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We believe it's important to 
tell a prospective customer 
who you are before� 
try to sell ·him sometfaing. 
About 12 years ago in America, a group 
of men put together a telephone system. 
Today (two million subscribers later) 
Continental Telephone has assets 
exceeding $1.65 billion and its operating 
companies are located throughout the 
United States, Canada, and the Caribbean. 

We're a part of Continental Telephone 
-its manufacturing arm. And just as 
our parent firm has experienced 
phenomenal growth, so have we. 

Yet the lion's share of our business comes 
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from outside-from the Bell System, General Telephone and 
other telephone companies. Continental Telephone provided 
us with leadership and resources. And we've carved out a 
reputation for quality, innovation and service. 

Now, we're expanding to serve the worldwide telecommunications 
industry. 

You've probably heard of some of our products already. 
Subscriber carrier, for example: One-plus-one, four-on-one, eight­
on-one systems. We were the first to develop them, to make them 
practical and economical. 

Another innovation: The first cable which permits 100% cable fill 
of pulse code modulation signals and full 32 dB repeater spacing. 
We call it T-Screen. 

There are other outstanding products, too. Like Extended 
Spectrum Coaxials which provide full frequency utilization to 300 
MHz and beyond. Retractable handset cords in a multitude of 
colours. A variety of buried plant housings and fixtures. Loop 
extenders. Voice Frequency transmission devices. And many, many 
others. 

We respectfully invite your enquiry about our products, 
capabilities and services. 

Superior Continental 
International Corporation 
A Member of Continental Telephone System 

In Europe: 

56 Queens Road Basingstoke, Honts, 
ENGLAND RG21 1 RE 

In America: 

One Superior Plaza, Hickory, 
North Carolina, U.S.A. 28601 



Unparalleled quality is built 
in to every Varta battery. And 
this kind of technology is 
unmatched, due to the exten­
sive expertise of Europe's 
largest battery manufacturer. 
Varta, already established 
here through Deac 's sp'ecialist 
experience in herm�tically 
sealed nickel cadmium ac­
cumulators, can now offer 
you an even better overall 
proposition. Only the name 
has changed., The same iI'l\­
peccable service, vast range 
of standard cells and un­
questionable quality remain. 
Incorporate Varta in your 

designs and get the most 
versatile power source avail­
able. There is a comprehen­
sive range of types comprising 
sealed button, rolled sintered 
and rectangular cells ; open 
alkaline; and sealed lead acid. 
The range of capacities. is 
from lOmAh to 1250Ah. Com­
pact, reliable, rugged and 
suitable for extremes of appli­
cation and temperature. Varta 
also supply a comprehensive 
range of chargers and power 
supply systems. So it makes 
sense to talk to the specialists 
first. Please ask for literature. 

Talk to the specialists. 

VARTAI 
HERMETICALLY SEALED 

NICKEL CADMIUM ACCUMULATORS 

Varta(Great Britain)Limited 
Hermitage Street, Crewkerne, Somerset. 
Tel: Crewkerne 3366. Telex: 46331 



STC Telecommunications 
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Communications on the Danube are now a 
quick waltz around a national coaxial cable 
network. Based on an STC 12M Hz coaxial cable 
system, it's capable of carrying up to 2700 

telephone circuits. 
The first link in the new chain was an all 

solid state system installed by the Austrian 
P.T.T. between Salzburg and Bischofshofen 
in 1968; the first such system in Europe. The 
success of this operation has led to a steady 
build up to more than 1 OOO kilometres of STC 
12M Hz systems. In fact Austria will soon have a 
total of 35 terminal and main repeaters and 300 

dependent repeaters. 

These purely Austrian internal developments 
have important international ramifications, 
because European telephone traffic can now pass 
through Vienna along the Danube to Budapest 
and other points east like Prague and 
Bucharest. In fact STC transmission know-how 
has helped to make Vienna a highly developed 
communications centre for the whole of Eastern 
Europe. It's a new Danube thanks to STC 
coaxial cable systems. 

Standard Telephones and Cables Limited, 
Transmission Division, Chesterhall Lane, 
Basildon, Essex. Tel: Basildon 3040 
Telex: 99101 

Standard Telephones and Cables Limited ITT 
A British Comp1ny ol ITT 
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Its a small world 
The little box of tricks in the picture is our new 6 digit•': 

Sodeco counter. 
The amazing thing about it isn't that it has a life 

expectancy of 50 million impulses. 
Or that it counts at 10 impulses a second. 
Or that it's readily available in a variety of different 

operating voltages. 
Or that it uses an escapement counting mechanism 

housed in a metal case. 
It isn't even that it's designed to the usual superlative 

Sodeco standards. 
What is amazing is that we could pack all this into a 

case with a front plate measuring just l"x0·85". 

But then, the best things always come in small 
Packages. ... - -- -- --- - - , 

I Name ---------
Jf you'd like further I Company -------- I 

information, complete the I Address I 
coupon and post it to us. I I 

We'll send you our I I 
literature by return. I SQDECO I 

,, Also available in I (LAND Is & GYR) : 
an i�entically sized 5 digit •, VictoriaRoad,NorthActon, I Verslon London W3 GXS 

• L Tel 01-992 5311 Telex 21486 .J -- --------
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Opt for Mullard 
in the PO 

Optoelectronics technology has come a long way since the 
days when a limited number of photovoltaic cells were used for 
such familiar equipment as lightmeters, burglar alarms, door-opening 
devices, and so on. Nowadays, Mullard make a wide range of 
photosensitive components and assemblies and they are employed 
in much more sophisticated equipments; for example, in military 
reconnaissance systems and in electronic data processing equipment. 

Equipment being developed 
by the British Post Office for 
automated mail handling is 
another outlet for Mullard 
optoelectronic devices. Not 
long ago, all your letters and 
parcels were hand-sorted over 
and over again, at various 
offices en route to their desti­
nations. But recently, the PO 
employed Mullard photo­
sensitive devices in automatic 
sorting equipment which takes 
over much of the work. Quite 
simple photocell/amplifying 
circuits can be used to detect 
the size of packets and en­
velopes and operate equip­
ment which automatically 
routes them to other sorting 
positions. Even postage 
stamps these days can be 
recognised: they are coded 
with a phosphor which emits 
detectable light when exposed 
to ultraviolet radiation - en­
abling first- and second -class 
mail, for example, to be 
identified. The next major step 
in the automation of mail 
handling is, of course, to apply 
OCR (optical character re­
cognition) to machine-read 
postal codes. A great deal of 
Mullard research and develop­
ment has gone into producing 
efficient, self-scanning, silicon 
photodiode arrays which are 
the heart of OCR systems. 

Optical connections 
It seems a far cry from 

character reading to tele­
phones, but optoelectronic 
devices can also be used as 
coupling components in com­
munications and other elec­
tronic circuits, and as such 
have some important advan­
tages. 

Mullard optically-coupled 
isolators consist basically of a 
light-emitting diode encapsu­
lated with, but not electrically 
connected with a silicon photo­
transistor. Current passed 
through the diode causes it to 
emit radiation near the infra­
red, and this signal is 'followed' 
by the phototransistor. The 
advantage of optical coupling 
is, of course, that the two 
circuits are completely isolated 
and can be operated at widely 
differing voltage levels and 
with extremely high transfer 
ratios. The problems associ­
ated with common impedance 
coupling between such circuits 
are completely eliminated. 
Mullard make a range of isola­
tors which will cater for input­
output breakdown voltages of 

up to 4kV at an economic cost. 
The advantages of this type of 
coupling to the circuit de­
signer have led the PO to 
incorporate these devices in 
new system designs. 

Automatic dialling 
One more interesting appli­

cation for optoelectronic de­
vices - punched card dialling. 
This technique enables a sub­
scriber to store telephone 
numbers on punched cards 
which, when inserted into a 
suitable 'black box' connected 
to his telephone, does the dial­
ling for him without the 
hazard of picking a wrong 
digit. The PO are looking into 
various kinds of systems f or 
this purpose, but the common 
denominator will be a row of 

Microwave transistors for 
high frequency systems 

With the introduction of the 
551 BFY /A transistor Mullard 
have extended the range of 
transistors intended for Post 
Office high-frequency systems 

use. This latest transistor has a 
typical Fi of5GHZ, and is in a 
true microwave encapsulation 
making it suitable for 'S' band 
amplifiers. 

CURRENT RANGE 

Operation Current F11·5-2GHZ F13-5GHZ 

14mA BFX89 BFW92 BFR90 
BFY90 551 BFY/A 

30mA BFW30BFW93 BFR9! 

75mA BFWl6A/17A 412BFY 

In addition microminiature 
versions of BFR90/I are 
available under the type 

numbers BFR92/3 and of the 
BFY90 under the number 
BFS17R. 

cadmium sulphide photocelJs 
which will 'read' the punched 
card and initiate the dialJing 
pulses. 

New Brochure 
When you need optoelec­

tronic components make use 
of Mullard's long experience 
in the design of advanced 
detection devices. 

This new brochure, detailing 
the Mullard range of standard 
and custom-built components 
and arrays is now available. 
Ask your Mullard representa­
tive for a copy. 

\""""I 
...,, 

Mui lard 

Mullard components for Post Office electronics 
Mui lard Limited, Mui lard House, Tomngton Place, London WC1 E ?HO 

MS3 
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DATA MODEMS· TELEPHONE SWITCHING SYSTEMS· PRIVATE 
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STC Telecommunications 

vi 

Portugal - Madeira 

Brazil - Canary Islands 
UK - Guernsey 

USA - Bahamas 

'72 
'71 

Spain - Majorca 

Orkney - Shetland 

Spain - Canary Islands 

Jamaica - Cayman Islands 

Gran Canaria - Lanzarote 

Canada - Bermuda 
UK- Belgium 

Italy - Egypt 

'70 
UK - Portugal 

Italy - Spain 

Italy - Greece 

Germany - Sweden 

Italy - Sardinia 

UK - Netherlands 

UK
·
- Norway 

Libya - Sicily 

Denmark - Bornholm 

Portugal - South Africa 

STC's success: put it down to experience. 
Submarine cable systems are our business. 

And to measure just how successful we are at the 
business you\(e only got to look at our 
performance over the past 22 years. 

The contracts shown above are just some of 
the most recent completed by STC, but the list 
goes back as far as 1950. Since that year we've 
maintained a programme of continual research 
and development which has led to remarkable 
innovations in submarine telecommunications. 

And we don't intend to stop. 

At present we're working on systems with far 
wider band widths than ever thought possible a 
few years ago. These will lead to even more 
sophisticated designs in the future. 

So you can see why STC international under­
sea telecommunications systems are regarded 
as the most advanced in the world. 

Standard Telephones and Cables Limited, 
Submarine Systems Division, North Woolwich, 
London E.16. Tel: 01-476 1401 

Standard Telephones and Cables Limited ITT 
A 81i1ish Comp1nt ol 11 T 
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T
he rapid development of 
telecommunications leads to an 

increasing rate of obsolescence. 
The demand for reliability and the 
developments in solid-state electronics 
(particularly integrated circuits), on 
the contrary, lead to longer and 
longer life - the mean time between 
failures of the components of our 
own systems is 500 years. This 
contradiction can only be resolved by 
divorcing function from hardware. 

T 
hat is what has been done in 
our P.R.X. exchanges. Function is 

software: a set of instructions stored 
in the memory of the processor that 
controls the exchange. Thus, the way 
a call is handled can be changed at 
any time. Changes in dialling, 
routing, ticketing, recording, 
charging, multiplexing ... any 
manipulation of the signal the future 
requires can be met by a new set of 
instructions being read into the 
memory. If ever the original memory 
is full an additional memory bank 
can be installed. 

Telecommunication 

T
here seems no reason why a 
P.R.X. exchange installed now 

should not be handling calls a 
century hence - and that, with the 
exponential development. of techno­
logy, is something that can be said 
about very few pieces of equipment. 

Philips' 
Telecommunicatie Industrie B. V. 
P.O. Box 32 
Hilversum, The Netherlands 

PHILIPS 
E12 
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Don't plan your · 

cable netvvork to nieet 
the next 20nionths. 

Plan it to nieet 
the next20years. 

Better still, 
let us plan it. 

Planninga successful cable 
network is rather like plan­
ning a successful party.You 
cater not on ly for who you've 
invited', not only for who's 
bringing a friend, but for 
whose friend is bringing a 
friend. 

No one's made us more 
aware of this than our cus­
tomers. 

That's why we produce 
one of the mostcomprehen-

sive ranges of modern tele­
phone cables anywhere in 
the world. Dry core, plastic 
and coaxia I. 

That's why we're always 
experimenting to find new 

cable compositions with 
even greater ea pacities. 

And that's why the se1·vice 
we offer is not restricted to 
the manufacture of cable. 
We also plan complete 
ea ble networks and i nsta 11 
them. Offer technological 
advice about them. 

Now why should you do 
three times over-in 5, 12 
and 20years'time-whatwe 
can do for you now? 

Telephone Cables Ltd., Dagenham, England. Tel: 01-592 6611. Cables: Drycore, Dagenham. Telex 896216 

x 



Electronic 
exchanges on 

the move 

Two recent events indicate the impact which electronic exchange 
equipment is making upon the expansion and modernisation of 
the telecommunications service. Britain's 4ooth TXE2 electronic 

exchange came into service at the end of June at Cholsey, Berkshire. 

At about the same time the Post Office took delivery of the first 
mobile version of the electronic exchange. It will initially go into 
service at Padgate, Lancashire. 

Over the next 18 months 35 electronic "caravan-trailer" exchanges, 

believed to be the first of their type in the world, are to be delivered 
by Plessey Telecommunications. They will be moved around the 
country to provide telephone service quickly where it is most urgently 
needed. Each exchange will serve up to 1,000 customers, more 
than twice the capacity of a conventional mobile exchange. They 
are made up of two caravan units, one containing control equip­
ment and the other line equipment. Next year an additional 10 
caravans of line equipment will become available, and each can be 
used in association with a mobile exchange to double its capacity to 
2,000 lines. 

About £3 million is being spent on mobile electronic exchanges. 
In addition £5 million has been allocated for conventional mobile 
exchanges and the supply of portable exchange equipment which 
can be installed quickly in exchange buildings as ready-to-use units. 

The programme for mobile and portable equipment, with its 
flexibility in meeting demand, is the short-term spearhead of the 
drive to reduce the waiting list. 

With the opening of the 4ooth small local electronic exchange 

came an announcement that up to I 80 more are to be brought into 

service over the next year at a cost of £16 million. 
Mr Edward Fennessy, Managing Director of the Telecommunicat­

ions Business, commented on the TXE2 programme when he visited 

the Cholsey exchange: 
"Since the opening of the first electronic exchange in I 966 the Post 

Office has spent £35 million in providing electronic exchange systems 
giving a more reliable and efficient service to about 400,000 custom­
ers," he said. "In the next 12 months we will bring into service more 
electronic exchlUlges than we have ever installed in a single year. 

This is a clear and positive indication of the Post Office's determina­
tion to provide its customers with the best service modem technology 
can provide." 

By the end of the year well over half-a-million customers will be 
linked to the telephone by electronic exchange systems. Meanwhile 
the Post Office's longer term plans for modernisation, which include 

the use of a large electronic exchange (TXE4) to complement the 

TXE2, have been approved by the Government and will make an 
increasing impact as the 'seventies progress. 
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Doctor in a manhole 
Getting down to work as Regional Medical Officer 

in the North Eastern Telecommunications Region, 

Dr Ann Hollingworth goes underground to 

inspect working conditions. 

A business which employs 
nearly a quarter of a million 

people in such different 
fields as operating 
telephones, sailing ships, 

running factories and 
carrying out scientific 
research clearly faces a 
great challenge in 
maintaining a healthy 

working environment. Last 

year the Post Office Board 
decided to develop and 
expand the Corporation's 
Occupational Health 
Service, and in this article 

Dr Peter Gilbert, Principal 

Medical Officer for the 
Telecommunications 
Business, describes the 
objectives of the service and 

its plans for protecting and 

improving the health of 

telecommunications staff. 

2 

THE OLD CONCEPT of "industrial 
medicine", which was largely restricted 
to the control of industrial diseases 
among workers in factories, has been 
replaced in recent years by the practice 
of "occupational health". This is con­
cerned with the health of people of 
every grade in all fields of employment, 
so that today the mental and physical 
well being of clerical workers and 
typists, scientists and managers, is just 
as important as the control of illness on 
the factory shop floor, which has more 
direct and obvious causes. 

Occupational health is based on pre­
vention rather than cure. Therefore 
while one of the responsibilities of a 
comprehensive Occupational Health 
Service (OHS) now being developed by 
the Post Office is to help to ensure that 
employees get efficient first aid and other 
initial treatment of illness or injury at 
work, its main aim will be to prevent 
such troubles and generally to improve 
the health of staff. 

The service is designed to achieve 
these aims in a number of ways. Part of 
its task will be to identify and assess 

hazards to the health and well being of 
staff or the public. It will then be able 
to advise management on the medical 
aspects of controlling hazards arising 
from work methods and the working 
environment. The service will also be 
responsible for investigating the causes 
of sickness absence and suggesting 
means by which it might be reduced. 

Another important objective of the 
Post Office's OHS will be to provide 
information on the effects of ill health 
on the working capacity of all staff, as 
well as helping to find suitable jobs for 

people with temporary or permanent 
disabilities. It will also advise on such 
subjects as premature retirement for 

medical reasons, and the medical aspects 
of catering and sanitary hygiene. 

With all these responsibilities, the 
effective practice of an occupational 
health service in an organisation the 
size of the Post Office calls for careful 
planning. Within the overall framework 
of a Corporation service, therefore, 
organisation of the OHS is being divid­
ed largely between each business. 
For the Telecommunications Business, 



with 250,000 staff throughout the 
country, regional health teams are being 
set up, comprising full-time and part­
time doctors and nurses. The Principal 
Medical Officer (Telecommunications) 
is responsible to the Chief Medical 
Officer of the Post Office for the 
development and monitoring of the 
health service in the business. 

The source of immediate care for 
those injured or taken ill at work will, 
as in the past, be the large numbers of 
voluntary first aiders. Doctors and 
nurses in the new service will give pro­
fessional support and guidance to the 
first aiders in their day-to-day problems, 
and by having these closely integrated 
teams it is hoped to provide a high 
quality service. 

One important feature of the new 
system is the appointment of occupa­
tional health nurses. As part of the 
regional health teams they will act as 
advisers on health problems to local 
management and staff. By having ready 
access to a doctor to whom she can refer 
problems a trained and experienced 
nurse can undertake many more duties 
than a nurse working in isolation. 

The Telecommunications Business is 
also likely to make more use of the 
comparatively new discipline "occupa­
tional hygiene". Already an Occupa­
tional Hygienist at Telecommunications 
Headquarters has measured environ­
mental hazards to health such as dust, 
noise and toxic fumes. This should 
provide useful information in helping 
to create a safer and better working 
environment for workers exposed to 
this type of hazard. 

Not only the size of the undertaking 
but the wide range of types of employ­
ments in the business presents a variety 
of tasks. Clearly, the bulk of the OHS 

efforts in telecommunications will be 
directed at the main body of the labour 
force - the manipulative grades. Fac­
tories represent what is almost cer­
tainly the only remaining field in the 
Post Office for what used to be called 
"industrial medicine". It is hoped under 
the new service to give more time to the 
study of health problems arising out of 
modern work practices at the factories 
in London, Birmingham and Cwmcarn. 

The effect of working situations on 
telephonists and supervisors needs closer 
and more detailed study, particularly 
special aspects such as the use of cord­
less switchboards. Similarly, in the 
engineering field the use of new jointing 
techniques, increased use of mechanical 
aids, the impact of productivity agree­
ments and smaller work gangs are all 
situations which could affect the physical 
and mental well being of the staff. 

Research Department, now in the 
midst of its move to the new site at 
Martlesham Heath, will ultimately be 
completely under the control of one 
Regional Medical Officer. He will pay 
particular attention to problems which 
may arise from the special techniques 
used to carry out investigations in this 
Department. 

Although a great deal has already been 
done over the years to improve the 
health of Post Office cableship crews, 
the fitness of officers and men is of great 

importance and should be studied more 
closely. Staff employed at the isolated 
radio stations scattered around the 
country and supply depots using modern 
techniques of storage and handling are 
other examples of situations where the 
effect of work on health and health on 
work could be more closely studied to 
provide useful advice for management. 

All this, of course, is a formidable 
task and cannot happen at once. The 
first job is to organise an efficient OHS 
structure. In London, the Midlands, 

In his consulting room at Telecommunications Headquarters in London 

Dr Peter Gilbert, Principal Medical Officer for the business, checks the heart 
condition of a member of the staff. The patient is wired to electrocardiogram 

equipment which records the electrical waves generated at each heartbeat. 

3 



Doctor in 
a manhole 

the North West and in Scotland the 
Telecommunications Business will have 
its own Regional Medical Officers, but 
other regions will share with the Postal 
Business. The exception, for the time 
being will be Northern Ireland which 
will be covered by part-time doctors 
under the Regional Medical Officer, 
North Western Postal Region. The 
appointment of part-time doctors in 
each region to the health teams will 
occur gradually as the needs and work­
loads become clear. 

The Chief Nursing Officer of the Post 
Office is advising the business head­
quarters and regions on the need for 
and recruitment of suitably . qualified 
and experienced nurses. One of the 
initial tasks of the doctors and nurses 
will be to explain to all levels of manage­
ment how the OHS can be used and what 
sort of advice it can give. 

It is clearly essential for members 
of the health teams to develop and 
maintain the closest links with all 
functions and levels of telecommunica­
tions staff, with unions and with pro­
fessional organisations outside the Post 
Office. The full-time professional staff 
will develop and maintain effective 
working relationships with the personnel, 
welfare, safety and catering specialist 
disciplines. 

Regular and frequent contact with 
other occupational health services and 
professional societies is vital for, as with 
all medical subjects, occupational health 
is developing fast with new ideas and 
techniques. This will help to keep the 
health service staff up-to-date with 
developments and enable them to 
present a good image of their OHS in 
attracting the best professional staff. 

In a business which exists not only to 
give a service but also to make money, 
cost effectiveness is vitally important. 
All Regional Medical Officers will be 
responsible for producing a budget for 
their health teams on the lines of the 
normal business accounting procedure. 
The Principal Medical Officer for the 
Telecommunications Business will be 
responsible to the Chief Medical Officer 
and to the Managing Director, Tele­
communications, for the consolidated 
budget. 

It may be several years before the 
Occupational Health Service in the Post 
Office is fully developed. But the 
challenge it presents has been accepted 
and those responsible for its success are 
now getting on with the job in hand. 
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THE MONEY 
A nationwide, on-line data network is being established with 
Post Office help by one of Britain's major banks to provide 
transmission links between· all the bank's branches and its 
computer centres. The ·network will enable customers to 
obtain information about their accounts at any branch. 

BANKS HANDLE thousands of trans­
actions every day, involving a vast 
amount of accounting work. In the past 
this work was carried out almost entirely 
by manual methods, but growing 
demand for banking facilities presented 
increasing problems both in terms of the 
manpower and accommodation required 
to maintain an efficient banking service. 

The development of computers pro­
vided an answer to the problem and 
created the opportunity for centralised 
systems of accounting in which data 
processing for a number of branches 
could be handled at one point. Initially 
these systems were off-line, and infor­
mation had to be transported between 
branches and the computer centres. 
The availability of a widening range of 
Post Office data transmission systems 
has now made it possible to provide a 
faster and more efficient system in which 
information can be sent direct over 
telephone lines. 

One of Britain's largest banks, the 
National Westminster, has until recently 
used both off-line and on-line systems 
based on eight computer centres as a 
result of mergers when it was formed 
four years ago. It is now setting up a 
national on-line network and concen­
trating data processing activities in 
two computer centres. 

By the end of next year the bank plans 
to have its 3,500 branches throughout 
the country connected directly by Post 
Office private circuits to the two com­
puter centres serving the network. Two 
data communication high-speed links 
are also being provided between the 
two computer centres so that the 
branches can interrogate records stored 
at each centre. 

When the network becomes fully 
operational the computer centres - at 
Woolgate House, London, and Keg­
worth, Leicestershire - will each serve 
half the national total of accounts. 
Woolgate House will serve branches in 
London and others south of a line 
running roughly from Bristol to London, 
with Kegworth serving those branches 
to the north of the line. When the project 

was at the planning stage there was 
close consultation between the bank, 
the Data and Telegraph Commer­
cial Projects Section of Post Office 
Telecommunications Headquarters and 
equipment manufacturers to decide on 
the network best suited to the bank's 
requirements. 

It was agreed to use a multipoint 
system of transmission. Basically a 
multipoint circuit consists of a main 
section leading from the computer 
centre to a branching point - a Group 



NETWORK 
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Switching Centre - from which a 
number of spur sections radiate to out­
stations (e.g., bank branches). These 
circuits provide interconnection between 
each outstation and the computer 
centre, but not between outstations. 

As a number of closely grouped out­
stations can be served by one main line 
section, the multipoint circuit is eco­
nomical both in the amount of Post 
Office line plant required and in the 
customer's line rental. There is also 
considerable saving in computer termin-

al equipment as there are fewer incom­
ing circuits at the computer centre. 

The main line section of a multipoint 
circuit is shared by all the outstations 
so a discipline has to be applied. This is 
done by the computer. The system is 
operated by the computer centre trans­
mitting a message which is received by 
all the outstations but recognised by one 
only. (This operation is known as 
polling.) If the terminal at this out­
station has information ready it is 
transmitted to the computer. 

Below: Data signals from a branch 

are checked on a patching rack at the 

National Westminster Bank's 

Woolgate House computer centre. 

Left: The magnetic tape room at the 

centre, equipped with units for 

"reading" computer tapes. 

When the data transfer has been 
completed the procedure is repeated for 
every other outstation in turn, the 
whole process being carried out in a 
continuous cycle. If at any time the 
computer has information for a particu­
lar outstation it will interrupt the 
polling sequence, address that out­
station and forward the data. 

National Westminster's network pro­
vides data transmission at 1,200 bits 
per second (bit/s) over multipoint 
circuits between the computer centre 
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At the nerve centre of the network controlled from Woolgate House staff deal 

with transmission problems. Teleprinter-type terminals in the control room 

are used to "converse" with the computer. 

and branches equipped with "intelli­
gent" terminals. These terminals are 
capable of certain simple computing 
functions and are situated at branches 
mainly in the London area. 

A two-speed system is used for other 
branches. It provides transmission at 
1,200 bit/s over multipoint circuits to 
selected branches equipped with con­
centrators which are capable of onward 
transmission at 147 bit/s to surrounding 
offices. These branches are equipped 
with less "intelligent" terminals, but in 
both cases the branch equipment 
incorporates a fast teleprinter device. 

The concentrator is a mini-computer 
and can collect information from and 
send data to a maximum of 16 terminals. 
It can also carry out certain computing 
functions such as editing and error 
checking. 

One multipoint circuit can serve two 
concentrators. Allocation of branches .to 
these circuits depends on forecast data 
traffic and the geographical concen­
tration of branches. Another factor is 
the suitability of certain branches to 
accommodate the concentrators. The 
banks housing concentrators are, in 
general, those in large towns and may 
themselves have four or more terminals 
for their own use. 

Data transmission across the network 
falls into three main categories. It is 
used to collect accounting data (banking 
transactions) and information (such as 
new accounts, changes of address) for 
amending files. This information is 
input by branch operators and is re­
ceived in blocks by the computers. 

Enq.uiries, of which there are 50 differ­
ent types, can be sent from any terminal 
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at any time during the day. These are 
either for interrogating the computer 
files or used in a message switching 
context between branches and other 
centralised locations. 

Overnight reports by the computers 
are transmitted automatically to 
branches after customer files have 
been updated either at Woolgate House 
or Kegworth. The reports are printed 
by the unattended terminals in the 
branches. 

The reliance of the National West­
minster on its data transmission systems 
demands that any out of ser'vice time for 
any part of the system must be kept to a 
minimum. This has been ensured by 
providing duplicate equipment for use 
as reserves. The Post Office has played 
a large part in this effort by providing 
various reserve facilities. 

Each multipoint circuit has a nomina­
ted reserve for its main section and spur 
sections using main line plant. These 
are normally in use as traffic circuits and 
can be substituted in the event of main 
line failures. 

Outstations that are equipped with Post 
Office modems - equipment which 
converts data signals from terminals into 
a form suitable for transmission - can be 
connected to an exchange line. This 
enables the modem to be tested re­
motely from a Date! Test Centre and 
data to be transmitted over the public 
telephone network to the computer 
centre. 

Some 64 exchange lines have been 
provided at Woolgate House for "stand­
by" use in the event of private circuit 
failures. These are terminated on four 
data switchboards, each call being 

answered manually and switched 
through to its modem at the computer 
centre. Special diversion facilities have 
been provided whereby each exchange 
line can be answered by an Ansafone 
set to give out ·recorded messages, for 

example in the event of a system failure 
affecting data transmission. 

The nerve centre of the network 
served from the Woolgate House com­
puter centre is the "on-line control" 
room at the computer centre which 
houses the four data switchboards and 
four terminals. Branches report any 
difficulties on data transmission to this 
control room. 

The four data terminals can be used to 
instruct the computer to poll any 
particular branch. If data transmission 
is still not possible "on-line control" 
staff carry out a diagnostic fault pro­
cedure to ascertain whether the fault 
lies in the computer terminal, out­
station terminal or concentrator. 

If the fault is discovered in the com­
puter terminal or suspected to be in the 
computer centre modem, a reserve 
terminal or modem can be used. Where 
the Post Office line is suspected faulty, 
the branch concerned is instructed to 
transmit data on a standby exchange 
line, the private circuit fault being 
reported to the Post Office. Outstation 
terminal, concentrator or modem faults 
are reported to the manufacturer or the 
Post Office, as appropriate. 

The Kegworth computer centre has an 
"on-line control" area similar to that at  
Woolgate House. It  houses four data 
switchboards for terminating 80 stand­
by exchange lines and four terminals, 
and will enable the 128 branches 
equipped with concentrators to contact 
Kegworth on a dial-up basis over the 
public telephone network in the event 
of failure on their main data links. 

Initially the network was served by the 
Woolgate House computer centre. The 
Nation.al Westminster decided to intro­
duce the second centre at Kegworth to 
provide room for the expanding volume 
of work to be handled. 

The final plans will result in about 80 

private circuits being connected to Keg­
worth and about 90 to Woolgate House. 
Although this rearrangement will mean 
a reduction in revenue for the Post 
Office, in the long term it will release a 
large number of circuits incoming to 
London where demand is very high. To 
enable data processing activities to be 
operated from the two centres the 
Post Office has successfully transferred 
48 main circuits from Woolgate House 
to the Kegworth centre. 

Inter-communication between the two 
computer centres is essential. For 



example, an account holder at a branch 
served by Kegworth may request his ac­
count balance at one served by Woolgate 
House. This is being provided by two 
Date! 48 kbit/s links between the two 
centres. 

From the Post Office point of view, 
locating the second computer centre at 
Kegworth presented great problems. 
The town is about 18 miles from 
Leicester (its serving Group Switching 
Centre), 10 miles from Derby and 12 
miles from Nottingham, the nearest 
Post Office centres of communication. 
Moreover, the local exchange at Keg­
worth - a 2,000 line TXE2 electronic 
type - has a limited capacity both in 
terms of the number of connections 
available and their traffic carrying 
capability. 

Not nearly enough lines were available 
to provide the 80 private circuits and 
80 standby exchange lines by normal 
means. The Midlands Telecommuni­
cations Region realised that the only 
way to meet the National Westminster's 
requirements by the date requested "".as 
to use a digital transmission system 
known as pulse code modulation (PCM) 
to provide direct links between the 

The simple multipoint circuit of the 

type provided in the bank's network. 

Computer 
Centre 

Main section 

1,200 bil/s 

The two-speed system also used 

in the network. 

Key: 

computer centre and one or more Group 
Switching Centres ( GSCS ), by-passing 
the local Kegworth exchange. 

This is the first time the Post Office 
has used PCM to carry communications 
direct to a customer's premises. The 
system is normally used to obtain 
greater carrying capacity for speech or 
data on the telephone network between 
local exchanges. 

Use of the PCM system enables the flow 
of data to and from the Kegworth 
computer centre to be carried on 14 

pairs of wires, whereas without PCM 
more than 200 pairs would have been 
needed. 

Of the three nearest Gscs to Kegworth, 
only Nottingham and Leicester had 
enough spare capacity to accept standby 
exchange lines. It was therefore decided 
that the private circuits would be evenly 
split between the two, with 60 standby 
exchange lines going to Leicester and 
the other 20 to Nottingham. 

The National Westminster agreed to 
site the PCM terminal equipment in the 
computer centre room planned to con­
tain the cable terminal equipment. 
Private Automatic Branch Exchange 
(PABX) and batteries. This room is under 

0 Group Switching Centre 

n Q Serving exchange B Modem G Terminal LJ Concentrator 

Post Office control, and because of the 
size of the installation the centre has 
been given a Post Office exchange code. 

The PABX installed is one of the latest 
type of crossbar exchanges. All the 
administrative speech lines, some of 
which are used for branch enquiries on 
data transmission, are provided from the 
local Kegworth exchange which has 
been enlarged to cater for the additional 
traffic load. 

The bank's plans for the introduction 
of the Kegworth computer centre 
meant that the majority of private 
circuits intended for Kegworth were 
required by mid-1973. Most of these 
circuits had already been provided to 
Woolgate House and the bank was 
anxious that there should be negligible 
out-of-service time during the change­
over. It also requested that the change­
over of each circuit be effected at 
weekends since working c'ircuits were 
involved. 

This was considered impractical, and 
it was decided that each new circuit to 
Kegworth would be provided before the 
required changeover date, with the 
Woolgate House circuits remaining in 
service. The actual changeover would 
then be carried out by bank staff. 

The method gave the bank the added 
advantage of access to either computer 
centre. If problems occurred with 
either a new circuit or the computer 
system at Kegworth, the branches 
could continue transmitting data to 
Woolgate House. The circuit to Wool­
gate House could be ceased when the 
bank was fully confident of the Keg­
worth system. 

Installations of this size usually need 
a longer planning period than was 
available, and called for close co-ordina­
tion between the bank and THQ Depart­
ments, Regions and Telephone Area 
staff. The entire installation had to be 
completed and commissioned in six 
months to meet the required opening 
date. 

Midlands Telecommunications Region 
took the initiative in setting up a 
monthly progress meeting for the 
project, and the efforts of Leicester 
Area staff enabled the installation to be 
completed by 1 September 1972. The 
bank then used the dual-access circuits 
to Woolgate House and Kegworth in a 
successful pilot scheme before request­
ing cessation of the circuits to Woolgate 
House computer centre. 

Miss B. M. Jordan and Mr E. M. 
Richardson were members of the group in 
Network Planning Department at Telecom­
munications Headquarters responsible for 
the planning and progress of the National 
Westminster Bank's data network. 
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Sfhn, fight, 

attraotlve and 

economic to 

produce - the 

new-atyle 

telaphone may 
boc-me the 

•tMderd model 

forJHldentlal 

uQI'• It may 

all h•v•some 

appllcatlone In 

b111lne11e1. 

A bell unit takes shape from 

component• arranged In 

trays for ease of assembly. 

The b11e of the unit I• 

designed to snap fasten to 

tha cover and can also be 

snap faatened to a wall 

mounting bracket. Lead• to 

the bell can be arranged 

for sideways exit from the 
unit for e free standing 
telephone or downwards 
exit for wall mounting. 

Left: The new telephone• roll off the assembly line 
at the Post Office factory In Cwmcarn. South Wales. 
At peek production 1,000 Instruments a week were 
assembled. The telephone has a separate bell unit 
and this. together with the extensive use of moulded 
parts and snap-flt techniques In Its design, 
made assembly easier than for present models 
which are repaired at the factory. 
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ltS 
just 
the ticket 
F Faulks 

The Post Office has introduced an improved system 
for recording on tickets details of chargeable calls 
handled by telephone operators. 

EVERY TIME an operator at a Post 
Office telephone exchange connects a 
chargeable call she records the details 
on a separate ticket for use in calculating 
the customer's bill. The information on 
this manually prepared ticket then has 
to be converted into a form suitable for 
computer processing and the results 
presented on customers' bills in a way 
that can be easily understood. 

The present method of converting 
data from about two million call tickets 
every day has remained virtually un­
changed since its introduction some 12 

years ago. It is fast becoming outdated 
and the data conversion equipment 
used is now reaching the end of its 
useful life. 

A new system is therefore being 
introduced which will speed the produc­
tion of data for billing, reduce current 
manual sorting and handling procedures 
and cater for future developments in 
switchboard operation. It will also 
provide easier access to records of calls 
for accounts staff in Telephone Areas. 
Called the Input System for Operator 
Controlled Calls (1socc), it will be 
phased in at exchanges throughout the 
country over a six-month period starting 
in November. 

With the existing system operators 
make pencil marks in different sections 
of each ticket to indicate certain call 
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details. Tickets are sent to a data 
conversion centre where equipment 
scans the marks and punches corres­
ponding holes in the ticket. Other 
equipment "reads" the punched ticket 
to transfer the details on to magnetic 
tape for input to the computerised 
telephone billing system. 

Under 1socc, operators will continue 
to prepare tickets for each call but a 
different design is being adopted so 
that more machine readable information 
can be marked. Modern reading equip­
ment will transfer cail details from the 
tickets directly on to magnetic tape, 
doing the job of present mark scanning 
and reading machines in one operation 
and handling the tickets at a faster rate. 

The new system will reduce delays by 
carrying out the data conversion work 
at two centr?s instead of the eight 
currently used. It will also produce 
microfilm records of each customer's 
calls, eliminating the need for storing 
millions of tickets in Telephone Area 
offices. 

1socc will be capable of handling 
tickets for all types of calls, including 
inland, international, phonogram and 
ship calls. Inland calls comprise the 
largest section, and the system can 
best be described by following the 
processing of these tickets. Other types 
vary in design, but the procedure 

follows the same general ISOCC pattern. 
The inland ticket is divided into 

"fields" for marking and subsequent 
machine reading, each one covering a 
specific category of information - such 
as called number, calling number and 
duration of call. Details of a call are 
recorded by the operator making hori­
zontal pencil marks through the appro­
priate characters in these "fields". 

One of the most significant changes in 
ticket design is that marking "fields" 
have been provided for both called and 
calling telephone numbers. At present 
the called number is written in manu­
script and cannot be read by machine. 
It has to be punched in manually for 
customers who request detailed state­
ments of account. 

Another additional machine readable 
"field" provided by 1socc indicates 
where a customer has met difficulty in 
dialling - for example, he may have been 
cut off, or received engaged or number 



unobtainable tone. This will prove use­
ful for statistical purposes and, for 
example, identifying trouble at a particu­
lar exchange. 

To enable the called and calling num­
bers to be presented in machine readable 
form all telephone numbers will be 
marked in national number form - that 
is, Subscriber Trunk Dialling (srn) 
code followed by the customer's num­
ber. To achieve this it is necessary for 
exchanges which have not yet been 
allocated STD to be given hypothetical 
codes. 

Operators will be provided with a list 
of codes for all exchanges under their 
control - the calling numbers. Visible 
index files - which give the operator 
routing and charging information for 
connecting calls - will include codes for 
all other exchanges. Where necessary 
the computer system will translate 
codes into exchange names so that 
telephone numbers can be presented on 

Microfilm viewers will provide 

Telephone Area accounts staff 

dealing with a customer's enquiry 

with easy reference to the records 

of calls handled by the operator. 

The postcard-size microfilm 

contains details of about 4,000 

trunk call statements accompanying 
bills in a form that the customer can 
understand. 

The present system calls for tedious 
sorting of tickets at exchanges. Calls 
from exchanges they control must be 
collated in order, with further sorting 
into other categories for statistical 
purposes and to aid processing at the 
data conversion centres. With the 
introduction of 1socc most of this 
sorting will be eliminated. 

In qesigning the new tickets considera­
tion was given to colour for easy reading. 
During trials of the system in selected 
exchanges the opportunity was taken to 
find a generally acceptable combination 
of print and background colours, the 
print being limited to red or orange for 
machine reading purposes. The most 
popular combination was red on a pale 
blue background, and this is being used. 

Chargeable tickets prepared in the tele­
phone exchanges will be sent daily to a 

Ticket Reading Centre (TRc). One TRC 
at Derby will process tickets from 
exchanges in Scotland, Wales and the 
Marches, Northern Ireland and the 
North Eastern, North Western and 
Midland Telecommunications Regions. 
Another TRC, at Bristol, will serye 
exchanges in the other Regions. 

All inland tickets except those related 
to Credit Card calls will be input direct 
to reading machines. Credit Card tickets, 
together with those for phonograms, 
ship and international calls, first have 
to be encoded with additional informa­
tion. Encoding is carried out on manual, 
keyboard type machines. The operator 
keys in the required information, which 
appears as groups of characters on the 
right hand side of the ticket. 

A few inland tickets will also need to 
be encoded, for example, in cases 
where additional details required for 
billing some calls or for statistical 
purposes have been recorded in manu­
script by the operator. However, it is 
more convenient to pass these tickets 
through the readers first with the main 
stream and have them rejected than to 
keep them separate at all stages. 

The ticket reader is a mini-computer 
which is capable of carrying out much 
of the data vetting required in the 
system. This has the advantage that 
many errors can be discovered early in 
the processing cycle, reducing delays in 
bringing calls to account. Some errors -
such as tickets incorrectly prepared 
against numbers for lines which have 
not yet been allocated to a customer -
will not be discovered until validation 
checks take place in the telephone 
billing system. 

A report will be printed out for every 
ticket rejected by the reading equip­
ment, and both rejected tickets and 
error reports will be individually ex­
amined by a Reject Analysis Unit. 
Some errors, such as those arising from 
encoding mistakes, will be corrected at 
the TRC and then re-input to the system. 
Tickets which cannot be corrected will 
be sent back to the originating exchange. 

The reading equipment can process 
up to 1,200 tickets per minute, although 
under normal conditions the TRCs expect 
to process about 900 per minute. As 
tickets may have a combination of 
marks and encoded information, the 
machines have been designed for both 
Optical Mark Reading (OMR) and Optical 
Character Recognition (ocR). Both pro­
cesses are carried out simultaneously, 
and the readers transfer data from 
accepted tickets on to magnetic tapes. 

Once information has been transferred 
to the tapes the tickets have served their 
purpose. With the exception of Credit 
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left: The control panel of an ISOCC ticket reading machine is checked 
before tickets. which contain details of operator-assisted calls. are inserted. 
The machine automatically transfers the details to magnetic tape for use in 
producing customers' bills and records for accounts staff. 

Right: Call information is keyed on to an ISOCC ticket by an encoding 
machine which is used to print additional data on some tickets that 
cannot be marked by the exchange operator in machine-readable form. 
Data appears as groups of characters. 
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With the present call ticket prepared by exchange operators {left) only a 
limited amount of recorded information can be "read" by machine. On the 
new inland ticket (right) the two blocks of numbers are marked by the 
operator to indicate the number of the caller and the destination. The 
initials indicate various facilities. for example FXT for fixed time call and 
ADC for advice of duration and charge. 
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Card tickets they will be stored for 
seven days to allow for production of 
billing tapes before being destroyed. 
Initially, Credit Card tickets will be 
kept for seven months as an aid in 
fraud cases. Currently all tickets have to 
be returned to Telephone Areas and 
stored for record purposes. 

Magnetic tapes produced by the ticket 
readers will be sent each day to the 
Post Office computer centre at Bristol. 
Here an ICL System 4-70 computer will 
price and sort the individual calls for 
daily output on a series of magnetic 
tapes for the telephone billing system. 

Another output from the computer 
processing will be microfilm records of 
call information. These records will be 
produced each month and sent to 
Telephone Area accounts staff for use in 
dealing with customers' enquiries. 

The records are produced on micro­
fiche- a piece of postcard size microfilm -
and contain details of all chargeable 
calls made through the operator, listed 
in telephone number order. A single 
microfiche consists of 69 separate 
images, each of which can contain 
details of up to 64 individual calls. 
Each microfiche will therefore replace 
about 4,000 tickets. · 

To enable accounts staff to read infor­
mation on microfiche, reading equip­
ment will be supplied which presents a 
single, magnified image on a screen. 
Apart from taking up far less storage 
space than tickets, the microfiche will 
provide much quicker retrieval o f  
information for answering post�billing 

I '  
enqwnes. 

It is often necessary for records to be 
circulated outside accounts groups when 
further investigation of an enquiry is 
required. With the 1socc system printers 
will be available in every Telephone 
Area for producing enlarged, printed 
copies of individual microfiche images. 
These copies can then be circulated 
while the original record of charges 
remains safely filed. 

The main aim of 1socc is to replace the 
older, outdated method of preparing 
data for telephone bills with a quicker, 
more efficient system. An important 
design aspect of the new system is that 
it will also cater for proposed develop­
ments in advanced cordless switchboards 
which can be operated remotely from 
exchanges. With this type of switch­
board operators will be able to key call 
information directly on to magnetic· 
tape for processing by computer. 

Mr F. Faulks is a member of the operator 
services group in Service Department at 
Telecommunications Headquarters. He is 
responsible for co-ordinating the ISOCC 
project from the service point of view. 
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HA VE YOU EVER seen a Chinese 
telephone dial, an operator's bib, or a 
wooden bell-gong? All these things and 
many more can be seen at the Post 
Office Telecommunications Museum in 
Taunton. But the museum is not just a 
collection of curiosities, interesting as 
these a�e. When I started the museum 
my objective was to assemble a collec­
tion of exhibits which would illustrate 
the evolution of telecommunications in 
all its many facets. Today, 16 years and 
one thousand and one headaches later, 
the museum has grown into the largest 
of its kind in the provinces. 

There is an original Bell telephone of 
1877 and a replica of Bell's famous 
"gallows" receiver of 1876. Telegraph 
equipment dates from 1876 while in the 

submarine cable section a piece of the 
first transatlantic cable of 1858 rubs 
shoulders with a piece of the 1961 
CANT AT 1. Each of these cables represents 
a major breakthrough in cable design. 
Automatic switching is well represented 
with equipment dating back to Britain's 
first automatic exchange installed at 
Epsom in 1912. The section devoted to 
radio contains one of the giant water­
cooled valves used for the first trans­
atlantic telephone circuits of 1927. There 
is also a piece of the world's first tele­
vision cable of 1937, and a line amplifier 
which was used with Britain's first 
coaxial cable laid between London and 
Birmingham in 1936. 

But not all the exhibits are the first of 
their kind. A museum intended to show 

History in the 
Half 

Moon 

PJ Povey 

The curator shows a young 
visitor, born in the age of 
the Trim phone, a replica 
of Bell's experimental 1876 

telephone. 

the evolution of telecommunications 
equipment must include some not so old 
items and even examples of compara­
tively modern equipment to help tell the 
story in full. 

One point in favour of this equipment 
of intermediate age is that it can some­
times be displayed as a working exhibit. 
For instance, there is a complete 
working UAX5 telephone exchange 
originally installed in Zelah, Cornwall, 
in 1929. Two typical telephone installa­
tions of the same period have been wired 
to it and it is possible to observe the 
progress of a call through the exchange. 
There is also a working magneto switch­
board of 1900, a teleprinter of 1929 and 
several smaller pieces of equipment. 

Although we are anxious to display 
equipment which is actually working, 
the first priority is to retain authenticity. 
For example, modern parts are not 
fitted inside an old telephone. Renova­
tion is limited to the type of work which 
was done during normal maintenance 
when the equipment was in current use. 
Finding a spare part can often prove as 
difficult as finding the complete equip­
ment, and a component which has lain 
unwanted for years in a junk box may 
enable an interesting exhibit to be 
completed. 

But the full story of telecommunica­
tions is not just a history of equipment. 
Telecommunications is a service run by 
people to meet the needs of people and 
an attempt has been made to present 
this facet also. The magneto switch­
board, for example, could have been 
displayed in the museum with just a 
descriptive label, but this would have 
told only part of the story. When this 
type of switchboard was introduced it 
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The "Chinese" telephone dial - it turned up in Yeovil. 

was often used in small towns and 
villages, installed in the living room 
or parlour of private houses. The switch­
board was operated by the housewife or 
by one of the family. To help visitors to 
visualise this domestic setting the mag­
neto switchboard is displayed in a 
reconstruction of one of these early 
exchanges. Visitors can peep in through 
a cottage doorway and see the switch­
board with all its accessories, such as 
night bell switches, in Edwardian 
surroundings. On special occasions an 
operator in the costume of the period sits 
and chats to visitors through the door­
way, and answers calls made by the 
visitors from telephones of the period in 
the museum. Photographs of old ex­
changes help to complete the picture. In 

A modern telephonist looks at the 
bib issued to protect the clothing of 
operators at the beginning of the 
century. She is holding a gas mask 
with a built-in headset issued to 
telephonists during World War Two. 
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the larger exchanges discipline was very 
strict. Operators were expected to dress 
in what was then considered to be a 
lady-like manner. This meant a black 
dress or a black skirt and a white blouse. 
No jewellery was permitted as this 
might rub against the operator's headset 
causing a noise which might annoy the 
subscribers. To prevent the metal of the 
headset from soiling their white blouses, 
operators were issued with a bib. They 
were responsible for laundering this, 
and the neckband of their headsets. One 
of these bibs is on display in the museum. 

The museum is in a building which 
was originally part of a seventeenth 
century Inn called The Half Moon. It 
is open to the public most Saturday 
afternoons and at other times by 

Visitors can peep through this 
"doorway" to see a working 
magneto switchboard of 1900 in 
the setting of an Edwardian living 
room. These switchboards were 
often operated by housewives. 

Calls can be dialled to this UAX 5, 
a complete 25-line automatic 
exchange of 1929, from typical 
installations of the period seen 
on the right. 

appointment. The interest which is 
shown by the public in the museum has 
proved to be beyond all expectations. I 
think there are two reasons for this 
interest. People are becoming increas­
ingly affected by telecommunications in  
their daily lives and want to  know more 
about it; at the same time, stimulated by 
television programmes, there is a great 
upsurge of interest in the Victorian and 
Edwardian eras. The Telecommunica­
tions Museum satisfies both these needs. 
In addition many school children are 
doing projects on Post Office Tele­
communications and the museum is 
often visited by school parties. This is a 

particularly valuable service for children 
who are too young to visit the telephone 
exchange. 

The parent of one of these young 
visitors told me the children had been 
asked if they would like to visit a farm 
and see the animals, or the fire station. 
However, the children had their own 
ideas and wanted to visit the Tele­
communications Museum. It appeared 
that an older class had visited the 
Museum previously and there had been 
so much talk i n  the playground about 
it that the younger children wanted to 
go too. 

At the other end of the scale the serious 
student and the · very knowledgeable 
visitor is also catered for. The exhibits 
are periodically changed, and when 
setting up new displays, items are selected 
from the considerable amount of equip­
ment which is in storage to reflect 
current happenings in the world of tele­
communications. For instance, the 
recent large-scale field trial of the Key­
phone has focused attention on press-
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button dialling, and it seemed a good 
time to display an older form of this 
type of equipment. During 1929-30 a 
press-button unit was developed by a 
Mr Macadie of the Post Office Factory 
in Holloway, London. This unit came 
into general use in 1934, officially 
designated the Keysender No 5, but it 
became known as the "Macadie key­
sender." After some adjustments I was 
able to make one of these keysenders 
work, and connected to the UAX5 it is 
possible to compare the rate at which 
the buttons can be pressed with the 
response of the selector. The two-digit 
numbering scheme of the UAX5 does not 
give the Macadie keysender an oppor­
tunity to demonstrate its ability to store 
a large number of digits, so as an experi­
ment I connected it to a line in Taunton 
exchange. It was most impressive to see 
its ability to cope with an STD call, 
particularly when it is remembered that 
the STD system was not even thought of 
when this equipment was invented. 

The Macadie keysender illustrates the 
way in which the evolution of tele­
communications equipment has some­
times taken an unexpected turn. The 
modern keyphone operates electroni­
cally and has in no way evolved from the 
Macadie's development which is a 
wholly mechanical device. But the work 
which went into the older equipment 
was by no means wasted. Lift the lid of 
a Macadie keysender and the mechan­
ism, with its circle of sliding pins, will 
immediately appear familiar to anyone 
conversant with automatic exchange 
equipment, for it was from this that the 
impulse 'regenerator was later evolved. 

The curator holds a CAT 10 water­
cooled valve of the type used in 
the first transatlantic cable in 1927. 
These huge valves required 14 
gallons of distilled water a minute 
for cooling purposes. 

The Macadie keysender which came 
into general use in 1934. 

It is especially pleasing to add items to 
the museum which have a West Country 
connection. There are several old local 
directories, the oldest issued in 1892 by 
the Western Counties and South Wales 
Telephone Company Limited, the fore­
runner of the National Telephone 
Company Limited. Much of the equip­
ment shown spent its working life 
somewhere in the region. Even the 
Chinese telephone dial mentioned earlier 
can claim a tenuous connection with the 
West Country. It was originally manu­
factured in this country for export to 
either Singapore or Hong Kong, but 
was in fact fitted to a telephone which 
was included in a batch delivered to the 
Somerset town of Yeovil. As the label 
in the museum says: "This was an error 
as the people in Yeovil speak English." 

Taunton is to have a new telephone 
exchange and space has been allocated 
in this building for the museum. The 
new museum accommodation wilI be 
designed for the purpose, and will be 
free from many of the limitations of the 
present building. One difficulty at the 
moment is that some of the larger 
exhibits cannot be brought into the 
building because of the size of the 
doorway. There is, for example, a 
Sullivan test desk complete with mirror 
galvanometer and precision test equip­
ment which was recovered from Tavis­
tock. Another exhibit is too big even for 
the new museum. This is a kiosk No 4, 
the largest type of kiosk ever used by the 
Post Office. As well as the normal tele­
phone equipment it housed a post box 
and two stamp selling machines. Only 
fifty kiosks of this type were ever made, 
and the one which the museum now has 
was recovered from Newton Abbot in 
Devon where it was in use for forty 

years. It is proposed that this bulky 
exhibit should be erected in the fore­
court of the new building. 

A part of the museum which most 
visitors do not see is the collection of 
books and documents. Although hardly 
warranting the name "library" this 
collection is much appreciated by visitors 
wishing to delve more deeply into a 
pariicular aspect of telecommunications 
history. It is also invaluable to me for 
the identification of equipment, the 
preparation of captions, etc. Some of the 
more interesting documents in this 
section include correspondence about the 
cable laid by the Submarine Telegraph 
Company between Jersey and France, 
the earliest of which is dated 1870. 

These books and documents help me 
to solve many mysteries, but not all. 
The museum was recently presented 
with a wooden bell-gong. It was found 
in a telephone and had been accurately 
turned in maple wood to exactly the 
size and shape of the gong fitted to the 
bell No IA used by the Post Office. 
Searching through old rate-books and 
catalogues has so far failed to give me 
a lead, and I would be pleased to hear 
from anyone who can help. 

Mr P. J. Povey is curator of the museum 
which he started in 1957. He is a Technical 
Officer in Taunton telephone area. 

Taunton telephone museum is in 
Half Moon Lane next to the Head 
Post Office. Visitors to the West 
Country who would like to visit the 
museum can telephone Taunton 
3391 for an appointment. 

This telephone was designed by 
L. M. Ericsson in 1895. It set 
a new trend in design. being the 
first to have a handset. 
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Easing London's 
traffic jams 
DM Mcintyre 

A large Post Office 
Telecommunications 
Centre is the main 
feature of an extensive 
development scheme in 
the City of London that 
will change the familiar 
waterfront of the River 
Thames. The multi-purpose 
Centre, highlighted in the 
artist's impression below, 
will help cater for the 
increasing flow of trunk 
telephone traffic into and 
out of central London. The 
building has been specially 
designed to avoid 
obstructing the view of 
St Paul's Cathedral. It will 
be flanked by a school and 
the new Mermaid Theatre. 

THE HUGE number of trunk tele­
phone calls to and from the London 
area are at present routed through 1 I 

switching units located in central 
London. To provide relief for the units 
seven Sector Switching Centres (sscs) 
are being established in the suburbs. 
These will route trunk calls, and some 

local traffic, to and from exchanges in 
their own sectors. 

However, despite the progressive trans­
fer of calls to the suburban sscs, the 
volume of trunk traffic into and out of 
central London itself will still continue 
to increase. To cater in part for this 
growth a large multi-purpose Tele­
communications Centre is being built 
in the City of London. 

Most of the building will be occupied 
by trunk switching equipment. Five of 
the existing central trunk switching units 
handle outgoing traffic from London, 
and the other six deal with incoming 
calls. The new Centre will route traffic 
in both directions. It will also house a 
replacement exchange for London Toll 
"A" - a junction switching unit in the 
nearby Faraday telecommunications 
building which handles traffic from 
London 01- subscribers to Group 
Switching Centres in adjacent charge 
areas such as Dartford, Uxbridge and 
Watford. 

A 10,000 line local automatic exchange 
in the Centre will provide relief for, and 
allow replacement of, older equipment 
at present located in Faraday building. 
Provision has also been made for the 
possible inclusion of a data switching 
exchange to handle computer-to-com­
puter data transmission. 

The Centre will have telephone switch­
rooms for operators to handle calls that 

customers are unable to dial for them­
selves and to give special services such 
as transfer charge and personal calls. 
These switchrooms are planned to be 
of a new cordless type, but in the longer 
term it might be economic to locate 
switchboards with remote working 
facilities away from central London. In 
this event the accommodation will b e  
used for additional trunk switching 
equipment. 

Among the reasons for decentralisation 
of trunk traffic from central London to 
the suburbs is the difficulty in obtaining 
suitable sites in the most congested 
part of the metropolis. In the square 
mile of the City of London itself the 
situation is at its worst. 

In order to get a site near to the practi­
cal centre - the point at which external 
cabling costs can be kept to a minimum 
- it was necessary to accept a number 
of unusual conditions. This has called 
for great ingenuity by the architects in 
designing the building. Nevertheless the 
site is well placed and provides direct 
access, by means of a shaft from the 
building, to the extensive deep-level 
cable tunnel system which is an impor­
tant feature of the London Telecom­
munications Region (LTR)cable network. 

The site extends between the south side 
of the City's Queen Victoria Street 
(almost opposite the Faraday building) 
and the River Thames Embankment. 
Underneath the northern part of the 
Centre will be a City Corporation car 
park and the southern part will straddle 
a dual carriageway forming part of the 
City's Road Improvement Scheme. 

A slip road from Queen Victoria 
Street will curve round the eastern and 
southern parts of the building. Further 
complicating the design, an elevated 
walkway will link the north side of 
Queen Victoria Street to a raised court­
yard between two parts of the Centre's 
frontage and from there a subway 
through the building will connect with 



a riverside walk being constructed along 
the Thames Embankment. 

These complications were not of Post 
Office choosing but arose because the 
site forms part of a comprehensive 
development of the riverside for which 
the City of London had laid down 
overall planning requirements. The dis­
advantages and security problems creat­
ed had to be accepted in order to obtain 
planning permission. 

Another complication 'arose because 
St Paul's Cathedral lies just to the north 
of the site, and current planning 
regulations demand that its dome must 
be visible from the south side of the 
River Thames. Therefore a low profile 
building, stepped back from the river, 
had to be designed. 

In a large telephone switching com­
plex the apparatus generates consider­
able heat which must be removed from 
the building. The orthodox method for 
disposing of waste heat is by circulating 
water which is cooled in towers on the 
roofof the building. In this development 
the City Corporation refused to give 
permission for cooling towers to be 
sited on the roof, for environmental 
reasons, and also insisted that plumes 
of vapour from cooling towers must not 
obscure St Paul's Cathedral. 

It will therefore be necessary to use 
water from the River Thames for cooling 
purposes. This will involve pumping 
water through a tunnel to cool the 
plant, then returning the heated water 
to the river. Bankside Power Station 
on the opposite side of the Thames is 
already disposing of waste heat in this 
way, and the Post Office scheme has 
involved a number of interested parties, 
including the Port of London Authority, 
the Central Electricity Generating 
Board and the Department of Trade and 
Industry. Tests have been carried out 

to ensure that the additional heat in the 
Thames will not cause thermal pollution 
and result in unwanted plant growth. 

The whole building will be constructed 
for the Post Office by the Property 
Services Agency of the Department of 
the Environment, although the cost of 
the lower floors occupied by the public 
car park will be defrayed by the City of 
London. Having a public car park below 
the Centre has its own problems - fire 
prevention, security maintenance, and 
so forth - but certain Post Office 
services, such as the cable chamber and 
a standby power engine room, must also 
be on the lower floors. 

A job as complicated as this develop­
ment requires close liaison with other 
authorities and calls for strict planning 
of the whole construction programme. 
First, the part of the site breached by 
the dual carriageway has to be piled 
and concrete walls erected to form the 
sides of the road tunnels. The tunnel 
walls will be topped by a concrete 
"deck" to carry the Telecommunications 
Centre. This work is now in progress. 

In March this year, following the 
completion of some work on the slip 
road round the east side of the building, 
Post Office contractors started to sink 
the shaft to connect with the LTR deep­
level cable tunnel. City of London 
engineers and their contractors are 
working on the road system to the east 
of the site and the entire job is pro­
grammed to finish in March 1974, by 

which time the Post Office's contribu­
tion to the road tunnel system should be 
completed. Road traffic will then flow 
and construction of the building with an 
important highway running through the 
site will not be easy. 

Meanwhile final planning of the 
building is in progress. It will provide a 
total of 54,000 square metres for the 
switching equipment, offices, stores and 
other facilities. The contract will be put 
out to tender with the object of starting 
the main building in March 1974 and 
forecast completion in the Autumn of 
1977· As soon as the building is ready 
installation of equipment will begin. 
Since the building will be sitting on top 
of a public car park and a dual carriage­
way, air conditioning will be provided 
and windows will be sealed to keep out 
noise and fumes. Staff will have a 
particularly good view of the river from 
a restaurant sited on the roof top. 

The new building is to be named 
Baynard House after a medieval castle 
which stood on the site in Tudor times. 
Henry I is said to have rebuilt part of 
the castle in 1487 and in so doing 
filled in the riverside dock with a great 
deal of material. Although then regarded 
as rubbish, this material has aroused 
the curiosity of archaeologists who have 
been researching on the site during the 
past year. 

Design of the building is in the hands 
of the Property Services Agency of the 
Department of the Environment, Senior 
Architect P. W. Manning, and their 
nominated architects William Holford 
& Partners, of London. 

Mr D. M. Mcintyre is a Deputy Controller 
responsible for trunk accommodation plan­
ning in London Telecommunications Region, 
including the London Sector Switchinq 
scheme and the central trunk buildings. 



THE NIPPON Telegraph and Tele­
phone Public Corporation (NTT) was 
incorporated in 1952 when it took over 
the operation of the telecommunication 
services in Japan which had been provi­
ded by the Japanese Government since 
1869. It has a monopoly of domestic 
telecommunication services. Overseas 
services are operated by the Kokusai 
Denshin Denwa Company. 

One of the purposes of the foundation 
of NTT was to establish a system for 
rational and efficient management of 
public telecommunications, and it was 
authorised to operate independently of 
government to a great extent. ·Its 
activities are supervised by the Minister 
of Posts and Telecommunications, how­
ever, and the annual budget, as well as 
the tariffs for its principal services, have 
to be approved by the Japanese Parlia­
ment, the Diet. 

Starting in 1953, soon after its inaugu­
ration, NTT planned four successive . 
Five-Year Expansion Programmes to 
attain two principal targets - eliminating 
the telephone waiting list and establishing 
a nation-wide STD system. 

The first three of these programmes 
were successfully carried through and 
the number of subscriber lines almost 
doubled in each five-year period. At the 
end of the 1971 financial year the num­
ber of subscriber lines was more than 19 
million, and nearly all subscribers had 
STD facilities. 
NTT ·capital investment in 1971-72, 

at about 876,000 million yen (£!,090 
million), put the Corporation at the 
head of the Japanese investment league 
table. Another 2. 7 million subscriber 
lines and l 14,000 junction and trunk 
telephone circuits were added during 
the year. Principal results of the ex­
pansion programme are shown in the 
table on these pages. 

In spite of this rapid expansion, the 
demand for telephone services is still 
increasing and to cope with the problem 
NTT mapped out a Seven-Year Expan­
sion Programme. (This included an 
expanded revision of the last two years 
of the fourth five-year Programme.) 

The fundamental aims of this pro­
gramme are to abolish the waiting list 
for telephones by the end of the 1977 
financial year and to promote further 
expansion and development of data 
processing networks and other new 
services. 

Some 8,500,000 million yen (£10,600 
million) will be spent to add 19.7 
million subscriber lines, 3,500 auto­
matic telephone offices, 740,000 trunk 
and junction telephone circuits and 210 
data communications systems. At the 
end of the l 977 financial year there will 
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Telecommunications 
in Japan 

Continuing our series of articles on telecommunications 
abroad, the Japanese administration (NTT) describes 

·the huge progress it has made in inland communication. 

be about 34 ·8 million subscriber lines. 
In 1971, the Diet passed an amendment 

to the Public Telecommunications Law 
which sets out the conditions, quality 
and principal charges of the various 
services provided by NTT. One impor­
tant effect of the amendment is to 
simplify the system of telephone call 
charges into a single-rate structure. 

Under the old system "local" calls 
were at a fixed rate (7 yen) and were 
untimed. The area covered by a local 
call varied considerably and could b e  
as small a s  three kilometres across o r  as 
large as the Tokyo local service area, 
30 km in diameter. Subscribers in the 
smaller areas had to pay trunk rates for 
what would have been untimed local 



Public telephones of this type have 

been installed in front of shops, and 

inside department stores and hotels 

in increasing numbers. "Shop-front" 

telephones now account for 

more than 80 per cent of all 

public telephones in Japan. 

A "Video Telephone" on trial 

at the NTT Headquarters where 

a large-capacity electronic 

exchange is installed. 

calls in the larger areas. Under the new 
system the areas within which calls can 
be made for the minimum rate have 
generally been enlarged to an average 
of 30 km in diameter, and their number 
has been reduced from 5,000 to 562. 
Every call is now timed and the charge 
depends both on duration and distance. 

Another major provision of the amen-

ded law is to establish data communica­
tion and processing as the Corporation's 
third service, following the telegraph 
and telephone services. It also authorises 
private use of the public telecommunica­
tions network by customers making use 
of the new service, either as a complete 
system or in conjunction with their own 
computer. 

Research and development have con­
tributed greatly to the remarkable 
growth of NTT. The introduction of a 
common control crossbar switching 
system has produced great improve­
ments in STD switching performance, 
speech quality and reliability. More 
services can be offered and maintenance 
is easier. Almost all the trunk switching 
systems and about two-thirds of the 
local systems use crossbar switches. The 
rest of the local systems use step-by­
step switches. Using the crossbar 
switching system, such diversified ser­
vices as push-button telephones, variable 
abbreviated dialling and call queueing 
have been introduced. 
NTT research on electronic switching 

systems ·was started in 1954 .bY the 
Electrical Communications Laboratory 
(ECL). Aft�r various trials and intensive 
investigation the DEX-2, a stored­
program control system with minia­
turised crossbar switches in the speech 
path, was developed in 1967. 

The system was field-tested satis­
factorily in Tokyo from 1967 to i972. 
Based on experience of the DEX-2, a 
large-capacity standard commercial sys­
tem (o-ro) was brought into service at 
seven offices, including two trunk 
exchanges, in 1972. Two kinds of small 
capacity electronic switching systems are 
being developed, one using remote 
control techniques. 

Electronic switching will play an 
important part in the total telecom­
munications network, which is expected 
to provide economically new telephone 
services, data communications and video 
transmission as well as conventional 
telephone services. Video telephones 
are now on trial at the NTT head office 
where a large-capacity D-IO electronic 
exchange has been installed. 

In the transmission field, at present 
12 MHz systems on 9.5mm coaxial 
cables and 4 GHz and 6 GHz micro­
wave systems are used for long-distance 
trunk lines all over the country; 4 MHZ 
systems using 4-4mm coaxial cables and 
l 1 GHZ microwave systems are widely 
used for spur routes. 

For short-distance trunk lines, PCM-
24-cha�el systems which can be used 
with existing trunk cables have been 
introduced since 1965. The systems are 
also applied to the local trunk lines in 
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the big c1t1es. At present, there are 
nearly 7,000 systems in use. 

In 1970 field testing started of a 60 
MHZ, 10,800-channel system using 
9.5mm coaxial cables. A large capacity 
coaxial cable system, which will have a 
capacity more than three times as big is 
under study. A 2,700-channel, single 
cable submarine coaxial carrier system 
was laid between the mainland and 
Shikoku Island in 1971. 

A new digital multiplex transmission 
system for future video and data 
communication, using 9.5mm coaxial 
cable (bit rate: roo Mbit/s; capacity: 
1>440 telephone channels, nine l MHz 
TV channels or three 4 MHZ TV channels) 
will have commercial tests this year. 

Also on field test is a digital radio 
relay system, using the 20 GHz band 
(bit rate: 400 Mbit/s; capacity: 5, 760 
telephone channels or 36 l MHZ TV 
channels). 

An experimental millimetric wave­
guide line, 20 km long, was recently 
installed and a system using the 40-80 
GHz band (capacity: about 300,000 
telephone channels or about 2,500 l 

MHz TV channels) is now under intensive 
research. Commercial use is planned 
for about 1975. 

Research and development work on a 
domestic satellite communication sys­
tem is being carried out with the aim of 
having it in commercial use in the late 
1970s. 

Data communication is also developing 
rapidly. By March last year 15 NTT­
developed data processing networks 
were in operation. (NTT supplied data 
processing networks for the Osaka 
Expo' 70 and the Sapporo Olympics.) 

Access to seven of the l 5 installed 
systems is through existing switching 

lfietworks to computers. These seven 
g"ive three different services: sales and 
inventory management, scientific and 
engineering calculation and telephone 
calculation. For the first two, standard­
ised roo bit/s and 200 bit/s data terminal 
equipments are used. For the telephone 
calculation system the push-button 
telephone is used. 

Modems used for data communications 
circuits include 200 bit/s modems on 
3,300 circuits; 1,200 bit/s modems on 
3,200 circuits and 2>400 bit/s modems 
on 170 circuits. Under development are 
4,800 bit/s and 9,600 bit/s modems 
used with voice channels. 

Wideband data transmission systems, 
using 48 kbit/s and 240 kbit/s are also 
being developed. 

This year a new large-scale computer 
system is to be tested commercially after 
six years of research by the Electrical 
Communications Laboratory. 
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Group switching 
goes crossbar 

AL Perkins 

Left: The old manual exchange at Brentwood. To meet growing 

demand for service the original building {on the left of the picture) 

was extended into the house <1longside. Right: The new Group 

Switching Centre which has equipment designed to serve 18,500 lines. 

BRITAIN'S LARGEST remaining 
manually operated telephone exchange -
at Brentwood, Essex - closes down this 
summer. Its 14,500 customers' lines will 
be transferred to a new £3 million 
automatic exchange in the town, equip­
ped with a modern crossbar switching 
system known as TXKI. 

The new exchange is a Group 
Switching Centre (Gsc) for Brentwood 
and 1 r other local exchanges. It is one 
of about 350 cscs serving Britain's 
6,ooo local telephone exchanges, their 
main task being to switch trunk calls 
between groups of these exchanges and 
the rest of the telephone network. They 
also switch calls between the local 
exchanges under their control and in 
many cases, as at Brentwood, function 
as a local exchange for customers in the 
immediate area. 

Brentwood's TXKI switching equip­
ment was the first ordered under a pro­
gramme, started in 1967, to modernise 
and expand the Gsc network using the 
crossbar system. To date orders have 
been placed for 63 TXKI cscs and the 
first of these was opened at Dover 
earlier this year. Brentwood and others 
already ordered are being brought into 
service over the next three years. 

Further TXKI orders for cscs are 
planned during the next four years. 
These will equip another 26 new Gscs -
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to be brought into service during the 
period 1976-1980 - and provide exten­
sions at existing centres to meet require­
ments into the 1980s. TXKI crossbar 
systems are also being used in some local 
exchanges and for seven Sector Switch­
ing Centres being established in the 
London area to reduce the flow of 
telephone traffic in and out of the heart 
of the capital. 

Most of the TXKI GSCS will provide 
automatic working and Subscriber 
Trunk Dialling (STD) facilities in areas 
that at present have to rely entirely on 
operator controlled switchboards. Others 
will replace Strowger automatic equip­
ment where space is needed to expand 
the local exchange, and some will work 
alongside existing equipment of this 
type to meet increased demand for 
service. 

Strowger and crossbar are both electro­
mechanical switching systems, but 
crossbar offers a number of operational 
and maintenance advantages. 

In a Strowger exchange a call is set 
up by a step-by-step system in which 
the switching equipment responds 
directly to impulses generated by each 
digit dialled by the caller. With this 
system all the exchange equipment is 
held for the duration of the call. 

With a crossbar exchange a call is fed 
into common control equipment. This 

stores the dialled information until 
sufficient data has been received to pro­
cess the call. If for any reason the call 
cannot be set up on the first chosen 
switching path through the exchange the 
equipment makes a second attempt 
through a different path without the 
caller needing to re-dial. As soon as a 
call is established the common control 
equipment is released and can be used 
for another call. 

Crossbar switches are usually less 
prone to faults than Strowger types, 
and there is less wear and tear owing to 
their relative freedom from moving 
parts. Less maintenance effort is there­
fore needed on crossbar equipment, 
which is also much quieter in operation 
than Strowger. 

A teleprinter unit is provided in each 
crossbar exchange which prints out 
details of faults. As a further aiµ to 
maintenance a computer program has 
been developed to analyse the informa­
tion on this print out. 

The crossbar system is also more 
compatible with developments in elec­
tronic control of switching. The seven 
TXKI Sector Switching Centres being 
established in the London area, for 
example, will be controlled by a form of 
electronic Stored Program Control 
similar to that now being used to replace 
director equipment in some local 



exchanges (see "The Electronic Direc­
tor", Spring 1973 issue). 

The TXKl crossbar equipment coming 
into use at Brentwood will solve long­
standing problems faced in providing 
both local and GSC facilities. The 
exchange is in the centre of a fast 
growing locality of both industrial and 
residential development. Two out of 
every three homes have one or more 
telephones, and some 800 customers' 
lines are added to the local system each 
year. Since 1932 its telephone exchange 
has been successively extended to meet 
the growing demands, and today some 
400 day and night staff are engaged in 
operating the local telephone service. 

As early as 1964 it became clear that 
there would be difficulties in providing 
an automatic exchange to replace the 
manual system which was rapidly 
approaching exhaustion. Site negotia­
tions had broken down and a fresh 
search for suitable land was meeting 
with little success. There was no 
alternative but to erect a two-storey 
prefabricated building on the existing 
site and install a relief manual exchange 
to serve a further 5,000 customers. 

Meanwhile a transportable automatic 
exchange (MTX) became available and 
this provided the means for subscriber 
dialled calls to be switched between 
local automatic exchanges without 

operator assistance. The success of this 
arrangement can be measured by the 
volume of such traffic which has pro­
gressively increased since the MTX was 
installed in 1967 to a total of some 2,500 
calls per hour. 

Use of the MTX also created spare 
capacity in the Brentwood exchange 
which not only improved service to 
existing customers but provided service 
to others who would have had to join 
the waiting list. 

As a GSC Brentwood also had the 
function of connecting trunk calls to and 
from subscribers on its own exchange 
and six other exchanges. By 1970 
uncertainty arising from design prob­
lems with the new exchange and a rapid­
ly rising volume of trunk traffic caused 
further concern. 

A traffic study concluded that addi­
tional relief to the manual exchange was 
essential and spare capacity at the 
adjoining Chelmsford and Basildon 
GSCs was brought into use by providing 
special equipment and rearranging the 
trunk cables to by-pass Brentwood. This 
gave the six dependent exchanges direct 
access to the Chelmsford and Basildon 
Gscs, and provided STD for some l 3,000 
subscribers on these exchanges at a 
much earlier date than normal planning 
would have achieved. 

Against this background of expedient 

At Brentwood's new 

GSC an engineer 

works on the frame 

which cross-connects 

circuits. 

relief measures a six-storey building for 
the new exchange had risen to dominate 
the skyline around Brentwood. Although 
built originally to house a traditional 
Strowger-type exchange the building 
was found to be satisfactory for the 
TXKI crossbar system and a contract 
was placed in 1967. 

The equipment installed is designed 
to serve 18,500 lines and has a capacity 
to switch up to 35,000 calls per hour. 
The exchange has its own electricity 
sub-station and power plant, and is also 
equipped with a standby generator. 

Crossbar switching equipment, signal­
ling relay racks and repeater station 
take up three of the building's six 
floors. The new switchroom of 46 
cordless type switchboards and 12 
Directory Enquiry positions is  located 
immediately below the top floor which 
is devoted entirely to office and welfare 
requirements. 

The exchange equipment consists 
basically of three sections - distributors, 
routers and common control equipment. 

The main function of a distributor 
is to provide access between the ex­
change equipment and the customers' 
lines. It consists of an assembly of cross­
bar switches and can deal with calls to 
and from a block of up to 500 lines. A 
router is also an assembly of crossbar 
switches, whose purpose is primarily to 
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provide interconnection between the 
distributors and other exchanges. 

The common control equipment com­
prises register-senders, router controls, 
coders and markers. All calls are fed 
into this equipment, which has the 
ability to distinguish between various 
types, such as own-exchange and out­
going junction. When a caller has 
completed dialling the control equip­
ment checks whether the called sub­
scriber's line or outgoing junction is 
available before setting up the call. 

When a subscriber picks up his 
telephone he is connected tht.ough a 
distributor and transmission relay group 
to a register-sender. Dialling tone is then 
received. As a number is dialled the 
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As part of its plans for modernising and 
expanding the telephone network the 
Post Office is making use of crossbar switch­
ing systems in local, trunk and international 
exchanges. Variations of one type - TXK1 -
are being used for Group Switching Centres, 
medium-sized local exchanges and for 
Sector Switching Centres. 

TXK2 equipment has been adopted for 
international switching centres, and TXK3 
is generally for larger local exchanges and 
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information passes into the register­
sender where it is stored. The register­
sender calls in a router control to deter­
mine whether the call leaves the 
exchange. 

With a call to a number on the same 
exchange the number is then tested via 
the marker to see whether the line is 
free, busy or faulty. If either of the last 
two conditions is met the engaged or 
number unobtainable tone is transmitted 
to the caller. Where the line is free a 
router control sets up the call through 
the exchange using router and dis­
tributor switches. 

If the call is prevented from going 
through in its normal sequence - for 
example, owing to a faulty switch -

another · router control takes over, 
unknown to the caller, and attempts to 
set up the call through different switches. 
After successful switching the caller will 
hear ringing tone. 

On a call to another exchange a coder 
tells the router control which route to 
take and which sender to use. The router 
control signals back to the register­
sender to set up a path through the 
exchange. The sender then transmits to 
another exchange the signals necessary 
to establish the call. 

Mr A. L. Perkins is head of the Operational 

Planning Division in Southend-on-Sea Tele­

phone Area with responsibilities for the traffic 

design of the new Brentwood exchange. 
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those which have very high calling rates. 
The TXK4 system is being used for Transit 
Switching Centres. 

All the systems use crossbar switches, but 
their size, design and method of operation 
differs. This results largely from differences 
in control and trunking design and the 
varying facilities required by each type of 
exchange. For example, the TXK4 type is 
simpler than TXK2 where facilities have to 
be provided for charging some calls and for 
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The map shows the location 

of TXK1 Group Switching 

Centres for which orders 

have been placed to date. 

They are listed here under 

their Telecommunications 

Regions. Further orders 

planned during the next four 

years will equip 26 new GS Cs 

and provide extensions. 

handling different signalling systems in the 
international services. 

Another important difference between the 
systems is the number of wires used in 
transmission. The TXK1 and TXK3 exchanges 
use a two-wire method, the same pair of 
wires being used for both transmit and 
receive, whereas the other two systems 
employ separate pairs of wires to provide 
a satisfactory standard of transmission over 
long distances. 



The magnification shows one of the 
tiny MOS "chips" which form the slice 
resting on the block of stamps. 
MOS technology currently allows up 
to 24,000 transistors to be packed into 
a "chip". The circuits shown with this 
article were designed and manufactured 
in the Post Office Research Department. 
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Electronic 

AS THE TELEPHONE system has 
evolved it has become increasingly 
technology based. This has been dictated 
largely by economic considerations 
which reflect the steady rise in labour 
costs over the years. The communica­
tions industry shares with other indus­
tries, such as aerospace and computers, 
the need for cheaper and more reliable 
components and systems and, as a 
consequence, is able to benefit from 
developments in those fields as well as 
making its own contribution. 

Continued research and development 
in the electronics field has made avail­
able to designers of electronic equip­
ment a wide variety of circuit techniques. 

circuit 
techniques 
JB Millar 

These range from the use of discrete 
components to the application of photo­
graphic and chemical diffusion processes 
to produce micro-miniaturised circuits. 

The trend is towards smaller com­
ponents and equipments. Apart from 
the obvious space and weight saving, 
small size offers greater reliability 
because smaller masses are less affected 
by shock and vibration forces and also 
because the large scale of integration 
that is possible greatly reduces the 
number of soldered or wrapped joints 
in an equipment. This results in an 
improved quality of service while at the 
same time reducing the demand for 
maintenance staff. 

The following paragraphs outline the 
techniques available and where possible 
an indication has been given of the 
timescale of their adoption for general 
circuit applications. So far as established 
techniques are concerned availability of 
components, for example valves, for 
maintenance purposes has an important 
influence on the life of the technology. 
Discrete components 
Where possible miniature versions of 
relays and other components are em­
ployed. Some mechanical devices such 
as relays have electronic equivalents. 
The replacement of valves by transistors 
and the adoption of modern display 
devices, solid state memories and 
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switching matrices all lead to improved 
reliability and smaller size. Computer­
aided-design techniques can be applied 
to printed circuit board layouts and as a 
consequence modern equipments, using 
discrete components, can give a space 
saving of over 50 per cent compared 
with earlier conventional circuitry. 
Bipolar integrated circuits 
The transistor is a bipolar device, so 
called because its action depends on the 
characteristics of the junction between 
p- and n-type semiconductor materials. 
Integrated circuits are produced by 
forming on a common substrate of, say, 
p-type material a variety of circuit 
elements suitably interconnected by a 
metallization layer. Thus by a process of 
deposition, etching and diffusion circuits 
consisting of resistors, capacitors, diodes 
and transistors can be produced. The 
substrate and hence the finished mono­
lithic "chip" are less than 0.5 cm square. 
The bipolar nature of the transistor 
requires that circuit elements usually 
have to be isolated from the substrate. 
As a consequence some 130 process 
steps are required and the number of 
elements that can be accommodated on 
a chip is limited to about 1,000. 

In recent years a wide range of 
standard· integrated circuits has been 
developed which can be classified 
according to the type of circuitry used 
to form the elemental gate circuit 
employed. These include resistor­
transistor (RTL), diode transistor 
(on) and transistor-transistor (TTL) 
logic. In addition a range of linear 
integrated circuits is readily available 
which includes amplifiers, tone detectors 
and the like. 

The use of bipolar integrated circuits 
is already well established and reliable 
noise-resistant equipment designs can 
be offered with confidence. In particular, 
low power 'ITL has distinct advantages, 
though at present the range of standard 
chips is restricted to standard logic 
gates, monostables and bistables. 
MOS 
MOS technology derives its name 
from the basic MOS transistor circuit 
which consists of a Metal gate, an 
Oxide insulating layer and a Semi­
conductor substrate arranged in sand­
wich form. A voltage applied to the 
gate influences the conductivity of an 
adjacent strip of substrate and this 
controls the flow of current from one 
part of the substrate (the source) to 
another part (the drain) which are held 
at different electrical potentials. The 
operation of the device is analogous to 
that of a conventional valve circuit and 
is classified as "unipolar". MOS tran­
sistors can be made in p-channel 
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(PMOS) or n-channel (NMOS) form. 
Although somewhat larger, PMOS devices 
are more commonly used at present 
because NMOS manufacturing processes 
are still proving difficult to control. 

The great advantage of MOS tech­
nology is that in integrated circuit form 
the individual elements are self-isolating 
by virtue of inherent reverse-biased 
junctions in the structure. This allows a 
much higher packing density (currently 
up to 24,000 transistors per chip) to be 
:ichieved, with consequent economies. 
The lilllit to the scale of integration is 
reached when the circuit complexity is 
such that the yield of usable chips from 
a production batch is below the economic 
level. The "dynamic-logic" mode of 
operation of MOS brings the further 
advantage of reduced power consump­
tion and improved long-term stability. 

Below: Two pieces of equipment 

which do the same job. The larger 

version of SSAC9 signalling 

equipment is transistorised and uses 

discrete components. Now a 

miniaturised version has been 

developed with small-scale 

All the usual circuit configurations are 
possible, although resistors are often 
replaced by transistors because they 
occupy Jess space. 

There are two principal shortcomings 
with MOS. Firstly the upper limit of 
operating speed is about one million 
operations per second, though as com­
ponent size, and hence parasitic capa­
citance, is reduced higher speeds will be 
possible. Secondly operating voltages 
are higher than for bipolar devices. This 
is partly because of the high threshold 
voltage necessary to operate a MOS 
transistor and also because in many logic 
configurations two threshold voltages 
appear in series. The search for a solu­
tion to the problem has resulted in the 
use of new gate dielectric materials and 
structures and to the development of 
"Complementary-Mos", a configuration 

integrated circuits using TTL. 

Top right: The thin-film circuit 

uses gold for its conductors and 

nickel-chromium for resistors. 

The whole device is an amplifier 

operating at 1.25 GHz in the 

waveguide research project. 



in which PMOS and NMOS transistors 
complement each other in such a way 
that only one threshold voltage has to be 
overcome by the supply at any instant. 
At present CMOS suffers from slowness 
of operation and the fact that it requires 
more chip space than PMOS. Nevertheless 
the technology shows promise. 

Large scale integrated circuits using 
MO� are already being offered to the 
Post Office by several manufacturers, 
and equipments are being developed for 
field trial in Post Office systems during 
1973. Optimism prevails, but it is 
tempered with caution because of the 
obvious lack of information on its long­
term reliability in the operational 
situation. 
Film circuits 
The applications of monolithic inte­
grated circuitry can be considerably 
extended, particularly in terms of 
power output, by the use of hybrid 
circuits employing thick and thin film 
techniques. These hybrid circuits are 
essentially small printed circuit boards 
made of inorganic material on which are 
deposited interconnection tracks, resis-
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tors and capacitors and to which are 
added discrete or monolithic compo­
nents. Thick films are provided by 
screen printing, using a conducting ink, 
on to an alumina substrate and subse­
quently firing. Thin films are produced 
by the evaporation on to a glass substrate 
of metals such as gold and nickel­
chromium alloy. 

Film circuits are receiving consider­
able attention and are proving to be 
reliable and easily reproducible within 
close tolerances. High operating speeds 
permit their use at microwave fre­
quencies and adequate power handling 
capacities can generally be achieved. 
Micro-processors 
The circuits with the widest application 
are usually the simplest. Conversely the 
more complex circuit' have narrower 
fields of application. As a consequence 
large-scale integration is sometimes not 
economically viable because the circuit 
quantities required are not sufficient to 
justify the initial design and tooling 
expenditure. 

A possible way round this difficulty is 
to use a programmable logic circuit. This 
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is essentially a small computer capable 
of a wide range of functions. The func­
tions that it would perform in any 
p'articular situation would, however, be 
predetermined by a programme held in 
a read-only store. In this way a processor 
designed around a highly complex MOS 
chip could have a very wide application 
with consequent cost reduction. 

There are many types of relay set 
which would at first appear to justify 
replacement by micro-processors. How­
ever, in electronic form they would still 
be associated with electro-mechanical 
interface circuitry which would often 
constitute the bulk of the equipment. 
For this reason only those circuits 
performing the more complex functions 
- signalling relay sets, dialled digit 
receivers and the like - seem likely to 
receive attention in the near future. 
The future 
Development is continuing in the 
areas already referred to and in addition 
several new techniques are showing 
promise. Among them is the magnetic 
bubble memory which relies for its 
operation on the movement of tiny 
magnetic domains in a predetermined 
manner in a substrate. Their manufac­
ture calls for techniques similar to those 
used in existing microcircuitry. While 
primarily offering high density storage 
facilities, logic functions can also be 
performed. Present indications are that 
access speeds are not high enough for 
their use as computer stores, but quite 
adequate for such applications as direc­
tory information storage and recorded 
announcements using digital speech. It 
was reported in 1971 that a repertory 
key pad using a magnetic bubble 
memory had been successfully demon­
strated by Bell. The Post Office Research 
Department is engaged in research into 
bubble technology and at least one 
contractor has started development 
work on a specific application. 

Other storage media using holo­
graphy and laser beam techniques are 
receiving attention but it is difficult at 
present to predict when economically 
viable systems will result. 

It is clear that there will be a con­
tinuing need for cheaper, more reliable 
devices and systems capable of even 
higher operating speeds and requiring 
the minimum of maintenance effort. 
There is little doubt that the tele­
communication industry will continue to 
make its contribution and exploit new 
technologies as they become available. 

Mr J. B. Millar is head of a section in 

Telecommunications Development Depart­

ment concerned with switching systems and 

associated equipment. 
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THE REASONS for mechanising man­
ual tasks are basically the same in any 
field of employment. Mechanisation 
reduces human effort and, if carefully 
planned and applied, increases the 
efficiency with which a job can be 
carried out. 

Over the years the Telecommunica­
tions Business of the Post Office has 
introduced a variety of mechanical aids 
for labour-intensive areas of work in 
providing and maintaining telephone 
service. They have helped to eliminate 
many of the difficult and dirty manual 
tasks facing external working parties, 
for example when laying underground 
telephone cables and erecting poles. 

Development of mechanical aids for 
external staff has been generally directed 
towards producing individual items of 
plant and equipment for specific tasks. 
But it has become evident that, while 
these aids are of great benefit in carrying 
out the actual jobs in hand, considerable 
manual effort is required in setting up 
and handling the equipment on site. 

Present policy in the design of mech­
anical aids is therefore being directed 
towards reducing the amount of physi­
cal handling required. To achieve this, 
equipment is being developed to meet 
the needs of specific areas of work 
rather than simply providing individ­
ual items for each job. 
28 

The two units of heavy cabling equipment pictured in colour have been 
designed fo install the largest telephone cables in underground ducts. The 
transporter (right) carries cable to one end of a duct route and uses a 
drawline - placed earlier in the duct by a rodding party - to pull a rope 
through the duct from the winch unit (above) at the other end. This rope is 
connected to cable on the transporter and the winch unit then draws the 
cable through the duct. Crews of the two units keep in touch by radio. 

Many types of mechanical aids, with 
individual air compressors, electric 
generators and supplies of propane gas 
in cylinders, have to be unloaded from 
vehicles and set up on site. When the 
work has been completed these items 
must be cleared from the site and loaded 
back on the vehicle. All this takes time 
and calls for a lot of manhandling. 

Now, where justified by the size and 
type of work, vehicles used to carry 
external working parties to the site are 
being purpose-built for certain tasks. 
Wherever possible the equipment re­
quired to carry out these tasks is inte­
grated into the design so that work can 
be done direct from the vehicle. Power 
is derived from the vehicle's engine and 
converted to a form suitable for the 
operation involved by plant carried 
permanently on and integrated into the 
vehicle. 

The recently introduced fleet of 
rodding and cabling vehicles for laying 
telephone cables is one example of these 
specially designed vehicles. An hydraulic 
pump driven by the vehicle's engine 

provides power for the rodding and 
cabling equipment, including a winch. 
The pump also powers air compressors 
for a road breaker, a submersible 
pneumatic pump and ductmotors. (A 
ductmotor is a device for passing a 
drawline through an underground duct 
prior to pulling in a cable.) 

As the rodding machine is built into 
the vehicle, it requires only a minimum 
of setting up before it can be put to 
work. If a jointing chamber needs to be 
cleared of water before work can start, 
compressed air can easily be taken to the 
pneumatic pump by a flexible pipe 
which automatically rewinds on to a 
storage wheel in the vehicle when no 
longer required. 

Application of these principles results 
in considerable savings both in time and 
manpower required for the work com­
pared with earlier methods. It has also 
pointed the way for the development of 
other plant for specific purposes, for 
example, equipment to install the 
largest cables put into underground 
ducts, cable recovery equipment and a 



vehicle, fitted with a variety of plant, to 
assist external general-purpose parties 
to lay cables and erect poles. 

It is not so easy to save time travelling 
to the site. Time taken for the journey 
from the depot or previous job is, of 
course, governed by the distance to be 
covered and traffic conditions. But even 
here careful planning ofa day's operations 
helps to reduce ineffective time. 

The introduction into field service of 
purpose-built equipment for specific 
activities should greatly improve produc­
tivity and provide better working con­
ditions for external staff. At the same 
time, however, it calls for careful plan­
ning in use. 

It is essential to keep the equipment 
fully employed on the work for which 
it is designed if it is to recoup the capital 
investment. Furthermore, as specific 
operations become more dependent 
upon relatively few vehicles, it is 
imperative that adequate reserves, spare 
equipment and maintenance support 
are available. These matters are an 
important aspect of present planning on 
the mechanisation of external activities. 

Mr S. J. Little is head of the section in 
Operational Programming Department at 
Telecommunications Headquarters respon­
sible for the development, introduction and 
utilisation of mechanical engineering equip­
ment in the external field. 

Cable recovery units have 

taken much of the physical 

effort out of removing old 

telephone cables from 

underground ducts. The unit 

in this picture has a 

mechanically driven capstan 

for pulling cable from the 

duct, and will be superseded 

by a more powerful and 

flexible unit which employs 

an hydraulic power 

transmission system. 

The rodding and light cabling 

vehicle is a self-contained unit 

used for laying cable in 

underground ducts. A crew 

member is pictured here in 

wintry conditions preparing 

equipment for pumping water 

from a jointing chamber. The 

pneumatic pump is connected 

by flexible pipe to an air 

compressor in the vehicle. 
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AN .EXCHANGE 
A BLEAK outlook faced applicants 
for telephone service in the small 
South Wales town of Caldicot. The 
waiting list had reached 170 and was 
growing at a rate of 20 per month. 
Yet relief in the shape of a new 
electronic exchange for the town 
was still 18 months away. 

Then engineers in the Cardiff Tele­
phone Area came up with the bright 
idea of "importing" a complete 
exchange, almost intact, from the 
nearby town of Caerleon. Thanks 
to their ingenuity the waiting list 
was cleared virtually overnight. 

The 800-line exchange used for this 

purpose was one of two at Caerleon 
which became redundant when a 
new crossbar exchange was opened 
in the town. It was housed in a 
timber building, the front of which 
faced directly on to the road. This 
made it possible to remove the 
equipment in one piece, transport 
it 16 miles by road and place it in 
the new exchange building at Caldi­
cot, the whole operation being 
completed in one working day. 

Schemes for providing used ex­
change equipment to ease waiting 
list problems are not new, of 
course, but normally the equipment 

has to be dismantled and rebuilt. 
By tt·ansporting the Caerleon ex­
change as a complete unit several 
hundred manhours of skilled en­
gineering work were saved, and 
enabled the exchange to be brought 
into service more than three months 
earlier than could otherwise have 
been anticipated. 

In the old UAX 13 exchange at 
Caerleon the equipment was ar­
ranged in three rows, separated by 
gangways about 2 ft wide. Cables 
between the racks were supported 
by runway and cable troughs, and 
this ironwork was removed to allow 
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.the equipment to be rearranged in 
two rows. These rows were then 
placed together and firmly secured 
face-to-face without disconnecting 
any internal cables. 

The complete exchange, packaged 
into a unit measuring about 22 ft 
long, 3 ft wide and 8 ft high, was 
protected by cardboard and poly­
thene sheet. Four robust metal 
frames, each fitted with industrial­
type castors which could be jacked 
up, were placed underneath the 
"package". 

To provide access from the Caer­
leon exchange to the road three end 

sections of the timber building were 
removed. The exchange equipment 
was then raised from the floor by 
using the jacking action of the 
castors and rolled out on to the road. 

At this stage a firm of haulage 
contractors used a giant crane to 
lift the "package" on to a lorry for 
transporting to Caldicot. A window 
panel was removed from the new 
exchange building at Caldicot so 
that the exchange equipment could 
be moved into the apparatus room. 

The overall cost of the project 
was less than that for dismantling, 
removing and rebuilding the equip-

ment by conventional means, even 
taking into account the cost of the 
castors and frames to which they 
were attached. The speed with which 
extra exchange capacity was provi­
ded at Caldicot and the great 
saving in engineering work was even 
mo1·e important. 
Footnote: For Post Office engineers 
who may be considering a similar 
move, photographs and a descrip­
tion covering every stage of the 
project are available from Mr. F. L. 
Howes, Area Engineer (!.nternal 
Construction) Cardiff, telephone 
Cardiff 45000. 

1 : The old timber building at 

Caerleon, which housed the 800-line 

exchange. 

2: Protected by cardboard and 

polythene sheet, the exchange 

equipment is wheeled out of the 

exchange on specially built frames 

fitted with castors. 

3: A giant crane loads the exchange 

on to a lorry trailer. 

4: Relief is on the way. The equipment 

leaves Caerleon on its short journey 

to Caldicot. 

5: After being lifted from the lorry, 

the crane manoeuvres the "package" 

into position outside the Caldicot 

exchange building. 

6: Crane tackle is adjusted so that 

the equipment can be "slotted" into 

its new home. 
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The quality of Burgess Micro 
Switches isn't in doubt. 

It never has been. 
But don't let our reputation in that 

direction lead you to think that our 
Micro Switches are too expensive 

for high volume contracts. 
It's true of course that switches this 

good can never be as cheap as 
cheap switches. 

But when you talk prices to us, we 
think you might be pleasantly 

surprised. 
So if you've often thought that you'd 
rather use Burgess Micro Switches 
'if only you could afford it', talk to 

us. Because you probably can. 

�k 

Burg SS 

Masters of Switchcraft 

Burgess Micro Switch Company Ltd, 
Dukes Way, Team Valley, Gateshead N E11 OU B, 
England. Telephone 0632-877171 Telex 53229 

Eastbury House, Albert Embankment, 
London SE1 7TG, England. 

Telephone 01-735 7871 Telex 25553 

Represented throughout Europe 



A FULL-SCALE field trial of a wave-
guide, a hollow tube capable of carrying 
up to 300,000 telephone conversations at 
a time, is due to start in 1975. The trial 
section of waveguide, little thicker than 
a car's exhaust pipe, will run from the 
new Post Office Research Station at 
Martlesham Heath, near Ipswich, to the 
Suffolk town of Wickham Market about 
ten miles away. 

The trial follows successful tests on 
waveguide systems by Research Station 
staff at Martlesham. In conjunction with 
British industry the Post Office has 
developed prototypes of repeater and 
terminal equipment and a new design of 
lightweight waveguide. 

The system is capable of transmitting 
signals of very short wavelength (equiva­
lent to frequencies from 32 to 110 GHz) 
and so accommodates a high number of 
telephone, television and data channels. 

The inner surface of the waveguide tube 
is about 2 in diameter, and is formed 
from a close-wound helix of superfine, 
enamelled copper wire. This is covered 
by layers of resin-impregnated glass 
fibres which provide structural strength 
and absorb energy leakage. An alumin­
ium foil barrier gives protection against 
water and oxygen and this is in turn 
covered with an outer jacket for protec­
tion against mechanical damage. 

An order to supply waveguide for the 
trial has been placed with British 
Insulated Callenders Cables (B1cc). 
They will first develop, design and con­
struct machinery to make the waveguide 
in three-metre lengths. 

Work is already advanced on the 
manufacture of repeaters and terminal 
equipment by GEC-Marconi Electronics 
Ltd. This includes band-branching units 
which divide the total operational fre­
quency spectrum into five bands. 

Transmitter and receiver equipment 
will provide several complete channels, 
each of 500 Mbit/s capacity and operating 
below 50 GHz, to carry either simulated 
or genuine pulse code modulation com­
munication traffic. In addition band­
branching units will enable the character­
istics of the circular waveguide path to be 
examined up to frequencies of at least 
l 10 GHz, and also facilitate the sub­
sequent introduction of transmitter and 
receiver equipment for use above 50 GHz. 

A circuit length of 30 km (nearly 20 
miles) will be obtained in the trial by 
using Martlesham as a terminal station 
and Wickham Market as a repeater. 
Signals will be sent along the waveguide 
in one frequency band to Wickham 
Market where repeaters will return them 
to Martlesham in another frequency 
band. Longer circuits can be simulated 
by multiple looping - sending the signals 
to Wickham Market and back several 
times in succession on different channels. 

A tubular steel duct which will house the waveguide is being laid about four 
feet deep over the route of the trial. Here a surveyor checks the line of the 
trench while pre'parations are made to lower the four-inch diameter duct 
which has t6 be constructed with fine precision. ''· 

" 

High-speed trunk ca.lls 
ANOTHER STEP forward has been 
taken in the development of a high-speed, 
digital transmission system for the tele­
phone trunk network. Contracts have 
been placed with three manufacturers to 
develop systems enabling pulse code 
modulation - already widely employed to 
increase circuit capacity in local net­
works - to be used over long distances. 
Trials are to be held between Guildford, 
Portsmouth and Southampton in 1975. 

At present Britain's trunk network is 
based on analogue transmission - sending 
an electrical signal which represents 
speech patterns. These signals are kept 
separate by sending them at different 
frequencies - the technique of frequency­
division multiplexing (FOM). 

With a digital PCM system the messages 
are first converted to a stream of many 
thousands of on-off electrical pulses a 
second. Signals transmitted over the 
same bearer circuit are kept separate by 
time-division multiplexing (TOM) - slot­
ting the pulses from one source into the 
intervals between the pulses of others. 

Digital systems can provide the same 
quality of performance as the present 
analogue systems, and may in future 
provide this at greatly reduced cost. They 
allow much simpler signalling systems to 
be used for routeing calls through the 
network, simplify the multiplexing of 
different signals and, for complicated 
signals - those for TV and Viewphone for 
example - permit greater exploitation of 

the transm1ss1on medium. In addition 
they pave the way for the introduction of 
cheaper, quicker, switching systems 
using computer-like methods operating 
directly on the digital information under 
stored program control. 

The decision to develop a digital system 
for the UK trunk network stems from the 
results of feasibility studies carried out 
for the Post Office by GEC and Plessey in 
1970-7r. (See Telecommunications Jour­
nal, Autumn, 1971.) These studies con­
firmed that it is technically possible to 
introduce a digital system using the 
standard 1.2/4.4 mm coaxial cable pairs 
now in use for multichannel FOM trans­
mission. 

Under the development contracts, STC, 
GEC and Plessey have been commissioned 
to design, develop, manufacture and 
install systems, transmitting information 
at ii rate of 120 Mbit/s and compatible 
with the Post Office's existing 12 MHZ 
analogue system for 1.2/ 4.4 mm cables, 
using the same repeater spacing, housing 
and power feed arrangements. For this 
purpose the Post Office has set aside 
spare coaxial pairs in its trunk cables 
between Guildford, Portsmouth and 
Southampton. STC is to provide the 
system for the Guildford-Portsmouth 
link; GEC and Plessey are collaborating on 
the Portsmouth-Southampton link. Each 
system will be capable of transmitting up 
to l,680 telephone conversations simul­
taneously by PCM/TOM. 
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THE SHAPES OF .EXPERIENCE 

Formica* quality today is the direct result of 
many years' specialist experience. Now, more 
than ever, Formica* industrial laminates -
paper phenolic and glass epoxy- are used in the 
majority of British telecommunication industry 
applications. 

industrial laminates 

Formica Limited, Eldon House, Regent Centre, Gosforth, Newcastle NE3 3PW 

•FJrmlca is a registered trademark 
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Across the Atlantic 
The Post Office, the French Ministry of 
Posts and Telecommunications and the 
American Telephone and Telegraph 
Company are to pool resources to develop 
the world's largest undersea telephone 
cable system. It will be capable of carry­
ing 4,000 telephone conversations simul­
taneously - more than twice as many calls 
as any submarine cable now in service. 

The first cable using the new system 
will be a transatlantic link between the 
USA and France, coming into service in 
1976. The 2,500 nautical-mile cable, 
called TAT6, will run from Rhode 
Island, USA, to St Hilaire, France. Its 
manufacture, installation and mainten­
ance will be financed by a consortium of 
20 nations, including Britain, and four 
American telecommunication companies. 

Britain's telecommunication service is 
to have the use of more than 750 circuits 
in the new cable. These will be extended 
by overland routes from St Hilaire to 
Northern France, and then by undersea 
cable to Britain. 

TAT6 will provide the Post Office with 
a fourth major link for its main transatlan­
tic services. The others are two satellites 
and the CANTAT 2 cable between the UK 
and Canada the major sections of which 
are currently being laid. 

Britain's role in developing the new 
system will be in the field of cable 
production, cable-laying and mainten­
ance, fault location and testing. The 
Post Office's Research Department is to 
carry out this work in close collaboration 
with Standard Telephones and Cables. 

France will develop terminal equipment 
for the shore ends and America is to 
work on the repeaters - amplifiers placed 
in the cable at regular intervals. 

Experimental lengths of cable, de­
veloped by Post Office engineers and 
produced at STC's Southampton factory, 
are already being used in sea trials by 
the Post Office cableship Alen. 

... and the Channel 
Two new undersea telephone cables will 
double the number of circuits between 
Britain and France. Due to come into 
service early in 1976 and 1978, they will 
each have a far greater call-carrying 
capability than any other cable to Europe 
now in service. 

The first new cable will be able to carry 
up to 2,580 calls simultaneously. It is a 
25 MHz system of 43 supergroups and 
will be manufactured by the French 
firm, Les Cables de Lyons. The second, 
carrying at kast 3,600 calls at once, is 
expected to be a 40 MHz system with 60 
supergroups, and will be made in 
Britain by Standard Telephones and 
Cables. 

At present most communications with 
France are carried on a 30-mile micro-

wave radio "hop" across the Channel 

near Dover. As well as carrying com­

munications between the UK and France 

this link also carries many international 

calls routed through France. 

The new cables will also be used as 

cross-Channel feeder routes for com­

munications from the Continent through 

Britain to Canada in the CANTAT 2 cable 

and through Britain to the USA in the 

TAT6 cable. 
A new undersea link between Broad­

stairs in Kent and Domburg on the 
Dutch coast will expand communications 
between Britain and The Netherlands 
and Germany. To be in service by May 
1975, the 14 MHZ cable will carry up to 
1,380 telephone calls at once. An earlier 
project for four high-capacity cables 
linking Britain directly with Germany, 
Belgium, The Netherlands and Denmark 
is now nearing completion. 

A second direct undersea telephone 
cable between Britain and Spain will 
also come into service in 1975, and will 
have a capacity similar to that of the 
new Britain-Netherlands link. The first 
direct link to Spain, capable of carrying 
480 calls simultaneously, was completed 
in 1971. 

ISO for Leeds 
Telephone users in Leeds and district 
can now dial their own calls to many 
places in Western Europe and to North 
America following a further extension of 
International Subscriber Dialling. The 
service is already available in London, 
Liverpool, Manchester, Birmingham, 
Edinburgh, Glasgow and Cardiff. 

Another Board 
A new Board with some members from 
outside the Post Office has been set up in 
Manchester to run the North-West's 
telecommunications business. 

It is the seventh to be set up under 
Post Office plans for regional boards 
throughout the United Kingdom to run 
day-to-day services. These Boards pro­
vide a more flexible system permitting 
local managers, working within national 
guidelines, to consider local needs. 

Chairman of the North-West Tele­
communications Board is Mr J. V. 
Greenlaw, formerly the Regional Direc­
tor. The Board has eight members, four 
senior Post Office executives and four 
members appointed from outside. 

Protection squad 
The "dial before you dig" campaign, 
launched in 1968 to safeguard vital 
underground telephone cables and equip­
ment, is being stepped-up. Plant Pro­
tection Officers - specially trained Post 
Office Staff - are preparing to go into 
action from centres throughout Britain. 

By dialling the operator and asking for 
Freefone One-Double-One, public works 
and building contractors, local councils 
and other authorities can have a Post 
Office engineer promptly on site. He can 
then mark the route of underground 

A Plant Protection Officer uses 

cable locating equipment to find 

the route of an underground 

telephone cable. See the item 

"Protection squad". 

telephone cables before digging, tunnel­
ling or blasting begins. 

This is an essential back-up for the 
Post Office's consultative service which 
provides information about underground 
plant during the planning stage of 
building and roadworks. 

A nationwide team of nearly 300 men 
is now completing special training. They 
will be on call at 68 centres, known as 
External Plant Maintenance Controls. 
The Plant Protection Officers will also 
advise on the treatment of excavations 
near Post Office plant and supervise 
movement and protection of equipment. 

Gas-powered vans 
Field trials of gas-powered vehicles are to 
be extended by the Post Office Tele­
communications fleet. 

Six light vans used on telephone 
installation work are to be converted from 
petrol to liquid-petroleum-gas (LPG) 

operation and compared closely with 
six petrol-driven vehicles working in 
similar conditions. The vehicles join 
four gas-powered, l 5-cwt utility vans 
already on trial and will operate in 
London and the Home Counties. 

The decision to extend the trials 
follows encouraging results from tests 
over the past two years with the four 
vehicles converted to LPG operation. 
These have shown that toxic exhaust 
emissions of carbon monoxide, and other 
oxides associated with petrol, are virtually 
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eliminated; engines are cleaner, showing 
less wear and tear; and need for oil 
changes is drastically reduced. One of 
the four vans under test completed 
15,000 miles without an oil change. 

Post Office tests so far show little 
change in acceleration, speed and hill­
climbing performance of gas-powered 
vehicles compared with their petrol­
driven counterparts. 

Fuel consumption, however, varied 
considerably. Each of the vans was 
fitted with a different carburettor and 
although the best of these gave almost 
as many miles to the gallon as petrol 
vehicles, the others used more fuel. 

Although LPG is cheaper than petrol, 
costing about 22p a gallon, the conver­
sion cost of about £100 a van adds 
considerably to initial financial outlay in 
a fleet of the size operated by the 
telecommunication service - it has 
44,000 vehicles (28,000 petrol-driven). 

Senior appointments 

Mr Southerton Mr Rees 

The responsibilities of the former Senior 
Director, Finance and Personnel, in 
Telecommunications Headquarters were 
divided earlier this year and now two new 
appointments have been announced. 

Mr Thomas Southerton, former 
Director of the Management Services 
Department, is the new Senior Director, 
Telecommunications Personnel. He 
succeeds Mr Eric Shepherd who has 
retired. Mr William Kember has 
transferred from Post Office Central 
Headquarters to become Senior Director, 
Finance and Management Services. 

Mr Southerton, who joined the Post 
Office in 1934, played a key role in the 
introduction of flow-line repair tech­
niques at Post Office factories. He was 
appointed Controller of the Factories 
Division in 1964. 

After planning the establishment of a 
management services department for the 
telecommunications service, he became 
its first director in 1968. One of its first 
tasks under his direction was to carry out 
the reorganisation of the management 
structure of Telecommunications Head­
quarters into its present form. 

Mr Kember is a chartered accountant, 
who formerly worked with Shell and 
British Oxygen. 

In 1970, as a member of the consulting 
staff of Cooper Brothers and Co., he was 
seconded to the Post Office to help with 
the alterations required to its financial 
organisation following the change from 
government department to public corpo-
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ration. In January last year he was 
appointed to a new post as Senior 
Director, Central Finance. 

Mr Jim Rees, Deputy Director of 
Telecommunications Service Depart­
ment, has been appointed Director of 
Management Services in succession to 
Mr Southerton. 

Mr Ralph Quartano succeeds Mr 
Kember as Senior Director, Central 
Finance, at Post Office Central Head­
quarters. He was formerly Director of 
Central Financial Planning. 

Mr G. H. G. Tilling, Director of the 
Eastern Postal Region, has been appoin­
ted Secretary of the Post Office in 
succession to Mr Alan Wolstencroft, CB, 

who has retired from the Post Office. 

Chinese credit 
British businessmen and travellers in the 
People's Republic of China are now able 
to make telephone calls to Britain with· 
Post Office credit cards. 

Users simply quote their credit-card 
numbers and the cost is billed to their 
UK telephone numbers. Alternatively 
collect (transferred) charge calls can be 
made from China to Britain, and China 
has also agreed to accept transfer-charge 
calls from the UK. 

Automatic telex 
British telex users can now make their 
own calls on automatic service to every 
state in the USA following the opening of a 
new link with Alaska. The new service 
replaces an operator-controlled link. 

Calls on automatic service will cost £1 
a minute with a one-minute minimum 
charge, compared with a minimum of 
£3 for calls placed through the operator. 

Automatic telex links with mainland 
USA were first introduced in 1964, 
with all us inland networks taking auto­
matic service from Britain by 1971. Last 
year an auto link was established with 
Hawaii, and the start of the new service 
with Alaska puts all parts of the USA 

directly at the fingertips of Britain's 
40,000 telex users. 

Britain now has automatic telex service 
to 56 places abroad, and 97 per cent of 
the 34 million international telex calls 
from Britain each year are automatic. 

New Datel service 
Many new possibilities for data trans­
mission are offered by the Date! 400 
service which recently came into operation. 

The service provides a one-way system 
for information recorded at outstations 
to be sent over the public telephone 
network to a central control. Durjng 
trials it has already been used to send 
heart-beat readings from a small hospital 
to a large one a mile away, and informa­
tion on river pollution to a Government 
laboratory. A research laboratory is now 
developing equipment for sending in­
formation on motorway hazards and 
weather conditions to a central monitor­
ing point. 

The signal transmitted can be in 

binary digits - a stream of rapid on-off 
electrical pulses - at rates up to 600 
bit/s, or an analogue waveform such as 
the brainwave signals produced by an 
electroencephalograph. 

There is a robust, weatherproof version 
of the outstation equipment for use out 
of doors - for example, on a river bank 
where water level and flow may be 
measured. 

Because of the new opportunities 
opened up by the service the Post 
Office's Data Communications Division 
has invited firms making telemetry or 
data-collection equipment to consider 
developing future terminal equipment 
with Date! 400 in mind. 

To use Date! 400 the customer's 
terminal equipment is connected to the 
telephone line through a modulator, 
which converts its signal into a form 
suitable for transmission. 

There need be no telephone at the 
outstation since the line from the ex­
change ends in the modulator, which is 
then equipped for automatic answering. 
This installation is particularly suitable 
for use at remote outstations. 

A'telephone may be provided if required 
and incoming interrogation calls can 
then be accepted on it and switched 
manually to the modulator as an alterna­
tive to automatic answering. A modulator 
can be added to an existing line and tele­
phone and when it is not being used for 
data transfer the telephone can be used 
for ordinary calls. 

Real costs fall 
The cost of a three-minute telephone call 
between London and Glasgow has 
been reduced over the past 60 years 
almost to one-tenth, in terms of present­
day values. And a similar call from Lon­
don to New York has been reduced in 
cost, since the service began 36 years ago, 
almost to one-fiftieth, again at today's 
values. 

These and other reductions benefiting 
the customer have been made possible 
by the Post Office's constant development 
of new methods and materials, said 
Professor J. H. H. Merriman, Post 
Office Board Member for Technology, 
when he delivered the annual Kelvin 
lecture to the Royal Philosophical Society 
of Glasgow. 

Professor Merriman (who this year was 
awarded the Society's Kelvin Prize) 
showed how the Post Office had achieved 
a progressive reduction in the real cost to 
the customer of telephone service. In 
1910, a three-minute telephone call 
between London and Glasgow cost 
4s 6d - at 1972 values £I.8o. Today the 
same call made during the day would 
cost 22p, or as little as 5p at the cheap 
rate. In 1927, a three-minute call from 
London to New York cost £15 - at 
today's values, this would be £69.75. On 
lSD now, a three-minute London-New 
York call costs only £r.50. 

For the future, Professor Merriman 
foresaw that world-wide research and 



development into cheaper and more 
effective switching systems would result 
in some plant cost reduction. But, he 
warned, these would not possibly have 
the same anti-inflationary effect on long­
distance charges that earlier develop­
ments had brought in past decades. 
"There is a limit somewhere to the pips 
that can be squeezed from this particular 
orange," he declared . 
• Sir John Eden, Minister of Posts and 
Telecommunications, has announced the 
re-appointment of Professor Merriman 
for a further period of three years as 
member of the Post Office Board with 
special responsibilities for technology. 

Calling yachtsmen 
In a new radio service for yachtsmen the 
Post Office's l l coast radio stations will 
broadcast urgent business or personal 
messages immediately following the 
morning and evening weather forecasts. 

The, scheme is aimed at providing an 
avenue of communication from the shore 
for the many hundreds of yachts and 
other small craft equipped with radio 
receivers, but not with two-way radio. 
At present they have no means of keeping 
in touch with the shore. 

The service will be on trial for six 
months and is available from all tele­
phones without coinboxes. Charges will 
be included in the quarterly bill. 

Messages are telephoned to the coast 
radio station nearest the vessel. If the 

• 

vessels' location is not known, the Post 
Office can arrange to have the message 
broadcast from other coast radio stations 
at an extra charge. 

The receipt of one-way messages 
cannot be guaranteed: yachts may have 
the radio switched off, be out of radio 
range, or be in a radio "blind spot". 

The Post Office's radio stations will 
broadcast each message twice. 

Essay winners 
An essay on Telecommunications in the 
Netherlands won a £14 first prize for 
Technical Officer Mr J. V. Buckley in 
the annual essay competition run by the 
Institution of Post Office Electrical 
Engineers. Mr Buckley works in the 
North Central Area of London Tele­
communications Region. 

Other prizes were £9 - Mr C. Kelley, 
Technician 2A Rotherham (Development 
of communications satellites); Miss A. J. 
Owen, Senior Drawing Office Assistant 
Northampton (Today's juniors-tomor­
row's seniors). £4 - Mr D. E. G. Coles, 
TO Birmingham (Critical path analysis); 
Mr J. Searby, T2A Liverpool (Historical 
sketch of telecommunications in UK). 

Power from line 
The development of simple, low-speed 
data transmission devices is expected to 
receive impetus from a Post Office 
decision to permit privately provided 
attachments to the telephone to be 

operated by the power flow from the 
telephone line. 

Until now all telephone attachments 
have had to have an independent power ' 
supply. From June next year attachments 
will be able to draw power from the 
telephone line - but as the power available 
can be very low it is expected to be 
adequate only for the operation of solid­
state devices. 

They will be able to draw power from 
the line while a call is in progress. 
However, power cannot be used off-line -
for example, to recharge a power cell in 
a data terminal. 

All attachments will need to meet Post 
Office technical requirements and to be 
supplied to users on a rental basis rather 
than sold. Technical specifications will be 
published in September by Telecom­
munications Service Department. 

Network grows 
More than a million orders for exchange 
line connection to the telephone network 
were met by the Post Office in the six 
months ended March 3 r. 

Of a total of l,047,000 orders met during 
this period, 760,000 were for new 
exchange lines and 287 ,ooo for the take­
over of existing exchange line equipment 
by new customers. 

This is an increase of 6.5 per cent on the 
corresponding period in 197 l-72 when 
orders met for exchange line connection 
totalled 982,000. 

............. ... ·n 
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It's got to be good . 

. l 

When we started out making electronic 
equipment there were two ways we could go. 

One. 
To make an economy product, cheap, 

adequate and a fast seller. 
Two. 
To make a quality product for which no 

component was too good or no quality check 
too stringent. 

We chose number two. 
And since then we've built up a reputation 

·second to none for reliability and technical 
excellence. 

The envy of our competition. 
Everything made in our factory is checked 

again and again. 
Because we know that if one substandard 

thing goes out of the door, our reputation goes 
out of the window 

That's why Mill bank equipment has got to 
be good. 

For it's only by choosing number two that 
we've become No.1. 

· Millbank 
Millbank Electronics Group, Uckfield, Sussex, England. 
Tel: UCK (0825) 4166 (From Europe) 892-96-4166. 
Manufacturers of specialist audio equipment 
for industrial & entertainment applications. DE 

MILLBANK 
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Our two new ranges of 75 ohm TV distribution 
cables are now made on an extrusion line unique in 
Western Europe. 

We're one of the most technologically advanced cable manufacturers, using new 
techniques to produce TV distribution cables at a consistently high standard to tolerances 
much closer than previously possible. At very competitive prices. 

The two ranges: 

Aeraxial Semi Air Spaced 
Polyethylene dielectric copper 
taped braided and polythene 
sheathed television distribution 
cables. Five cables in the range, 
with inner conductor sizes from 
1 .27 mm to 3.05 mm. 

Solid Polyethylene dielectric 
copper taped and polyethylene 
sheathed television distribution 
cables. Five cables in the range, 
with inner conductor sizes from 
0.73 mm to 3.65 mm. 

Aerialite 

Aerialite will specially 
manufacture TV distribution 
cables for any special TV 
application-also, you can 
make use of the Aerialite 
free technical advisory 
service to help you in the 
selection and application of 
distribution cables. 

For further information, send for 
Aerialite's new publication 
giving full technical 
specifications of the latest range 
of TV Distribution Cables. 

�o A� Ca�Limi� • • 
Please send me your brochure 

I 
entitled Aerialite Television Distribution Cables. 

_N_A _ M_E __ _ _ ____ _ ______ ____ � 

Aerialite Cables Limited, POSITION 
Castle Works, ----------------------

Stalybridge, Cheshire SK15 2BS. I COMPANY 
Telephone: 061-338 2223 
---------------------

Cables: Aercables, Stalybridge. _A_D_D_R_E_ss _____ ____ ___ ______ _ 

Telex: 669902 
POTJ4 



If you want to draw on our maps, 
draw on our resources. 

If you want to add your own 
specialised information to Ordnance 
Survey maps, then we can supply you 
with transparent copies on dimensionally 
stable material. 

If, for instance, you wish to record the 
alignment of water mains, electricity or 
telephone cables, then these 
transparencies are ideal since you can 
produce paper copies containing your 
latest information. 

Transparencies are available of most 
maps at published scales. These 
include copies of 1 :1250 and 1 :2500 
maps and up-to-date surveyors' 
'field documents', 1 :10,000 and six-inch 
maps (not showing contour lines). 
1 :25,000 and smaller scale transparencies 
are made from outline editions and do 
not show contours. 

If you'd like further details please 
post the coupon, or call the number below. 

Other Ordnance Survey Services 
Microfilm. 35mm microfilms of published 1 :1250 and 1 :2500 
\Jational Grid maps are available, mounted in aperture cards, 
·eady for use on microfilm viewing and printing equipment. 

11.dvance revision information. All 1 :1250 and many 1 :2500 
\Jational Grid maps are continuously revised. Copies of the 
;urveyors' 'field documents' can be supplied. 

Control information. Planimetric (triangulation points, traverse 
stations, and revision points) and vertical (bench marks); 
information available for most areas. 

Enlargements. 1 :500 from 1 :1250 and 1 :2500 National Grid maps, 
and 1 :1250 from 1 :2500 National Grid maps are available on 
polyester film. Enlargements from surveyors' 'field documents' are 
also available. 

Change of Scale. Some people have a need for 1 :10,000 scale 
versions of 1 :10,560 National Grid maps, and vice versa. These are 
available in monochrome on polyester film or paper. 

Reductions. If you want to keep your 1 :2500 National Grid maps 
of urban areas up-to-date we can supply reductions on polyester 
film or paper of the more frequently revised 1 :1250 maps to cover 
the same area. 

Map Mounting. A mounting service for Ordnance Survey maps 
is available, ranging from simple single sheet jobs to elaborate 
wall maps covering larger areas. 

-T�-;;:e�.::;;:;;:l;;i-;::;;-m:;i::;::;:----, 
or phone the number at the foot of this page. 

Transparencies � Enlargements 

Microfilm -
-
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information __ 

Control information Map Mounting 

To: Ordnance Survey, Publication Division, Dept. 101/C 
Romsey Road, Maybush, Southampton S09 4DH. 
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Ordnance Survey Services Cl 5 
Tel: Southampton 775555 Ext 301/304/399 (STD Code 0703) Telex: 47103 
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400 to 10,000 c/s ... tell us what you need, and our little plug­

in fixed frequency oscillator will supply it, dependably! It's 

solid state, based on a single silicon transistor and available 

encapsulated in epoxy resin, with all the Whiteley experience 

of the technique, or in a cased form as illustrated-both 

giving a long working life. Output is 10 mW into a 600 ohms 

load. Standing on its octal base, it is very proud of its 

P.O. approval. There's no doubt, when you need a single 

audio frequency sine wave output for any purpose ... this 

is a very useful little chap to have around. Ask us for details. 

WHITELEY 
ACTIVE 
FILTER 

These active filters are designed to take over the functions 
of passive filter networks in audio telecommunications 
systems. They offer several advantages, in space-saving, 
economy and reliability. 
As a size comparison, one active filter will take up the same 
space as two Post Office Type 3000 relays. By using the same 
fixing and terminal holes as the relays, it offers an extra 
convenience when baseboards are being prepared. By 
replacing inductive components with solid state devices, 
filter characteristics have been obtained at less cost, without 
insertion loss, and with increased flexibility and economy. 
These new active filters have B.P .0. approval, and have wide 
applications, in the audio area and in signalling and control 

Whitel'y Whiteley 
. 

versatzlzty... versatility ... 

Further information from: 

WHITELEY ELECTRICAL RADIO CO. LTD., 

Victoria Street, Mansfield, Notts., England. 
Telephone: Mansfield 24762. 
London Office: 109 Kingsway, W.C.2. Telephone: 01-405 3074 

WHITELEY ELECTRICAL RADIO CO. LTD. 

Mansfield, Notts, England. Tel. Mansfield 24762. 

London Office: 109 Kingsway, W.C.2. Tel. 01 -405 3074 
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"Mobility is a key factor in the provision and 
maintenance of the telecommunications service" 

That's what Mr. Philip Brownlow head 
of the Post Office Telecommunications 
Motor Transport Division says concerning 
the millions of pounds spent annually In 
the supply and operation of the transport 
needed to support the telephone and 
ancillary systems throughout the country. 

"When you spend this amount of 
money you have to buy according to a 

very strict set of criteria. In the case of the 
Bedford HA Van we have good experience 
in running a fleet of2,000 of them. We find 
they give us the kind of reliability, 
economy and ease of operation that is 
essential for the supply of a nationwide 
service.These and other practical reasons 
are why we have ordered another 3,200 
and why we are investing over £2m in 

this area alone. You just have to have re­
liable back-up services and these Bedford 
vans fully satisfy our needs In this respect!' 

There Is a Bedford HA Van to suit 
your needs. Your Bedford Dealer has full 

details. 
(Bedford HA Vans are available in 

6cwt,10cwt and"DOUBLE PLUS" 
versions.) 

----· 
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Vauxhall Motors Ltd. 
Luton, Bedfordshire, LU2 OSY. Tel: 0582 21122 
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We give you a 

better choice 
Siemens teleprinters are more versatile. 
Siemens teleprinters are more reliable. 
Siemens teleprinters are easier to operate. 
Siemens teleprinters are serviced in 128 countries. 
Siemens teleprinters are delivered faster. 
Siemens teleprinters are either leased or bought. 

From Siemens Limited, Great West House, 
Great West Road, Brentford, TW8 9DG, Middlesex. 
Telephone 01-568 9133. 
Telex: 23176. 

� 
SIEMENS 

of better 
teleprinters. 

Siemens. 


