectifiers to which d' and u'?g%gegpplied
from the terminals Tu'o to Td'g simultan.vously with
the d' and u' pulses arriving at the terminal CSg.

In this example the pulses d'y, and u'i appear at the
terminal C3g simultaneously with the pulses d'y and
uty appliedkat the terminals Td', and Tu'i. Thus

the rectifiers W31 and Wgp are non;conducting in this
example and permit the d'y and u'j pulses applied to

the terminal C3's to pass to the control grids of

. the valves Vgqg and Vg3 respectively. These two valves

strike and hence their cathodes becom¢ pgsitive, -
"When the wiper of the bank ZRUl reaches
the bank contact conmected to the cathode of the valve

Vga,the.positive potential appears at the control

grid of the valve Vog (Fig. 8) and this valve
. strikes. Similarly the valve Tpg (Fig, 8) strikes

when ﬁhe wiper-of the bank ZRD1 reaches the bank

contact connected to the cathode of the valve Vyo.

Referring %o Fig. 8, when the valves Ugg

and Vog strike the relays DA amd UA become encrgised

by the anode circuits of these two valves. Thus

the contact,é. DAl‘, DAZ, UAL, and UA2 are operated.

the valve Vog and the contacts DAp break the auto-

matic stepping,cifcuit of the uniselector ZRU. 'The

" contacts UAL hold the relay UA and extinguish the

valve V29, and the contacts UA2 break the automatic
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stepping circuit of the uniselector ZRD.
Thus the wipers of the banks ZRD3 and ZRU3
are arrested on the bank contacts connected to the
terminals Td, end Tuj respectively., The pulses d,
and u, are applied to these terminals respectively
from the high frequency pulse generator. In the
absence of .a dy pulse the rectifier Wgg is con-
ducting and hence the uj pulses are dropped across
the resistor R4Q. The_gécurrende‘of a gg pulse
renders the rectifier Wg0 non-conducting and hence
the uj pulse occurring‘during eéch_do pulse passes
to the contacts CDL thét'ié to say pulses in channel

No. 1. These contacts close simultaneously with the

~ opening of the automatic stepping circuit of the

selectoré and the pulses in channel No. 1 pass to

 the suppressor grids of the valves Vo4 and V25

20

| Thus unmodulated pulses of anode cuffent

flow in the valves Vgy and Vgsiwhich are arranged to

be normally non-conducting by the bias applied thereto
- from the terminalg - GBg and - GB10 respectively. The

pulées passed by the valve Vgg are applied through the
capacitor Opg o the control grid of the valve Vag.
Thus, pulses of anode current flow in this valve which
is arranged to be normally non;conducting‘ﬁy the bias
applied' thereto from the terminal ; GBll; Thus the
relay BB becomes energised and the contacts RBl and

. RB4 thereof are operated.

The contacts RB3 put &n earth on the
terminal PIs and hence hold the relay K of Fig. 2 it
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being arranged that the contacts RB3 close about ’
1/2 second before the contacts L1 of Fig., 2 open.
The contacts RBZ clogse and hold the relays DA and
UA when the relay RQ becomes deQenergised on the
operation of the contacts RB3,

The contacts RB4 close and apply ringing
voltage from the transformer XFa to the called
subscriber's station. When the called subc@riber
answers the relay F becomes energised, the energi;
sing circuit being from earth through the battery
BATg3 the contacts F3, the called subscriber's line,
the contacts F2, the relay winding F, the contacts

RB4 and the secondary winding of the transformer

XF3 back to earth. The contacts RBl and F1 hold
ﬁhevrelay F,

The relay RD then becomes energised, the
energising circuit beiﬁg from earth through the
battery BATs0, one winding of the relay RD,the
contacts F3, the called subscriber's line the
contacts F2 and the other winding of the relay RD
back to earth,

" The contacts RD1 then apply the pulses in
chennel No, 1 through the valve V3l to the terminal
ASPy and thence through the metering and release

. junction (19 Fig. 1) to the terminal ASPOj of

Fig. 3 (calling unit). The rectifier Wy is
rendered noﬁ—gonducting thereby and permi$ the pulses
in channel No, 1 from the terminal GP to appear at

the control grid of the valve Ve, This valve then
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passes pulses of anode current through the relay
winding D which becomes energised.

The contacts D1 and D2 operate and reverse
the polarity of the terminals +07 and ;Ol. This is
for signalling purposes as described on page 278 of
Telephony Vol II by Atkinson. The contacts D4 apply
a pulse of current to the terminal POj from the
battery BATyg, the relay contacts J1 being operated
after the cont~ctys D4 on de;energisation of tho

slow operating relay J by the opening of the contacts

- D3.

The pulse of cufrént applied to the terminal

PO operates the meter M of Fig. 2 to record the

establishment of the call, i

The contacts D5 (Fig. 3) open and hence
remove the earth from the te?minal HO. Thus the
relay H of Fig. 5 becomes de-energised, The con-
tacts H2 open and hence the relay KF is

de-energised, and thus the register is released and

‘the uniselector QUF) homes. The earths are removed

from the contacts PP and MM and the router is
released.

Speech voltages from the calling subscri;
ber's station are transmitted through the trans;
former HY1 toithe control grid of the valve V4 and
there amplitude;modulate‘tﬁe pulses in channel No.
1 appliéd to the terminal GSPyj. These amplitude-

. -modulated pulses pags through the GO speech junction
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to the called units.

. Referring to Fig. 8 all pulses from thé
terminal GSPOq of the GO speech junctlion are passed
to the control grid of the pentode V25 which is
gated by channel No. 1 pulses as previously
described. Thus only the pulses in channel No. 1
pass to the transformer XFé.

The primary winding‘is tuned by the

cdpaéitor 630 to a‘peribdicity of approximately

10~ twice the width of the pulses applied thereto from

the valve V25, and is heavily damped by the reslstor

i 3{94'-’r$h§_v; ding S,XFo has more turns than the

‘nd-henca provides a greater output

 :voltage than SlXFz.“ The terminal -6313 is arranged

'itdrbe about five volts less negative than the
4”?termina1 - GBlQ.

E ' Assuming the charge in the capacitor C3y
to ba such that the potential of the upper plate
ﬁ»»‘t@greQ: in the draw;ng is between that of -GB, 3 and
20  =GBq,, the rectifiers W,¢ to W19 are non-conducting.

‘When a pulse arrives at the primary winding of the

”"trapsformer XF, from the valve Vo5 the leading edge

© of the pulse shock excites the transformer. The
first, and negative, half-cycle of the free
oscillation is applied to the anode of W,, which,
therefore, remains non-conducting, and to the

 cathode of W17 which becomes conducting and hence
C3I-discharges through 337 and W17 until the potential
of its upper plate in the drawing equals the




lZO_yf;:

e | 837495

potential of the terminal ;GBlg. Any further nega;
tive excursion at the cathode of Wyp is demped<by
Wig. ©Simultaneously Wyg becomes conducting and as
a result the capacitor Cq; discharges further and
its upper plate is left at a potential somewhat
’_below that of the terminal ;GBlg.

‘Just as this negative half-cycle ends, the
lagging edge of the pulse arrives and again the
transformer XFp is sheck;excited but this time in

10 the opposite sense. The first, and positive, half-

~ cycle of this second free oscillation has no effect
on Wip and W1g, The capaeitor C31 is charged,
fdeever, threugh Wig to a value dependent upon the
vamplltude'of the pulse applled to the trangformer
*fﬁXﬁg, and lying between the potentials of the terminals

4"—GBlz and -GB13. |

| ©  The damping mrovided by the resistor R1g4
. .is arranged to be sufflclent to prevent subsequent
Mi?half eycles from affecting the chargé in the capa-
citor qu. .
Thus?the eepacitor C31 presents relaﬁivel&"
sbroad pulsés to the valve Vgp in response o

‘relatlvely narrow ‘pulses passed by the valve Vog, the

......

" the amplltude of the narrow pulses,

| The broqd amplitude~-modulated pulses are
demodulated by being passed through the low~-pass
fllter FILp and the speech voltgges are passed
'through the transformer HY,, the capacitors )

- amplltude of the broad pulses being dependent upon l;'~
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and 023, the contacts F2 and F3, end the called
subseriber's line circuit to the called subserlber's
line. |
Speech voltages from the called subscriber
| are passed through his line circult, and the hybrid
transformer HYp to the control grid of the pentode
Voye Here they serve to amplitude-modulate the
pulses (in channel Noe. 1) applied from the anode of
veu to the terminal RSP, These pulses are applied
10 through the RETURN speéch junction to the terminal
" , RSPOi;of Fig. 3 andkthencé to the control grid of
thelpentode'V; which 1s gatéd by pulses in channel
~Noe 1 applied to the suppressor grid from the
terminal GP. i R
The transformer XF, in the anode circuit
@f the'valve V5, together with the capacitors C,
?nd>010’ the resistors R7 and R195, and the rectl-
fiers Wy to Wy, function in the same manner as the
transforme: XFZ, capacitors 030 and 031, resistors
20 Ryn and Ry gl and rectifiers Wy to W g of Fig. 8,
to broaden the pulses passed by the valve V5.
) The broadened, amplitude~modulated
: pulses are passed through the valve V3 and are
. demodulated by a low-pass filter FIL,. The spéech
voltages are applied through the transformer HYy
and the calling subseribers 1ine circuit to the
calling subscriber’s line.

The operétion of the arrangement

shown when a called'subscribef is already engaged
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will now be described. When the called subscriber’
is engaged, the relay K in his line circuit (Fig. 2)
ig already snergised and the terminal.RT ig
connected through the relay contacts X6 to the
terminal BJ1. Thus the 4' and gi.pulses arriving at
the terminal RT are transmitted to the terminal BJy
and thence through the Busy junction to the terminal
BJO in the register (Fig. 5) allotted o the calling
gsubseriber. ‘

Thus these pulses coincide with the 4' and
u' pulses applied from the terminal Rd'u® to the

rectifier Wl4mwhioh is rendered non-conducting

thereby. Thus the 4! and u' pulses applied to the

~’:JCS]_,;: to the control grlds of bhe valves Vy and Vg.

The 4! pulse serves to strike the valve V7 whose

’Lfv,,'cathode potenblal rises. The rise in potential atb

7 ihe cathode o‘_f the valve Vy is transmitted to t‘hef

alve Vg but is made insufficient

control grid of th
to strike Vg. The ul pulse applied to the control

B grid of Vg is arranged to provide sufficient extra

potential to striké Vg. The relay BR is, therefore,

energise&; The contachts BR1 close and hence earth

“-:-the terminal”BUi. Referring to Fig. 3, when the

terminal BUl is. earthed the relay G becomes
energised. The contacts Gl hold the relay G and

" the contacts G2 apply the busy tone to the calling

subscribers line through the relay windings A and

the calling subscriber's line circuit.
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When a call is ended and the calling
subseriber replaces his handset on its rest, the
energising circult for the relay A (Fig. 3) is
broken. The relay contacts Al return to the
position shown thus de-energising the relay B.

The contacts Bl remove the earth from the terminal

\
POy  Thus the relay K (Fig. 2) becomes de-

", energised, and the uniselector S homes. The

¢alling unit is released and all relays return

10‘ to their unoperated condition.

. Thus the pulses arriving in channel No.
in this example at the terminal GSPOy of Fig.

f&;gease and hence the relay RB becomes de-energised.

' Théﬂcontacts RB3 open, and the earth is removed

from the terminal PIé. Thus the relay X in the
called subscriber's line circult is released and

the uniselector iﬁ this line cirenit homes. The

, contacts RBl1 open and release the relay F (Fig,

8). The contacts RB2 open and release the
relays DA and UA. Thus the contacts DA2 and UA2
close and the uniselectors ZRU and ZRD home. The
called unit is then ready for use 1n making another
call. | &
A second embodiment of the invention will

. now be described, in which the apparatus used differs

only in some details from that already described.

The low frequency pulses required for use
in the second embodiment are the M, C, D and U
pulses as used in the first embodiment, and the gate
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closing pulses, In place of the d' and u' pulses,
pulses of different durations and frequencies from
the &' and u' are used. These pulses will be
referred to as d" and u" pulses.

Referring to Fig; 16 this shows five groups
of M, C, D and U pulses with four closing pulses
CLP between these groups. The u' pulses are replaced
by u" pulses of which u"y to u"g are shown. Each of
the u" pulses oécupies—gg int;;;él of time equal to
that occupled by one ‘group. of M, C, D and U pulses.
he d" pulses occupy an 1nterval of tlme equal |
to ten u" pulses and a part of ons 4" pulse d"l
1s shown in Flg. 16 -

The hlgh frequency pulse generator is the

 _same as that used in the first embodiment.

_The clrcult ‘ot the C&lllng unlt remaing ag

~ j‘sHéWﬁllanlg,~3 with the,exceptlon of the modlflca-
 »ﬁion shoﬁnvianig. 17, The intercomection of the -
: 'termlnals Td'o, Tu'y and Rd'u' becomes as shown in.
‘ Flg. 17, The rectlfler Wgy and resistor Rjgg
_funcflon in like manner to the rectifier Wbe and
‘ resistor R179 assoclatea with the terminals Tuj and
T4, of Fig. 8, Thus $he only Tu"l pulses to reach

~ -

the termlnal Td“u" are those ocecurring during Td"
pulses,
The circuit of Fig. 5 is nodified as shown

in Fig, 18, The pulses appeafing at the terminal

Rd™u" are applied to.render the rectifier W9 non-

coﬁdﬁcting. In the absence of a pulse to render the




10

20

537495

~82-

rectifier w9 non-conducting the outputs from the
wipers of the uniselector banks M1, C1, D1 and Ul
are dropped across a resistor R197. Thus the only
M, C, D and U pulses to reach the terminal RO afe
those which occur during the gating pulses applied
to the terminal Rd"™u". These gating pulses are
characteristic of the selzed calling unit.

The router (Fig. 6) is modified by the
removal of the relay RR and the uniselector RF.
These are dispensed with in view of the fact that
the registers are gated as just described and hence
are connected to the router in turn automatically.
The only pulses which appear at the output of the
router are the U pulges,'each U pulse occurring
during an interval 6f time characteristic of the
seized calling unit from which it is tranémitted.

The called units are as shown in Fig. 8
but the pulses applied to the terminals Tu'y to
Td'9 of the translator are the pulses E:Q to 922
instead of u'g to Elg. \ In addition a circuit is
provided to—;;able only one pulse to pass from the
router to the terminal CS,, whillst a call 1s being
set up. A suitable circuit for this purpose is

‘described in co-pending Canadian Patent Application

Serial No. 606,362, filed October 4%, 1950, in the
name of M.M. Levy and entitled Multi-Channel
Communication Systems.

Although arrangements have been described
in which the communication channels are provided

by interlaced pulse trains it will be understood
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that.any form of communication channels may be
useds

Numerous modifications and further
embodiments of the invention will be apparent
to those skilled in the art.

Features of the arrangement shown in

Figure 2 forms the eubject of Canadian Patent

Application Serial No. 623,170, filed November
19, 1951, in the name of A.A. Chubb and entitled

Automatic Telephone Systems. Features of the
arrangement shown in Figure 5 forms the subject
of Canadian Patent’Application Serial ‘No, 620,033,
,11951_
Chubb, R,vMawson and M‘M. Levy and entibled

~v=-—...,~,

in the names of A A.

‘“Automatic Telephone Exchanges.. Features of
vethe arrangements shown in Figures 6 and 7 form

'Phe subject of Canadian Patent_Application

Serial No. 620,038, filed September , 1951,
in ﬁhewname'of'M.M; Levy and entitled Switching

Devices. Features of the arrangements shown

,,in Figures 8 and 9 form the subject of Canadian

Patent Application Serial No. 626,311, filed
February 1, 1952, in the names of A.A. Chubb
and M.M. Levy and entitied Automatic Telephone
Systems.

saepo o7
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The embodiments of the iﬁvention in

’

which an exclusive property or privilege is

A claimed are defined as follows:

1. An antomatic exchange having a
plurality of stations connected thereto each
said stationibeiﬁg'terminated by line terminating
- equipment in éaid exchange and having means to
transmit an initial calling signal to thevexchange
to render the exchange responsive to subseqﬁent
dialling signals fr&m the station for making a
' conne;tion with a.éecond station, sald exchange
’,including a plurality of communication channels,
and said’ 1ine terminating equipment comprising

selector apparatus to select a free one of saild

‘channels;-said exchange'also‘including means to
. provide signals identifying the said channels

:iespéctively,ﬁfujthér selectér apparatus by-

e ”';passingksaid'ccmmunication channels, means to
S ;;‘aﬁpiyisai& diailihgisighals to said‘further
: ‘  fjise1ector apparatus to select the 1line terminating
, o infequipment of" the wanted station indicated by the
o ' dialling,signals,'means to apply the omne of said
‘identifying signals characteristic of the
selected dne‘%fisaiﬁ free channels to sald further
' selector apparétus for transmission to the line
: terminating equinment of the wanted station, final
selector apparatus, and means to apply the last
said identifying signal to the final selector
. o apparatus to connect the last said line

-kterminatiﬁg equipment to the said one of the free

s R '. +
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2. An agtomatic exchange according to
claim 1, wherein the further selector apparatus
comprises register means to store said dialling
signals, other sélector apparatus to select said
wanted station and comnections to apply said
stqred signalgifo operate sald further selector
apparatus., | '

3. ''An aptomatic exchange according to

Claim 1 or Claim 2, wherein the said communication

- channels are. provlded by inxerlaced pulse trains.

;

L., o An automatie exchange according to

Claim 1 or Claim 2 whereln the saild communication
,channelsbareaprdvided by interlaced pulse trains,
= and said channel identifying signals are provided

 by further 1nber1aced pulse trains.

5. . . An automatic exchange haVing a plurality

,of’stations connected thereto each sald station

being terminated by line terminating équipment in
said exchange and having means to transmit;én
initial calling signal to the exchange to fender

the exchange respon51ve to subsequent dialling

"signals from said station for making g ‘comnection

with a second sﬁation, said dialling- signals
constituting pulses which are representative of
the number of the second station, said exchange
comprising a plurality of communication channels,
said line terminating equipment of each of saild

stations comprising a selector apparatus and



‘\‘.;:\
o~

537495

connections to apply said initial calling signal
to sald selector apparatus to connect the station
originating the initial calling signal to a free
one of sald channels, register means to store said
subsequent dialling signals, connections to apply.
~said dialling signals to saild register means, means
to generate channel identification signals
characteristic of the several channels respectively,
means tovapplyithe channel i1identification signal
characteristic of the selected free chammnel %o sald
register means, apparatus in sald reglster means
to combine said stored dialling signals with said
channel 1dentifiéation signal to produce a composite
signal'charactgristic of the wanted station and the
‘éelecté&‘free channel, further selector apparatus,
conﬁep%ibnéytq apply said composite signal to said
further selector apparatus to select the.line

brterminﬁting_equipmént of sald wanted statlion and

;  transmit‘a free channel identifying signal\thereto;

iffi@al‘seléctér apparatus, means connecting said final

‘ séiector apparatus‘to said channels éhd means for
"‘D ‘applyingithe last said free channel identifying
| signal thereto to connect the line terminating

eqﬁipment of the wanted station to said free
channel.
6. An automatic exchange according to Claim
5, wherein said channel identifylng signals are
provided by interlaced recurring pulses of

reiatively low fre@uency, means are provided in
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sald register to reproduce said stored signals in

the form of recurring groups of pulses of relatively
high freguency and sald apparatus to.combine gaid
stored dialling signals and said channel identification
signél comprises a gate device, means to apply sald
recurring groups of pulses to the input of the gate
device and means to»apply the channel identification
pulses characteristic of said free channel to control

sald gate device whereby said composite signal is in

~ the form of a recurring group of pulses which occur
¢76n1y during the perlods occupied by the pulses

“identifying the selected free ohe of said communication

channels. -

7 An automatic exchange for a plurality of

subseriber stations, each of which has a handset on

a rest:and which héndset;whenfpicked up rehders

effective means to transmit an initial calling signal,

said exchange comprising a plurality of communication

éhanﬁels, a plurality of line terminating apparatuses

‘at the exchange, each line terminating apparatus being

associated with a different subscriber.station, each

‘1ine terminating apparatus including means responsive

‘o an initial calling signal from its associated

subscriber station when the latter has initiated a
call to select a free one of said communication
channels, routing apparatus by-passing saild
communication chamnels and responsive to dialling

signals from the'calling subscriber station to route
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to the line terminating apparatus of the called P
subscriber station an identification signal
identifying a selected one of the channels, and
further apparatus responsive to the channel
identification signal to connect the called
subscriber'station to the selected chanmel.

8. An automatic exchange as set forth in
Claim 7 wherein means is included to release the
routing apparatus before the call 1is termimated so
that it is free for use in routing other calls.

9. In a communication system a plurality

of lines terminating in an exchange, means providing
4a‘p1urality of_éohmunication channels in said

’ exchange avallable to any:of«éaid lines for carrying

speech signals, and means for comnecting a calling

= lineiWith a free one of said channels, characterized

' 'by_the pfoﬁision of means providing a second piurality
v‘df‘cemmunication channels by~passing the‘first saild
1¢h§nnéls and‘extending to the line terminating

épparatus of‘the'said 1iﬁes respectively; means

responsivekto a calling signal representative of fthe
number of a called subscriber to select The one of

‘the’second,plurality of communication channels which

.extends to the line terminating apparatus of the
cailed subseriber and td transmit in the selected
one.of the secbnd plurality of channels a signal
identifying the selected free one of the saild

communication channels and further means responsive
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to the last saild signal to connect the called

subscriber's line terminating apparatus to the
said free one of the first sald plurality of

communication channels. e
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