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MALCOLM EAMSR: This is a manual 
telephone exchange in which calls are 
connected hy operators using a system 
oi' plugs and sockets. In the first 
part of this programme we're going to 
look at how this manual sxehai:ge v/orks 
and to see what parallels can be Jrav/n 
betv/een the principles of operation of 
this exchange and those of an automatic 
exchange. 

This is one of a pair of telephones 
which v/e brought over to this position 
on the manual board to demonstrate the 
operations involved in setting up a 

call between two telephones. 

I'm going to go through all the operatio 
involved starting with the caller lifti;:; 
-̂ r̂;e handset of the callir^g oelephcns. 

v..̂ ]6n the caller lifts hi.s hand.^et thi; 



gerif^rates a cell request signal which 

is sent to the Exchange and is detected 

in the line unit and this is signalled 

to the operator hy a lamp being lit above 

a jacli; socket which corresponds to that 

telephone* 

v/hen the operator sees this she knows 

that a call is required so she goes to 

the supervifiory units and selects a free 

one there are sixteen. I will use No* S' 

the operator takes a plug from the 

supervisory unit and inserts this into 

the socket corresponding to the calling 

line, The operator then throws a key 

into the *speak' position and this 

eDtablishes a speech path hetÂ êer̂  tlie 

calling telephone and her head ^et which 

3ha wears a3.1 the time, so the caller 1̂ ^ 

ther- able to ask foi tho called line he 

wants. Lets suppost:; tha'̂ . the caller has 

asked for 3?B, that»s the number of thi£i 

ctncx* telephone. The operator takt-'S 

the second plug corresponding to that 

super''/isory u n i t and goes to this field 

cf jack sockets and selects 578. The 

noxt t h x n g she does is to test v/hether or 

not that telephone is busy; hocauEiG ii 

m.ay have been connectec* to a, on another 



call by OTiO of the other operators and 
to do this she touches the tip of the 
plug on the ring. If she hears a click 
in her headset this means that the 
telephone is busy, there is no click 
in this case so the telephone is free. 
She can insert the plug. The next 
operation is to ring the call telephone* 
To do this the operator throws this 
key into the ring position. 

V/hen the called user answers his 
telephone the speech path is then 
connected and the operators job for that 
part of the call is ever. At thu end or 

the call when the users replace thoir 
handsets clear signals are sent to tb.o 
exchange and these are detected in the 
suporyisory unxt, so ̂ ..hen the callcG 
user replace©- his handset e, clear signal 
is sent to tne exchange and is detected 
in the supervisory unit and this is 
iiidioated to the operator by this lam.p 
li;?Cht-ing, And 'Similarly v/hon the calling 
user replace : his handset the clear 
signal is ootected and indicated tc thc-
opex\ator by a second lamp lighting. Vvhc''; 
thii ope;;'ator sees both these lamps lit 
she- knows that tho call is ever, so she 
can remove the two jacks, 
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And this supervisory unit ie then troe 
for use on a"nother call. 

Well those are the operations involved, 
before we look at the exchange in more 
detail let's see an operator doing all 
that at full speed. 

Operator: "Nuinber please" 
Malcolm: "4^ Dr, Jolly Please" 
Opsratort "Extension 46 Br, Jolly 1*11 

connect you" 
Tony Jolly; "Tony Jolly'* 
Malcolm: "Just testing thank you" 

alt-hough this exchange looks very 
different to an automatxc exchange it 
is .vaa.lly functionslly very similar and 
'CO show you this I am going tc loci: at 
the various functions involved and 
relate these to the sort of iunc'cioiis in 
an a'ltomatic exchange you have boon used 
tc« An exchange can be thovght of as 
consisting of three basic ccmponents, 
Signalling, control and switching* The 
si.g;nalling parts of tho exchange receive 
signals from a user or froa? another 
oxohango and puss these to the control 
ar.d also receive signals from the control 



instructing signals to be sent out to a 
user or to another exchange. The controj 
acting on these, the instructions 
received via signalling causes switching 
operations to take place in the switching 
network. 

Well in this Manual Exchange here we hav 
got just those same functions so lets 
look at signalling to start v;ith. There 
are three pieces of signalling equipment, 
First behind here there's the line units 
which receive the call request signal 
from a calling line. Then secondly we 
have got the supervisory units which can 
send out the ringing srgnal and can reco: 
the clear signal from the calling and 
called telephones. And the third piece 
of signalling equipment doesn*t really 
look much like signalling equipment but 
it is, this is the operators headset 
because vath this the operator can talk 
1.0 the user, not just to chat about the 
v/eather though she can do this as well 
of course, but to receive address 
information. That is the required 
number of the called telephone, and so 
the means by v/hich she does this is the 
ear piece of the signalling equipuent. 



Well of course the operator in this -
system is the control, she is a very 
interesting piece of technology, but 
she is basically doing all the things 
that a control does in an automatic 
exchange, that is receiving the 
signalling information and operating 
on the switching equipment using her 
hands. Now thirdly lets look at the 
switching equipment. The array of jack 
sockets here and the plugs associated 
with the supervisory unit form the 
switching network of this exchange and 
a jack socket into which she inserts 
that plug form a cross point so that 
the cross point is operated when she 
does that. So what we have here is 
effectively a 100 by 16 switching matrix 
which forms a concentrator. Now in this 
exchange there is no distributor but 
there is an expander and this is formed 
by the jack plug with which the operator 
calls a line and this same a r r ^ of jack 
sockets, so when a plug is inserted here 
like this that is in fact forming a 
cross point operation in the expander* 

So you see that this exchange although 
it looks very different from an automatic 



exchange, embodies the same functions 
as an automatic exchange although they're 
implemented just using a different 
technology. 

Well lets turn our attention to the 
control again, to the operator, and 
look at some of the functions she^g 
performing^ 

Operator; "lelevision Centre" 

Malcolm: So I*m asking you to think of 
the operator as a control, receiving 
information over three internal 
signalling parts, one of these being 
from the calling lamps to her eyes, the 
second being from the supervisory lamps 
to her eyes, and the third being from the 
ear phone in her headset into her ear. 
And the information she's receiving from 
these three internal signalling pov^ers, 
sae's processing and she's then operating 
on the switching network using her hands 
to bring aboat the connecticn of calls^, 
Well this control ie very much more 
flexible than the sort of electronic 
or electromechanical control one might 
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g e t i n a u t o m a t i c e x c h a n g e . F o r i n s t a n c e 

s h e d o G s n H HAVE TO b e G I V E N t h e ADDRESS 

i n f o r m a t i o n i n THE SORT OF R I G I D FORMAT 

w h i c h i s r e q u i r e d I N a n a u t o m a t i c s y s t e m , 

O p e r a t o r : " N u m b e r P L E A S E " 

M a l c o l m : " D r . J o l l y H I S e x t e n s i o n i s 

4 s o m e t h i n g o r o t h e r . " 

O p e r a t o r ; " D r . J o l l y h e - S on e x t e n s i o n 

46" 
M a l c o l m t " T h a n k y o u " 

T o n y J o l l y : ' ^ H e l l o , T o n y J o l l y " 

M a l c o l m : " J u s t t e s t i n g t h a n k y o u v e r y 

m u c h . " 

\7/T 

M a l c o l m : A l s o t h o o p e r a t o r c a n p r c v i d s 

a n u m b e r o f v e r y a d v a n c e d f a c i l i t i e s 

r e q u i r i n g i n f o n c a t i o n s t o r a g e a n d 

s p e c i a l t r a n s l a t i o n o f t h e a d d r e s s 

i n f o r m a t i o n ^ 

O p e r a t o r : "Number p l e a s e " 

M a l c o l m : " E x t e n t i o n 5 9 p l e a s e " 

O p e r a t o r : " C h do y o u w a n t D r . J o l l y ? " 

M a l c o l m : " Y e s P l e a s s " 

O p e r a t o r : "Oh h e ' s i n t h e OB u n i t I ' l l 

p u t y o u t h r o u g h n o w " 

M a l c o l m : " T h a n k 3^ou" 



T o n y J o l l y ; " T o n y J o l l y " 

llalcclm^ '*Just testing, thank y o u " 

Mcalco lm; To do this s o r t of thing 
i n a n automatic system requires very 
sophisticated control equipment. And 

ever since automatic exchanges were 
introduced their designers have been 
striving t o achieve the sort of 
f l e x i b i l i t y that one g e t s with operator 
control, i n public systems manucul 

02?changes have been l a r g e l y r e p l a c e d 

b̂ *- a u t o m a t i c ones, w h i c h r . c h i e v e t h e 

s p e e d and cheapness b u t s a c r i f i c e s t o 

some e x t e n t the s D r t of flexibili.ty ax.d 

personal sex'vice 5^ou get f r o m the 
m a n u a l s y s t e m . And t h e s o r t o f - space 

s a v ^ . n g s one g e t s wJth an u n t o m a t i o 

s y s t e m a r e r - t r e a l l y t h . ^ t s i g n i f i c a n t , 

HowcvGr,. i n r e c e n t y e a r s v/ith -••he 

i n t r o d u c t i o n o f e l e c t r o n i c s fiomo o.r 
t h o s : . d r a v f b a c k s have b e e n r e m o v e d . S c 

P l o t ' s l o o k a t H p r o t o t y p e e l e c t r o n i c 

c x c i i a n g e v/hich g o e s some o i the v/ay to 

rortoring t h o flexibility o f o p e r a t o r 

se :cvi ( - .Gj a n d a c h i c v e E . q".*-ite s i g n i f i c a n t 

s p a c t ; s a v i n g , 

Tx̂ lri pa.rt o f t h e m a n u a l b o p x d s o . t / : ; S 

a b o u t a hundred lines. S o 1-^t's l o o k 



at what the equivalent oi this in an 
electronic exchange looks like. 

GABY SMOL: This is it, just two hexes. 
The telephones are connected to the 
system. I'll dial number 1 0 2 , so the 
call is established, well any exchange 
can do that of course, this exchange 
can do a lot more. But before looking 
at that let's see what the systems 
like. The telephones are digital, the 
speech signal is turned directly into 
a bit stream at the terminal. One of 
the boxes contains the switching and 
signalling circuits and the other contain, 
the control. The control does the 
same job as the human operators we sav; 
a moment ago. Well now lets look inside 
the boxes themselves. Everything is 
digital in the boxes, this circuit is 
the switching circuit just logic gates, 
this is synchronising circuits and these 
circaits are to do with signalling and 
supervision. Now the second box, this 
one. contains the control, I'll switch 
it off and I'll take out the main card, 
This main card contains a computer, a 
micro-processor which just takes up 
one chip, this is it, and all the other 
bits of circuit, all the other chips are 



memory circuits which, are used in 
conjunction with the processor. Well 
having taken this out we've got to put 
it hack again so in the meanwhile let's 
have a look at the signalling circuits 
and the switching circuits. 

MALCOLM HAMER: 
This diagram is an analogue represen
tation of the digital exchange. 

The local lines, of which there can be 
up to 2 5 6 , each have an associated line 
unit to detect the call-request signal. 
The lines are connected to a 256 x 32 
concentrator switching matrix which gives 
them access to any one of the 32 supervis 
units, A register may be associated 
with a call during the dialling phase by 
means of an access switch. The other 
side of each supervisory unit is 
connected to an inlet of a 32 x 256 
expander matrix, whose outlets are 
connected to the local lines. 

Because the signals from the telephones 
are digital, the design of the switching 
3,nd signalling equipment can be mede 
much more efficient than an analogue 
arrangement like this by the use of 



time-sharing techniques, Let^s consider 
switching first. How can we switch 
digital signals? 

Well, one possihility is to use a simple 
matrix of electronic crosspoint devices, 
such as AND gates. This a/itching network 
is just like an analogue switching networ)' 
except that signals can only pass in one 
direction through the network, from the 
incoming channels to the outgoing channel: 
The complete switching network would 
therefore consists of two networks 
like this one. 

Of course in practice we would use a 
multi-stage network rather than a single 
matrix, so as zo reduce the numher of 
crosspoints. But we can achieve a much 
more remarkable reduction in the number 
of crosspoints by time-shaiing them 
between a number of concurrent calls. 

In this switching network bits, or groups 
of bits, from each incoming channel flow 
into a buffer, and are then switched 
through the network at a much higher 
bit-rate than that of the local lines. 
So, the crosspoint matrix, which is calle 
the space switch, has its crosspoints 



time-shared between a number of calls. 
The switches associated with the buffers 
are called time switches. 

You may have recognised this switching 
network as being similar to that of the 
digital trunk exchange shown in the 
course book. 

In this case the incoming highways carr^ 
the signals of a number of speech channel 
in multiplexed form, so the incoming 
time-switches incorporate demultiplexers j 
which deliver the bits corresponding to 
individual speech channels into separate 
buffers. On the outgoing side of the 
network the channels are remultiplexed 
onto the outgoing highways. 

In this type of time-space-time switching 
network it's possible to vary the 
proportions of time and space switching. 
Let's look at the extreme case where 
all the time switches share a common 
highway. 

Here there is no tim.e switching at all. 
In this case the bit-rate of the common 
digital channel is the bit-rate of the 
individual speech channels multipled 



by the maximum number oi calls to be ' 
switched by the exchange, For large 
exhanges this extreme case is impractical 
because the finite speed of operation 
of electronic circuits limits the bit 
rate of the common channel and hence the 
maximum size of the exchange. 

However, for a small local exchange this 
limitation is not a problem, so this 
approach can be used. 

This is the switching netv/ork of the 
experimental digital exchange we have 
been looking at. In this case individual 
local lines are connected to the 
switching network, so no demultiplexing 
or remultiplexz.ng is required, 

Let^s go through the operation of this 
network, representing the binary signals 
by Os and 1s. We^ll concentrate on the 
top and bottom lines and follow a few 
bits from these through the network. I' 
this particular design, switching is c' 
bit by bit, so during each local lin 
time-slot just one bit passes into 
buffer, A switching cycle then c 
A switching cycle occupies one 1 
time slot. Let's suppose that 



incoming channel is to be connectecl to 
this outgoing channel. During the first 
common highway time slot this switch and 
this switch operate; so the bit passes 
over the common highway to the outgoing 
buffer. During the nest time-slot the 
bit from the next buffer can be tranr-̂ fe.Tj 
in a similar way, and so on. 

Let's suppose that the bottom channel ±3 
to switched to this outgoing channel, 
so this switch and this switch operatej 
and the bit passes into this buffer. 
The bits fr all ongoing calls are thus 
transferred during one switching cycle. 
That cycle took exactly one local line 
time-slot, so the next bits now move 
into the buffers. The swi•ching cycle 
is then repeated, so these bits are 
transferred to the outgoing buffers. 
As this is happening the previous bits 
flow out onto the outgoing channels. 

Similarly, the next bits are transferred 
in the next switching cycle. 

So, the result of this switching process 
is that bits flow in a continuous streai^ 
in"::o and out of the switching network^ 
even though the transfer of bits through 



th.e network takes place in a number of 
short bursts, 

That*s how the switching is done. Now 
let's look at signalling. The local 
line signals consists of groups of 
9 bits, eight of which represent a 
pulse coded speech signal sample, and the 
ninth of which is a signalling bit. Each 
local signal consists of an eight bit 
signalling word. The signalling bits 
pass over the common highway in the 
switching network, along with the speech. 
bits, so they can be monitored there by 
a few time-shared signalling units; one f 
for each signalling function. 

This is the complete structure of the 
switching and signalling equipment. 

In this diagram I*ve shown both switching 
networks: one for each direction of 
transmission. The speech signals for 
a call pass from the incoming channel 
of one telephone, through a time switch, 
over the forward highway, through another 
time switch, to the outgoing channel of 
the other telephone. The signals from 
the incoming channel of this second 
telephone pass through a time switch, 
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over the other highway, the backv/ord 
highway, through a time switch, to the 
outgoing channel of the first telephone, 

The signalling units are attached to 
these two common highways. There are 
just four signalling units: a line unit, 
a register, and two supervisory units: 
one for detecting the clear signal from 
the calling telephone and one for detec'.: 
the 3lear signal from the called telephor 

Because the register and supervisory 
units are connected to the common highwax-
they can monitor the signalling bits 
which appear in every ninth switching 
cycle. The line unit works slightly 
differently, it monitors one common 
highway time slot to which the lines 
which are not in use are switched one 
after another in rotation. 

Bo bj being connected to the common 
highways the signalling units have 
access to all signalling information 
on a sequentj.al basis. 

Few let*s look at the signals on one 
of the common highways. 



We'll consider two eight-bit speech 
words for two ongoing calls. The first 
hit of call no. 1 appears in one of 
the common highway time-slots, and 
the first hit of call no. 2 appears in 
another time slot, the second bit of tho 
two calls appear in the same time slot 
bat one cycle later and so on. So each 
cycle contains one bit from each cycle* 
The duration of each switching call 
is 13 .9 microseconds. 

G-ABY SMOL: 
This is the bit atream for the forward 
common highway, I've only got two channol. 
showing in time slot one and time slot 
four. This pulse represents a bit on 
channel 1 followed by a bit on the 
second channel. After a complete cyclt; 
we get the next bit for channel 1 
followed by the next bit for the 2net 
channel. There are 32 time slotrd 
available in a complete cycle from here 
to here so we can have up to 32 channels 
on this system. I can add a few channels 
using the controls on bhe exchange, this 
is adding channel time slot 11 and this 
one is another channel on time slot 20. 



- J.9 

V/ell that's vrhat the bit stream looks 
like, IIow let's see some of the things 
the system can do. Let's imagine that 
102 is engaged talking to somebody, 
if I phone 102 I'm going to get the busy 
signal, so I phone star 2 and put my 
phone down, ITow let's see what happens 
when 102 finishes his call, So the 
call is established, V/hat happened 
then was that as soon as 102 finished 
the exchange called me up to check that 
I was still there and then established 
the call that I'd asked for previously;., 

How let^s look at another facility^ lot'^ 
imagine that 102 wants to be able receiv-. 
calls when he is in his office bui: viiici 

he is out of h^s office he*d like the 
calls to be transferred to 103. V'hat 
he does is to dial star 31 followed by 

103 and then puts his phone dovrn. Nov/ 
if I phone from this phone, 102, well 
it rings in 102's office for 4 seconds 
then it switches to 103. So the call 
is established to 103-

Well this system has got many advantages 
it's very compact it can handle ssveral 
hundred lines and this is a prototype^ 
the production model will be a lot smallc 
- 19 -
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Also it's entirely digital. How this 
means that one could replace a telephone 
terminals hy fast data terminals. One 
could therefore use the same syt^tem 
for both the fast data network and the 
•felephcne network. Also of course it's 
very flexible because one can change 
facilities just by changing the computer 
programme. Hovj-ever, there are some 
things which a human operator can do 
which it might not be able to do. 
Consider for instance what would happen 
if 103 wanted to transfer his calls to 
102 and didn't know that 102 had already 
got his calls transferred to 103-
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SOUND 
ON T;.PE 

DEPAJ^TI/ENTS V/ITIIIN THIS EIRM IviEET 
TO DISCUSS L̂•iTTERS CONCERNING THE 
RUNNING OF THE PLiiNT. 

/ 
SOUND 
ON TAPE 

THE FIRM, WHICH SPECIALISES IN 
ELECTRO-PLATING VARIOUS PRODUCTS, 
EMPLOYDS EOUR HUNDRED PEOPLE IN 
SMETHWION, AT THE HE . lRT OF THE 
INDUS LA I.iL MIDLiiNDS. 

SOWKD ON 
T aPE 

INSIDE THE ATMOSPHERE aND 
APPE..RaNCE IS 3IMIL..R TO I'LiNY OTHER 
F.-iCTORrES WITHIN THE ENGINEERING 
SECTOR. HOWEVER SINCE 1̂ .".. a SYSTEM 
OF EMPLOYEE PARTICIPATION HAS • 
OPER...TED WITHIN THE COMPANY. THIS 
H a S iiLTERLD THE VAiY IN miCH DECISIONS 
i.RE TRiiDITIONiiLLY T̂'OCOJî  BY Î l(iN;.GEMENT. 

THE PARTICIPATION SCHEME, VA-iICH 
IS LINKED TO a N INGENTIVE BONUS PI^.N, 
CENTRES i:.ROUND THE COMft^NY COUNCIL. 

Tf-IE COUNCIL JIBETS EVERY 
FORTNIGHT AND a L L REPRESENTATIVES 
iiRE FREE TO R a I S E ANY MiVTTERS THEY 
WISH. 

IN THIS PROGRAM^IE THREE 
PaRTICIPA "TS IN THIS SCHEME EXAMINE 
THEIR ATTITUDES TO PARTICIPATION a N D 
THE EXTENT TO WHICH TRADITIONAL 
VALUES ARE GIL-.LLENGED. 

JOHN ELLIOTT 

D a V I D WESBURY 

JANII-IE VOTNE 

FADE 
TAPE SOUND 
F..DE UP 
VT SOUND 

Some people have suggested to 
me that could the actual figure of 
profit he put on the sheet alongside 
whatever figure we have made or lost, 
"because as you said before a lot of 
people v/ere surprised - higher up the 
scale of management, they were more 
sur;prised than v/hat I was... 

Paul came along last month and 
said to Janine - O.K. the firm was 
over £6,000 in loss, but I bet the 
company did O.K. 

£15,000 v/as what he said. 
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PROF. A NOVHI; 

it was essential to maximise 
food production? 

^/UNSCRIPTED (APPROX 43") TUDIO/ 

/Today in the 1 9 7 0 * s , about 30^^ of 
the Soviet people still live on thel 
land; but there are no longer sma?.l 
peasants, Soviet agriculture has | 
been collectivisec?, The Collectivej 
Farm and the State Farm account forj 
most Soviet agricultural output, i 
/As the next bit cf film suggests, \ 
the official view is chat the 
problem.s faced by Lenin have now ' 

i 

been solved - zt least on this ."'â m; 
in Uzbekistan, —i 

7 . TK2 (DUR; 2 ' 2 7 " ) /COMMENTATOR 

( 1 NEXT) 

Every 2̂ ear the farms assets 
expanded and the amount of 
machinery and fertilisei-s grew. 
The crop yields also increased. 
The expense incurred in the 
purchase of machinery soon paid 
for itself. Spring is a busy 
time for a]l of the farm's 
workers. The machinery must be 
checked, seed prepared ana sowing 
muec be done quickly and on time. 
Each farmer hati a home and a plot 
cf land for personal use. This 
is the farm's Board, the E::ecutive 
ej.ected by all members oi the 
Collective. The Board's Chairman 
is Ordilov. He too was elected. 
The Board plans the further 
development of production, 
discusses the results and 
criticises shortcomings. Its 
decision is then discussed and. 
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"Telephone Switching 2" 

connected by operators^ ucing a system 
of plu^^s and sockets. In the first 
part of this programme v/ehre going to 
look at hov/ this manual exchange ;:orks 
and to see v/hat parallels can be drav/n 
hetv/een the principles of operation of 
this exchange and those of an automatic 
exchange. 

This is one of a pair of telephones 
which vre brought over to this position 
on the manual board to demonstrate the 
opera,tions involved in setting up a 
call betv/een tv/o telephones. 

I'm going to go through all the operations 
involved starting v;ith the caller lifting 
the handset of tre calling telephone. 

'.Taen the caller lifts his handset this 

- 1 -

/YT CliOGK/ 

/ s/B TK/ 

/RUN TK/ /S/B VT/ 

1. TK (Bur: 17") /S.Q.F./ 
OPENING TITLES 

^ ^^T 
/™.IV (CSO at end of film) 

/S.O.VT/ 
2. VT (Pur: 10^23") / r/ULCOLii HAffiR: This is a manual 

OB of PBX A.P. 
telephone exchange in vrhich calls are 

S/I 
2A. TJ 1 



generates a call req_uest signal wliich 
is sent to the Exchange ana is detected 
in the line unit and this is signalled 
to the operator by a lamp being lit above 
a jack socket v/hich corresponds to that 
telephone, 

-.Tnon the operator sees this she knov/s 
that a call is reouired so she goes to 

the supervisory units and selects a free 
one there are sixteen, I will use No, 9 
the operator takes a, plug from tho 
supervisory unit ana inserts this into 
V~.o socket corresponding to the calling 
line. The operator then throv/s a key 
into the 'speak * position and this 
eatc.blishes a speech path betv/een the 
calling telephone o,nd her head set which 
she wears all the time, so the caller is 
then a.ble to ask for the called line he 
v/anbs. Lets suppose t^at tho caller has 
asked for 57S, that's the number of this 

oxher telephone. The operator takes 
tho second plug corresponding to that 
supervisory unit and goes to this field 
of jack sockets and selects 378, The 
next thing she does is to test v/hether or 
not that telephone is busy, because it 
may havo b2on connected to a, on another 



cell by one of the other operators a'nci 
to do this s h G touches the tip of the 
plug on the ring. If she hears a click 
in her headset this means that the 
telephone is busy, there is no click 
in this case so the tclophone is free. 
She co.n insert the plug. The next 
operation is to ring the call telephone. 
To do this the operator throws this 
key into the ring -Dosition, 

l/hen the called user answers his 
telephone the speech path is then 
connected and the opera cors job for that 
part of the call is over. At the end of 
the call v;hen the users rople.ce tVoir 
handsets clear signals are sent to the 
cxch^.nge and these are detected in the 
supervisory uriit, so when the called 
user replaces his handset a clear signal 
is sent to the exchango and is detected 
in tho supervisory unit and this is 
indicated to tho operator by this lamp 
lighting. And similarly \7hen the calling 
user replaces his handset the clear 
signal is detected and indicated to the 
operator by a second lamp lighting, T,nien 
the operator sees both these lamps lit 
she knov/s that the call is over, so she 
Go.n remove the tv/o ja,cks, 

- 3 -
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And tills supervisory unit is then iros 
for use or another call, 

Woll those o.ro the operations involved, 
heforo \re look at tho exchange in more 
detail lot's sec an operator doing .̂'.11 
that at full speed. 

Operator: "Number please" 
Il-lcolm: "46 Nr, Jolly Please'' 
Operator: "Dxtonsion 46 Pr. Jolly 1*11 

connect you" 
lony Jolly: "Tony Jolly" 
Malcolm: "Just testing thank you" 

Nell although this exchange looks v̂ r̂y 
diiforont to c.n automatic oxchr.ngo it 
is roally functionally very similo.r and 
to shcu you this I am going to look at 
tho various functions involved and 
relate those to the sort of functions in 
an automatic oxchango you have boon used 
to, An exchange can bo Thought of as 
consisting of three basic components. 

3. , . y Signalling, control and sv/itching. Tho 
signalling parts of the exchange rocoivo 
signals from a user or from another 
exchange and pass these to the control 
and also receive signals from the control 

CAP 1 

in at (4*24" into OB Seu,) 



CAP. 1 

Out at 4'53" into OB tape 

instructing signals to bo sent out to a 
user or to oaiothor oxcho.nge. Tho control 
acting on these, the instructions 
received via signalling causes sv/itching 
operations to tel:e place in the sv/itching 
n oJA/orh:. / 

V/ell in this iianual Exchange here v/e have 
got just those same functions so lets 
looh at signalling to start with. There 
are three piccjs of si:'j:nalling equipment. 
P:rst behind here there's the line units 
v/hich receive tho call request signal 
from a calling lin^. Then secondly v/e 
have got the supervisory units v/hich can 
send out tho rin::jinĉ  siQ:nal and can recei 
the clear signal from the calling; and 
called telephones. And the third piece 
of signalling equipment doesn't r.:ally 
looh lauch like signalling equipment but 
it is, this is the opcra/cors headset 
because \/ith this the operator can talk 
to the user, not just to chat ribout the 
weather though she can do this as v;ell 
of course, but to receive address 
information. That is the required 
nuffiher of tho ca,llcd t.,lephone, and so 
the means by --hich she does this is t' o 
ear piece of tho signalling equipment. 



4. 
S/I (lower third) 
L L 2 
ANIMATED TJ Sequence 

In at 6'35" into VT tape 

TJ 3 
"Concentrator and 
Exioander" 

m 

Out at 7'12" into W tape 

V.̂ ell of course the operator in this 
system is the control, she is a very 
interesting piece of technology, hut 
she is basically doing all the things 
that a control docs in an autom.atic 
o::change, that is receiving the 
signalling information and operating 
on the sv7itching cq.uip-otent using her 
hands, î'ow thirdly lets look at the 
switching equipment, Tho array of jack 
sockets hero and tho plugs associated 
v/ith the supervisory unit form tne 
sv/itching notv/ork of this exchange and 
a jack socket into which she inserts 
that plug form a cross point so that 
tho cross point is operated v/hen she 
does that. /So v/hat v/e have here is 

offoctively a 100 by 16 sv/itching matrix 
v/hich forms a concentrator, ITov/ in this 
oxchango thcro is no distributor but 
there is an expandOir/and this is formed 

by tho jack plug v/ith ^hich the operator 
calls a line and this same array of jack 
sockets, so v.hon a plug is inserted hero 
like this/tao.t is in fact forming a 

cross point operation in tho expander./ 

So you sec that this exchange although 
it looks very diffor^jnt from -an automatic 



exchange, embodies the same functions 

as an automatic exchange although they're 

implemented just using a different 

technology, 

î cll lets turn our attention to the 
control again, to the operator, and 
loolc at some of the functions she's 
performing. 

Operator: "Television Oentre" 

Malcolm: So I'm askina you to think of 
the operator as a control, receiving 
i n f 0 rm a t i 0 n over three intern al 
signalling parts, one of thoso being 
from the calling lamps to her eyes, tho 
second h'oing from the supervisory lamps 
to her eyes, -:.nd th.. third being from the 
ear phone in her headset into her ea,r. 
And the inforiation she's receiving from 
these three internal signalling pov/crs, 
she's processing and she's then operating 
on th.. Gv/itching network using her hands 
to bring about the connection of calls. 
V'ell t'iis control is v̂ -ry much more 
flexible than the sort of electronic 
or clectromachanical control one might 



8 - /S,0.\fT7 

got in automatic czcliango. For instance 
slio doesn't have to bo givun tho address 
information in tho sort of rigid format 
V7hich is roquirod in an automatic system. 

Operator: '•Numb-.-r Ploaso" 
iialcolm: "Pr, Jolly his extension is 
4 something or other," 
Oporator: "Dr. Jolly he's on jxtonsion 
46" 

lialcolm: "Thank you" 
Tony Jolly: "Hollo, Tony Jolly" 
M-'lcolm: "Just testing thanl: you very 
much," 

'̂/T 

}:-tr.lGolm: Also the operator can provide 

a numb.^r of v..ry advanced facilities 
requiring info rma t i o n storage an d 
special translation of tho address 
information. 

Operator: '^Humbor please" 
Malcolm: "Dxtontion 59 please*' 
Operator: "Oh do you v;ant Dr. Jolly?" 
Halcolm: "Y. s Pl^aso" 

Operator: "Oh ho^s in tho OB unit I'll 
put you through nov/" 
Malcolm: "Thank you" 



Tony Jolly: "Tony Jolly" 
Malcolm: "Jivot testing, thank you" 

Malcolm; To do t'lis sort of thing 
in an autom'.itic cystem requires very 
sophisticated control equipment. And 
ev-..r since automatic exchanges v/ere 
introduced their designers have been 
striving to achieve the sort of 
flexibility tliat one gets •;it'' operator 
control. In public systems manual 
exchanges have been largely replaced 
by autor̂ .atic ones, î hich achieve the 
speed and cheapness out sacrifices to 
some extent the ŝ rt of flexibility and 
personal service you get from the 
manual system. And the sort of space 
savings one g'-ts vdth an automatic 
cystem aren't reall^^ that significant. 
Ho\;eve,̂ :. in recent years irith the 
introduction of electronics some of 
t'̂ -cse dravjbacks have been removed. So 
let's lo Ic at a prototype electronic 
exchange v/hich goes some of the v/ay to 
restoring th_e flexibility of operator 
service, and achieves quite significant 
space saving-

This part of the rnanual board serves 

about a hundred lines. So let's look 

(3 NEXT) . g ^ 



(On VT) - 10 - /s.,p_,yTy 

at v/liat tlie uouivalont of this in an 
oloctronic cjxchangc looks like. 

Mix to /BOOM/ 

5. 3 A 
CU of Digital Exchange 

J 

Demonstrates simple A to B call. 

6. 2 A 
2S Oahy + Equipment 

J 
"it's all digital" 

7. 1 C 
CAP, 2 
Block diagram of Digital 
Exchange 

J 
Explains and relates to equipment 

8, 2 A 
2S Gaoy + Equipment 

Intercut v::th: 

3 A 
CU of processor 
CU of Equipment 

y 

Signalling cards and the switching 
network v/hich is all on one card] 

(AS DIRECTED) 

2 A 
2S Gahy + Equipment 

y 

Before v;e demtonstrate some special 
facilities, 

How does it v/ork? 

( 1 and 3 UEXT) - 10 -



(9 on 2) - 11 - /BOOK/ 

10. 

(CSO) 

1 J 
MLCOBN: (O.O.V.) 
/Explains with pointer. 

CU of CSO Blue Boara 

3 A „ _ _ _ 
GAP.3 But signals are digital from telephone, 
Switching Equipment for 
Digital Exchange so we can use digital switching as 

descrihed in the course hook. 

11. 

/EFISCOPE SEQUENCE7 
(on GSO) 

Episcope 
CELL 1 

12. Episcope 
CELL 2 

13. Episcope 
CELL 3 

14. Episcope 
CELL 4 

yThis is T-S-T switch as in book. 

Explains operation. 

Individual lines, as well as p. c m . 
systems can be connected to this type of 
switching netv/ork. 

y 

We don't have to have this balance of 
tirae and space sv/itching. We can go to 
one extreme - all space. Just like 
analogue switching. 

J 

In this case the buffers become 
unnece_ssary> so we take them away./ 
But this is too expensive. 

(EPISCOPE NEXT) 



(14 on Episcope) - 12 - /BOOM/ 

15. Episcope 
CELL 5 

16, Episcope 
CELL 6 - 8 

Or we can go to other extreme 
time switching. 

- all 

y 

J 

This is a Lit dodgy from reliability 
point of viev/, but OK for small 
exchanges. This is how this experimental 
PABX works. 

b] or [1] Sym.bols 

G-o through one time cycle moving magnetic 
"bits" around. 

V/ell, that' s switching. What about 

signalling? 

17. A 
CU of CAP. 4 
Signalling Word 
ZOOM OUT to Vmole Cap. 

/These are local line signals. Every 
9th bit is signalling. Eight speech 
words give one signalling word. This 
can represent call-request, digit 
signal, or clear. 

Lets look at complete switching and 
signalling set up. 

IS. 3 A 
CAP. 5 
Switching Circuit for 
Digital Exchange 

(2 NEXT) 

/Uell, it's got the set-up we saw 
earlier twice: one for each direction of 
transmission. Hung onto the common 

- 12 -



(18 on 3) - 13 - /goM^ 

highwa5?"s are the signalling units. These 
are time-shared between all ongoing calls. 
So same time-sharing principle of T-S-T 
is here applied to make signalling nice 
and cheap. 

Explains now line unit, register, and 
supervisory unit scan all calls. Pay 
special attention to hov/ line unit 
manages to scan all lines by switching 
of signalling bits from all lines into 
a signalling time-slot. 

So, what do we get on these highways. 
Well, this exchange works on bit by bit 
switching, so v/hat we'll see v/ill be: 

19. 2 A / 
CAP 6 
Lin^ and Highway Signals ^̂ '̂̂^̂  "^^^ Happens on one of the 
for Digital Exchange highways with two calls taking 

place, 
ZOOM IN to CU of Signals Lets look at the real thing:-
in Centre. 

20, 3 A ^ / 
GU of CRO on Digital Exchange Explains 
Equipment 

(2 NEXT) - 13 -



(20 on 5) - 14 - Wm7 

21. 2 A 
2S Oaby + E-quipment 

Intercut with: 

_/GABY: l-/ell now lets return to the 
processor which provides the control 
functions. Can be programmed to give 
any required facilities, For example 

3 A 
Oh of Equipment 

(AS PIRECTEP) °^ transfer. 

Demo of another facility. 

22. 2 A 
2S Oaby + Equipment 

_ySo, you see how super-duper this all is. 
Another benefit of this sort of 
arrangement is that the technologies of 
the switching and control are the same, 
so there is no interface problem between 
them. This makes for even cheaper 
system. 

(3 MEXT) 

Einal point: Just as there is signalling 
from terminal to exchange, there is 
also signalling exchange to terminal 
AHD the signal alphabet is not 
restricted to 12 signals as with 
multifrequency; there can be 256 different 
signals; push-buttons could beco.'e a 
full typewriter keyboard; AND signalling 
can take place without interrupting speech 
These three things add up to full 
interaction between user and exchange 

- 14 -



(22 on 2) " 15 - /BOOIv 

25. 3 A 
CU of Equipment 

s/x 

23A. TJ5 

23B. TJ6 

throughout the call or simultaneous 
data (graphics, text) transmission. 

Example: Exchange could send user the 
identity of the caller BEFORE tha user 
ansv/ers the telephone i 

J 

The Speakers v/ere 
Malcolm Hamer 
Gahy Smol 

y 
Eacilities 
The General Electric Co. Btd, 
HIRST RESEARCH CENTRE 
Plessey Telecommunications Ltd. 

23C. TJ7 
Production hy 
Tony Jolly 

231). TJ8 J 
A Production for the 
Open University BBC-TV 
(c) The Open University 1976 

/ P A L E 3A/ /PALE SOUNPy 
/ E A S E TJ87 


