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';é present invention rélates to telecommunication systems
~»0dying &utomatic exchanges.

In copending Canadian Patent Application Sérial No. 620,032,
filed September 4, 1951, in the names of A.A. Chubb and M.M. Levy
and entitled Telecommunication Systems Embodying Automatic Exchanges,
There 1s described an improved automatic exchange in which a fixed
plurality of communication channels is provided. Calling apparatus,
responsive to an initial calling signal such as a D.C. signal
transmitted when a telephone subscriber 1ifts a telephone handset
prior to dialling the number of another subscriber, selects a free
one of these communication channels. Means are provided whereby, in
operation, further calling signals, such as dialling impulses, are
then applied in the exchange to transmit to the terminal equipment
of the called subseriber an identification slgnal identifying the
selected one of the communication channels. Apparatus is provided
to identify the channel indicated by fhe identificatlon signal and to
connect the called subscriber to the ldentified channel.

In copending Canadian Patent Application Serial No. 623,374, filed
November 23, 1951, in the name of M.M. Levy and entitled Automatic
Exchanges, an automatic exchange is described similar to that
described in the aforementioned copending Patent Application Serial
No.‘620,032. The means described in this patent application for
transmitting the signal identifying the seized communication channel
differ from those described in this last-mentioned application and
comprise a group of low grade channels, one channel for each
subscriber on the exchange., It i1s preferred to use interlaced
pulse trains to provide the low grade channels, the identification
signal consisting of a coded group of pulses, being transmitted in
the low grade channel associated with the called subsecriber.

The coded group of pulses is applied to call the called
subscriber, and to cause a connection with the communication

channel identified by these pulses to be established.
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In order to sasure an adequate epeed of operation, however,
it may be found ﬁeoessary to make the pulses in the coded group
of a width so amall as to cause difficulties in design, These
difficulties arise from the faoct that the energy contalned in
the pulses ig small.

An-objeot of the'present lnvention is to provide improved
apparatus whereby the aforesaid diffioulties can be overcome.

Aocordlng to the present invention, an automstic exchange
conprises a number of low grade calling channels equallto the
nunmber of stations connected tc the exchange, a number of low
grade i1dentification channels equal to the number of calling
channels, a number of high grade channels substantially less4
than the number of calling channels, oalling apparatus
responslve to an initial oalling signal from a first station
to selze a free one of the high grade channels, a register
device respoasive to further calling signals from the first
statiqn, and representative of thé numbor of a second station,
t0 transmit a callling signal in a predetermined one of the‘
calling channels and an identification signal in a correspoading
ﬁne of the identlifloation channels, the identifiocation signal
being representativekof the number of the selzed high grade
channel, and apparatus adapted in response to the calling and
identification signals to connect the terminal equipmeht of the
gecond station to the identified hizh grade channel. A low
grade channel ie a channel having a rolatively small bandwidth
whereas a high grade channel is a channel having & reiatively
large‘bandwidth. When a free high grade ochannel is selzed it
is meant that a free high grade channel is found, a connection
establiéhed therewlth and further stations are prevented from
using this channel for establishing another oall until this
channel is released.

Be
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After ocommunioation has been established the register devioe
may be released for use in making a further call., The maxlmun
nuriber of calls whioh ocan be made simultanecusly 1s, therefore,
equal to the number of reglsters provided. This number will,
of course, be detsrmined by calculation of the expected load,

The calling, identifiloation, and high zrade ochannels are
all preferably provided by interlaced pulse trains, The
calling channels may for example be 2,000 in ﬁumber and the pulees
used for each calllng channel may have a rocurrence frequency
of say one pulse per sscond. The ildentification channels nay
be-provided by pulses of the game frequenocy, and the high grade
channels may e 100 in aumber and each one provided by pulses
of a reourrence frequency of 8,000 pulses per'second. The
ldentifloation signal may be provided by a coded group of say
two pulses.

It will be appreciated that the calling pulse will Dbe much
broader than the pulses in the coded group constituting the

identification glgnal. The ldentification signal does no0%,

however, have to be used to control elther calling apparatus
or line finders aad hence the design diffioculties previously
roferred o are alleviated.

The invention will now be deseoribved, by way of example

with reference to the accompanylng drawiage, in whioch

Flgure 1 18 & Dblock schematic diagram of one embodiment
of the iavention,

Figures 8 to 138 are diagrams of parts shown in block forxmn

-in Figure 1, and
Flgure 13 1s an oxplanatory diagram
Figures 14 and 15 are diesgwrame of further parts shown in

blook form in Figure 1,

Figure 16 is a further explanatory diagram, and

4a
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Figure 17 ie a diagram of a gate ciroult.

Reffering t0 Figure 1 this 1s a blook sohematic diagram of
an sutomatic exchange sultable for use with 3,000 subscrlbers.
0f the 3,000 subsoribers' statlions connected to the exchange, cae
ig shown at 10 and another at 11, the atation 10 belag terminated
in the exchange at "eub's line clroult” 18 and the station 1l
bolag terminasted at the "gub'se line ciroult™ 13. The "gub's
line cirouite" will be desoribed later.

The exchange couprlses a group of{lOO high zrade pulse
communication channels. This group of chennsls is provided Ly
means ineluding a pulse generator 14 adapted to gonerate pulses
sultable for oombination to provide the 100 channels time-
interleced at a pulse repetition frequency of 8,000 pulses por
gegond in each chaunel. The 100 channels gre terminated by
100 "oslling unites" <reapeotively of which one is shown at 15.
100 "ocamlled units" terminate the other ends of the channels
raegpectively when in uae one of the called ualte being showa at
18. The calllng and called unite will e desoribed later.
8iznales between the calling and called ualts pass through a
"GO spesoch junctiqn" 17, a "Rebara—epbech Jjumction"™ 18 or a
s tering and release junction" 10 as the case may be. In the
event of & called subsoriber being enzaged, a '"ousy eignal“ is
transmitted to the oalliag sucsoriber by way of a "busy junotion?
30 as wlll be desocribed 1$ter.

For uwese in establishing oalls betwean subsoribesrs a nuabar
of éllotters 34 and regleaters 33 are provided togebher with a
calling junetion 35, an identification juncthlon 36! and two
further pulse generators 21 end 28, exemples of which will be
desocribed later. 4

Assuming the subsoriber at station 10 to be calling the

subsoriber at station 11, the firet operation ocours in the sud's

Bo



pulses and, as will be d%%?ribed later, the pair of 4' and u'! pulses

039002

line circuit 12, This contains a finder which finds a free
calling unit 15. An allotter-zh then comes into operation and
allots a register 23 to the calling unit 15.

By means of the allotter and a finder inlthe reglster the
calling unit found by the sub's line cilrcult 12 is connected to
the allotted register 23 as will be described later. A dialllng
tone is then automatically transmitted to the calling subscriber.

The output of the pulse geﬁerator 21 is in the form of a
recurring sequence of twenty pulses which for convenisnce will be
divided into two groups of ten each. The first ten pulses in
each sequence will be referred to collectively as the 4' pulses and
the second ten as the u' pulses. The ten 4' pulses will be
referred to individually as pulses d'g to'd'9 respectively and
appear at the terminals Td'p to Td‘9'of the generator 21. The
ten u' pulses will be referred to individually as pulses u'y to

9 and appear at terminals Tu’o to Tu'9 of the generator 21.

- Each calling unit 15 1s connected to one of the terminals

"Ta¥y to Td'g and to 6né of ‘the terminals Tu'o to Tu'y of the

generator 21, different ones of the calling units being connected
to different pairs of the terminals Td' and Tut, Thus each
calling unit is identified by a different pair br d' and u!
identifying the calling unit seized by a calling subscriber's line
circuit is transmitted to the called subscriberts line circuilt

to identify the high grade channel on which communication is to be
established.

- When the calling subscriber hears the dialling tone and dials
the number of the called subscriber, the dlalling pulses are
transmltted through the line circuit 12, and the selzed calling
unit 15 to the allotted reglster 23, In the register the

6o
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four gets of dialling pulees are stored on four unlselectors as
will be described later. Four groupe of ten pulses each, which
will be referred to as the M, ¢, D and U pulses, are applied 1o
the four uniselectors in the register from the pulse generater &6.
Thus the uniselectors in the register select cne pulse from each
of the four groups of recurring pulses applied thereto and it is
arranged that these four selected pulses are combined to fomm a
recurring output pulse whioh occurs in one recurriag channel
interval in a recurring sequence of 3,000 channel iantervals. The
sequence nmay recur for example at the rate of cone per second and
the 3,000 channels ccanstitute a group of 16w grade communication
channels,

The reourring output pulse to be referred to as the oailing
pulse from the reglster is passed to the calling junction and, 1in
addition, is used as a gating pulse and pernits the recurring ;
-palr of d'u' pulses identifisd with the seized calling'unit to
pass to the identificatlion jJuncition 85' only in the low grade
channel‘interval deternined by the gating pulse.

The cutputs from the calling end identifiomtion junctions
are applied to all aubscriber's line circuits. Theage circults
have gating pulses applied thereto, however, from the pulse
generator‘as, the gating pulses applied to each subscriber's
line cirouit being in the channel whose number ccrresponds to tho
subscriber's nunber on the exchange. Thug the only subscriber's
line cirouit to respond to a celling pulse appearing at the output
of the calling Junotion is that one whose gating pulse corres-—
ponds to the number dialled.

The oalled subeoriber's line cilroult then huntes for a froee
called unit and when a free oalled unit is fouad this unlt
functions, as will be desocribed latex, to select appropriate

pulseg fron the output of the genexator 14 to cenable the called

(B
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'subscriber to esteblish oommuniocation on the channel terminated
by the selzed calling unit, the seleation being determined DYy
the pair of &' u' pulses transnitted through the ldentiflcation
junetion.

The sutometioc exohange showa in Figure 1 will now e
desoribod in more detall with reference to Figures 3 to 17.
Throughout Figures 2 to 17 all relays and automatic swiltches are
shown in oonveational manner the operating windings thersof
»elns referenced with a letter over a figure, the flzure
indicating the number of relay coantaots or banks of eﬁitoh
contacts assoclated with the Winding. The ocontacts oxr banks of
contacts assoolated with a winding are glven the same letter
roforence followed by flgure, references to different contaots
or banks of contacts containing different figures. A contact
nay alsoc have the same referenoce letter as 1te operating
winding followed by a further letter or “fotters. A1l rolays
and switohes are shown in thelr unoperated positions.

Referrinb to Figure 8 this is & oirouit disgram of apgarwtus
gultable for use as the sub's line circuits 13 and~15 of Figure
1. The subscriber!s line is conneoted to line terminals LT1
and LT3, LT1 being normally oonnectedfto earth through relay
contacts X1 and LTB being normally connected through relay
contaocta K2, ielay winding L and battery BAT to earth. A uni-~
polector havihg pix banks of ocontacts 81 to 86 ie operated by a
winding 8 and interruptor Sdm. The sutomatic interruptoxr
operation may be as desoribed on page 335 of Telephony Volume 3
by Jo. Atkinson, published by Sir Issac Pitman & Sons, Litd. 1950.
This work by Atkinson will be hereinaftexr refarréd t0 as Telephony
(either Vol I or II) by Atkimeon. Each of the banks 81, 82 and
g3 has B35 fixed ocontects, a‘firat of the.ocontacts belng the "howc”
contact, the next 13 being OUT qontaots, and the other 13 belng LN

8.
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contacts.

The hanks B8l and 83 are for carrying speech, the wipers
thereof belng connected Ho LTy and LT8 regpecitively, when the
apparatus 1s in use, by relay ocontaocts X1 and K2, Contaots 23
to 13 of Bl are conmected to 12 output terminals respectively of
which one is shown at +0;, and contacts 14 to 35 are connected
to 13 input terminale respectively of which one is shown at +I;.
Contacte 8 to 13 of 82 are connected to 13 output terminals of
which one is shown at -0;, aad contacts 14 to 85-are connected
to 13 input terminals of whioh one is ehown at ~I;. The bank
83 is used for oontrol purposes, contacts 3 to 13 being connected
to 13 output terminals respeotively of which one is shown at POy,
and ocontacts 14 to 25 being oconnected at 13 input terminals of
whioch one is shown at PI;.

Bank 84 has an lnsulated home oontact and a homing arc BCj.
The function of the homing arc is as desoribed on pages 852 and
260 of Telepﬁony Vol II by Atkinson.

' Bank 85 has an insulated home contact, an arocuate oontact
BCy extending over the equlvaleant of contacts 2 to 13 on 81, 83
and 83, and a further arcuate contact BCyz extending over the
equlvalent of coataots 14 tc 85 on 81, 82 and 83. Contact BCy
is oonnected through relay contacts. Z2 to earth.

Bank 86 has an insulated home contact, an arocuate contact
BCsz extending over the equivalent of contacts 3 to 13 of 81, 83
aad 83, and a further arcuate contact BCy extending over the
equivalent of contaots 14 to 85 on 81, 95 and 83. Oontact BOg
is connectsd to an ocutput terminal 087.

The home contact on S3 is connesoted through relay coatacts
L1 to earth. The wiper of 83 is conneoted through ocontaocts K3
and L1 tblearth through contacts L3, and K4 to contacte SBdm; and
through a rectifier Wi and meter winding M to earth,

e
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The wiper of S4 is connected through contacts L2
to cén%acts K% and to the wiper of S5.

The wiper of 86 1is connected through relay contacts
K7 to the moving contact of contacts K6 which is connected
through a rectifier WX2 to a terminal RT, and through a
resistor R 202 to a terminal RTX. The fixed contact of
relay contacts X6 is connected to an output terminal BJl.-
The terminai RT is also connected through resistor Rq, a
rectifier WX1l, and a resistor R, in series‘to the control
grid of a gas-filled triode valve Vy the control grid being
connected to earth through a capacitor CXl. An input
terminal SX1464 is connected through a rectifier Wo to the
Junction of the resistor Ry and rectifier WXl. The cathode
lead of the wvalve V1 hag in séries therewith a relay‘winding
Z and the anode of the valve Vi 1s connected through reiay
contacts K5 to the terminal HT+1l of a source (not shown) of
D.C. whose negative terminal is earthed. A relay winding
K is connected between contacts Sdm and Ll.

Referring now to Figure 3 this is a circuilt diagram of
apbaratus suitable for use as the calling unit 15 of Figure
1. It will be assumed that this calling unit is that
connected to terminals +07, -0 and PO, of Figure 2, these
terminals also being shown in Figuré 3. Terminal + 09 is
comnected through relay conftacts D1 and one winding of relay
A to earth. Terminal -0 is connected through relay
contacts D2, a second winding of relay A and a battery
BAT3 to earth. Terminals + 04 and ~ 01 are also connected
through capaciltors C; and C, respectively to a winding MW;
of a hybrid transformer HYy which has a balancing resistor
RB. The function of the hybrid transformer and balancing
resistor is as deseribed on page 83 Vol I of Telephony by
Atkinson. |

10.
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The winding OW; of the hybrid transformer is connected
throuzh a capacitor Oz to the control grid of a peatode valve Vu
whose ancde is oconnected through a load resletor Rz to the positive
terminal HM™2 of a source (not shown) of D.0. whoee negabive
torminal is earthed. The cathode of the valve V, le earthed,
the soreen grid is connected direotly to the terminal HT42,
and the suppressor grid ls oconneoted through a resistor Ry to the
negative terminal ~GBy of a bias.souroe (not shown) whose positive
terminal is earthed. The éuppressor grid is also coanected
through a cspacitor 0; and relay ocontaots BB to a torminal GP.

The anode of tﬁé;valve V4 ie oonnected through a capacitor.Cg to
a terminal GSPIZ

Winding IWy of the hybrid trensformer HYq is oonneoted to
the output of a 1oﬁ~pass filter FIL;. One input terminal of the
£1lter 18 connected o the anode of & pentode valve Vg and the

| “ifearth through 8 ca@aoitor 06 and through & resistor Ry
0. the poeitive terminal HT + 4 of a souroe of D. 0. (not shown)’
The su@pressor grid and oathode of the valve V3 are oonneoted ﬁo"

5earth. ', - ’ _ 3

Y terminal RSPOl i; obnneoted throu,h a oapaoitor 08 to

the control grid-of a pentode valve Vs whose cathode ls earthed.

Neg&ﬁivé Pias is appliéd to the control grid of the valve Vg

frém the negafive terminal - GBgp of a blas gouroe (not shown)

whose positive towminal is earthed. The anode of the valve Vg

is connectod through the primezry winding of & tranafoxmer ¥y to
ﬁhe positive terminal HT + 4 of a source (not ahown)'of D.C.

whoge negetlve termlnal is earthed. The soreen z2id of the valve

Vy 1ls connsocted directly to the terminal HT + 4 and the suppressor

grid is oonnes ted through a resistor Re to the negative terminal

~ GBy 0f a blas source (not shcwn) whoge positive terminal is

earthed.  The suppressor grid of the valve Vg ls also aonneoted

1l.
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through & capaoltor Cg and the contacts Bg to the terminel GP.
The trensformer XF; has two secondary windings 81XF and
BpXFq One terminal of windlag B1XF;, de oonnected to the

negative terminal ~ 0Bz of & bilss source (now shown) gnd the other
terminal is oonaected through e rectifier Wy, and a resistor Ry

to the ocontrol grid of the pentods valve Vg and ig ocoanected

through a rectifier Wz to the negative terminal -~ GBy of a bias
source (not shown) whosge positive terminal is sarthed. One
torminal of the winding B3XF, is‘oonnected to the negative terminal
- OBy and the other terminal of the winding 8zXF; is oonnected
through a reotifier Wg to the control grid of the valve V3. The

torminal - GB, is also oonnected o the control grid of V3

o ' through a rectifier Wy and a ocapacitor Ujy le connected between

the conbrol grid of Vz and earth.

A terminal ASPO; is conascted through e reotifier Wy and
capsaclitor Oyq to the control}grid‘of a triode valve Vg whose
‘oathoda is earthed and Whoqa anode is oonnected through a relay

winding D to the positive tornizal HT+ 5 of a D.C, source (not

phown) whose negsztive terminal is earthed. The coatrol grid

of the valve Vg is also conneoted through a rectifior Wg to the

negative terminal - GBg of a bias source (not shown) whose
poalitive termihal ig earthed. The junoctlion of the capaocltor
011 and the recﬁifiexyw7 is qonnected to the terminal GP through
a reslstor Rg.

A relay winding J has one terxminal connected to earth

through & battery BATé. The other terminal of the relay wiading

J is oconneoted o earth through relay contacts D3, & busbar BUS,
and relay oontdcta B, The bugbar iq connected through rolay
contacts El, one winding of velay E and a battery BATy to earth.
A control terminal Pj is connected either directly to sarth or

through the other winding of relay E and a battery BATg to earth

13,
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depending upon the getting of relay contactes B3 and E3. The
busbar BUS; le conneoted throu h relay contaots Gl, one windlag
of a relay G and a‘battery BATr to earth. The other winding of
the relay G hae'6ne terminal connected to earth through a battery
BATg, and has 1ts other terminal connected direotly to a terminal
BUy . The buebar is also connected through relay contaots E3 to
aa oubtput terminal AL, | |

Terminal HO is conanected through relay contacts D5, E4 and
‘Al to eaxth. A relay winding B hes one terminal conneocted through
contactes Al to earth and the other througﬁ a battery BATg to earth.
An output terminel IMP is connected through relay contacts Bg
and Al to eaxth. )

Input terminale le and Tu1 are coanected together through
resistors Rg and Rlo and the junc%ion of these two resletors is
connected throug*h rela.y 00"1'3&0158 ‘E6 to an outpu’c terminal Rdlul.

Termlnal:Pol is connected through rolay contaots. Bl to relay
contacts D4 which depending ﬁ@on their eetting, provide elther an
carth connection or s connectlion to rslay contacte Jl.  The relay
contaots J1 provide either en eavth connection or a somnsotion
through a rvealstor Ry; and a battery BAT: o bo earth.

The oathode of a gas-filled triode valve Vg is coanected %o
parth through relay ocontaots A3 and its anode is connected thrbugh
& relay winding F to the poslitive termimal HT + £ of & gultable
gource (not shown) of D.0. whose negative terminal le eax thed, A
capaocltor C1g is normally}conneoted‘to the poaitivé terminal
HT + 7 of a source (not shown) of D.0. whose negative terminal
is sarthed. The ocontrol grid of the valve Vg is connected to
the capaocitor Uiz through a resistor Rz and the contacts EB.

A source (not shown) of busy tone ls conneoted to the

terminal BT which is oonnected to the centre winding of the relay

A through relay contacts Gg.

13.
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A source (not shown) of dialling tone ls comnected to the
terminal DT which is connected through relay contacts F1 to the
centre winding of the relay A.

Referring now to Fig.4. this is a circult dlagram of an
allotter suitable for use at 24 in Fig. 1. The terminal AL |
corresponds to the terminal AL of Fig. 3. and is connected through
a relay winding ST and a battery BATj; to earth. A uni-
selector FD has four banks of contacts FDl, FD2, FD3, and FD4
vhose wipers and .controlled by automatic stepping apparatus
including windiné FD and contacts FbDdm. The wiper of the bank
FDL is connected through relay contacts ST1l, the contacts FDdm,
the winding FD, and a battery BATjp, to earth. The junction of
the contacts FDdm and the winding FD is connected to earth through
relay contacts FK2 and DR, The fixed contacts of the bank FDl
are;c?énected to oﬁtput terminals respectively of which one is
shownﬁat Q. A terminal R 1s connected through a relay winding
DK and relay contaets ST2 to the moving contact of the bank FD1,
The terminal R 1s also connected through contacts ST3, and DKL
to contaets ST1l, The contacts DKl are also connected through

relay winding DR and a battery BATlsto earth.

The bank contacts of the bank FD4 are coﬁnected to output
terminals respectively of whiech one is shown at X, The wiper
of the bank FD& is comnected through relay contacts DR3, FKl,
and DRl to earth.

The fixed contacts of the bank FD3 are connected to output
terminals respectively of which one is shown at Pp. The wiper
of the bank FD3 is connected through relay contacts DR2 and one
winding of relay FK to earth. One terminal of the other winding
of the relay FK is connected through the contacts FKlL and DR1 to
earth, and the 5ther terminal thereof is connected through a
battery BAT,, to earth.

1)','.
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,The bank contacts of the bank FD2 are connected to
output terminals respectively of which one is shown at
Y. The wiper of FD2 is connected through the contacts
FK1 and DR1 to earth.

Referring now to Fig. 5. this is a theoretical circuit
diagram of a suitable register and calling unit finder for
use in the arrangement of Fig. 1. The terminals IMP,

Rdlul, BU3, HO, -and P, correspond to the terminals of the
same reference In Fig. 3, and terminals ¥, P,, X, R and
Q correspond to those of the same reference 1n Fig. L.

The calling unit finder section of the arrangement shown
in Fig. 5 comprises a uni-selector CUF having six banks CUF1l
to CUF6, whose wipers are driven by an automatic stepping
circuit including a battery BATy5 comnected between earth
and one terminal of winding CUF, and contacts CUFdm connected
between the othér"termihal.of the-winding CUFvand the terminal
Y. The IHP’térﬂinaiéfdf43e7érél’cailing'ﬁnits (15 Fig. 1.)
are conneetedifo the bank coﬁtacts respectively of the bank
CUFl whose ﬁiper is connected‘through relay contacts H1l, a
rélay winding AA and a battery BAT ¢4 to earth. The terminals
Rdlul of the several calling units are connected to the bank
contacts of CUF2 respectively‘whose wiper is connected
through a resistor'ﬁgoé and‘a,rectifier WX1% to an output
terminal RO. The BUy terminals of the several calling
units are connected!to the bank contacts respectively of
CUF3 whose wiper is: connected through relay contacts BRL to
earth. The HO terﬁinals of the several calling units are
connected to the bank contacts respectively of CUF4 whose
wiper is connected through a relay winding H and a battery
BAT32 to earth. The Py terminals of the several calling
units are comnected to the bank contacts respectively of
CUF5 whose wiper is connected to terminal Poe The bank
CUF6 is a homing bank.‘ Each of the banks CUFlL to CUF6
has an insulated home contact.

15.
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The terminal Py is aleo oonneoted through relay contacts
KF6 to earth, The terminal R ls ocoanected through relay contacte

KF6 to sarth and through relay contectas KF5 to terminal @ which is

also occnaegcted through contacte K6 and a battery BATys to earth.
The termiaal X ie coanected through a relay winding KF and battery
BAT;g to earth, and through relay contecte KFl and H3 to earth.

AT e

A uni~pelector ZZ has two banks ZZ1 and 2723 whose wipers are

driven by an asutomatlc stepplias ciroult including winding ZZ and

contactes ZZdm. The windingz %2 has one terninal oonnected through

a battery BATlg t0 sarth and the other through relay contacts

BBl to earth, énd through the contacts ZZdm to the wiper of ZZ3.

A capacitor 013 and reslstor Riz are employed to reduce sparkiun

wetwoen the oontdots ZZdn when ln operation. The bank 2Z3 i8 «

homing bank and ie oconneoted to esrth through a rslay ocontacts KF3.
The register geotion of Flg. 5. comprlisges four uni-selectors

#, ¢, D and U, The uhi—seldctors are operated Dy impulses

cauged by the bperation of relay contacts AAL as will bve desoribved

lﬁter.' The moving ocontact of AAl 1le connectsd through relay

coatacts H7 to earth and the fixed ocontact of AAL is conanected

through relay contacts PQj; to the wiper of the unl-selector bank
271. The first four bank ocontacts of Z2Z1 are connected to the
windings M, C, D and U respeotively whose other terminals are
conneocted to earth through batteries BAT5o to BAT83 roapectively.

Theo fixst four bank contacte of ZZ1 are also comnnected through

contaots Mdm, Odm, Ddm and Udm to the wipers of the banks M3, C3,
D3 and UZ respectively. Eaoh of these banks 1s a homing bank.
The homing arcs of the hominé'banke?ﬁﬁ, 03, D3, and U3 are
connected to sarth through relay contacts H6, H3, H4 and HBE
regpeoctively.

The fifth ocontaot of ZZL is oconnected through a velay winding
PQ and a battery BATg, to eaxrth, and through relay contacte PQy

16,
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and KF), in series to earth. A relay winding BB 1s connected
between the fixed contact of AAL and the negative terminal of a
' battery BAT25 whose positive terminal is earthed.

Each of the banks M1, Cl, DL and Ul, has an insulated home
contact and ten bank contacts. The ten bank contacts of ML
are connected to terminals MPl to MP9 and MPb respectively. The
ten bank contacts of Cl are connected to terminals CP; to CPg
and CP0 respectively. The ten bank contacts of Dl are connected
to terminals DP; to DP9 and DP, respectively, and those of Ul
are connected to terminals UP; to UP9 and UP, respectively. The
wipers of the banks Ml’ Cys Dy and U, are connected through |
rectifiers W,,, Wiqs Wyoy and Wi3 respectively to a busbar BUS2 [
which 1s connected th;qugp a repistqr«B27lwﬁgwgygigps}§;ygﬁﬁﬁ

terminal HT+100 of a spuree,af‘D;C; (not shown) whose negative.
terminal is earthed., ' The busbar BUS2 is also connected through b
‘a capggitor clOO to the controyugrid of a triode wvalve leO whose |
anode 1s-connected to the terminal HT+100 and whose cathode is 1
connected to earth through a cathode load resistor R205° The |
control grid of the triode V,,, 1s also connected through a j
resistor Ry,, to the negative terminal ~GB; g, of a blas battery

(not shown) whose positive terminal is earthed. The cathode of

the triode leO is connected directly to an output terminal RO and

through a rectifier leh to a second output terminal ROX, The

terminal ROX is connected through a resistor Ry, of the wiper i
of the uni selector bank CUF2
An input terminal BJO 1s connected through a resistor R

and thence to the terminal Rd'u'.
19
and a capaclitor C13 and resistor R13 in series to the control

grid of a gas=filled triode V The Junction of R13 and C

7° 13
is connected through a resistor R 14 to the positive terminal
Hr+8 of a source (not shown) of D.C. whose negative terminal is

earthed., The cathode of the valve V7 1ls conmnected to sarth

17.
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through a Tesistor Rip and the axcude of the valve Ty le coaunectod

through relay contacte HB8 to the positive terminal HT+O of

a source (not shown) of D.C. whose negative terminal is earthed.
The ferminel BJO l1s alsc oonneéted through a capacltor C14

and a resistor Rijg to the ocontrol grid of a gas-filled triode

Vg whose ocathode ls earthed. The junction of U14 and Rjg is

connected .through two resistors Ri7 and Ryg in eeries to the

cathode of the valve Vy, and the Junction of Ryn and Rig i8

counected to earth through a ocapsocitor Cip The anode of the

valve Vg is connected to the terminal HT+ ¢ through a relay wind-

ing BR. The junction of the resistor R and the capacitor C13

ls conneoted through a rectifier Wy, to tie wiper of switch bank
CUF3,

Referring now to Figuree 6 and 7, part of the calling
Juactlion 35 of Figure lris shown in Figure 6, and Figure 7 shows
e further bart. Assuming 20 registers to be used the pulses
appeaging at the output termlnale RO of the 30 régieters are
combined in two groups of ten by weans of wectificrs W 130 as
ghown in Pigure 8, The combined pulses in the first group
appoar across o resistor RI87 and those in the second group
across a rosistor R 338,

The two groups of pulses appearing aoross the resistors R337
to RS38 are applled to the control grids of two pentode valves
V103 and V304 respectively which have a commen anode load
roslster R33. A reeistor R 333 and a oapacitor Cjg4 are for
decouﬁiing.purposes, The combined outputs from the wvalves
V103 andlvlo4 appearing aoross the common load reslstor R333
are applied through a oapacitor 0105 to the control grid of a
valve Vipg whose omthode ls oonneoted bo earth through a self-
biasing ciroult ocomprising a resistor R 234 and a oapaocitor

Cips: A reotifier Wiyy and a reslstor R 235 are connected in

18,
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parallel petween the control grid of the valve Vigg and earth
and function to render the pulses appearing at the control grid
of the valve Vipg of positive polarity.

The output of the valve Vigg appearing across a load resistor
Rgzg 18 applied through a ocapacitor 0107 and a resistor Rgym %O
the coutrel grid of s valve-vlbg~whioh has a oathode load resistor

RZZB’ Neogative blias is a?plied through a resistor Rgsgrto the

oontrol grid of the valve Vygg from the negative terminal - GB1OO

of a blas source (no%t showﬁxﬂwhése positive terminal is earthed.
The oathode of the valve V;bg 1s oonnected through a oapacitor
Cipos o a terminal TX which ip also coanected through a reslstor
Re30 to the terminal - GBLOO,

In Figure 7 the terminal TX le that also shown in Figure 6

aad ie connected through resistors P 240 to R 349 to the control
gride of ten triode valves Vijg to Vy;g whose oathodes are

_ connected to.earth through l&éd'régieﬁgyﬁﬁﬂnglﬁéfﬁgSQlreé?&?ﬁ}vei?. .
, ouEH . A

The outputs appearing écross the ¢athode 1ogd resistors of the ten

valves vllO to Vy1p are applied to ten groups respsotively of
triode valves oonnaoted as cathods followers.: Each of these

groups has ten cathode followers and three of the ocathods followers

in the group comnected to the output of the valve Vy,, are shown

in Figure 7.

The output veltages appearing at the cathode of the valve

Viig4 are applied through a oapacitor Ojgg and resistors R360 ta.
RZ62 to the ocontrol gride of three tricde valves VlBO’ vlal and
Vg5 in the group shown, The oathodes of the thres valves

Vig0 t© Vyg55 are connected to earth through resistors R 363 to
RR65 and to three output terminals RTy, RT, and RTy respeotively.

Negative grid blas ls applied through a resistor R265 to the

drom bthe noagatlve

control grids of the triodes V,g54 TO Vl88

19,
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teorminal —GB101 of a biag source (not shown) whose positive
terminal le earthed. The anode circulte of all the valves ia

Ficure 7 are decoupled as shown.

The ldentifloation junction 35' ls ldeatlcal with the calling
Junction 35 shown in Flgs 6 and 7 the terminales ROX of the several
rozistores replacing the terminals RO in Fig 6 and the output

R S R A

terminals RT being replaced by output torminals RTX of which one
is shown in Fig.B.

Referring to Flgure 8 this is a theoretical circult dlagrem
of & sultable called unit (16 Figure 1). In Figure 8 a control
torminal PIg le conneoted through relay contaots RBy a rslay
winding RQ and a battery BATzg to earth,  The terminal PIy is
connected to one of the PI terminals of the bank 83 of the

. unisgelector in ono of the sub’s line ocilrouits (Figure 2). Two
terminals + Iz and -Ig are connected through relay contacts F3

and F3 reapéctiveiy, and cgpacltors CGgg aad Cgy t0 a winding Mg

R I S S e Rt

of a hybwrid traneformer HYg,  Au output winding OWg of the
trensformer HY; has one terminal earthed and the other ferminal
thereof 1s conneoted throush a capacitor Cgy to the control grid
of a pentode valve Vg, whose cathods 1s earthed. The anode of
the valve Vggq 16 conneoted throush a load resistor Rzg to the
positive terminal HT+ 11 of @ source (not shown) of D.C. whose
negative termlnal is ¢arthed. The anode is also coanneoted through
a oapdoitor Cgs to an output terminal REP,, and the soreen grid
ie connected diresoctly to the terminal HT+ 1l, Yogative Lias is
applied to the control grid of the valve V84 from a bilag terminal
-GBgy s The suppressor grid is conneoted thrcugh a capaocltor

Cgg to relay contacts ODL, and through a resistor Rzz to the

negative terminal -~ GBg of a bins source (rot shown) whose pogitive

terminal is eaxthed.

B0,
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An input terminal GSPOl ig comnecied throush a capacltuw

Ogy to the control grid of a pentods valve Vgp whose oathode 1e

earthed. The control grid of the pentode Vop 48 aleo oonnected

through a resistor Rzy to the negative terminal -BGg of a bias
source (not showﬂ) whose positive terminal is earthed. The
anode of the pentode Vg is oonnected through the primary winding
of a transformer XFB to the positive terminal HT+ 13 of a source
(not shown) of D.C.-whose negative terminal is earthed.  The

anode 1s also oonnected through a capacitor Chyg to the control

grid of a triode valve V86 whose cathode is sarthed, The anode
§ of the triode VBG is connected through a relay winding RB to the
positive terminal HT+13 of a source (not shown) of D.C. negative

terminal is earthed, The ocontrol grid of the triocde Vgg is

.
.
,
E
b
i
b
2
}

connected through a rectifier Wip to the negative terminal ~GBq 1

Evsc::’eem grid of the pentodé“Vés ig connected through a registor
Rzs tobthe positive terminal HT+13. The pupprossor grid is
connected through a resistor Rzg to the negative terminal ~GBy o
of a bles source (not shown) whose positive terminal is sarthed,
and through a capacitor Ogg to the relay contacts CDI1.

The transformer XF4 has two secondary windinge 8,XFy and
SgXFy. One terminal of the winding 9;%F, 1s comnected to the
negative terminal ~-GBy5 of a blas source (not shown) whose
positive terminal is earthed, and the other terminal thersof
ls connected through a rectifier W.g to the control gsrid of a
pentode valve Vpy whose cathode is earthed. One tarninal cf the
winding BEXF3 is connected to the negative Herminal - GB1z of
a bias source (not shown) whoeo positive tominel 1s oprthed, and
the other terminal of the winding SgXFg 1g coniected ftLrough a

rectifler Wyy, and a resietor Rzy to the contwvol grid of the

21,
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- pentode V27.
A rectifier W18 is connected between the terminal -GB12
and the left~hand terminal of the winding Sa,XF2 in the drawing,.

The primary winding of the transformer XF_, is tuned by a

2

194°
is connected through the input

capacitor C o which is shunted by a resistor R

3
The anode of the pentode V

circult of a low=-pass filter Fliz to the positive terminal
HT+1Y% of a source (not shown) of D.C. whose negative terminal 1is
earthed. The screen grid of the pentode V27 is connected through
a resistor H38 to the positive terminal HT+14 and is decoupled
by a capacltor 032. One output terminal of the low-pass fllter
- FIL, 1s connected to earth and the other output terminalkgs
connected through the winding IW2 of the hybrid transforméf
HY2 to earth. |

The terminal -I, is normally connected to earth through the
relay contacts F3 and a battery BAT33, and the terminal +I, 1s
normally connected through the relay contacts F2 and through one
winding 6f a relay F'fo the moving cohtact of relay contacts
RBlY, These contacts are_normally open and the fixed contact
thereof 1s connected through the secondary winding of a
transformer XFé to earth. The primary winding of the transformer
XF3 i1s comnected to terminals TR to whichvringing current 1is
applied from a sultable source (not shown). The contacts F2
are bridged by a capacitor °6h° One terminal of the@gther ,
ﬂ”to earth |

29
and the other terminal thereof is connected through relay contacts

winding of relay F i1s connected through a battery BAT

Fl and BBl to earth, One winding of a relay RD is connected
between the right~hand plate (in the drawing) of the capacitor
Czaand earth. The other winding of the relay RD has one

terminal connected to the right-~hand plate of the capaciltor 023

22,
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and ha; the other terminal connected through a battery
BAT3p to earth.

A uniselector ZRU has three banks ZRUL, ZRUZ2 and
ZRU3, each of which has a home contact and bank contacts.
The bank ZRUl has ten bank contacts which are connected
to the translator 25 to be described later. The wiper
of the bank ZRU1>1§%connected through a resistor Rig to
the control grid ofxa gas-Tilled triode valve Vog. The
cathode of the valve Vpog 1s conmected to the negative
terminal of a bias source GBjl whose positive tefminal is
earthed. The anode of the valve Vog 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 RB2 in parallel to the positive
terminal HT+15 of a source (not shown) of D.C. whose
negative terminal is earthed. o

The bank ZRUZ2 is a homing bank and has its homing
arc BCg connected to earth through relay contacts DA2.
Thé wiper of the bank ZRU2 is connected through contacts
ZRUdm, operating winding ZRU, a relay winding CD and a
battery BAT31 in series to earth. The home contact of the
bank ZRUZ2 is connected through relay contacts RQ2 to earth.

The bank ZRU3 has ten bank contacts which are
connected to ten terminals Tuo to Tu9 respectively. The
wiper of the bank ZRU3 is comnected through a resistor
Ryp to the fixed contact of contacts CDl.

A uniselector ZRD has three banks ZRD1l, ZRD2 and
ZRD3, each of which has a home contact and bank contacts.
The bank ZRD1 has ten bank contacts which are connected
to the translator 25. The wiper of ZRD1l 1s connected
through a resistor Ry to the control grid of a gas-
filled trlode V29 whose cathode is connected ‘

23.
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to earth through a blas source GBl The anode of the valve

V29 is connected through relay conZacts UAl to one terminal of
a relay winding UA and the other terminal of the winding UA is
connected through the relay contacts RQl and RB2 to the terminal
HT+15.

The bank ZRD2 is a homing bank: and the homing arc BC7 is
connected through relay contacts UA2 to earth, and the home
contact through RQ2 to earth. The wiper of the bank ZRD2 1s
connected through the mechanically operated contact ZRDdm, the
operating winding ZRD, the relay windlng CD and the battery BA‘I‘3l
in series to earth.

The bank ZRD3 has ten bank contacts which are coanected to
ten terminals Tdo to Td9 respectively. .The wiper of the bank
ZRD3 1s comnected through a rectifier W20 to the fixed contact
of contacts CD1. | '

Théymoving contact of the contacts CD1l in addition to being

connected through the capacitors 026 and C29 to the suppressor

grids of the pentodes Vo and V25 rospectively is connected
throggh a ?esistbr R&Z to earth and directly to the moving
contéct of ‘contacts RDL. The fixed contact of contacts RDL is
connsected through a reslstor Rh3 to earth and through a capacitor
033 to the control grid of a triode valve V31 whose cathode is
earthed, Negative bias is applied through a resistor th to
the‘control grid of the triode V31 from the negative terminal
=GB, g of a blas source (not shown) whose positive terminal is
earthed, The anode of the valve V31 is connected through a
capacitor 034 to an output terminal ASPl, and through a resistor
R45 to the positive terminal HT+16 of a source (not shown) of
D.C. whose negative terminal 1ls earthed.

The translator 25 is connected through relay contacts RQ3
to the positive terminal HT+1l7 of a source (not shown) of D.C.

‘ 2}+.
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whose negative terminal is earthed. Ten terminals Tu',
to Tu'9 and ten terminals Td'y to Td'9 are connected to the

translator, and a further terminal CSp which is connected to

the CS terminals in the sub'!'s line circults (see Figure 2).
Referring now to Figure 9 this is a theoretical circuit
diagram of the translator 25, The translator comprises

two groups of gas-filled triode valves each group conbtalining

ten valves. A first of the groups contains ten trilodes V3o
to Vi, whose cathodes are connected to earth through

resistors Ryg to Rgg respectively, and directly to the ten

bank contacts respectively of the uniselector bank ZRU;j.

’ The anodes of the triodes V32 to Vi, are connected together

i and through the relay contacts RQ3 to the terminal HT¥j7.

The terminals Tu‘0 to Tu'9 are connecﬁed through ten
rectifiers;wal to W3p ten res;stors Rgg to Roy and ten
rectifiers Wipo to Wipg respectively in serles to the control
grids of the triodes V3o t0 Ve The cathode of a valve Vip3
is commected through ten resistors Rgg to Rgg to the junctions
of fhe fectifiérs and resistors connecting the terminals Tutly,

to Tu‘9 respectively to the control grids of the trilodes V32

o Vyq- The control grids of the triodes V32 to Vi3 are
& ~ connected through capacitors 0103 to Cyy1o and resistors

A Rop7 to Ryqg respectively to earth.

The second group contains ten triodes Vi, tO'V51 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 uniselsctor bank
ZRD1. The anodes of the valves th to VSl are connected

B
Tl
e;

|
ol
-
;

:

;

together and through the relay contacts RQ3 to the terminal

HT+17. The terminals Td'o to Td'9 are connected through ten
rectifiers w31 to Wyg ten resistors R76 to R85 and ten rectifiers
Wi10 to‘Wilg respectively in series to the control grids of the

25.
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- valves Vyp to Vgqe The terminal CS, 1s comnected through a

capacitor Clbl‘to the control grid of a valve Vip1 whilch has
a cathode load resistor R203. The cathode of the valve V101l
is connected through ten resistors 396 to R105 to the

- junctions of the rectifiers W3l to Wy and resistors Rog

to R85'respeétively.

‘Béferfing now to Pigure 10 this is a circuilt dlagram of
ankafrangeﬁént suitable for use as the (G0 speech junctloms
17 of Figure 1. The output terminals GSPy to GSPlOO of the
100 ,calling units respectively (see GSP1 of Figure 3) are
connected to input terminals GSPy to GSPqgg of the arrange-
ment of Figure 10. In Figure 10 only ten of the terminals
GSPy to GSPygp are shown. The input terminals GSP; to GSPjg
are grouped into ten groups of ten terminals each and the ten
groups are connected to the control grids of ten pentodes of
which fivg are shown at Vgp tpfvsé. The terminals GSPy to
GSPlO are connected through rectifiers Wyj to Wgp respectively
to the control grild of the pentode V52. The other nine groups
of input terminals are connected in a like manner to the
control grids of the other nine input pentodes respectively.
The five - pentodes V52 to V56 have a common cathode resistor
Rypgs and the cathodes of the other five input pentodes (not
shown) are likewise provided with a common cathode resistor.
The anodes of the five input pentodes V;Q to V56 are connected
together as shown and have a common wlde band anode load
comprising a resistor %107, an inductor L1, and a cépacitor

035. A resistvor R'107 and a capacitor C36 are for decoupling

~pﬁr§oses. The anodé conmections of the other five input

pentodes are the same as those shown for the pentodes V5o
to V56'
The common anode comnection of the five pentodes Vgp to Vgg

is connected through a capacitor 039 to the control grid of a

pentode valve V5o, The common anode connection of the other

26.
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five lnput pentodes (not shown) is conuected through a capecltor

O4n to the ocontrol grid of & pentode valve Vgg. The coatrol

grlid of the pentode Vsy is connected to earth through e
rectifier Wgy and a resistor Rigg iﬁ parallel, aad the coantrol
grid of the pentode Vgg ls conneoted to earth through a rectifier
Wisg and a resletor Rlll in parallel, The soreen grlds of'the

two pentodes Vgw and Vgg are connected together and through a

roslstor Rllo to -the common cathode connection of the two pentodes
Vgw and VEB' The suppressor gride of these two pentodes are
earthed.

The anodes of the two pentodes Vgy and Vgg are connected
together and have e oommon wide band load comprising a registor
Ryy5 an iaduotor Lz and a ocapacltor Ozw. A resis tor R115>ana &
oapaoi&o: Czg are for descoupling purposes, and the junction of
R113 and Ozg is conneoted to the screen grids of the o pentodes
V57 :md V58. .

e L ,...,,-—-rf

'I’he aned.es of the two pentodes V57 and Vgg are oonneoted

through a ocapacitor Q4o ®o the control grid of a pentode valve
V59. . The ocontrol grid of this valve is also connected to earth

el e

through a reotifier Wgz and & resistor Ry, in parallel. The
cathode of the pentode valve Vgg is oonnected to earth through

o a reslstor Ry, and the anode has a wide band load comprising
a rosistor Ryjg an induwotor Lz and a oampacitor Oyqs A resistor.

Ryyy and a capaol tor 043 are for decoupling purposes, The

junotion of Ryy» and ¢ is connected to the soreen grid: oi the

s3]
alve Vsg and the suppressor grid of the valve V5n ie earthed

The ancd e of the valve Vgg is conneoted ﬁhrough & oapaoitor
Oq3 to the control grid of a triode valve Vo, the control grid

also Leing oonneoted to earth through a resistor Ryjg and in

parallel therewlth a Yectlifier Wsg and blas souroce GBq w

connected in series, The valve Vgp has a ocathode load reslstov

B7.
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R and the anode thereof is decoupled by means of a resistor

118
Ryqo 80d & ocapaoltor Oyy.  The load resistor Ryjg is ooupled

by means of a wide band ocoupling comprising two capacitore 045,
and O4g and an inductor Ly to the control gride of three ocathodo
follower valves Vg to Vgz. The control grlds of these valves
are algo coanected to earth through a rectifier Wgs and bias
source GByg. The valves Vgy %o Vgy have cathode load reslstors

Rig1 to R,5; respeotively and fhe oathodes are oonaected to out-

put terminale GBPOl to GBPOE respectively.

.~ Although three oathode followers V61 to Vez have bsen show:
nore may be used if degired.

An arrangement as shown in Fig. 10 may also be used as the

- RETURN speech junotion 18 and as the metering and release junction
. 19 0f Figel, When used as the RETURN epeeoh'jﬁﬁotion the

100 &% repladed by the terminals RSP, to

‘replaced by the terminals REPO; to REPOz (see RSP0, Flg.3).

‘When the arrengement of Fig.l0 1s used as the motering and release

Junoction the terminals G8P; %o GS8Pygp are replaoed by the
terminals ASP; to ASP;.q (see ASP, Fig. 8) and the terminals
G8PO; to GSROz are replaced Dy terminals ASPO; to ASPO3 (eo0
ASPOg Fig. 3)

Referring new to Fig., 11 this is a oiroult diagram of part
of the busy junction 20 of Fig. L. The 3,000 input terminals
to the busy junotion are grouped in groups of ten and of the
300 groups one is shown af BJy to Bdjg in the‘Figure. Thesge
3,000 terminale are connected to the terminals BJ in the 3,000
sub's line olroulte respectively (see BJ; in Fig. 3).

Pulses appearing at the terminals BJ; to BJj, are combined
through resletors Rygyg t0 Rygz.  The oombined outpute of the

2800 groups are combined in further groups of ‘ten by means of

a8,
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rectifiers the reotiflers of one group being shown at Wsg to Vgs.
The outputs of these 30 groups are combined in two further groups
of ten eaoh by meansg of resistors and a ses-gaw clroult. One of
these groups of reslstors is shown at Riap 1O R154 whloh awe
connsoted o the control grid of a peatode valve Vgg connected

in a see~saw olroult oomprising rosistors Rypg, Rygg 8ad Rypne |
The see-saw oirocult functlons as desoribed in the M,I.T. Radiation

L§boratory Series Vol. 19, Chapter 2, Section 5, 37 ot seq, Fig

)- published by the MoGraw Hill Book Company Ince A
reslator Riyg and a oapaoltor O4g are for decoupling the anode
oiroult of'the valve Vgge  The oathode and suppressor grid of
this valve are oonnected to earth, the soreen grid bo the
juﬁotion of I ?179 and 048’ and negetive bias for the control grid
is supplied £rom a blas battery through resistors Ryyy and Rigge "

The gain of the see-saw olroult is made subst&ntiallyfuhiﬁ§.byﬁg'
appropriate select;on of the valves of the resistors in the |
clrouit.

| The seocond see-saw olroulit comprises a pentdde valve V53
oconnected in a clroult identical with that asscciated with the
valve Vgg, and comprising resistore Rigg to R164 and a capacltor
Cyge
The outpute of the two valves Vgg and Vg are oombined

through two resistors Rypg and R165 end gpplied to ths control
grid of a'pentode valve V54‘oonneoted in & further see-saw olrouit.
The oathode of the pentode ls earthed end the anode 1ls ooupled

to the control grid by means of reslistore Rygg, Rlea' R and

. 169
Rywp: A resistor Rygn and & oapacitor Ogy morve to decouple tho
anode ciroult of the valve Vgg.

The junction of the reslstors Rigg t0 Riwg 1s oconnsoted to

the ocontrol grid of a pentode valve Vgs whioh is ooupled to a

80,
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further pentode valve Vgg by means of a resistor Rypp which ie
common o the cathodes of both valves Vg and V56‘

The anode ciroult of the valve Vggeontalns an anode load
resistor Ryng aand is decoupled by means of a resistor Rynpg and
capacitor Cgq. The suppressor grids of the valves Vgg and
Vg are earthed and thelr soreen gride are oconnected to the
junetion of Rl73 with Cgge

A capacitor Oy, serves to conneot the anodo ¢f the valve
Vgg to the oontrol.grid of a triode Vgge. De.C. restoration of tho
voltages epplied to the control grid of the valve Vgzg 1s effected
by a diode valve Vgy and a resistor Rywg. The triode Vgg has
a cathode load Ryng and aots as a oathode follower the cathode
beiag connected to an output terminal BJO. This torminal is
connected to the terminal of like refercnce in each ‘registor
(see Fig. B).

A suitable high frequeaoy pulse generator (14 of Fig.l)
will now be described with reference to Fig. 13 (a) to (8). In
Fig._;. '123(a) the output of an coillator 08, ie applied to a ringing
,cirduit.comprising a pentode valve Vzg whose anode oclroult
includes the primary winding of a transformer XF4. The sscondary
winding of the tranaformer’XFé hag a centre tap oconnected to egrth
through a resigtor Rygy whioh lg decoupled by a ocapaocitor Cgy.

The lower end of the secondary windlng ls oonnected to the cathode
“of a diode valve Vgo wheose anode ls connected through a resistor
Ilygg to the positive terminal HT+18 of a source (not shown) of
D.0. whose negative terminal is earthed, The anode of the diode
Vg0 is also connected directly to the control grid of a pentode
valve Vg whose cathode is connected to earth through a bias
resistor Ryggz which 1s deooupled by & capacitor Cgg.

During the positive half cyoles of the voltage at the ocathode
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- of the dlode Vg, this diode is non-conducting. Thus the

control grid of the valve Vg; becomes highly positive and anode
current of high value flows in the anode circuit of the valve Vg1

“ During negatlive half-cycles of the voltage at the cathode

of the dlode Vg this diode conducts and it is arranged that the

voltage at the control grid of the valve Vgy falls below the value

for anode current cut-off in the wvalve V61. ‘Thns the wave form

of the voltage at the anode of the valve V61 is substantially

rectangular. The "mark-to-space ratio" of this waveform can be

varied by changing the values of R A value of

4:1 is used.

and Rl

181 83°

The potential'variations at the anode of the valve v61 are

applied through a cathode follower valve Vg, to a terminal TA,

A diode valve Vgy and two pentode valves Véhiand Ves |
function in like manner to providé'reetangular pulses of the same

frequency but in anti-phase at a terminal TB,

The output of the valve V65 1s differentiated by a capacitor
057 and resistor RlB? then applied through an inverter comprising
a valve v66 to a terminal TC,

In Fig.12(b) the input terminal TC which corresponds to the
terminal TC in Fig.l2(a) is coupled through two dlode valves
V67and V68to a multivibrator comprising two wvalves V69 and
V70. The multivibrator functions in known manner as a frequency
divider and provlides a division ratio of 5:l. The ocutput voltage
of this multivibrator is fed through a cathode follower valve
V71 to an output terminal TD, The output applied to TD 1s also

differentiated by a capacitor 058 and resistor 3188 and applied
to a phase inverter comprising a pentode valve V72.

The output of this phase inverter is fed through two diodes

Vo, and V7# to a multivibrator comprising two pentodes V75 and

73
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V76. This multivibrator functions as a frequency divider and
provides a division ratio of 2:1, and its output 1s applied through

a phase splitter comprising a valve V",73 to two terminals TE and TF.
The voltage applied to the terminal TF is also differentiated by

a capacitor 059 and resistor 318 and applied through a phase

;; inverter comprising a valve V‘?#? to a termlnal TG.
In Fig.12(c) the terminal TG, which corresponds to the
:; terminal TG of Fig.l2(b) is connected to a further multivibrator
i MVl which functions as a ffequency divider and provides a
A division ratio of 5:1. The output of MV1 ls applied through a
cathode follower CF; to a terminal TH.

In Fig.12(d) the terminal TD corresponds to the terminal s
TD of Fig.l2(b) and is connected to the input of a delay network

DL, of known kind, which has ten equally spaced taps Tl to Tlo

1
respeétiveiy, and is termlnated by a matched termination 3184'4
The delay of the network DLl is madeegual to the recurrence |
period of the pulses applied at the terminal TD from the valve
V71 of Fig.lZ(b), and the delay from the input to the first tap

_ Tl is made equal to the delay between adjacent taps.

The terminal TH in Fig.12(d) corresponds to the terminal
TH of Fig.12(c) and is connected to the input end of a delay
network DL2 which has ten equally spaced taps Tllto TZD' 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 Tll

i . 1s made equal td the delay between adjacent taps. The network |

DL2 is terminated by a matched termination 3185' |
The pulse generator is provided with twenty output circuits

of which one is shown in Fig.12(e). In Fig.1l2(e) an.input

terminal Tl which corresponds to Tl in Fig.12(d) is connected

to the control grid of a pentode V“7k. An input terminal TA

which corresponds to TA in Fig.1l2(a) i1s connected to the suppressor

32.
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‘grid of the pentode V“7u. A cathode blas resistor B,gg decoupled
by a capacitor C56 provides bias for the pentode and by means of a
diode V"75 the suppressor grid 1s kept normally at negative
potential as a result of the D.C. restoratlion action of the diode
in response to the positive-going pﬁlses applied at the terminal
TA. This negative potential on the suppressor grid is arranged

. tq&be sufficient to render the pentode V"7u normally ncnfconducting.

Thus the pentode V"74 acts as a gate and a 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 valve V“?k is applied through a phase
1nverter.V“76 and a cathode follower V77 to an output terminal Tu,.
The other nineteen output circults are identical with that
shown in Fig.1l2(e) and their outputsvappear at terminals Tu, to Td9

respectively.

The terminal TA is also connected to the suppressor grids
of the gates in the four output circults connected to the terminals
Tuy, Tw,, Tug and Tug and the terminals T3’ Ty Top and Ty are
connected to the control grids of those four gates,

The terminal TB of Fig.l2(a) is connected to the suppressor
grids of the gates in the five output circuits connected to the
termingls Tu,, Tu3, Tu5, Tu7 and Tu9 and the terminals Toy Ty
Tgy Tg and T, are connected to their control grids.

The terminal TE 1s connected to the suppressor grids of
the gates of the five output circuits connected to the terminals
Tdyy Tdy, Td), Tdg and Tdg and the terminals T11s T13s 159 Tp
and T19 are connected to the control grids thereof respectively.

‘The terminal TF of Fig.12(b) is connected to the suppressor
grids of the gates in the remaining five output circuits and the
terminals T,,, Tqy4 Tyg, Tygy and Tpy of Figure 12(d) are

connected to the control grids thereof respectively.
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Thus the pulees appearin; at the terminals Td, to ng are

as phown at EQ to E& in Figure 13, and the pulses aprearling

at the terminals Tuo to Tu9 are ag shown at ug to ug in Figure 13,
The pulses do to d, and u, to u, are combined in gates (of

2] O
which two will be desoribed later) to provide the 100 communi-

cation channels. For example the pulses éﬁ are applied.ﬁo open
and close a gate -to which the pulses Uy axe applied to provide
ochannel No.34. Only one of the uy, p;;ees passes through this
gate during each gé-pulse as Will—ge seen from an examination

of Figure 13. 100 u pulses occur durlng each cyocle of a d pulse
and the 100 u pulses are gated by the & pulses to provide the
100 channelg. _

The pulse width of ths u pulses, and henoevthe channel
pulses, ls arranged to be about 0.5 u.sec. and the reourrence
frequency of the pulses in sach channel is arranged»to be about
8,000 per sscond. | .

-Referrling to Flgure l4 this is a diagram of a sultable pulse
generator for uss at 21 in Figure 1. The generator shown
conpriees an osolllator 08Cy which generates sine waves at a
frequency of 300 ke¢/e. The output of the oscillator O8SCp is
converted into an osclllation of pquare wave form by a kunown

cirouit inoluding a valve V and the oscillations of square

wave form are differentiata;g:y a oiroult comprising a capaoltor
0110 and & resistor RBS?’ The narrow pulses resulting from the
differentiation are applied %o the control grid of a valve Viag
connected as a cathode follow;i and the positive-going pulses
appearing at the oathods of the valve Vig4 ot a froquency of
200,000 PePeB. are passed to a terminal DT .

A firat coﬁnébtion ls made from the iterminal DTy to a mono-
stable multi-vibrator leéo which le arranzed in known manner to

function as a frequency divider providing a divislon ratio of

Bése
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4:1, The output of the multi-vibrator leOO is passed to a
second mono-~stable multimvibrator»MVlol which a2lso acte as a
frequency divider and provides a division ratio of 5:1. The

output pulses from the multi-vibrator le 1 which are of a

0
frequenoy of 10,000 p.p.s. are passed to & terminal DT,,

é | A second connection ig made from the terminal DT, to a systen

of twenty bistable multi~vibrators of which four are shown at

‘é leoz, MVlO}’ MVIOA’ and MV105 respectively. The terminal

DT2 ig aleo connected to the system of multi-vibrators leOE to
"T105e |
The pulses appearing at the terminal DIo are arranged to

"owitch on" fthe first multi-vibrator leOE in the system of twenty,

After 5 micro-seconds however & pulse is applied from the terminal
DTy, which switohes off the multi-vibrator MV,4o. The coupling
a ' a g ance
02 nd leo3 is made in accordance
with known technigue such that when the multi-vibrator MVypp is

between the multi-vibrators le

switched o0ff the multi-vibrator MV103 is switched on. Thls process
ocontinues until all twenty of the multi-vibrat ors have been

switched on and off in turn each one remdining switched on for a

periodfof 5 micro-seconds.

Just as the last multi—vibrator is switohed off the next pulsc

4 appears at the terminal DT, and the whole process is repedted.

The twenty output terminals raty to Tu’9 are connected to the twenty

bistable multi-vibrators respectively.
Referring to Flgure 15, this is a blook schematic diagram of

2 sultable pulse generator for use at 26 in Figure 1. The terminal
DT2 is the terminal DTE in Figure 14 at which pulses having a

recurrence frequenocy of 10,000 p.p.s. appear, and is conneoted

hrough two ocascaded multi-vibrators MV106 and MVlO? to & terminal

D73, The multi-vibrators MV106 and MV &re arranged to function

107
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as frequenoy dividers providing division ratios of 2:1 and 5:1
respectively whereby an overall divieion ratio of 10:1 is obtained.
Thus the pulses appearing at the terminal D’.If3 ocecur at 1,000 p,p.3.
These pulses are fed into a system of ten bi-stable multi-
vibrators of whioh four are shown at MVloB o MVqq4. The pulses
appearing at the terminal DT, are aleo applied direct to the multi-

vibrators MVing to MV It is arranged, as in Figure 14, that

11
& pulse applied to thi multi-vibrator MV,,3 switches it on and
the next succeeding pulse from the terminal DT2 direct swliches
off the multl-vibrator MVip8. The multi-vibrator leOB on
being eswitched off switoches on the multi-vibrator leO9 which ig
switched off by the next succeeding pulse applied direct from the
terminal DT5. This process 1is repeated until all ten multi-
vibrators in the row have been switched on and off in turn.

Thus each of the multi~vibrators is switched on for 100 mioro-
segonds at,akgqouggggoe fregqupy of_l,OOO.psr seqond. - The
output pulses from the ten multi-vibrators are applied to ten out-
rut terminals UPl t0 UP9 and UPO respectively which correspond
to the terminals of like reference in Figure 5.

The pulses appearing at the terminal DT3 at the frequency of

1,000 p.p.s, are passed through two further cascaded multi-

vibrators MVijipo and MV t0 & terminal DTy. The multi-

11
vibrators MV;y», and lel; provide division ratios of 2:1 and
5:1 respectively and hence an overall division ratio of 10:1.
Thus the pulses appearing af the terminal DT4 have a reourrence
frequenoy of 100 p.p.s,.

These pulses are applied to & further system of ten multi-
vibrators of whioch four are shown at MV3i14 tO MVll?‘ These
function in the same menner as the multi-vibratore MV,,g to

MV3131 @nd provide ten trains of ouvtput rulses at the terminals

36,
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DPq t0<DP9 and DPO respeotively which correspond to the terminsls
of like reference in Figure 5. The duration of each of these

-pulses is one millisecond and the pulses in each txain occur at &

.recurrence frequency of 100 p.p.s.
- The pulses appearing at the terminal DT4 are also applied
through two ocasocaded multi-vibrators lelB and MV to & terminl

119
DT5. The multi-vibrators MV,1g and lel9 provide a collective
division ratio of 10:1 and hence the pulses at the terminal DTy
recur at 10 p.p.s. These are aprlied to another system of ten bHi-
stable multi-vibrators of which four are shown at lezo to ¥V_ .
123
This systom functions in the same manner as those already described
t> provide ten traims of output pulses at the ten output terrminols

0P, to CP_ and OPO respeotively. The pulses in each of these

9 \
trains recur at 10 p.p.e. and have & duration of ten milliseconds
eacgh, |

The pulses appearing at the terminal DT5 are applied through

two cascaded multi-vibrators MV and MV125 t0 @ final system of

ten bi-stable multi-vidbrators O;Eihich four are shown at MVio6h tc
¥Vi2g. The multi-vibrators MVjip4 9nd Mv125 provide & collective
division ratic of 10:1 and the final system of multi-vibrators
functions in & like manner to those already described to provide
ten trains of output pulses at the terminals MP; %o MP9 and MPO
rogpeotively, The pulses in these ten trains recur at one p.r.s
and each pulse haé a duration of 100 milliseconds.

| Referring t0 Figure 16 this shows one of the pulses My which
occur at the output terminal MPy of Figure 15. During each My
rulse ten C pulses (0y to Og and OO) ocour at the terminals OP
0 CPg and GPO (Figure 15) respeotively, Two of these ¢ pulses
ﬂre4sb:wn at 0y and Co. During each 0 pulse ten D pulses

(D1 to Dy and D) ocour at the terminals DPy to DPg and DP_
respectively (Figure 15)., Three trains Dy, Dy and D, of the D

3
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pulséé are shown. During each D pulse ten U pulses (Ul to
Ug and Uy) occur at the terminals UPy to UP9 and UP,
respectively (Figure 15). One train of Uy pulses 1s shown
in Figure 16.

In addition to what is shown in Figure 15 the pulse
generator 26 comprises 2,000 gate circuits (one per subscrilber)
of which one 1s shown invFigure 17. The function of these
circuits is to provide a.recurring sequence of 2,000 gating
pulses each of 100 micro-seconds duration, the sequence
recurring at the rate of once per second, and the several
pulses in each sequence being applied to the 2,000 sub's
line circuits respectively.

The circuit shown in Filgure 17 is for providing the gating

pulses for the sub's line circult number 1464, The terminal

MP1 of Figure 15 is connected through a rectifier Wy,o and a
resistor R268 to the anode of a rectifier W123 whose cathode
is connected to the terminal CPy, of Figure 15. The anode of

the rectifier W123 is conmnected through a resistor R269 to the

anode of a rectifier Wiy whose cathode is comnected to the
terminal DPg of Figure 15. The anode of the rectifier Wyoy
is connected through a resistor R270 to the anode of a
rectifier Wyp5 and to an output terminal SX146M4,

In operation the M1 pulses pass through the rectifier Wy,5
and resistor R268 to the rectifier‘W123 which is normally
conducting and provides a low impedance path whereby the M;
pulses are dropped across the resistor R268. Whenever a Cu

pulse occurs at the terminal CPy however the rectifier Wis3 is

‘prendered insulatlng and hence that part of each M1 pulse which
occurs during a Cy pulse passes through the resistor R269 to

the rectifier Wqoy. The rectifler Wish is normally conducting
and provides a low impedance path except during the occurrence

of Dg pulses applied from the terminal DPg. Thus only that part
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of each M4 pulee which ocours during both & Dg and 64 Tulse

rasses through the resistor R270 to the reotifier Wpps. This

is rendered non~conducting only during the UA pulseg applied to
the terminal UB4 and hence the only part of each My rulse, in this
example, to pass to the output terminal SX1464 is the part which

occurs during & U4 rulse & D6 rulse and a 04 rulse,

Operation
It will be asgumed that the subsoriber at the statlion 10

of Figure 1 is calling the subsoriber at the station 1l and
that the number of the station 11 is 1464.

When the subscriber at the station 10 1ifts his telephone
Randset from its reét a oonnection is automdticllily made frem
the terminal LT; of Figure 2 through the subscriber's line and
tolefhone set back to the terminal LT,. Thus a oirouit is
oompleted from earth through the battery BATl and the relday winding
L back tolearth. The relay therefore oyerates and its ocontdct.
LI and L2 olose. o

These contacts oomplete the automatlc sterping circuit for
the uniselector 8, this oirouit belng from .earth through the
battery BATE, the winding 8, mechanically operated contaots Sdim,
the relay ocontacts K4, the relay contacts L2, the wiper and home
contact of the bank 83 and the contacts L1l back to earth, The
uniseleotor commences tc hunt.

Referring now to Figure 3 (calling unit) it ie arranged that
when & oalling unit is in use the terminal PO theveof (POy in
Figure 3) ig earthed through contacte Bl as will be described

'iéfer. When, however, the oalling unit is free the ocntaots

Bl are open (as will be desoribed later) and the earth is removed
from the terminal PO thereof,

Referring again to Filgure 2, so long as the wiper of the bank

39,
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83 1is passing over contacts connected to engaged calling unilts

the automatic stepping circuit of the uniselector remains completed
through the earthéd terminals PO in those units. When, however,

a contact connected to a free calling unit is reached the PO
terminal thereof is not earthed and hence the automatic stepping
circult is broken and the motion of the wiper arrested.

The relay K is then energised through a circuit comprising
the battery BAT,, the winding S, the contacts Sdm, and the relay
contacts Ll, The resistance of the relay winding XK ié made
sufficiently high to prevent further operation of the stepping
circult as a result of the current flowing in the cirecuit of the
relay winding X.

Relay contacts K1 to K7 close. Conbacts K1 and K2 connect
the terminals LT, and LT, through to the wipers of the
uniselector banks S1 and S2. Assuming the wiper of the bank
S3 to be‘arrested on contact POy, the wipers of 81l and S2
comnect the terminals LTy and LT, to the terminals +0; and
~0q respectively. ‘

Whilst this is occurring the circuit in the seized calling
unit operates to put an earth on the terminal PO1 as will be
described later.

When the relay contacts K1 and K2 close the relay winding
L becomes de-energised and the relay contacts L1l and L2 open.

The relay K remains operated however because of the earth applied
to the terminal PO, by the seized calling unit.

| The operation of the remainder of the circuit of Figure 2
will be described later.

Referring now to Figure 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 contact D1, through

L0,
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{tne calling subscriber!s line, back through the relay contacts
D2, throush the rizht—-hond winding A and through the battery
BAT3 te earth, Thus the relay A operatces and itse csntacﬁs-Al
and A2 close,

The ccntacts A2 apply an earth to the cathode of the gas~-
filled ftriecde Vo, and hence prepar@:this valve for later operation.

Tho contacts Al complete the oircult of the relay winding B
the circuit being from earth. throcugh the battery BAT9 through the
winding B and the contacts Al tc earth, The rclay contacts By
tc BS close, The contacts Bl aprly an earth to the terminal PO,
The conta&acts B2 prepare & oiroult for trahsmiﬁting subsequent
Jialling impulses to the terminal IMP, The contacts B3 connect
the terminal Py to the contacts E3 and thence through %be loft--
hand reloy winding E to the negitive terminal cf the battery
BAT¢.  The oontacts B4 put an earth on the busbar BUS;.  The
contécts B5 connect the terminal GP to the sﬁpproesor grids of
the: two valves V4 and Vg,

It is apsumed thut the seized calling unit terminates channel
No. 1. The high-frequenoy rulses dg and uy (Fig. 13) are therofurc
arrlied to the calling unit at Td, and Tul from the terminals of
liks roference in Fig, 12(0). The rectifier Wgg provides a low
inpedance path for all of each dy pulse aprlied to the terminal
Tdo Qxcept that part thereof which ocours Jduring a 1 Pulge

The u1 rulses render the rectifiler non—oonduot;;é. Thus
during the abscence of the uy rulee the d.C rulse aprlied to the
terminal Tdy is dropped aoross the reeigzﬁr Rl79' During sach
ujy rulee coincident with a @6 pulse howsver, voltage isApaésed
;; the termindl GP, o

The veoltage pulses appedring ot the termindl GP Are arrndged

to be rositive-going. The negative bias appliscd to the suppressor

410
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, ;@§1;£53 two pentodes V4 and V5 ip arrenged to be sufficlont
to ronder Hthese two vélvas normally non~conducting. The
wmrlitude of the voltage pulses applied te the suppressor grids
of the two pentodes V,) and Vg from the terminal GP is arrangoed o
be sufficient to overcome the bias and to render these two valves
conducting. Thus the valves V4 and VS are geted in channel No.d,
and unmodulated pulses in channel No. 1 are tranemitted from the
ancde of Vy, through the cap acitor Cg %o the terminal GSPy.

The manner in which & register 18 allotted to the selized
calling unit will now be descrived, Ap earth ie applied to
the terminal AL through the contacte B4, the busbar BUSl, and the
sontacts E2, |

Referring now to the regietor and calling unit finder circuit
of Figure 5, whenuver a register is frce an earth is put on to

tho terminal B through the contacte XKFH6, and & connection is male
frﬁq ‘earth through the battery BATjy and the contacts KF5 to the
turv'xinwl Q. '

‘Referring 46 tho allotter oiToult of Figure 4 the carth on
the torwinal AL from the seized calling unit completes the
cnergising circuit of the rclay ST thraugh the battery BAT,;.
Thus contacte STL, ST2 and ST3 olose. The automatic stepping
circuit of the uniselector ¥D is completed frcﬁ earth through’thu
Duttery BAT,o, the winding ¥FD, the mechanically operated contdcts
“FDdm, and the contacts ST, DKl_and 873 to the earthed. termindl
1 of o froe register., Thus the uniselecter oommoences to hunt.

The contacts ST2 connect the reldy winding DK between the
sarthed terminal R and the wiper of the uniselector bank FD1.
When the terminal Q of the free register ig reached by the wiper
of the bank FD1 the energising oircuilt of the W1nding DK is
comy leted through the contacts KF5 (Figure 5) and the battery
BAT; 5.
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/ The contaots DK1 operate and hence break the automatic
stepring clrcult of the uniselector FD, and complete the
energlsing oclrouit of the relay winding DR from the earthed
terminal R through the contacts S8T3 &nd DKL, the winding DR and
the battery BAT;x, to earth. Thus the contacts DRL t¢ DR4
close, y

Thé;;ontacts DR1 complete a circuit from earth, through the
contacts DR1, the contacts FK1, the bank FD2, the termindl Y,
the mechanically operated contacths OUFdm (Figure 5), the
orerating winding OUF and the battery BAT g to carth,  Thus the
> uniseleotor CUF of Figure 5 commenoes 1o hunt,
 Then the wipor of tho b&nk;OUF5 reaches the terminal Py
conneoted to the terminal of the same reference in the seized
calling unit (Figure 3) & oirouit is,oomfleted from earth
threugh the battory BAT. (Pigure 3), the loft-nand winding
of the relay E, the contaots E3 and B3, tho torminal P, the
uhiseléctor vank CUF5 (Figure 5) the terminal P, the uni-
seleotor bAnk FD3 (Figure 4) the oontacts DR2 and the left—hand
winding of the relay FK. Thus the ralay E of Figure 3 and the
relay FK of Pigure 4 are encrgised. The contacts FKL in
Fizure 4 also completed a ocircuit from earth through the battery
BAT1y, the right-hand winding of reldy FK, the contacts FK1 and
DR1 to earth. This oirocuit holds the relay FK energilsed until
released as will be desoribed later.

In Figure 4 the ocontacts FK1 and FKZ2 olose, The contacts
FX1 complete & olrouit from earth through the contacts DRI,

FX1 and DR3, the uniseleotor bank FD4, the terminal X, the
reloy winding KF (Figure 5) and & battery BAT;g to sarth., Thus
the relay XKF of Figure 5 is energlsed. The opening of the
contacte XKF2 arrests the motlon of the wipers of the unisslector
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-~ sarth having already been removed from the termindl

Y by the oreration of the oontacte FK1 of Figure 4. The con-

tacts KF5 (Figure 5) disconnect the battery BATyy from the
terminal Q. The oontaots KFg rvemove the earth from the terminal
R and earth the terminals Py and Py. The contots Kz remove
the earth from the homing arc of the uniselector bank ZZe, and
the contacts KF4 prepare on earth for the contacts PR3,

When the earth is removed from the termindl R (Figure 5)
and the battery BAT17 disconnected from the terminadl Q by dper—
| atisn of the relay KF the relay DK of Figure 4 1s released.,

The operation of the contacts DE1l releases the relay DR and
the contacts DR1 opening break the energising circult of the
rizht-hand winding of the relay FK. Referring t0 Figure 3,
when the relay E-is energised as previously deﬂor&ﬁéd ﬁhe
contactes ELl are arranged to close before any other contacte

of this relay., A holding circuit is then completed from
carth through the sontaots B4, the contacts El, the right—hand

Windiﬁg of the relay E, and the battery BATg to earth.
Operation of the contadcts E3 eartﬂéﬁﬁﬁe terminales FPj and hence
releases the reléy FX of Figure 4. Uontactes E2 open and
remove the earth from the terminal AL, The allotter is,
therefore, releasel and the wipers thereof home 0 thelr home
contacts.. |
'Until the allotter is released the contacts FK2 and DR4

(Fizure 4) serve to hold the uniselector FD.

Referring to Figure 3 the contacts E4 complete & clroult
from earth through the oontacts AL, E4 and D5 to the terminal
HO, The terminal HO of Figure 5 is oonnected thrcugh the

urniselector bank OUF4, through the relay winding H and the
vattery BATsp to earth,  The relay H is therefore operated.

The contacts H1l to H8 olose anl the contacte H2 eerve to holld
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the relay winding KF energised, &nd hence to hold the register

oonneoted to the seized oalling unit.

' The contacte E5 (Figure 3) connect the charged capacitor
Gip tO the control grid of the valve Vp which, thercfore, strices
anl energises the relay winding F.  The contacts Fl close and
henoe dialling tone is fed t¢c the oalling gubsoribers line
through ﬁﬁe windings of the relay 4.

The oontacts E6 connect the terminalg Td! and Tu', %0

-’

the terminal Rd',!'. The low frequency pulses 4! and uty

3re afplied.to the terminals Td'o and Tu'y regpectively and
hence appear at the termindl Rd'u’,

When the calling subsoriber 3ials the number he requires
(1464 in this example) the aialling impuleses oporate the relay
A and hence the contacts AL,

The relay H of Figure 5 is slow &cting and hence 18 not
affected by the rapid operation of the contactes Al ¢of Figure
3. The contacts Hl connect the termindl IMP through the
uniselector bank QUFl, the reldy winding AL and the battery
BAT1¢ to earth, Thus the operation of the contacts Al of
Figure 3 is followed by the oontacte AAl of Figure 5.  The

contacte HY earth the moving contaot of the contaocts AAL

and hence each time the contacts AAL are closed Dy & dialling
impulse of the first diglt @ ciroulit is malde from earth
throush the contacts HY, AAL and PQl, the wiper of the unl-
sclector bank ZZ1, the firet bank contact of 2Z1, the
oyerating winding ¥ and the battery BATpq tO eadrth, Thus in
the present example where the number of impulses in the

first dizlt is ome the wiper on the unlsslector bank M1l is

not t5 the first bank ocontact and hence is connected to

the temminal MPl.
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- :The relay BB is slow operating and 1%s ocontacts BBL
close and open only once for eéch Alzit dﬁalled irrespective
of the number of impulses in the digit the energising
ciroult for the winding BB being from edrth through the
contacts H7 and AAl, the winding BB and the battery BAT25
to earth. Thus when the first digit of the wanted munbex
is being dialled the relay contacts BBl close and remdin
closed until the dialling impulses for that Jdigit end.

The contacts BBl then open and as & result tha wiper of the
uniselegtor bank ZZ1 moves to its seccnd cont&oﬁl

The dialling impulses of the next diglt (4 in ﬁ@%ﬁ
exomple) are therefore applied to aotuafeythe'operating
winding of the uniselector C. The wiper of the bank Ol is,
therefore, connected through to the terminal OP4, Like-
wise the dialling impulses of the third and fourth digits
dialled (6 and 4 in this example) are applied ¢ actuite
the operating windings of the uniselectors D and U
respectively and hence the wipers of the banke DL and Ul
are conneoted through to the terminals DPg and UP4
regpectively.

The pulses My to M9 and Mo generated by the low
frequency pulse generator 26 of Figure 1 are applied %0
the terminals MPy t0 MPy &nd uP, respectively of Figure
5 Likewise the pulses Ol to 09 and O'o are applied to
the terminals OP; to CP9 and OP, reapectively, the pulses

Dy to D, @nd Dy are applied to the termindls DP3 to DPg

9
and DPo respeotively, and the pulses Uy to U9 and Ug
are applied to the termindle UPl to UP9 and UPO
resgpectively.

Thue the pulses M, O, D, aund U agperr 8% the -ripers
P 1 4 6 A Ik .
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"af the four uniseleoctor bonks Ml’ol’Dl and Ul respectively.,

The anodes of &ll the rectifiers Wiy ©O Wl} are gonnectid
to the bus-~bar BUS, which ie ot positive putential, and henco
these rectifiere are normally conducting and proviie & low
impedance yath to edrth. When an M, pulse ocours this
rendlers the rectifilex Wlo non—conducting but as the
remdining reotifiers Wy to Wyg are gt111l conducting the

rotential of the bus-bvar BUSp is not altered. Likewise . .

P

when any C, D or U pulees ocour in the absence of other
pulses the potential of the bus—bar BUS, reméine undltered,
When U, D, C and M pulses ocour simultanesusly however
the low Iimpedance radth between the bus-bar BUS, and e&rth
is removed and the potential of the bus—Dbar 1s inoredsed.
In the present example the pulses appearing at the
wipers of the uniselector bénks My, Gl, Dl’ and Ul are the
pulses Ml:c4)D6: Thus the bus—bar BUSp becomes

rositive for the duration of etoh U4 pulse ococurring

during D¢, 04 and M4 pulses, The bus-bar BUSp remsins )
positive for the duration of thoé Uy pulse and this U4
rulse passes through the odpacitor C100 50 the control
zrid of the valve leO and henoe Gppeurs Ot the owthods
valye VlOO and the output termindl RO, The 4! u!

pulscs applied to the resistor Rog6 from the uniseleoctor
wank QUFp are normdlly dropped &cross the resistor R 206
btecause of ﬁhe low impedancse path provided through the
regtifier WX14 and the cathode resistor REOB of the triode
V100 Whenever the Uy pulses appears, however, at the
torminsl RO this pulse renders the reotifier W14 non;

conducting whereby the last eaid low impedance rath 1s

broken for the duration of the Uy pulse anl the 4' u!
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Qﬁiéééhboourring during that-U4 pulese interval paes to the
output terminal ROX. “

The 100 mnmlorosecond reourf&ng U4 pulge appedring at
the terminal RO. prssed through the c&lling junction 25 of
Figurc 1 and is applied to the Ferminal RT in &ll the
subscribers 1ihe'oircﬁitét(Fiéu§% 2). Simultaneously
with the application of the calling pulse in channel 1464
& gating pulse ie &pplied at the termindl SX1464, in the
called subscriber!s line ocirocult and no other, and the
calling pulse aprlied &t RT passes through the resistor
Ry and the rectifier WXl and ohéarges the cdpacitor 0X1.
The voltage is held in the odpacltor 0X; and strikes the
tube vl.

The resulting ancde current cnergises the reldy 2
anl cont@cts Z1 and 22 olose,

The contacts Z1 complete the energising oircult of
the relay L and hence the relay contacts Ll and L2 close,
The contiocts Z2 earth the contact BCE of the unieselector
hank 85,

The contacts Ll complete & circuit from earth through

, the home contéct and wiper of the uniselector control
e benk 83, through the contdots L2, K4 and Sdm, the
' operating winding and the battery BAT, t0 earth. The

uniselector 8 commences o hunt. The earth on the

contact BO2 of the bank 85 ensures that the uniselector

steps over the OUT oontdote on the banks S1, 82 and S3 on
to the IN contaocts,
Referring to Figure 8 (called unit) when the called

unlt ie free the terminal PI, is connected throuzgh the

2
contacts RB3, the reldy winding RQ and the bdiutowy BATog
to carth, and henoe the terminal PI, is of negative

4—8-
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feﬁential. When, however; the called unit ie enguged
the oontacte RBz are oloscd (as will be desoribed later)
wﬁereby the termindl PI, is earthed.

, Thus, referring agoin to Figure 2, the wiper of the
wank §3 supplies an earth for the automdtic stepping
ciroult of the uniselector 8 so long a8 the wiper 18 rassing
over IN contacts connected to englged called units.,
hen & contoct is reached connected to « free odlled unit,
hawover, the automdtic gtepping circuit is broken and the
rotion of the wipers arreasted.

The relay K then becomes energised through L1, the
carth having been removed from the wiper of S3% and henoe
from the contacte K4, The contacts XK1 and K2 connect the

line terminals LT, and LT, 10 the seized called unit,

The contacts K3 close and connect the winding K to
the wiper of the bénk 33,

The contdcts K4 open and hence the moving contlot of
the contacte ¥4 is disconnected from the moving contact of
the oant&cfs 12 and from the wiper of the bank S5,

The contacts K5 open and extinguish the v&ive V1
waereby the relay Z becones de-energised. The contacts
71 open and de-energise the reloy L. The contéctes L1
oren and remove the direct earth from the relay winding K.

no relays 2 ond L are, however, slow~operating and

1t is arranged that the eaxth from the scized odlled unit
ig applied to hold the relay K before the contaots Ll
spon 48 will be desoribed later, The contacts L2 prepare
2 homing earth from the bank 84 and the contdots Z2 open
in. remove thefearth from the oontact BUp of the vank S5.

The relay contaots K6 oonnect the junction of WXo and
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"R202 to the termindal BJp for & purpcsc to be desoribeld later,
and the contdots K7 connect the Junction of WX2 and R202
through the uniselector bank 86 tc the terminal GSl.

Lgs socn as the relay K operates, and whilst the relays
Z and L arec opening, the relay RQ of the seizgi odlled unit
Figure 8 becomes energised, the energieing circult being
from earth through the winding RQ, the contécts RB3, the
uniselector bank 83 of Figure 2, the oontacte K3 and Ll
to earth, Thus the contlaocte RQl, RQ2 and RQ3 of Figure 8
close, The contaots RQL apply H.T. to the two valves
Vog o9nd V29, The contactes RQ2 complete the dutomdtic
stepping cirouits of the uniselectors ZRU and ZRD, and in
addition complete the ensrgising olroult of the relay CD.
Thus the uniselectore ZRD &nd ZRU start the hunt, and
whilst they'are hunting the wipere of the banks ZRD3 and

ZRU3 are isolated from the valves Vyy, V254&nd V_. by the

1
openinz of the contacts CD;. The relay oontaotz RQ3 apply
HT to the tramslator 25,

Referring again 4o Figure 2 the d' u' pulses aprlied
t2 the terminals RTX are normdlly dropped across the
resistor Rppp, & low impedance path being provided through
the rectifierxr WXE, When, however, the ocdlling pulscs
appear at the terminal RT they render the rectifier Wip
ncn~conducting for the duration aof each odlling pulse.

Thus the low impedance path is broken and the d' u!
pulses appearing during cach oalling pulse in the ohannel

1464 pass through the relay contaots K7 to the wiper of
the unisolector bank 84 and ples through the arcudte

contdot BOg t¢ the output terminal G8,.

Referring to Figure 9 the d' and u! pulees arriviag
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'r%hé terminal CSE from the called subscribers line clrcult

rases to the control grid of the valve Vigj 9nd hence apredr
ot the cgathode of the valve vlol . From there the pulscs

are aprlied o the control grids of the valves V32 £0 V51
Shrough the resistors Rgg te R105 and pulse lengthoning

o . . I 7 and
circuits comprieing the rectificrs wlOO to W119 and

103 to 0122. The rectifiers W,, to W4O are,

aowever, conducting to thesc pulses except the rectifiers

capaclitors C

tc which d' and u' pulses are applied from the terminals

Tuto to Td'9 simultaneously with the d! and u'! pulses
wrriving at the terminal CBs. In this example the pulses
ey “nd u', @ppear at% the termindl 0Sp simulténeously with
the pulses d', and u', applied at the termindls Td'y and Tu',,

Thus the rectifilers W}l and W22 are non-conducting in this

examyple and permlt the d'o and u'l pulsée aprlied to the
terninal 08'2 to pass to the control grids of the valves

Vip and V33 regpectively, These two valves gtrike and

hence thelr cathodes become positive.

When the wiper of the bank ZRUL reaches the bank

contéact conneoted to the oathode of the valve V3 the positive
" votential appears at the control grid of the valve Vpg

(Figure 8) and this valve strikes. Similarly the valve

Tog (Figure 8) strikes when the wiror of the bank ZRD1

redches the bank contact connected to the outhode of the

vilve V42 .

duferring to Figure 8, whon the valves Vpg and Tog

atrike the reloys DaA and UA become energilscd by the anode

e B S

circulte of these two valves. Thus the oontdots DAL, DAZ,

UAL snd UAZ2 are opsrated, The contdcts DAL hold the relay

DA &nd extinguish the valve Vag @nd the ocontdots DAp break
the dutomatic gtepping oircuit'of the uniselector ZRU. The

5%,
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" contacts UAL hold the relsy UA and extinguish the valve Va9,
anl the contdcts UA2 break the automdtic steppinyg circult
of the uniselector ZRD.

Thus the wipers of the banks ZRD3 and ZRU3 are arrested
on the bank contacts conneoted to the termindls Td, ond Tuy
respectively., The pulses d, &nd u, Gre applied to these‘
terminals respectively from the high frequency pulse gencratir.
In the absence of & dy pulee the rectifier Wpg is conducting
ani henoce the uy pulses are dropred &oross ﬁhe reslstor R4Q.
The cocurrence of & dg pulse renders the rectifier Wpp non-
conducting and hence the vy pulse ooccurring during each dg
rulse passes o the contacts CDL that is to say pulses in
channel No. 1., These contacte closée simultanesusly with the
spen 1z of tho automdtic stepring ciroult of the selectors
and the pulses in chénnel No, 1 péss fo the gurrressor grids
'of the valves Vé4'and \FLt

Thus unmodulated pulses of onode current flow in the
valves V24 and V25 which are arr&ngéd t0 be norm&lly non-
conducting by the bias applied thereto from the terminwls —
GBg and — GBjp respectively. The pulses pasged by the
valve Vpg are applied through the capdcitor Coy to the control
zrid of the valve Vpg, Thus, pulses of anode current £low
in this valve which is arranged t0 be normdlly non-conducting
by the bids applied theretoc from the termintl - GBjj;.  Thuo
the reldy RB becomes energised and the contacts RBL and
RB4 thereof are operated,

The contécts RB3 put an edrth on the termindl Pl, and
hence hold the relay X of Fig. 2 1t being drranged that the
centacts RB3 olose about 1/2 seoond before the contdcts Ll of

Fig.2 open., The contaots RB2 close and hold the reliys DA
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) >'ud UA when the relay RQ becomes de—encrpised on the operation
«f the contacts RB3,

- The contacts RB4 olose and arply ringing voltage from tio

tronsformer XF3 to the called subscriberts station, When the

cilleld subscriber answers the relay F beoomes cnergised, the

33

the contdcts F3, the called subscriber's line, the contacts

T2, the relay windinzg ¥, the conticts RB4 anl the secondary

w ﬁiing of the transformer XF3 back to edrth, The contacts

ABl and F1 held the relay F.

The relay RD then beoomes energiséd,'the ehergising
circuit being from earth through the batﬁérty'BATjo, one
winding of the relay RD, the contacte F3, the ocalled
subsoriber's line the contacts F2 and the other winding of the
relay RD back to edrth.

Tho contdots RAL then apply the pulses in channel No,l
through the valve V31 t0 the terminal Aé?i'ﬁhi thence through
the metering and release junction (19 Fig. 1) tc the terminal
ABPO; of Fig. 3 (o&lling unit). The reotifier Wy is
rendercd non—conducting thereby and permits the pulses in

channel Ne. 1 from the terminal GP to appedr &t the contrel

grid of the valve Vg. This valve then passes pulses of

“node current through the relay winding D whioh becomes

encrgised.,

The contlote D1 and D2 operate and reverse the polarity
: of the tormindls v 0y and -0;. This is for signalling
rurposcs as desoribed on page 278 of Telephony Vol II oy

&tkinson, The contacts D4 apply & pulse of current to the
terminal PO1 from the battery BAmlo, the reldy contacte J1
belnz operited after the contdcte D4 on de-enerzisation of
the slow operating relay J by the opening of the contdote
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The pulse of current applied to the tewmindl PO,
orvrates the meter M of Fig. 2 10 reocorld the cghtdbllshment
of the call,

The oontacte D5 (Fig.3) open and hence remeve tho carth
from the terminal HO, Thus the reldy H of Fig., 5 becomes
de—-energlsed. The oontacts H2 open anld henoe the relay XF
iz Jde-energised, ond thus the register is roleuscd and
the uniselector CUF homes. |

Speech voltoges from the cdlling gubgeriver!e staticn
Gre transmitted through the tranmsformer HY1 to the control
srid of the valve v4 and there amplitude-modulate the pulsece
in channel N¢. 1 @pplied to the terminal G3P3. Thesge
drplitude-moedulated pulseé rass through the GO speech
Junction to the called units, |

Referring to Fig. 8 all pulses from the terminal GSPO,
of the GO speech junction ure passed to the oontrol grid of
the pentode V25 which 1e¢ gated by channel Nc. 1 rulsees as
rrovicusly described, Thus only the pulses in channel No.
1 rass to the transformer XFp.

The primary winling is tuned by the capacitor Czp to
2 pericdicity of approximately twice the width of the pﬁlses
ayprlied thereto from the valve Vos, and is heavily damped
by the resistor R194, The w inding SEXF2 hap nore turns
than the winding SeXFl and hence provides & gredter cutput
volteze thon SEXF1° ‘The termindl ~GBl§ is arranged to be
Gbout five volts less negltive than the terminul — GBps,

Agsﬁﬁing the charge in the capdoitor 031 t0 be auch
that the potential of the uprer pléate therent in the
iruwing is Dbetween that of —GBlZ and - GBIE, the »egtifilenn
W16 to W19 dre non—-conducting. When & pulee Gorives ov

54, -
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the Friméry winding of the trdneformer X¥p from the valve V25
the ledding edge of the pulse shock exclites the tramsformcr,
The first, and negdtive, half-oycle of the free cscillation
ig aprlied to the ancde of Wlé whioh, therefore, rem@ins ncn-—
conducting, and to the cathode of W17 whioh becomes con—
duoting and hence C31 Jdischarges through 337'ana W17 until
the potential of its upper plate in the drawing equdle the
rotential of the termindl -GByp.  Any further negdtive
excursion &t the cathoede of W17 is dampedﬂpy Wig. Simul-
tineously Wig becomes oonducting'dni ag & result the

cupdgitor O3y disoharges further anl its upper plate is left

rotential somewhat below that of the terminal ~GByoe
Just ae this negative half-oycle ends, the lagzing

edge of the pulse arrives and again the transformer Xip

igmgpook—exoitea but thie time in the ¢pposite sense. The - -

first, and positive, half—oyole of this seconl free

cscillation has no effeot on Wiy and Wig. The capacitor
031 is Charged, however, through Wig to & value dependent
uron the amplitude of the pulse applied to the transformer
XFo, and lying between the potentials of the terminals
~GB1p and -GByz.

The Jdamping provided by the resistor Riggq is arranged
tC be sufficlent to prevent subsequent half-cyoles from .
affeeting the charge in the ocapacltor 031.

Thus the capoacitor 031 presents relatively broad pulses
to the valve V27 in rospeonse to relatively narrow pulses
rogsed by the valve V25, the amplitude of the dbroad pulses
Deing Jdependent uyon the amplitude of the ndrrow pulses.

The brodd amplitude—-modulated pulses are demodulated

Dy being rassed through the low-pass filter FILp and the
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;péééh voltages are passed throuzh the transformer HY,, the
capdcitors COpp and 023, the contacts F2 and F3, and the oblled
sudsoriber'e linc circuit to the called subscriber'!s line.
Sfoech voltages from the called subscriber Gre russed
through his line circuit, and the hybrid transformer HY, to
the control zrid of the pontode V24. Here they serve 19
amplitude-modulate the pulses (in channel No, 1) applied from
the ancde of Vpg to the terminadl RSPy. These rulses are
arrlied through the RETURN spedoh junCtion t0 the terminal
REPO; to Fig. 3 and thence 40 the cantrol grid of the pentodo
Vg which is gated by pulees ip channel No. 1 aprlied to the
surrresgor grid from the terminal GF: .‘ ’
 The transfermer XFy in the anode oirouit of the valve
V5, together with the ocapdcitors 07 and OlO’ the resistors
Ry nd Rigs, onl the reotifiers Wy to W, function in the
some monner s the transformer XFp, capacitors 030 and G,

31

resistors R, %nd Rygy, and reotifiers W,g to W19 of Fiz. 8,

37

- to broaden the pulses yassed Ly the valve V5°

The broadened, aﬁplitude~modulatad pulses are passé&
through the valve Vx and are demodulated by & low-pass i
Filter FILl, The speech voltagee are aprlied through the
transformer HY; and the owlling subsoribers linc olrcult to
the 0alling subsoriber's line.

The operation of the arrangement shown Whon”a‘oalled
subscriber 1is already eongaged willl now be Jdesoribed., . When
the ¢dlled subscriber is engaged, the reldy K in his lilne
circuit (Fig.2) is already energised and the juncticn of WX2 P
and Rogo 18 connected through the reldy contacts K6 to the |
termindl BJ4. Thue the d! and u! pulses arriving 2% the
termindl RTX in the channel intervals of channel No. 1464

in the preeent exdmple arc transmitted tC the teiminal BJ,
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.Jpha thence throuzh the Busy junction to thu tormindl BJO in

the rezister (Fig.5) allotted to the calling subscribex.
Thus these pulses coinolde with the 4! and u! rulses
aprlied from the terminal RA'u' t0 the rectifler Wyig which
iz rendered non-conducting thereby, Thue the 4! and u!
yulses applied to the terminal BJO pass through the
oupdciters Opz nd 014 to the control gride of the valves
Vv and V8. The 4! pulse serves to strike the valve V7
whose oathode potential rises, The rise in potential at
the cathode of the valve Vy is tranemitted to the oontrol
3rid of the valve Vg but is arranged to e insuffiocient
to strike VB. The u! pulse aprlied to the control giid

2f Vg is arranged to provide sufficlent extrs potentidl

%0 strike Vg, The relay BR is, therefore, energised,

- The cent@ctes-BR1 close and hence edrth the termindl BUy.

Referring to Fig, 3, when the terminal BU; is edrthed the
rclay G becomes energised, The contacts GL hold the relay
G and the contacts G2 arply the busy tone t¢ tho oulling
subgcribers. lin¢ through the relay windings A and the
c2lling subsoribverts line circuit,

Wﬁen & ¢ull is ended and the c&lling subscriler re—
rlices his handeet on its.rest, the energleing clroult for
the relay & (Fig.3) 1e broken, The'felay contacte AL
return t0 the position shown thus de-energlsing the xelay
8. fﬁe contactes Bl remove the edarth from the termindl
PO;.  Thus the relay K (Fig.2) becomes Jde—encrgised, and
the unisecleotor S homes, The o2lling unit 19 released
and «wll relays return to thelr unoperated condition,

Thue the pulses arriving in ch@nnel Nc. 1 in this

cxample 8t the termindl GSPO; of Fig. 8 cease and hence the
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'_Qidy BB becomes de—energised, The contracts RB3 open, and
the ecarth is romoved from the terminal PI,. Thus the rel&y’K
in the called subscriber's line circuilt is relee:mse(l and the
uniselector in this line oircuit homee., The contacts RB1
open and release the relay F (Fiz.8). The contdots RB2
oren and release the relays DA and UA, Thus the oontaots
DA2 and UAZ2 olose and the uniselectors ZRU and ZRD honme, The

called unit is then resdy for use in méking another ocall,
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined

ags follows:

1. An automatic exchange comprising a first
group of low grade communication channels, a second

group of low grade communication channels, a plurality

of line terminating units which are connected %o
individual ones of a plurality of station associated
with the exchange, each of said line terminating units
having an individual one of said first group of low grade
communication channels and an individuval one of sald
second group of }ow gréde communication channels
identified therewith, a group of high grade communication
. channels, the number of communication chamnnels in said
group of high grade communication channe}s being less than
’ﬁhe number of line terminating units in gaid plurality of
liﬁe terminating units, first apparatus which seizes a
‘free one of said high-grade communication channels in
response to an initial calling signal from a line
terminating unit of said plurality of iine terminating
units and connects that line terminating unit thereto,
that calling signal originating from a célling statlion
of said plurality of stations, connected to that line
terminating unit, further apparatus which transmits a
calling signal and an identification signal to that one
of said plurality of line terminating units to which a
called station of sald plurality of stations 1s connected,
in response to further signals from the line terminating
unit to which the calling station 1s connected, these
further signals being representative of the identity

of the called station, the calling signal transmitted

af' &




by sald further apparatus being transmitted to the line

terminating unit to which the called statlion is conmected
in that one of said first group of low grade communication
channels which is 1ldentified with that line terminating
unit, and the identification signal transmitted by said
further apparatus identifying that one of said high grade
communication channels seized by said firsﬁ apparatus and
being transmitted to the line terminating unit to which
the called station is connected in that one of sald second
group of low grade communication channels which is
ldentified with that line terminating unit, and additional

apparatus which, in response to the calling signal and

identification signal received by the line terminating

unit to which the called station is connected, connects
that line terminating unit to that one of said high grade
communication channels;which 1s identified by that

" jdentification signal.

 (2.f An automatic exchange according to Claim 1,

wherein said first group of low grade communication
channels 1s constituted by a group of time division
multiplex pulse communicatlon channels.

3. An automatic exchange according to Claim 1

“or Claim 2 wherein said second group of low grade

communication channels is constituﬁed by a group of

time division multiplex pulse communication channels.

L, An automatic exchange according to Claim 1
wherein said first group of léw g:ade communication
channels and said second group of low grade communication

channels are each constituted by a group of pulse signals
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combined in time division multiplex, and wherein, for
each of said line terminating units, pulses of the two
pulse signals that constitute the two low grade
communication channels, one from each of the first and
second groups of low grade communication chamnmels, that
are identified with that line terminating unilt, have
the same pulsg recurrence frequency and the same
positions in time.

5e -An aubomatic exchange according to any one
of Claims 1, 2 or % wherein said group of high grade
communication channels is constituted by a group qf

time division multiplex pulse communication channels.
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