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... is four times as much as is necessary to secure the wire in

Puinton Cumblock Terminul Blocks

Painton Camblock Terminal 8locks achieve:

Better Wiring Time with ease of wire insertion and
quarter turn cam replacing multi-turn screw connections.
No grub screws to come loose and fall out.

Better Security of the wire, positively held against the
busbar to withstand high vibration and shocks. Cams do
not damage the wire, enabling many insertions and with-
drawals to be made.

Better conductivity as individual strands become mech-
anically fused together, all carrying their share of the
electrical load.

Small size enables maximum number of connections to
be made in the minimum of space.

Painton Camblock terminal blocks are available in Medium,
Miniature and Sub-miniature ranges, each with a variety of
sizes in standard and feed-through versions.

Camblock Trade Mark U.X. and Foreign Patents.

Exclusive manufacturing and selling licensees
for U.K. and Western Europe

For further information write for leaflet PCI.

Painton & Co. Limited

AUSTRALIA Painton (Australia) Py. Lid.. BENELUX Painton S.A. GERMANY Painon [\INGSTHORPE * NORTHAMPTON
G.m.b.H. ATALY Painton Italiana S.p.A.. SWEDEN Svenska Painlon A.B., U.S.A. Painton lnc.  Tel: 34261 (10 lines) * Grams: 'Ceil," Norihampton - Telex 31576
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Some methods of conveying messages tend to fall short
So we've perfected a few of our own

For manyyears, we've devoted ourskilland resources
to developing and perfecting a complete range of
telegraphic equipment—for direct and indirect sys-
tems, large, medium and smatl.

We've been very successful.

Which is why STC equipment is used as much for
local and international telex switching as it is for the
private networks of public authorities.

Through STC equipment, the vital messages of
corporations, civil airlines and business-in-general

speed across the world. Our message-switching
equipment—from the simplest manual transfer right
through semi- and fully-automatic systems—are the
finest available.

When it comes to your telegraphic problem—
whether it's large or small—contact the people who
make sure of the answers: Standard Telephones and
Cables Limited. Telephone Switching Group,
Oakleigh Road. New Southgate, London, N.11.
Telephone: ENTerprise 1234. Telex: 21612,

STC




You can pick out the new Deltaphone with your eyes closed

Even in the dark, you can tell the new Deltaphone
is revolutionary.

Try picking it up with one hand. Easy. The compact
body is only slightly wider than the dial—4-3 inches
(109 mm.). And it's as lightweight as it is compact.
At 4 ounces (120 gms.), the handset—which rests
neatly along the body—is less than half the weight
of an ordinary handset.

Listen when the phones start ringing. The Delta-
phone doesn’t. It warbles discreetly. At any volume
level you choose.

And, when it's silent, the Deltaphone still attracts
attention. By its looks.

Its functional elegance has earned an award from
the Council of Industrial Design.

Once you've studied its high technical specifications,
seen the restrained colours in which it comes, and
noted such features as optional dial illumination,
you'll have your own awards to make.

Sufficient to say now that the Deltaphone is ideal
for reception areas, modern offices—wherever pres-
tige is essential.

Standard Telephones and Cables Limited. Telephone
Switching Group. Oakleigh Road. New Southgate,
London, N.11. Telephone: ENTerprise 1234, Telex:
21612.




RX.11 RECEIVER

Complements in communications

In a modern radio link station all equipment must
be to a uniformly high standard of quality. A trans-
mitter with high stability synthesizer frequency
control must be matched with an equally stable
receiver. STC supplies HF equipment to this
standard.

The QT.3-A/4 (7-10 kW) and QT.8-A (20-30 kW)
are ISB, DSB ane general purpose linear amplifiers
for telephony and singte or multi-channel telegraphy.
The fully transistorized RX.11 receiver has a stability
of 1 in 107 per week, and is held in tune to THz by

motorized a.f.c. Both transmitters and receivers
have facilities for autotune with local or remote
control.

All equipments, including ancillaries, are designed
for exceptional reliability and maintainability. Maxi-
mum ease of operation is combined with minimum
need for servicing.

For further details, write. phone or telex Standard
Telephones and Cables Limited. Radio Division,
Qakleigh Road, New Southgate, London, N.11.
Telephone: ENTerprise 1234, Telex: 261912.

STC




STC helps make light of her job

world-wide telecommunications and electronics
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offers a complete aerial service

(LF to Microwaves)

-y

BROADCASTING
' POINT TO POINT
" GROUND TO AIR
NAVIGATIONAL AIDS
- MARINE AERIALS

MAST AND AERIAL
i INSTALLATIONS IN
i 1 OVER 200 COUNTRIES

Speciality ranges of the Coubro and Scrutton Companies
LF, MF and HF: Coubro and Scrutton Ltd.

VHF and UHF: Associated Aerials Ltd.

Microwaves : Precision Metal Spinnings Ltd.

Business Radio:  R.T.Masts Ltd.

Telescopic Masts: A. N. Clark (Engineers) Ltd.

The Group’s productsand services include:

Radiotowers M Fixed, portable and telescopic masts Ml Co-axial and open-wire feeders

M Aerials (LF to HF) : thombics, log periodics. dipoles, quadrants, ‘T’'-aerials, wide-band

aerials W Aerials (VHF to microwave) : yagis, ground plane, helices, dipoles, dishes, Filters.

H Aerial switches ll Lead-in panels ll Earth systems Bl Air-cooled transmitter loads up to 20kW
M Termination networks Ml Propagation surveys B Site layouts and installation.

COUBRO & SCRUTTON LTD., 430 Barking Road, London, E13

Cables: Coubro London E13 - Telex 25850 - Tel : ALBert Dock 4477
€s3



THE REED ELECTRONIC EXCHANGE
No. 18 system

packs more lines
into less space—
AND LEAVES ROOM

FOR UNLIMITED
EXPANSION

REX in a nutshell

By providing electronic common control
of reed relay spatial switching, the REX
system offers an extremely compact and
reliable solution to hoth the switching
and control problems of modern
exchange design. The REX exchange has
heen developed hy AEI to integrate
smoothly with existing automatic
networks: its exceptional flexihility
ensures full growth capacity for hoth
services and traffic. . .

Wider range—more accessihility
An entirely new Reed & Electronic
Modular Apparatus practice (REMA)
has been designed by AEI engineers to
provide completely compatible
mounting of reed relays and electronic
circuit components. Combined with a
new sliding-frame mounting system. the
REMA practice allows more than 20,000
lines of REX switching equipment to he
accommodated in the space normally
required by a 10,000 line electro-
mechanical exchange. In existing
buildings this means more space for future
expansion: in new exchanges it makes
possible great savings in construction and
installation costs. And hecause the REX
suhscriber’s line circuit can tolerate
substantially wider line conditions, a
REX exchange will serve an area much
larger than that of a conventional
exchange, with significant reductions in
line plant investment.

Designed for expansion

The hasic design allows for all future
switching requirements, including
abhreviated dialling and subscriber’s
automatic transfer, together with all
current standard features such as data
for antomatic message accounting. A

stored programme control is provided to
expedite inclusion of these and any other
special facilities that may be required
during the life of the exchange with
virtually no redundancy of initial
apparatus.

Minimum maintenance

The high-speed electronic control system
is programmed to give complete
automatic self-checking and self-
reporting of fault conditions and at the
same time, routes calls away from areas
of faulty equipment. A 3,000 (ultimately
7,000) line prototype reed electronic
exchange supplied to the BPO at
Leighton Buzzard,* has heen designed for
completely unattended operation and
reports all servicing requirements to a
remote maintenance control centre.

Maximum service security has heen
ensured by exhaustive circuit design and
testing during the development period
and by replication of important items of
equipment. The control-area is suh-
divided into independently ‘switched
functional units thus ensuring continued
operation in the face of faults. Thanks to
the REMA system every part of the REX
exchange is accessible for inspection or
servicing.

*  Developed in conjunction with the BPO
under the auspices of the Joint Electronic
Research Conunittee.

vi




SOPHISTICATED
ELECTRONICS—
BUILDING BLOCK
SIMPLICITY!

The REX switching element

The basis of the REX system is the reed-
relay switching element. It contains only
nine different piece parts, compared with
200 in a hi-motional selector, and its very
simplicity makes it uniquely reliable.
There’s nothing to wear out and it is
sealed completely against dust and
atmospheric pollution.

The REX switching matrix

Switching matrices can be built up in any
form simply by clipping reed-relay
crosspoints together. Thus unlimited
provision for the growth of lines and
links is built into the REX system.

The REX switching unit

Basic switching arrays are built up out of
matrices and are arranged in parallel to
form a REX switching unit. Typically, a
1,000-line four-section unit would serve a
community with an average calling rate
of 150 call seconds per line in the busy
hour, other calling rates can he
accommodated by varying the number of
sections.

The multi-unit REX exchange

Switching and linking arrangements are
provided for all sections of each unit so
that complete crosspoint path intercon-
nection is made between all lines of the
REX exchange. The special linking
pattern adopted can cater for all traffic
patterns whilst retaining simplicity of
control,

REX electronic control

The REX electronic control has three
main areas of activity:

Scanners and Registers: To determine the
source and final destination of a call.

vii

Markers and Interrogators: Concerned with
interrogating the state of crosspoint paths
and marking these paths through the
switching sub-units.

Common Control: Processes tlie necessary
call setting data in accordance with
instruction from the stored programme
control so that the calls are routed with
maximum utilisation of the switching
networks.

Information for administrations

The ATI REX Information Service is one
of the most comprehensive programmes
ever offered. In addition to brocnures and
full technical data, AEI will gladly
arrange for their lecture team to visit the
engineering staff of interested
administrations to provide an introduc-
tory course on bhasic REX principles.
Later, key personnel would receive full
training both at AEI’s UK factories and
on-site during installation. Training
schools staffed and maintained by AEI
are also under consideration for
territories where reed electronic
exchanges are proposed as standard.

Please write for full details

Public Telephone Systems

Department (Electronic)
Telecommunications Group
Asseciated Electrical Industries Limited
Woolwich, London SE18.

Tel : Woolwich 2020

REX is a UK registered trade mark.
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MST@SUCCESS

SALES NOW
EXCEED
£8,000,000

More and more
countries are buying
Marconi Self-Tuning
h.f systems. ..

and one good reason is:

B Wideband and distributed amplifiers
simplify and reduce the number of
moving parts, which are to the
highest engineering standard, thus
minimising mechanical failure.

B Silicon diode rectifiers, vacuum
variable capacitors and extensive
use of solid-state techniques give
optimum reliability.

B MST receivers are all solid-state,
eliminating mechanical variable
capacitors and telegraph relays.

INCREASED RELIABILITY

and other good reasons are:

Reduced capital outlay

MST designs reduce demands for space, and
need for standby equipment. Installation costs
aredecreased.

Trafficinterruptionreduced
Frequency changes and retuning accomplish-
ed in less than one minute without loss of
traffic.

Economy of manpower

High equipment reliability together with full
remote control facilities permit unmanned
station working. Complete h.f systems can be
controlled by one man.

World-wide acceptance

30 countries throughout the world have
ordered more than £8,000,000 worth of MST
equipment to improve their communications
services.

Marconi telecommunications systems

The Marconi Company Limited, Radio Commmunications Division, Chelmsford, Essex, England

LTD/H78
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3 : Millivolimeler
I+ Type 701
STAND No 5 Tiue RM.S
. Millivoitmeler
i Type 702
451 V. H. F. Miflivoltmeter
Type 71!
g . D C Kilovoltmeter
Br't'sh Radlo & 3 Type 722
H = i Two Tone
Electronic Com ?'r Signal Generator
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Noise Factor Meler
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h AF. Wave Analyzer
May 23-26 Type 771 g
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AF. Microvolimeler Type 705 s e N
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—that's the Dymar System—a system of plug-in instruments offering
flexibility and considerable capital saving. The basis of the system is
the Type 70 Meter Unit which will accept any of a series of plug-ins. A
change of function occurs with each combination because it protluces
adifferent instrument, Just release the retaining rod, withdraw the plug-
in and insert another. ft's as simple as that ang 'Pluginability’ sums it
up in one word.

L—— — ==3)
Type 70 Meler Unit with Plug-in-
A.F. Signal Generalor Type 741.

Full detalls from:
DYMAR ELECTRONICS LTD. REMBRAHDT HOUSE WHIPPENDELL ROAD WATFORD HERTS.
Telephone: Watford 21297



Tcl cables speat: all languages...
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For all types of drycore and plastic
telephone cables, apply to TCL -the
largest manufacturer of telephone
cables in Europe

TCL cables on the waterfront in Aden

Telephone Cables Limited, Dagenham, England
Telephone: ®OMinion 6611 Cables: Drycore Dagenham
THE ORGANISATION WITH 130 YEARS' EXPERIENCE




Post Office

Telecommunications Journal

Published by the Post Office of the United Kingdom
to promote and extend knowledge of the operation
and management of telecommunications

CONTENTS

AMBERGATE-—First in the World
(pages 2-5)

FROM TRANSISTORS TO
INTEGRATED CIRCUITS
Dr. J. R. Tillman (pages 6-11)

DUCT SEALING—A New Method
D. W. Stenson (pages 12-13)

THE EXCITING PROSPECTS OF
PCM

J. F. P. Thomas (pages 14-18)

A BIG TASK FOR SCOTLAND
T. C. Carpenter (pages 19-24)

THE LIVERPOOL EXPERIMENT
J. P. Harris (pages 25-27)

A WORLD CENTRE AT
WOOD STREET
V. H. Tuerena (pages 28-31)

THE MAKING OF MANAGERS
N. Gandon (pages 32-35)

MANAGEMENT TRAINING IN LTR
C. Fawkes (pages 35-38)

“GBR” IS BACK ON THE AIR
(pages 39-41)

UNDERGROUND AT OXFORD
CIRCUS

W. H. Lamb (pages 42-43)

TELSTA SPEEDS AERIAL CABLING
B. L. Nuttall (pages 44-45)

*

Vol. 19 Spring 1967 No.1

CRITICISM & CONGRATULATION

THE telecommunications services emerge with con-
siderable credit from the investigation by the

Select Committee on Nationalised Industries whose

report was published as the Journal went to press.

The report recognises and sympathises with the
Post Office’s peculiar problems and makes it plain
that the Post Office does a much better job than it
is usually given credit for.

The Committee criticises some weaknesses which
arise from lack of capital in the past and inaccurate
forecasting of the rate at which the telephone service
was expected to grow and comments on the fact that
the Post Office has to provide a number of unprofit-
able “social” services. On the other hand the Com-
mittee congratulates the Post Office on the way it is
equipping itself to provide a broader range of services
which take into account the varied needs of the com-
munity for the rapid transfer of information and “ap-
plauds the readiness to think in such terms and to pre-
pare to pioneer new means of telecommunications.”

The report also welcomes the action the Post Office
is taking to improve forecasting techniques and
speed the flow of exchange equipment and endorses
the priority the Post Office is now giving in its in-
vestment programme to improving the telephone ser-
vice for existing subscribers rather than to extending
service to new subscribers.

Finally, the report congratulates both management
and staff on the significant gains (between 4 and 6
per cent a year since 1960-61) from increased pro-
ductivity, particularly in the engineering field.

The need for even greater increases in productivity
was stressed by the Postmaster General when he
spoke at a Press Conference on the White Paper on
Post Office Prospects, 1967-68, which was published
shortly after the Select Committee Report. ‘“We have
to do everything we can to improve our efficiency,”
he said. ““This is not just a pious hope. We have
already begun a fundamental examination- of our
managerial structure and are applying new practices
and methods of work, better management techniques
and intensifying productivity in full consultation with
the staff associations. And we aim to do all this
without debasing the standards of our services.”

* Full reports on the Select Committee’s Report and the White

Paper Post Office Prospects, 1967-68 will be given in the
Sumimner issue of the Journal ,
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Ambergate—First in the World

"THIS exchange heralds a new era in tele-

communications,” said the Postmaster
General, the Rt. Hon. Edward Short, “It
is a significant step forward in the Post Office
programme for modernising the telephone
system fo meet the needs of today and of the
future.”
The Postmaster General was opening the new
electronic exchange at Ambergate, Derbyshire,
the first production electronic exchange in

Europe and the first small-to-medium size elec-
tronic exchange in the world,

Orders for about 30 exchanges of the same
type—known as the Post Office TXE 2—have
already been placed and another ten are expec-
ted to be ordered by the end of March, 1967.
Thereatter, another 80 to 90 TXE 2 exchanges
will be ordered each year. “This means that
for the first time anywhere in the world elec-
tronic equipment for small-to-medium ex-



A new age in telecommunications was opened when the world’s first
small-to-medium electronic exchange was brought into service at the

Derbyshire village of Ambergate.

Final tests being carried out on the new TXE 2
electronic exchange at Ambergate. In normal
operation the system is self-proving and any
fault is automatically detected.

chanpes is in production,” said the Postmaster
General.

The new TXE 2 exchanges are now the
standard Post Office installations for all small-
to-medium new and replaccment exchanges up
to 2,000 lines capacity and have for some time
been ordered for all new exchanges of approp-
rate size.

“But,” warned Mr. Short, “this is not a
revolution which will change the telephone ser-
vice overnight. We do expect that about one
fifth of our annual requirements for new equip-
ment will be met by electronics by 1970-71.
This does not mean that the who'e systcm will
be electronic by that time because exchange
e;juipment has an economic life of about 30
vears and the newest electro-mechanical ex-
changes would not normally be replaced until
about the turn of the century. The fact remains,
howcver, that wc in this country arc at the
beginning of a new era comparable in some
ways with that about 50 years ago when auto-
matic switching was being introduced. The
decision to go all out for electronic exchanges
of the small-to-medium size is one in which
Britain leads the world.”

The new exchange at Ambergate (technical
details of which were published in the article
Breakthrough for Britain in the Spring, 1966,
issue of the Journaf) is the result of ten years
collaboration between the Post Office and the
telecommunications industry.

The key component of the TXE 2, as in other
British electronic systems at present being
developed, is the miniature dry reed relay which
is used for speech path switching and certain
control functions. Each switching crosspoint
consists of four reeds, enclosed in an operating
coil. The contacts, which are gold-plated and
protected in an inert atmosphere by an her-
metically-sealed glass envelope, are closed by
the generation of a magnetic field in the coil.
This means that the reed relays are subjected

It took ten years to perfect

]

Technician 11A Mr. H Radford blocks off the
manual switchboard at Ambergate before the
new electronic exchange is brought into use.

to virtually no wear and are, in fact, expected
to withstand several million operations without
failing or becoming noisy.

In addition, the components do not require
mechanical adjustment, which means that there
is much less need for maintenance, running
costs are lower and the exchanges are more
reliable. Compared with electro-mechanical
exchanges, the TXE 2 is much smaller and in-
stallation and extensions are much easier to
carry out. Since they are more compact they
require smaller buildings to house them—a very

OVER
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Contraol circuits, Selectors
and Registers

This diagram shows a typical connection between
two subscribers on the same TXE 2 exchange.
A,B,C and D are groups of crosspoint switches;
O/E is own-exchange supervisory relay set: MJE the
main exchange (outgoing) supervisory relay set;
AJE the adjacent exchange (outgoing) supervisory
relay set and I/C the incoming-junction super-
visory relay set,

Left : Mr. E. G. Hucker, Director Midland Region,
pulls out the wedges to bring the new TXE 2
exchange into action. Below : Exploded view of a
reed-relay, the gold-plated contacts of which

are sealed in an inert atmosphere to prevent
contamination and ensure a long, fault-free life.

Lhdd

considerable advantage at a time when there is
great pressure on space for sites. For example,
the TXE 2 at Ambergate, at present serving
some 600 subscribers, houses 3,500 lines with
electronic equipment compared with only 1,800
lines of existing electro-mechanical equipment.

The TXE 2 offers many advantages for sub-
scribers, too. Perhaps the most important
derives from the speed at which it can “think”
and act. Electronic circuits operate many times
faster than electro-mechanical circuits so that
operations controlling the setting up of a call
can be carried out much more rapidly. This



Mr. J. A. Carlisle, a senior engineer of the

Plessey Telecommunications Group, operating a
display panel at the new Ambergate Exchange. The
panel indicates numbers being called.

enables facilities to be provided for a second
attempt to set up a call automatically, without
any additional action by the caller, and without
his knowledge, if the first attempt is made over
a path which is unsatisfactory because of a
random fault in the exchange. Hence, in most
instances, many fewer calls should fail, even if
there are component faults in the exchange. In
addition, the likelihood of background noise in
the telephone receiver is substantially less than
with conventional equipment.

There are other advantages as well. For
example, if a subscriber rents more than one
connection these do not have to be arranged

consecutively on the equipment in the exchange. .

Spare numbers do not have to be reserved for
expected growth and unexpected growth will
not involve, as it often does with the conven-
tional exchange system, a change in the sub-
scriber’s published number.
which is being provided at Ambergate at a
small extra charge is the ability to transfer
incoming calls to another designated number or
numbers under the control of the subscriber
himself.

Further facilities are likely to become avail-

s,
\

One new facility .

I Three more TXE 2 exchanges will come into service I

| towards the end of 1967. These will be at Odiham, |

| in Hampshire, at Brampton, in Cumberland, and at ]

! BJshopton (Renfrewshire). By the end of 1968 some I
40 TXE’s are expected to be in service.

L -
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Mr. K. Slater, Clerk of Works on the Ambergate
project, tests the new lines after
the change-over to the new electronic equipment.

able in the near future. One is the Keyphone
which, using ten press buttons or keys in place
of the dial, enables callers to key their numbers
'much more quickly than they could dial. This
will exploit the fast switching capability of the
electronic equipment, although the fullest
advantage to subscribers will not be realised
until all the exchanges they call are also elec-
tronic and faster signalling between exchanges
—another further development—is available.
Another is abbreviated dialling, a system by
which subscribers will be able to dial a special
short code instead of the full number, leaving
the equipment to do the rest. This facility will
save the caller time and effort in obtaining
regularly-dialled numbers, especially those—
such as STD and international numbers—which
require extra digits to be dialled.

S



FROM TRANSISTORS
TO INTEGRATED CIRCUITS

By Dr. J. R. TILLMAN, D.Sc., F.Inst.P., FIEE.

the most important which has yet taken

place in microelectronics. It has sprung
not from any new scientific discoveries, but
from the extension of techniques developed for
silicon transistors. Powerful incentives from
military, space and computer electronics
speeded it along because all three fields required
a form of microminiaturisation which would
combine a large reduction of size of equip-
ments, greater reliability and lower overall
costs.

Electronic circuits today consist mainly of
resistors, capacitors, transistors and diodes,
which are usually mounted on a board and
interconnectcd by a metallic pattern printed on
the board. Strenuous efforts have been made to
reduce the size of these circuits by making each
component part smaller and by clever methods

TIIE development of integrated circuits is

of assembly and interconnection.

But this approach to microminiaturisation
has been overtaken by the new development
which can put the equivalent of 50 or more of
tliesc components on to a thin chip of silicon
less than one-tenth of an inch square—though
the overall size after encapsulation, with lcads,
is several times larger.

Mass production of many ranges of silicon
integrated circuits has already begun, particu-
larly of circuits suitable for digital computers,
and these circuits will soon be in use in tele-
communications. Although the space saving
thus made possible might never have becn of
overwhelming importance to the Post Oltfice,
the combination of weight saving, improved
reliability and reduced costs, which the new
circuits offer, will be irresistible. Considerable
scope for them can be foreseen, for example,

Integrated circuits
are subjected to
automatic program-
med tests while at
the slice stage.
Inspection and test-
ing must be very
thorough.—Picture:
Courtesy Elliote-
Automation Micro-
Electronics Ltd.



Micro-electronics has taken a big leap forward with the development of silicon inte-
grated circuits which have already found many uses [in military and space projects.

larly in telephone switching, pulse code modulation and data processing and tran-
smission. New facilities for subscribers will also become practical and there will be
major savings in space, power, first costs and in maintenance
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| Integrated circuits have many potential purposes in telecommunications, particu- :
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in future generations of electronic telephone
exchanges and in both the terminal and line
equipment of pulse code modulation systems.
The Research Branch of the Engineering
Department is itself developing a small experi-
mental exchange which will use many integ-
rated circuits. The exchange will handle
conversations in pulse-code-modulated form.
Incoming junctions will carry up to 24 con-
versations, which will be switched out to other
junctions, also capable of carrying pcm signals,
according to dialling information, without
having to convert from pcm to audio before
switching and audio to pcm after switching.
The integrated circuit was developed indirect-
ly from the germanium transistor which inaug-
urated the era of the solid state device. Having
no need of a heater or filament the germanium
transistor made possible a greatly increased
packing density of components, thcreby giving
a stimulus to microelectronics. In addition,

ACTUAL SIZE

SILICON PLANAR TRANSISTOR
TYPE I0A

germanium paved the way for silicon, its rival
as a semiconductor suitable for transistors.
Silicon technology took some years to be
brought under adequate control but, when it
was, the expected advantages of the ability of
silicon devices to work in higher ambient tem-
peratures, to withstand higher voltages and to
have very low failure rates were soon demon-
strated.

Then, in the late 1950s, the silicon planar
technology was developed. Processes of oxide
masking, photolithography and solid state diffu-
sion were used to convert a slice of homogene-
ous silicon into an array of potential transistors.
The areas of the emitter and base regions could
be very accurately defined by the photo-
lithography. After a further sequence of pro-
cesses combining more photolithography with
the deposition of a metallic film. and its
etching away in all but a few selected areas, the
OVER

A magnified
imageof aplan-
ar transistor
is shown here
alongside the
slice of sili-
con on which
it and 200
other similar
transistors
were made.

MAGHIFICATION X160
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Above: A slice of silicon can be converted into
many integrated circuits. Here (magnified 40
times) is part of a slice which will be divided
into many chips, each containing one circuit.
Below: This integrated circuit chip (magnified
80 times) contains ten transistors, 16 diodes,
14 resistors and two capacitors. Connections
for external use have yet to be added.
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slice can be cut into many hundreds of chips,
each containing one transistor ready to be
mounted on a header, to have lead wires at-
tached to the small remaining metalliscd areas
and to be encapsulated.

The planar process needs careful control at
many stages and the sets of masks used in the
photolithography must be very accurate and
capable of alignment to better than one-
twentieth of one thousandth of an inch. This

process is used by the Post Oftfice for making
transistors for the repeaters of future high
cavacity underwater cable schemes.

Once the process had bcen mastered, the
steps to simple integrated circuits were quickly
taken. Clearly, a processed slice need not be
reduced to chips, each carrying only one trans-
istor. Larger chips could carry several transis-
tors and a simple addition to the processing
ensures effective electrical isolation between
transistors on a common chip. By extending
the pattern of evaporated aluminium, the col-
lector of one transistor on the larger chip could,
for example, be connected to the base of
another and the two emitters connected
together.

Small diodes, capable of passing adequately
large currents when biased in one direction and
negligible current in the other, are easily made
by the planar process, side by side on a slice
with transistors, by arranging for the oxide
masking to be removed only for the diffusion
processes essential to them. They are required
in large numbers in some switching and com-
puting circuits. Such diodes, when reversec-
biased, behave electrically as capacitors—
though of strictly limited capacitances. More
area of the slice must be devoted to each diode
if large values are required. But capacitors are
formed as simply by a sandwich of silicon,
silicon dioxide and metallic film without adding
new processes or new materials to the planar
technology.

The passive component required in largest
numbers in most circuits, whether designed to
handle digital or analogue signals, is the resis-
tor, hitherto made of fine wire, a carbon rod
or a thin film of carbon or metal. But a thin
diffused layer of silicon such that is easily pro-
duced by the planar technology and isolated
from the underlying substrate, can be given a
wide range of conductivity, by control of diffus-
ant and of the time and temperature of the
diffusion process. Control is not yct good
enough to produce the close tolerances of some
conventional resistors, but many circuits can
be made to depend more on ratios of resistances
(which can be better controlled) than on abso-
lute values.

One component required in some conven-
tional circuits, is the inductor. This cannot be
usefully fabricated by the planar technology



but its properties can be simulated with moder-
ate success by circuits containing transistors,
resistors and capacitors. Improvements are
needed to satisfy the more stringent require-
ments of some telecommunications circuits.

At first, the integrated circuits, consisting of
no more than ten built-in components, were
fairly simple. Popular among these were logic
circuits aimed at the computer market. They
had three or four input terminals, one output
terminal and two terminals for supplying power
to drive the circuit. They were designed (o
operate in one of several ways. In one design,
the output showed a response only when all the
inputs were energised; in another when at least
one input was energised. Elaboration of these
circuits soon appeared, incorporating 20 to 50
integrated components and capable of more
complicated signal processing. The chips were
a little larger and the overall number of external
connections rose.

Linear or analogue circuits were also deve-
loped, some of them able to amplify signals of
very wide bandwidth. Although their perform-
ance fell short of that of the best discrete-
component circuits, they demonstrated their
potential for many fields of application. There
are markets for hundreds of thousands of each
of a series of logic circuits but none seems
imminent for any particular linear circuits. The
properties of linear circuits specified by differ-
ent users differ too much at the moment to
allow concentration on only a few circuits and
small runs of highly individual circuits are
costly. Fortunately the experience gained in
mass producing the logic circuits is relevant in
many ways to linear circuits so that progress is
being made with the latter despite the absence
as yet of big markets.

During the development of silicon integrated
circuits a new solid state device had been deve-
loped. It exploits a physical effect difterent
from that which made the conventional junc-
tion transistor possible, but is called a Metal-
Oxide-Semiconductor Tranistor (MOST). It is
best made by a simple adaptation of the planar
technology, though requiring fewer processes
than does the planar tranisistor. It can be made
in two distinct types, electrically mirror images
of each other. When one of each is suitably
interconnected, a storage element is produced
which responds quickly and consumes very

An integrated circuit employing MOS trans-
sistors (magnified 56 times). Below: A circuit
(magnified eight times) mounted on a header, with
fine wire connections to stout external leads.

A cap is added to seal the unit hermetically.

little power except during “writing” or “read-
ing” operations. Very large arrays of these
units have been made.

Fourteen lead wires suffice for most logic and
linear circuits made so far but even this num-
ber is too many to be easily accommodated in
the encapsulations used for low power transis-
tors. Consequently, new designs of enclosure
have been proposed. Two at least are produced
in quantity. One, the flat pack, can be connec-
ted to a printed wiring board by welding or
microsoldering its narrow strip connections.
Packing densities can be very high. The other,
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the “dual in-line”, has leads bent so that they
can be pushed through 14 suitably-spaced holes
in the printed board and dip soldered.

The most severe problem which manufac-
turers of integrated circuits have had to face is
that of low yield. This is attributable to many
causes, including defects or lack of uniformity
in the initial silicon, inaccuracies in masks or
their alignment, lack of reproducible behaviour
of some of the materials used in photolitho-
graphy and small uncertainties or fluctuation in
furnace temperatures affecting diffusion. Only
those chips which satisfy thorough tests go on
to be mounted, to have their lcads connected
and to be encapsulated, when further losses are
encountered. Very low yields were obtained
when circuits integrating large numbers of com-
ponents were first attempted. Indecd, some
manufacturers sought a solution by making a
range of very simple chips with a high yield and
so designed that many complicated circuits
could be made by mounting and interconnect-
ing several chips within one encapsulation.

Other approaches to producing more compli-
cated circuits without experiencing large losses
due to defective elementary components have
been suggested. Extra components can be in-
cluded in each group which is to become a
circuit, the interconncction of the components
being determined only after extensive testiug.
Other suggestions involve completely new tech-
niques for these connections, using an electron
beam instcad of photographic masks to define
them. The beam would write a pattern under
the control of a computer to which has been
fed the information about the positions of satis-
factory components and the particular circuit
configurations required.
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A column card of a switch proposed for use in a
PCM exchange using integrated circuits. The card
contains 14 double crosspoint gates and associa-
ted logic. Twelve cards make up the whole array.

As the yiclds of circuits have improved, how-
ever, designers have set their targets of circuit
complexity higher. Large scale integration
aimed at building circuits with hundreds or
thousands of components is currently occupy-
ing much attention. The technological problems
it poses are severe and complex. Their solutions
require simultaneous attention to many indi-
vidual processes combining several scientific
disciplines and calling for a large team of
workers with a wide range of skills. The large
number—50 or more—of external leads which
a practical circuit containing a thousand com-
ponents may require sets a particularly severe
problem. A full scale test of such a circuit
would requirc extensive test gear of high quality
and some hundreds of separate tests.

The reduction in size and weight afforded by
the integrated circuits made by the planar tech-
nology has never been in doubt. The savings in
power consumplion are less impressive, par-
ticularly in circuits designed to respond very
rapidly, but can be important in some applica-
tions. The information on reliability, though
not complete, is very promising and the costs
of manufacturc and the prices to the user arc
steadily falling.

Two other important advantages of integ-
rated circuits are emerging. Systems can be
designed around them more rapidly than they
could with individual components—since so
much is already done in the circuits themselves
—and systems can be much more quickly pro-
duced.

The drawbacks of using integrated circuits
must not be overlooked, however, even if some
are steadily diminishing. Circuits designed to
work satisfactorily over a wide range of tem-
perature cost considerably more than those suit-
able for a strictly limited range. Most circuits
are designed to handle and generate comparat-
ively weak signals. If they are used in electric-
ally noisy conditions, such as a Strowger
cxchange might produce, the unwanted signals
picked up may give false operation of digital
circuits and spoil an otherwise adequate signal/
noise ratio in analoguc circuits.

The circuits need protection against power
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surges, even of very short duration, rathcr more
so than do conventional transistor circuits.
Practical difliculties of mounting on, and pos-
sible removal from, miniature printed boards
may yet come to light. No integrated circuits
produced so far can match the performance
required in a submerged repeater or a wide-
band intermediate-frequency amplifier for a
microwave relay system.

The coming of integrated circuits must inevit-
ably change the roles played by many electronic
engineers and the education best suited to their
profession. The separate functions of component
makers and equipment and systems manufac-
turers may largely disappear, mixing together
technologists and engincers as never before.

Telecommunications cannot fail to benefit
greatly from these developments of integrated
circuits and the many more to come. Sub-
scribers’ equipment may well be the site of
many integrated circuits for processing informa-
tion, given by the subscriber via a dial or set
of push buttons, for immediate or future use.
Speech recognition may be much facilitated by
the availability of integrated circuits and the
newer clectronic postal plant will be made ripe
for conversion, particularly if machines for
reading typescript or handwriting are included.
There could be scope in a computer network
and in electronic teleprinters. Integration is
also being studied in microwave circuits.

Now that the circuits are becoming available
and prices are falling, the cngineer is presented
with a challenge to find ways of using them to
provide new services cheaply. He will un-

The silicon planar technology
produces devices so small that
the system demands considerable
use of microscopes, both

for inspection and assembly.

p—

doubtedly accept the challenge and produce
facilities which have hitherto becn entirely
ruled out on grounds of cost and physical size.

The shortening of the time scale of equip-
ment design and system development and pro-
duction could present major problems in the
ficld for the Post Office. The temptation
hurriedly to put large quantities of equipment
mainly composed of integrated circuits into
conventional buildings, with only a compar-
atively small staff needed to attend to the rare
faults, may have to be guarded against initially
lest unforeseen difficulties occur due to inacces-
sibility, errors in maintenance and the pos-
sibility that full compatibility with the cxisting
nctwork has not been achieved.

That slight warning note should not, how-
ever, be read as implying the need for any
scrious brake on the introduction of integrated
circuits into telecommunications. The potential
they offer in reduced costs, greater reliability,
new facilities and a speedier routc to systems
capable of a better service for the subscriber is
enormous.

THE AUTHOR

DR. J. R. TILLMAN, Deputy Director of Research,
Post Office Research Station, Dollis Hiil, joined the
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search in atomic and nuclear physics at Imperial
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Duct Sealing—A

New Method

Post Office engineers have now perfected a new way of sealing ducts
which cuts costs and can be used on all types of PVG cable designs

NEW method of sealing ducts—known
A as the PVC Duct Seal—which also sim-

plifies the work of protecting buildings
and does so at reduced cost, has been developed
by the Post Oflice Engineering Departiment and
is now being used in all new telephone build-
ings.

The new method uses the principle of caulk-
ing, or packing, between the cable and the
inside of the duct mouth. It can be applied to
almost any cable, irrespective of sheath
material and without fundamental changes to
the duct seal design. It also effectively insures
against water and inflammable gases entering
the building and possibly causing flooding or
an cxplosion.

In small installations where only one or two
ducts enter a building it is usual to fill the
space between the cables and the inside of the
duct with a non-setting compound. In larger
installations, duct scals bondcd to the cable
sheath are used. With lead-sheathed cables a
sheet of lead is mounted in a steel frame and
bolted over the duct entry. Holes are cut in
the sheet for the cables to come through and
the cables are then plumbed to the sheet.

The introduction of plastic-sheathed cables
made it no longer possible to plumb the cables
to the sheet. This problem has now been over-
come by passing the cable through a short
length of lead plumbed to the sheet and pack-
ing mastic compound between the cable and
the lead tube. This method will continue to
be used with all existing lead duct seals. Since
the sealing process requires the services of a
plumber, however, this is an expensive method
to apply to plastic sheathed cables, particularly
as they are now so extensively used.

Reduction in the price of plastic permitted
the general introduction of plastic ducts. At
first thesc were used to improve the duct track
between a building and its adjacent manhole
and this led in due course to the complete re-
design of the duct seal.
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By D. W. STENSON
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A jointer plumbing a new cable into an old-style
duct seal. Note the lead tubes.

The plastic duct seal produced its own prob-
lems, the biggest being how to seal the cable
into the mouth of the plastic duct. This was
solved by using a packing compound between
the cables and the duct.

Another problem is that when buildings are
constructed, an opening or “window” is left
in the basement wall into which the ducts arc
subsequently concreted. Concrete tends to
shrink during setting and leave a leakage path
around the “window”. Plastic ducts do not
bond to their concrete surround so that gas
or water could percolate along the outside of
individual ducts and so into the building. This
difficulty has bcen overcome by covering the




duct entry with a plastic sheet and sealing the
individual ducts into this sheet. This new sheet
seal is of a rigid polyvinylchloride (PVC)
material, the same as used for the ducts.

Since the duct track can contain almost any
number of ducts and enter the building at a
fairly wide range of angles, each seal has to
be tailored for the particular job. The con-
ditions under which much of the work is done
do not allow precise design before installation
and since the use of welding or adhesives to
bond individual ducts into the sheet is not
practical, a special end-piece or gland has had
to be designed to join the duct and the sheet.

The gland is. designed to allow for construc-
tional inaccuracies and to accept ducts ap-
proaching the building at any angle up to 15
degrees—the normally accepted maximum
angle for ease of cabling. A well-defined pack-
ing or caulking space is also provided and loose
polythene discs are used not only to restrict the
caulking compound which, because of its non-
setting properties can flow in time, but also to
prevent accidental disturbance of the seal.

A cap-nut is also provided to prevent ex-
trusion of the compound due to the long-term
cffects of water pressure in the duct behind the
seal.

The new duct seal, apart from being cheaper,
will meet the needs of the future and cater
for all forseeable cable designs.

The author (right) and a colleague examine a
sectionised mode! of the new duct
seal. Mr. Stenson is holding a seal gland.
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A works supervisor examines a recently completed
60-way PVC duct seal at Hounsditch.
TNETINRNE R e

Experience with the London Radiophone Service,
which was introduced in July, 1965, has shown a need to
simplify the operation of the mobile equipment and to
provide better. supervisory indications to the switchboard
operator.

For these reasons, plans are in hand to introduce as
soon as'possible a new service in which the mobile equip-
ment, when switched on, will automatically search for a
free channel and repeat the process if that channel becomes
engaged. Each mobile equipment will be given a unique
code and have a decoder set to respond to that code.
When called, the equipment will automatically transmit
an acknowledgement signal, even if the customer is not
available to answer the call.

Under the new scheme, 30 radio channels will be avail-
ableand a mobile equipment will have access toall of them.
Since the channels will be individually allocated to a num-
ber of radio stations in each service area—in London
there will be three—the equipment will be designed to
differentiate between free channels, engaged channels and
those not allocated.

*

The Post Office has decided to amend its engineering
terminology by adopting a new term and a new abbre-
viation. In future the term ‘‘hertz” will be used in place
of ‘cycles per second’’ as the unit for frequency and the
symbol dB, instead of db, as the approved abbreviation
for decibel. These changes will bring the British Post
Office into line with the terminology used in most other
counties. ;
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ULSE Code Modulation (PCM) is now a
Pfashionable talking point in telecommuni-

cations. Publications and discussion reflect
a range of reactions varying from the belief that
the day ol instant circuits is with us to the fear
that PCM is an invention of the devil which no
God-fearing planner would use as an alternative
to a multiplicity of good copper wires.

The truth is somewhere between these two
extremes and now that the Post Office has
placed the first large United Kingdom orders
for pcMm, its present and future status can be
assessed in the Post Office network.

Briefly, PcM uses terminal equipment which
converts elcctrical signals generated by the tele-
phone into trains of data like pulses. The
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THE
EXCITING
PROSPECTS
OF PCM

By J. F. P. THOMAS, BSc., MIEE

This article discusses ways in
which Pulse Code Modulation
techniques are being used and may
in future be used in the Post
Office communications network.
Recent developments suggest a
number of exciting possibilities

A research engineer examines and tests a 24-
circuit terminal equipment. The
complete equipment is only three feet high.

trains of pulses from several telephones are then
interleaved so that they can all be transmitted
in one pair of wires. At the other end of the
circuit the interleaved pulses are split into
separate trains and then re-converted to the
conventional electrical equivalents of speech
signals. (A more detailed dcscription of the
technique was published in the Autumn, 1964,
issue'of the Journal.)

The systems at present commercially available
in Britain provide 24 telephone circuits on two
pairs of wires (one pair for each direction of
transmission). The pairs in existing types of
audio cable are suitable for this purpose.
Boosters, called regenerative repeaters, are
mounted in sealed boxes and sited in manholes



every 2,000 yards along the circuit to com-
pensate for the losses experienced by the pulses.

The multiplex equipment at terminals which
undertakes the conversion into, and from, the
interleaved ‘data’ signals is complex, but small.
Further terminal equipment is required to send
power to the regenerative repeaters and to per-

form the various signalling tasks. A complete
24-circuit terminal occupies about three feet on
a standard bayside and the equipment is
powered from exchangc batteries.

PCM cannot provid: instant circuits since
this involves ecxternal work to the cable
systems and internal work at the terminals. It
does, however, in many circumstances, provide
cheaper circuits than ‘“‘good copper wires”.
Orders have already been placed with two con-
tractors for about 140 of their individual designs
of 24-circuit systems which are scheduled to be
working by the end of 1967. Since the contracts
were arranged the specification of a standard
Post Oftice system has been completed and sub-
stantial orders to new specifications are now
being placed.

The Post Office buys transmission equipment
on a competitive basis and a number of manu-
facturers have developed, or have indicated their
intention to develop, PCM systems for Post Office
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Girls at STC's
Basildon factory
assemble units

for PCM terminals.
The Post Office
has already
decided to order
£.6 m. worth of
PCM transmission
equipment.

usc. A balance had to be struck between the
desire to give manufacturers the maximum
design freedom and the need to standardise so
that all makes of pcm equipment could be inter-
connected and present the Post Office with a
reasonable maintenance proposition.
Experience of three trial systems, consulta-
tions with telephone organisations in Europe
and America, and calculations and experiments
by Post Oftice Research Branch and manu-
facturers enabled the basic technical parameters
of a Post Office system to be agrecd. Post
Office requirements for standardisation have
been mect by the introduction of certain digital
interfaces and between these interfaces the
equipments conform to a standard specification
for physical dimensions, external connections
and power supplies. The designers, however,
have complete freedom in the way they meet
the performance requirements, subject to the
Post Office being satistied about the reliability
and ease of maintenance of the equipment. An
agreed fault-locating technique permits standard
fault-locating equipment to be used on any make
of system.
Initially, the PcM systems will be used to meet
growth on existing audio junction cable routes
OVER
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as an alternative to the laying of new audio
cables and the planning of such systems has
been made a Regional responsibility. The pcm
equipments will be ordered as stores items in
the same way as audio transmission equipment.
Bulk annual requirements will be forwarded to
the Engineering Department and the equipment
will be made available to the Regions through
the Supplies Department.

Regions will install the equipment by direct
labour. Preliminary planning information is
now available so that the Regions can determine
the economic advantages of PCM or audio pro-
vision in particular circumstances, and assess
the technical suitability of routes for pcM. These
preliminary planning rules are, as yet, only a
conservative estimate of the PcM potential of
various types of audio cable but more accurate
and, it is hoped, more liberal rules will be
drawn up when a large programme of cable
measurements at the frequencies involved in
pcM working has been completed.

To assist Regions during the development
stage, the Engineering Department has arranged
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These two diagrams illustrate the comparative
costs of providing a number of circuits by
ordinary audio cable and PCM for (left) a

low growth rate and (right) a high growth rate.

courses for Regional Planning Engineers at
Headquarters. The training of staff for installa-
tion, commissioning and internal and external
maintenance duties will be undertaken by Train-
ing Branch.

From the provisioning and maintenance
points of view PcMm should not be allowed to
grow on a random point-to-point basis. Simple
point-to-point provision would result in un-
necessarily frequent cable works where different

routes have common cable sections and
result in unnecessary hazards to circuit
security. It would also mean that main-

tenance control would be ill-defined and
difficult to operate efficiently. Schemes are
being planned, therefore, with standard digital
interfaces at all spur points to minimise dis-
turbance to cables in the field and allow section-
by-section maintenance control. The extra
equipments needed to provide the standard
digital interfaces are not expensive and the cost
is off-set by the saving in the number of spare
links required for circuit restoration and fault
location.

New techniques such as PCM are not intro-
duced because they are new or ingenious. PCM,
in fact, is one of the best examples of the control
which economics places on the introduction of
a new technique. The original idea was formu-



An operator at STC's Basildon factory examines
a completed 24-circuit, two-way repeater unit,
These units, placed at intervals in a telephone
circuit, accept the PCM pulse signals and
instead of merely amplifying them, completely
regenerate a new replica of incoming pulses, At
each repeater unit the signals start off again

as new and arrive at the distant junction end
noise-free and unimpaired in quality.

lated in 1938, but it had to wait 20 years for
suitable electronic components to be dcveloped
before it could be exploited cconomically.

The introduction of audio amplifiers, carrier
systems on paired cable, coaxial systems, micro-
wave radio and now PCM has occurred only as
these techniques have proved to have the best
overall economics to meet the requirements of
some part of the transmission network. The
pattern of progress in communications has,
indeed, been a triumph of brain over brawn.
Over the years, systems employing more
advanced technology have gradually justified
their use in an increasing part of the network.

Many factors, such as growth rates, influence
the relative economics of the various forms of
provision. The cost comparisons take into
account 24 circuit PCM systems on existing audio
cables, conventional 960 circuit systems (FDM) on
small tube coaxial cables and audio provision by
the most economic audio techniques at present
available (10 Ib cable with negative impedance
repeaters and DC 2 signalling as necessary) over
the range 0 to 40 miles. In cost comparison,
PCM is in strong competition with audio cables
in the 10 to 20-mile range and also with small
tube coaxial systems at the higher circuit growth
rates in the 20 to 5@-mile range. This com-
petition is maintained over part of the mileage
range even if it is necessary to lay new cables to
accommodate the pcM systems. Local factors
can introduce significant deviations from the
mean when costs are compared.

A planner who stakes his reputation on pcM
prices dropping more rapidly in the long term
than other forms of provision could even be bold
or foolhardy. But he would be less bold and
foolhardy to suggest this will be the pattern over
the next few years. Curves have been included
on the effect of halving the capital cost of pcM
and, as expected, this extends the mileage range
over which PcM is attractive. If this should be
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the price trend and pcM systems prove com-
pletely satisfactory in the field the demand
could well rise above 1,000 systems a year.

Looking ahead, communication engineers can
reasonably say that it is possible with known
techniques for every house to be connected for
vision ’phone, piped colour television, news-
papers by facsimile, shopping by data ’phone,
remote meter reading and a host of commercial
applications for data transfer and telemetering
and control.

Possibility becomes reality when the price at
which a service is offered equals the price the
consumer is able and chooses to pay for it.
Thesc forecasts of things to come are not for the
short-term planner but when they do come, as
they will, it may well be an all-digital network
that provides it. In the more immediate future
(say the next 15 ycars) digital techniques will
have to justify themsclves on the economics of
carrying speech circuits. While the demand for
data and allied services will undoubtedly in-

OVER



crease during this period, the suitability of rcwm
for these services can be only a bonus and not
the main reason for its choice as a medium,

As the devciopment of microwave radio and
coaxial cables has been encouraged equally over
the last decade, irrespective of transistory
advantages of one technique over the other, so
should the development of digital and analogue
techniques be encouraged equally over the next
decade and the results of both be exploited.

It is too early yet to write off existing tech-
niques or to assume that the old and the new
will not live successfully side by side. It could
be a costly mistake to start thinking of analogue

THE Post Office is shortly to begin work
on installing the world’s first Pulse Code
Modulation tandem exchange. It will be set
up at London’s Empress Exchange and when
it becomes operational, at the end of 1967,
“selected traffic from the Acorn, Ealing and
“Shepherds Bush exchanges will be directed
through it to test the combination of PCM
switching and transmission systems.

If, during the feasibilty trials, the switch-
ing cxperiment proves successful, it will en-
courage a much greater use of the new trans-
mission system and hence reduce the need
for many new cables and road works.

Pulse Code Modulation—pioneered by an
Englishman, Mr. A. H. Reeves, in the Jate
1930s—had to await the development of the
transistor before it became a practical and
cconomic proposition. The transmission
systems have been largely developed by in-
dustry to basic requirements determined by
engineers at the Post Office Research Station
at Dollis Hill. Post Office cngineers have
also developed the technique for switching
traflic in digital form and ensured that the
transmission and switching systems are com-
patible.

When junction pairs are used for pcwm,
the loading coils are replaced by specially-
designed regenerative pulse repeaters which
makes it possible for two pairs to carry 24
conversations. The speech from 24 individual
sources is sampled and coded, then inter-
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techniques as moribund. The immediate re-
quirement in the development of pcm is to
agree a hierarchy of digital transmission sys-
tems that will best meet the various needs of
the entire network and then decide at which
level it is possible and most profitable to de-
vclop next.

THE AUTHOR

MR. ). F. P. THOMAS is o Staff Engineer in
Main Lines Planning and Provision Branch of the
Engineering Department, concerned with the planning,
provision and utilisation of the Trunk Network. He
joined the Post Office in {937 as a Youth-in-Training.

------ANOTHER FIRST FOR BRITAIN------

I
leaved to form a scquential pulse train :
which is passed over the repeatered junction. 1

Intermediate digital exchanges, similar to I
the one to be installed at Empress Exchange, i
can be used to interconnect the coded traflic "
which emerges at the remote end of the 1
junction as good in quality as when first i
coded, no matter how far the distance it has I
travelled or how many switching centres it I
has passed through. The digital signals have I
to be reconverted into audio form before
being transmitted to the subscriber. |

The introduction of pcm on a wide scale |
could provide up to 12 times the capacity |
of that part of the tclephone system which |
at present is provided on an audio basis. I

The usc of rcm techniques also enables I
the physical size of tandem exchanges to be I
greatly reduced. The work of some 300 |
relays, for example, can be performed by a |
card only about eight inches square on which 1
silicon solid state components are mounted. |

The Post Office has already decided to I
place orders for £6 million worth of rcm 1
transmission equipment. Some was recently 1
ordered from Standard Telephones and 1
Cables Ltd. and the General Electric Com- |
pany and the remainder has been put out to I
tender. i

Similar systems for switching and trans- I
mission systems are undergoing trial in a !
number of European countrics and in the :
United States and Japan. :
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Kinlochbervie, in the north-west of Scotland, one of the wildest and most beautiful parts of
Britain and one of the most difficult in which to establish and maintain communications links.

A BIG TASK FOR SCOTLAND

By T.C. CARPENTER

The Post Office in Scotland has embarked on a £63 million scheme to
expand and improve its telecommunications services, building a chain of
radio links, installing automatic switching centres and extending STD

COTLAND is a land of infinite contrast
Saud variety, from the rich farmlands and

the tweed mills of the Borders to the teem-
ing central belt with its two great cities of
Glasgow and Edinburgh; across the new road
bridges to Fife and the rival cities of Dundee
and Aberdeen and north and west to the High-
lands and Islands where the ancient Gaelic
language still lives.

The task of providing Scotland with essential
communications was never easy and in recent
years it has presenied new problems and new
challenges.

For the past three years in common with the

rest of Britain, the Post Office in Scotland has
been coping with a phenomenal increase in

demand for telephone service. In 1962 demand
was 32,000 new telephones. Last year over
72,000 were fitted—an increase of 125 per cent
in three vears! In 1965 demand for new tele-
phones in the Glasgow area alone equalled the
total demand three years earlier for the whole
of Scotland.

In 1946 there were about 226,000 telephone
lines in Scotland. There are now more than
600,000. In the next five years the total is
expected to exceed one million. Tn other words,
we have to plan for a greater expansion in the
next five years than was achieved in the last 20.

And the end is nowhere in sight. Demand in

Scotland in the June quarter of 1966 was up by
OVER
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nearly 30 per cent over the corresponding period
of 1965 and it was confidently forecast that the
total demand for 1966 would not be far short
of 100,000 new telephones. This was not, in
fact, achieved because the economic freeze and
the decision to require new and removing
customers to pay a year’s rental in advance
damped down demand for a time. But the
potential is still there and plans must be made
to meet it.

Nor is this all. Pcople are now using the
teleohone more and more for both local and
trunk calls. Last year about 600 million local
telephone calls were made in Scotland. In five
ycars time this figure is expected to rise to over
1,000 million calls. Last year about 75 million
trunk calls originated in Scotland. In five years
time this figure is expected to have doubled.

This story could be repeated for every other
Post Office Region. In the next five years all
Regions are faced with a many-sided task. All
have to try to meet the demand for new tele-

Left: Scotland, land of infinite variety— and
telecommunications problems. Below: The duct
route for the main small-bore coaxial

cables to the Highlands leaves Inverness.

phones; all have to expand the network of
trunk and local lines and the associated equip-
ment to cater for the massive increase in the
number of calls. All have to press ahead with
the programme for converting manual ex-
changes to automatic and cxtending the scope of
subscriber trunk dialling for both inland and
international calls. All have to take steps to
ensure that the quality of service to subscribers
does not fall below an acceptable minimum
standard. And all have to do these things while
taking advantage of new techniques and ncw
methods designed to keep costs to a minimum.

Scotland, however, has one unique problem.
The distance as the crow flies from the Mull of
Kintyre north to Cape Wrath is about 200 miles.
But the coastlinc covers many times that dis-
tance. And in the whole of the vast territory
north and west of Glasgow there are just a few
small towns—not one with a population of as
much as 10,000—and a multitude of villages and
crofting communities.
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Above: Distances are so great and the country-
side so remote and wild that personnel carriers
have to be used. Right: An cngincer carrics out
tests on @ mountain top to pin-point the site
for a new radio station in the Western [sles.

Across the Pentland Firth lie the islands of
Orkney and, beyond, far out in the northern
seas, are the bleak Shetlands. To the west are
the romantic Hebrides: Skye and lona, Coll and
Tiree, Islay and Mull, Eigg and Rhum and the
Outer Isles: Lewis and Harris, the Uists and
Benbecula. All told there are 700 islands of
which 150 are inhabited, and where there are
people there is need for communication which
the Post Office alone can provide.

In recent years it has been a major concern
of successive Governments to stem the migration
which was threatening to depopulate this re-
mote region. OId industries such as the manu-
facture of tweed in Harris and Lewis, and of
knitwear in the Shetlands are thriving. Distil-
leries are working at top pressure and new ones
are being built to supply the world with whisky.
The Forestry Commission are planting vast new
timber forests throughout the Highlands. New
industries such as the great pulp mill at Fort
William are giving the region a shot in the arm.
Most important of all. new roads and car ferries
are opening up the Highlands and Islands to
thousands of summer tourists.

All these developments, and more promised
for the future, are conspiring to strain the tele-
phone resources in the area which, inevitably,
have fallen back in the race for modernity. When
capital and equipment were scarce the first
priority naturally had to be given to the bigger
towns and cities of Scotland, and the telephone

|

service in the remoter areas is, by modern

standards, relatively primitive. There are a
good many small automatic exchanges in the
Islands but throughout the area a high propor-
tion of local calls and all trunk calls are
connected manually. Some of the main trunk
routes in the far north-west of Scotland are still
provided by open wires—for example, the route
on the road to the Isles, from Fort William to
Mallaig. Moreover, the whole network has
grown in a haphazard fashion.

The Post Office in Scotland is now planning
a sensible pattern of service for the area as a
whole. A scheme has been worked out which
will give the telephone service in the Highlands
and Islands a completely new look and bring
automatic service and STD to all subscribers in
that part of Scotland except, for the time being,
those on Fair Isle, midway between the Orkney
and Shetland groups, and telephone call oftice
users on the tiny islands of Foula, Soay and
Stroma

The main problem in working out this plan in
detail was how to link the many small ex-

changes to one another and to the main trunk
OVER



Typical of the wild
Scottish countryside
is the road south of
Lochinver. The only
reassurance that it
will ultimately lead
somewhere is the row
of telegraph poles.

ol v

The duct route for the main small-bore coaxial . .
cables to the Highlands passes under the system. Between. the islands an extensive
railway line at Beauly on its way to Ullapool. system of submarme cables would have been

_ = very costly to install and very difficult to main-
tain, while even on the mainland the terrain over
which the cables would have to travel is wild,
rocky, mountainous and often barred by broad
stretches of water.

The solution is a complex system of multi-
channel radio links and during the next few
years more than 40 nev®radio stations will be
erected throughout the area. On the building
side alone this is a gargantuan task. It means
finding 40 or more sites, often in remote and
very inaccessible spots, making sure that the
radio stations can operate from them and then
negotiating the sales from perhaps not very
willing owners. In many of these places arable
land is at a premium and a great part of the
non-arable land is rocky, marshy or otherwise
unsuitable for building.

It means, too, finding building contractors
with the will and the resources to erect the
buildings in these out of the way places. Some
of the sites are so inaccessible that more than a
mile of road will have to be made before work
on the building can even be started. But with
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A telecommunication
engineer’s night-
mare: a sea pattern-
ed with istands and
skerries off Badcall
Bay south of Scourie.

the help of the Scottish Division of the Ministry
of Public Building and Works progress has
already been made and there is no doubt that
the job can be done.

When the buildings are complete there is the
installation job to be done. much of it in places
so remote that the installation texms will have 1o
be provisioned alimosl as for a polar exploration.

The pattern of the new nelwork will be
simple. First. a number of new automatic
switching centres will be establishe:l, each of
them serving a large area from which calls will
be transmitled (o the swilching centre by land
line or radio. For example, a new aulomalic
switching centre is planned to be built in
Benbecula to provide the link with the mainland
for all calls originating in North and South Uist,
Benbecula and Barra, that is, the whole of the
southern half of the Outer Hebrides. The new
building on Benbecula is likely to be by far the
largest building on the island.

In the Shetland Islands there will be (wo
switching cenltres, one in Lerwick and another
near Mid Yell. There will be other centres in
Kirkwall, Thurso, Ullapool. Gairloch, Mallaig,
Oban, Strontian and Port Ellen. Each of these

OVER
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The severe winter weather doesn’t help.much,
either. This picture shows a cable gang using
a moleplough to install new cables in Caithness.




One of Scotland’s new switching centres will be
set up at Strontian, .on Lock Sunart. Each
centre will feed into the main trunk network.

switching centres will feed back into the main
trunk network of the country and the routes
back to the ‘nearest large group centres will bz
strengthened. Duct for a new coaxial cable is
already being laid between Inverness and
Ullapool to replace the open wire route which at
present linksi.the «whole,sof the north west of
Scotland with the south.

The scheme is expected to cost £64 million, of
which £4 million will be spent on the trunk
system:and! (£24imilfion’ 'on new automatic
exchanges angl, the extensign of STD throughout
the area. Remoteness, isolation and terrain
combine to make the plan more difficult to
achieve than. it wag to formulate. Many people
are involved—the Regional experts, Engineering
Department radio specialists, Ministry of Works
estate surveyors and architects, and so on. One
senior Ministry official, acting on behalf of the
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On the road between Inverness and Ullapool
between which a new coaxial cable system will be
laid to replace the existing open wire route.

Royal Fine Art Commission for Scotland,
recently flew in a helicopter over the sites pro-
posed for the new radio stations to cnsure that
the towers would not mar the beauty of the
surrounding countryside.

Co-ordinating the task is also proving a
unique exercise for the Scottish Network
Analysis Team. But despite all the difliculties
the job will be done and done quickly so that
at the latest by the early 1970's all those who
work or play in the Highlands and Islands will
have a first class modern telephone service.

THE AUTHOR

MR. T. C. CARPENTER is Deputy Regional Dir-
ector in Scotland. He joined the Post Office in 1936
and spent 28 years at Headquarters, mostly in the Per-
sonnel Department and the Overseas Mails Branch
and latterly as Private Secretary to the Postmaster
General. He was appointed to his present post in
August, 1964.




Successful trials have been carried out in Liverpool with a new system
for collecting and recording comprehensive details of telephone
traffic. This article describes how the system works and its advantages

THE LIVERPOOL EXPERIMENT

NOVEL approach to the problem of
producing a comprehensive analysis of
traffic originating in a Director Area has

been tried out with considerable success in the
Liverpool Telephone Area.

Here, customers on 35 Director exchanges
can dial about 60 exchanges or services in the
local fee area—a total of about 2,100 theoretical
routings. Only a small number of these connec-
tions are made over direct routes; the great
majority are set up over one or two tandem
links. The conventional traffic record gives no
indication of the various destinations of the

By J. P. HARRIS, BSc

traflic leaving the director exchange by way of
the tandem route and, until the recent develop-
ment of the Route Calls Recorder, the only
method of breaking down the tandem traffic
was both time consuming and tedious.

The new technique used in Liverpool was
devised to obtain comprehensive information
with the minimum of effort and expense and to
an acceptable order of accuracy. Basically, it
involves a machine analysis of Centralised Ser-
vice Observation (CSO) punched cards, the in-
formation so obtained being applied to results
given by normal traffic records.

The monthly CSO statistics are produced
from information recorded in punched card
form by service observation supervisors, one
card being prepared for each call observed. For
each local exchange, details of over 200 calls,
selected at random by automatic equipment, are
recorded in this way each month. The infor-
mation is processed by the LEAPS computer unit
and then published in the form of CSO statistics
which relate mainly toithe quality of service at
each exchange.

In the trials just completed at Liverpool, 13
months” observations+tabouti-100,000 punched
cards, or 3,000 for each exchange—were an-
alysed with the aid of equipment hired from
International Computets and® Tabulators (ICT)
Limited which had extensive computing facil-
ities available in the same buiding as the Tele-
phone Manager’s Office.

The punched cards weres presented to the
machine—an 80-column card sorter—in 35
batches, each of which consisted of cards for
one originating exchange. +In three passes
through the machine,.the cards were arranged
with the digits dialled in numerical order. After

OVER

At the Centralised Service Observation Bureau,
details of the progress 6f STD colls—shown

on illuminated panels—gre recorded on punched
cards which are later analysed by computer.
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passing through the sorter they were fed into a
tabulator which counted and printed out the

number of calls to each destination. Sorting
was carried out at an overall rate of 200 cards
a minute (three passes at 600 a minute) and the
rate of tabulation was also 200 cards a minute.
All the information required was obtained in a
few hours of machine time at a reasonable cost
without passing any work on to the exchanges
involved.

These distribution results were applied to the
total originating busy hour traffic levels derived
from normal exchange traffic records projected
forward six months. In this way, a comprehen-
sive picture of the erlang distribution of local
traffic in the Director Area was built up.

Local call observations, on which the major
part of the L.iverpool study was based, are in
practice taken throughout the period of the
normal working day, most between 9 a.m. and
12 noon, and 2 p.m. and 430 p.m. It is assumed
that although in any one exchange local traffic
levels vary throughout the day, the percentage
distribution of this traflic is not substantially
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The punched cards pass
through a high-speed sorter
which arranges them

in destination order.

different from the morning busy hour distribu-
tion. This assumption is, of course, necessary
to justify applying observation results to a
quantity measured only during the busy hour.
Since the CSO results, which relate to effective
and inelfective calls, are applied to traflic levels
measured in erlangs, a further assumption is
also necessary: that the duration and outcome
of a call is independent of its destination, pro-
viding the sample size is large enough.

The accuracy of the end product depends
mainly on the validity of these assumptions.
Although appearing quite reasonable, they were
not rigorously investigated at the time the study
was undertaken at Liverpool. A simple test of
accuracy is, however, quite readily available in
that most of the larger quantities of traffic are
actually carried on direct routes and in these
instances a direct comparison can be made with
quantities measured on the normal six-monthly
traffic record. From this comparison it was
determined that nearly 90 per cent of the figures
which could be verified were in very good
agreement with known results and the re-



The cards are analysed in this tabulator which
counts them and prints out the number of
calls to each destination at 200 cards a minute.

mainder were in any case satisfactory. Agree-
ment seemed to be better with business than
with residential exchanges.

In using the results, is has to be remembered
that the method is indirect. The distribution of
traffic, in calls, derived from the computer print-
out is factual, but the way it has been applied
in this particular instance involves certain
assumptions which need to be borne in mind in
any application. On the other hand, the indirect
nature of the method eliminates the hazards and
pitfalls of the “unrepresentative day’—the in-
explicable dips or peaks in traffic which can
disrupt the best of records—since all traffic
levels are uniformly projected forward to a
common date.

The Liverpool study was undertaken prim-
arily to see if the large amount of latent infor-
mation stored on CSQO punched cards could be
extracted quickly and cheaply and used to
justify direct routes to relieve congested tandem
exchanges. It has also proved valuable in the
preparation of traftic data and the study of
changes in traffic patterns with the introduction
of all-figure numbering and sectorisation. Long-
term planning studies and any other feasability
exercises required in connection with the rout-
ing of local trafiic will also be helped forward
by the extensive information made available.

THE AUTHOR

MR. J. P. HARRIS is an Executive Engineer in the
Livergool Area, where he is concerned with auto ex-
change planning.

A NEW £100,000 TV SWITGHING GENTRE

A NEW television network switching centre link-
ing studios and transmitters in the north of
England, Scotland and Northern Ireland with
those in other parts of the country has been
openced by the Post Office at Salford in Lancashire.

The new centre—in Bial House—replaces an
existing switching centre which has been in service
there since 1956 and forms part of the Post
Office’s national network of television links and
switching centres.

Costing £100,00 the new centre is second only
to that at the Post Office Tower in London in the
number of switching operations handled. It in-
cludes a repeater station and represents an im-
portant advance on its predecessor.

The design of the control room follows the
national pattern and the provision of the latest
and most modern equipment and the best possible

working conditions will greatly assist the staff in
their task of routing programmes, maintaining
equipment and testing picture quality.

For the television viewer, the opening of the new

~centre means that in the event of a breakdown
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on the Post Office network, normal service will be
resumed with even less delay than before. Pre-
viously, engineering staff had to move test appar-
atus around the equipment, making a number of
plugging-in operations to locate the fault. Now,
fault detection is carried out by push button from
three test consoles.

There are 20 miles of television cable in the
centre and cquipment for colour television is being
installed. There are 17 main links to other parts
of the country and 38 studio links to the broad-
casting authorities’ premises.

DAVID NORBURY.
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An architect’s drawing of what the new centre will look like when completed—Reproduced by courtesy
of the Chief Architect’s Division of the Ministry of Public Building and Works.

A World Centre at Wood Street

By V. H. TUERENA

One of the biggest and most important telecommunications centres in
the world is taking shape in the heart of London. When it
becomes operational in 1969 it will house the most modern equipment

NEW six-storey building now in the first
Astages of construction on London Wall,

in the heart of the City ot London, will
house a comprehensive International Telephone
Services Centre—the first to be planned as such
from the outset.

The north block of Faraday Building in
L.ondon is at present the main centre of all the
international telephone services in Britain. But
the accommadation there is limited and already
the growth of traffic has made it necessary to
provide both Continental and Inter-Continental
manual switch-rooms in other buildings—at
Wren House, Monarch Telephone Exchange
and Kelvin House. Switchroom space has also
been vacated in Faraday House north block to
enable additional automatic switching equip-
ment for the overseas services to be installed.

The new International Telephone Services
Centre is being built on an extension of the site
of the existing Wood Street Telephone Ex-
change and will provide about 80,000 square
feet of floor space—sufficient adequately to
meet the needs of the international telephone
service up to about 1975. It is estimated that
the maximum circuit capacity will be 3,450
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overseas circuits and 3,700 inland circuits—
enough, it is thought, to cater for the needs ten
years hence.

The new building will house an engine room,
cable chambers and car park in the basement;
a battery room, electric light and power room
and another car park on the lower ground
level; a main distribution frame and repeater
station on the ground floor; and a fan room,
offices and reception centre on the podium floor.
The TInternational Maintenance Centre and
switching equipment will be accommodated on
the second floor, while the third floor will house
the International accounting equipment and
switching equipment; the fourth floor more
switching equipment and oftices; the fifth floor
a switchroom; and the sixth floor a staft can-
teen, locker rooms and recreational centre. The
Repeater station, International Maintenance
Centre and rooms containing switching equip-
ment will all be air-conditioned.

The switchroom will contain 114 positions
which initially will deal only with outgoing, on
demand and assistance traffic to the rest of
Europe, although this could possibly be
changed later as conditions alter, It had been



hoped to install cordless switchboards but,
because of the special needs of the international
services, development work could not be carried
out in timc to meet the ready-for-service date
and sleeve-control boards will be provided. The
switchroom will operate exclusively to the
Switching Centre in the same building.

The International Maintenance Centre will
form the transmission fault reporting, circuit
control and maintenance centre for the tech-
nical services which terminate in the new build-
ing and (he initial access point for the corres-
ponding overseas technical services for any
engineering matters of ‘an operational or main-
tenance nature. Automatic aids will be used
wherever possible. These will include automatic
reutine transmission testing and automatic test
access from the testing oflicers’ positions to any
traflic circuit. Call progress indicators will also
cnable testing officers to monitor signalling
while a call is being set up.

T'he test positions are of an cntirely new con-
cept. They will be completely cordless, use
high-precision transmission measurement and
be complctely self-contained. A full range of
test cquipment will be installed on each of the
14 planned positions. This will include fre-
quency counters with digital in-line readouts;
digital decibel meters; variable and fixed oscil-
lators; psophomelers; call progress indicators
for all types of signalling; and standard facili-
ties for direct current testing. Additional posi-
tions will be provided for investigating special
faults, including those peculiar to VF telegraph
and high-speed data circuits.

It is also intended to set up in the new build-
ing an International Reference Centre to aid
the maintenance of the international tclephone
service by analysing fault reports and other
engineering information from various sources—
for example, from the inland reference centres
and other international maintenance centres in
both Britain and overseas countrics.

The new centre will contain the only inter-
national transit switching centre in Europe. It
will be able to switch calls through London
between other European countries and from
provincial and local exchanges in the London
Director Area to subscribers in all parts of the
world.

The switching centre will be of the cross-bar
pattern and a large amount of design and deve-
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The new centre was orginally planned to be
ready for service in 1965 or 1966, but, because of
unavoidable delays in obtaining planning permis-
sion and site acquisition, it will not be completed
until November, 1967, It is expected to become
operational in mid-1969.

The detailed engineering planning of the appar-
atus to be installed was carried out by a planning
committee under ETE chairmanship and composed
of representatives of ETE, the Engineering Depart-
ment, the London Telecommunications Region
Headquarters and City Area. A number of working
parties were set up to deal with specific apparatus
and installation problems, to hand!e staff and main-
tenance aspects and to produce transmission stan-
dards and inter-connection arrangements.

As the fournal went to press the contractors
were about to begin work on the first-floor.

The new centre rises at London Wall. In the back-
ground is the existing Wood Street Exchange.

lopment work is necessary on the peripheral
equipment to give the exchange its various
functions.

The Post Office has been considering the use
of the cross-bar exchange for some time to fill
the gap caused by the very large planned expan-
sion of the inland network and the inability
of (he manufacturcrs to produce sufhicient

OVER



Strowger-type equipment to meet the increasing
needs.

The cross-bar type of exchange has some
advantages, particularly in the international
field, since it is easily adapted to four-wire
operation. Its speed of operation confers bene-
fits on both the subscriber and the Post Office
in that it makes more efficient use of line plant.
Since all the contacts are of the relay type, as
opposed to the wiping contacts of rotary
switches, precious metal contacts can be used
which give an improved transmission perform-
ance and a longer life. In addition, the further
setting up of calls if the first attempt fails is
initiated through a common control which re-
routes the call through the exchange until a
satisfactory connection is made. The various
VF signalling systems used on inland and inter-
national routes will need to be adapted into the
system and this is now being carried out.

When complete, the international centre will
contain the first large cross-bar exchange in
Britain. A joint design team from the Post
Office and the manufacturers has been set up
and excellent progress is being made.
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An engineer examines and tests part of a 5005
crossbar exchange, similar to that which
will be installed at the new Wood Street Centre.

The international repeater station will be the
terminal point for all national and international
services entering the building and provide the
equipment for deriving circuits from wideband
systems, supergroups and groups from overseas
submarine cables, microwave radio and satel-
lite systems and inland cables. The equipment
will be designed to the requirements for inter-
national circuits and include special facilities
such as dual group reference pilot and group
section pilot injection and extraction, super-
group automatic gain control and testing
arrangements not normally provided on trans-
mission equipment for inland use.

All the transmission equipment is expected
to be of the “62”-type with transistorised plug-
in cards and units and maintenance procedures
will be based on replacement by spare cards.
A repair service centre will be set up in the
Repeater Station for the clearance of faults.

All the test equipment—audio and high fre-
quency—will be situated on test consoles in a
separate maintenance area. The normal mains
and battery power supplies and engine gener-
ators for standby mains supply will be available
and, in addition, steps will be taken to reduce
the normal multiplicity of fuses in the power
distribution arrangements to the transmission
equipment so as to reduce the effects of power
faults.

Techniques will be devised to meet the need
for special maintenance procedures required on
the international services and computers may
be used to handle the considerable amount of
data processing work which will be involved.

The opportunity will also be taken to specify
the transmission losses in the United Kingdom
network when connected to international cir-
cuits according to the CCITT world transmis-
sion plan. Routing diagrams showing transmis-
sion losses for all classes of traffic have been
produced and rules have been formulated which
will enable transmission objectives to be
attained.

Losses through switching equipment have
been studied and methods devised to ensure
that they are acceptable. In addition, transmis-
sion characteristic limits have been set for the
switching equipment covering loss, linearity,



An intricate
wiring operation
on a section of

a four-wire
crossbar exchange
recently installed
at Sydney, Austral-
ia. The crossbar
exchange at Wood
Street will be the
biggest of its

kind in Britain.
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crosstalk, group-delay distortion, impedance,
balance-to-earth and impulsive-noise, taking
into account the possible future use of the net-
work for data as well as telephony.

The building for the new centre has been
designed to high standards appropriate to its
position as one of the largest and most import-
ant telecommunications centres in the world
and to the very considerable numbers of over-
seas visitors it will attract. It will contain a
great deal of equipment of a completely new
design and higher performance standards than
have hitherto been adopted elsewhere and play

o a
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a very big part in meeting the rapidly increasing
demand for international telecommunication
services.

THE AUTHOR

MR. V. H. TUERENA, joined the Post Office in
1948 after service with the Royal Air Force and
worked as technicion in the Long Distance Area of LTR
on repeater station duties. He was transferred in 1955,
to LTR Headquarters and later worked on Regional
Telegraph, dealing with equipment and maintenance.
In 1959 he was promoted to Assistant Executive
Engineer, ETE Engineering Branch Planning.

Nine Authors wrote this Book

HERE are many books which deal with one

teclmique for solving problems and give examples
of the various problems to which the technique can
be applied.

A new book—Field Analysis: Experimental and
Computional Methods edited by D. Vitkovitch (D.
van Norstrand Co. Ltd., £5)—is unusual in that it
deals with one problem—that of the analysis of fields
—and the techniques that can be used. Electro-
magnetic field theory is familiar, as a name at least,
in telecommunications, since it lies behind many
engineering techniques, but field theory has many
other applications: gravitation, fluid-dynamics, mech-
anical stress-strain, heat conduction and diffusion.

Two chapters deal with paper-and-pencil methods
—egraphical field plotting—and those methods which
replace the differential equations by approximate
difference equations, leading to sets of simultaneous
linear equations. The relaxation method of solving
these equations is basically paper-and-pencil but this
method, and other methods, can also be used with
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electronic digital computers. Three chapters deal with
analogue systems—the conductive sheet and the elec-
trolytic tank—both of which preserve the continuity
of the variables and impedance networks which, once
again, replace differential by difference equations.

These chapters are preceded by two dealing with
basic concepts and mathematical theory and followed
by four going into more detail for dielectric fields,
magnetic fields, thermal fields, torsion of shafts and
bending of beams and (luid-dynamic fields.

The book is the product of nine authors—one also
acting as editor—from universities, technological
institutes and industry. This leads to a certain amount
of repetition, but is no bad thing since users are likely
to consult particular chapters rather than read the
book as a whole. For those with problems to solve
this book would be an excellent starting point; most
likely it would provide enough information to see
the problem through but, if not, the many references
should lead to a solution.

W. E. THOMSON.
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The Making of Managers

By N. GANDON, C. Eng., MIEE

An essential part of management training in the Post Office is carried
out at the Management Training Centre at Eastbourne where
students study the art and practice of management and so

£ i

achieve a better understanding of common aims and inter-relationships
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A syndicate in session. Left to right: Messrs A. C. Holmes (LTR), P. H. Toy (North Area, LTR), J. Lough-

Iin (Aberdeen), A. Hancock (Nottingham, chairman), F. de Courcy (Glasgow) and E. Locke (Manchester).

ANAGEMENT training—the subject of

a considerable amount of literature and

of conlflicting opinions as to its value and
application—can best be described as a career-
long process in which development on the job,
self-education and formal courses all play a
vital part.

In the Post Office telecommunications sphere
management training has two aspects—training
in specialised responsibilities and training in
general management. The former is provided
for engineering, executive, sales and traffic staffs
at the appropriate operational training centres
and the latter is given by the Management
Training Centre at Eastbourne. To say that
these two aspects of training are complementary
is almost an understatement since the function
of the Management Training Centre is to pro-

mote from the foundation of specialist training,
a greater knowledge and appreciation of the
wider problems of the telecommunications
services.

Management Training, as an aim rather than
an afterthought, emerged in Post Office history
in the late 1930’s, when training programmes
for the first Telephone Managers to be
appointed under Regionalisation were being
arranged. The training envisaged was appro-
priate to an era of direction from the top, of
hard and fast rules and of fairly easy recruit-
ment. It was designed for an organisation
which was first and foremost a Government
Department and secondly, a commercial under-
taking.

World War Two and the early post war
period produced both a pause in general
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management training in the Post Office and
the development of an increasing number of
new ideas and methods in management and in
training in the business world. Within the
various hierarchies in the Post Office, however,
and in the training establishments and schemes
run by the Operational Departments one began
to hear of such things as Training within
Industry, Organisation and Supervision, Switch-
room Management and so on. The development
of these activities in the present Engineering,
Executive, Sales and Traffic Schools into
Management Training courses indicates the
extent to which knowledge of the techniques of
management is being recognised as complemen-
tary to technical and professional ability.

In 1952, as a result of a report by an informal
working party set up in 1949, general Manage-
ment Training courses were started at an hotel
in Clacton for both the Postal and Tecle-
communications sides of the Post Office, the
earlier courses being attended by Head Post-
masters of the larger offices and by Telephone
Managers. The two-fold aim was to provide a
clear understanding of Post Office objectives
and policies and the part which Managers play
in their fulfilment; and to give an insight into
the principles and specialised techniques which
underlie successful management practice.

Subsequent courses catered for Head Post-
masters in the smaller offices and Heads of
Divisions in Telephone Areas, with a small
sprinkling of people of equivalent ranks from
Headquarters Departments and Regional Head-
quarters.  Courses lasted four weeks and
included lectures from the MTC staft and talks
from visiting speakers from inside and outside
the Post Office. The main feature of the course
was syndicate discussion of wide-ranging sub-
jects—organisation, finance, productivity, staff
managcment—Ileading to the preparation of
lengthy reports presented in plenary session.

In general, the accent in the early years of the
MTC was on a critical examination of Post
Office policies and procedures rather than on
the job of management itself. In 1960, however,
a radical change was made, when the syllabus
was re-shaped and re-orientated with the aim of
examining the objectives and attitudes in the
various fields of management responsibility.
Syndicate discussions of widc-ranging subjects
gave way to guided discussions on appraisement,
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I  The Post Office also makes use of courses |
| provided by external organisations. Selected |
| officers are sent to the Administrative Staff |
| College at Henley, to the new business schools |
| at London and Manchester and to other insti- |
| tutions active in management education. I

|

| This form of training provides an opportunity

I for members of the telecommunications service

lto rub shoulders and exchange ideas and ex- i

I perience with their counterparts in the world ofl

I commerce and industry and will assume increas- I

I ing significance as the Post Office prepares to}

I become a public corporation. I

budgetary control, forward planning and so on

in which the instructor played a more positive
and more demanding role. Report writing
practically disappeared. Students were still
drawn in the main from Heads of Division, with

a sprinkling of people of higher rank, and from

equivalent grades in Regional offices.

In 1963 the first moves were made in a series
of changes which have ultimately produced the
present pattern of courses. The underlying
philosophy from which these changes have
stemmed can be summarised as:—

1. Formal management training is not a once-
for-all process but needs to be repeated and
developed as a man progresses up the
management ladder.

2. The earlier that formal, general as opposed
to specialist management training can start
the better.

3. Even when a man has reached the limit of
the career possibilities open to him, he can
still benefit from periodical refresher train-
ing. OVER

The Commandant, Mr. R. B. Bailey, Assistant

Secretary in the Training Branch, Personnel

Department, arrives at the MTC Headquarters.
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4. Management is much more than the detailed
study of its impact and responsibilities in the
various fields of work with which it is con-
cerncd.

In keeping with this philosophy, the MTC is
evolving a pattern of courscs designed to provide
a graduated and progressive pattern throughout
a manager’s career. The syllabus is no longer
primarily concerned with the functional details
of the job but with the way in which manage-
ment needs to opcrate both to achieve the
objectives of the organisation and to get results
through people. The broad objectives remain
as in 1952 but specifically all thec MTC courses
aim to bring students to rcalise that:—

I. the purpose of managers is to help to achieve
the objectives of the undertaking which
employs them;

2. no undcrtaking can be more effcctive than
its managers;

3. cffectiveness (doing the right things) is more
than cfliciency (doing things right);

4. cffectiveness demands achievement, that is,
results;

5. managers are the people who must obtain

results and to do this they have to harness
the full endeavour of the whole of their
supporting team (on this whole theme we
have been expounding the philosophy of
“management by objectives”—also known as
“target-setting”—for the past two years);
and

managers must judge themselves, and expect
to be judged, by results.
The ground covered is broadly similar in all
courses. although the accent and approach
naturally varies. Management’s job in any
organisation, the external environment in which
management has to operate, the managecment
nrocesses of decision makine, delegation, com-
munication and control, and the manager’s res-
ponsibilitv for his staff and for himself are dealt
with in discussion and in svndicate exercises.
Visiting speakers from ITD, PD, ED and COSD
and from the staff sides dcal with current
nroblems, activities and developments. The
whole course aims at providing a sound basis
for self-development in the art and practice of
manacement. and at promoting a better under-
standing of the common aims and objects of all
Divisions and their inter-relationships and inter-
dependence.

Mr. J. Judd, of the Computer Development and
Office Services Department, reveals the shape
of some of the things to come during a lecture
on the use of computers in telecommunications.

The three courscs now provided cater for the
three levels of Area management from the Tele-
phone Manager/Deputy Telephone Manager
down and their Regional Office equivalents. At
the TM/DTM level, the MTC has recently
participated in a conscious exercise in manage-
ment development by inviting to senior seminars
recently-appointed DTMs and their Regional
equivalents and ofhicers placed on the TM/DTM
promotion panel who have not attended the
MTC during the previous four years. It is
hoped to continue and extend this development
as opportunity permits.

Course timc tables lcave little room for
relaxation at Eastbourne. Apart from the fact
that most people away from home prefer to be
occupied than to be idle, the intensive nature of
the courses dcliberately simulates the conditions
of pressure under which most managers work
to-day. The “short sharp bite” is likely to
produce, in our view, a morc lasting result than
a longer, slower process would achieve.

Management generally is widely becoming
recoenised as a profession in its own right which
can be studied in the samc way as longer-
cstablished and nniversally-accepted disciplines.
The extent to which such study can be efficiently
carried is still the subject of much debate,
though on questions of detail rather than of
nrinciple. What is quitc certain is that success-
ful managers can no longer rely—if, indced,
they ever did—on hunch, inspiration and guess-
work. The MTC cannot afford to ignore these
developments.

Post Office management faccs two formidable
nroblems in the immediate future: the change
in the Post Office status and the introduction of
computers. The former represents the greatest
challenge and stimulus to management in the




300-year-long history of the Post Office and its
success will depend on the response which
management makes—for no organisation can
be more successful than its management. The
development of computers is something in which
many managers are already actively engaged
and in which all managers will be involved
before long. As development proceeds, it will
accelerate changes in management processes and
thought of a fundamental nature. Both these
major developments will naturally find a con-
siderable place in the work of the M1C.
Management training does not, however, end
there. Self-development, recognised as essential
nearly 30 years ago, is every bit as important
to-day. Precept and example play their part
and senior managers have a duty to perform in
the active development of their juniors.
Although MTC courses are focussed on the
Telecommunications Service, there is a vast
amount of literature available on the general
subject. Reading widely and taking an intelli-
gent interest in developments in the field of

management in the world at large are a vital
part of the process of self-development.

To-morrow’s manager will need to apply the
skills of mathematics and science which he has
employed with precision in his specialist field, to
the uncertainties of life in the management field,
thereby reducing to a minimum the associated
risks and providing a keen edge to the decisions
he is called on to make. Any undertaking is
only as good as its managers and if the Tele-
communications Service is to be, in the words of
the Postmaster General’s statement in Parlia-
ment last summer, *“ a forward looking, go-
ahead, bustling and developing industry” then
its managers will themselves need to develop
these attributes. The MTC will strive to con-
tinue to play its part in this process.

THE AUTHOR
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Management Training in LTR

By C. FAWKES

For the past three years LTR has been holding its own series of training
conferences designed to develop a common approach to service problems and
to fit middle management for its many and varied tasks now and in future

HE Lendon Telecommunications Region,
in common with other Regions, avails
itself of the training courses provided by
the Pest Oflice GGeneral Management Training
Centre at Eastbeurne and the Engineering
Management Training College at Bexhill-on-Sea,

Understandably, neither establishment can
operate exclusively against the background of
the management problems peculiar to any one
Region. Nor can their resources be devoted
exclusively to one Region at a time. This
imposes some limit on both the number of
managers trained and the penetration into the
various levels of management.

Those seeking to support with fact the view
that London is different could point to the size
of the staff in London in relation to the size of
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A work simplification conference in session
under the chairmanship of the group leaders,
Mr. C. S. Coleman and Mr. J. R. White (top table).



the staffs in other Regions. This reflects the
high proportion of the total system centred on
[.ondon and indicates indirectly that the com-
mitment of stalf to the supervisory and manage-
ment functions is, in total, higher than in any
other Region.

With such a high concentration of staft effort,
basically fragmented by functional grouping as
a feature of organisation, there is a danger that
further fragmentation could result from varying
degrees of specialisation. One counter measure
is the reorganisation of the London Areas (see
the Autumn, 1966, issue of the Journal).
Another counter measure, initiated in London
just over two years ago, is to bring into con-
ference individuals in the organisation who
would not normally be brought together in a
conventional type of training course.

Whenever a group of Post Oflice people get
together olf duty they will inevitably for much
of the time be talking shop. Bring a group of
Post Oflice people with particular responsibili-
ties together ofticially and again they will talk
shop. This is commonly called a conference.
Provide conference facilities in an atmosphere
which recognises the status of the individuals
and the importance of what is to be discussed,
remove the pressures of daily travel and day-to-
day management tasks and you have a resi-
dential conference where people will talk shop,
possibly far into the night. Direct the dis-
cussions by skilled group leading, introduce
specialists to inject new thoughts and informa-
tion, expose representatives of top management
to the opinions and criticisms of those engaged
nearer the front line and you have a pattern for
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The Conference hostess, Mrs. J. Van-Stratten,
welcomes delegates to a Haddon Hall conference.

Residential Management Training Conferences.

In 1963 it became apparent that a need
existed for bringing together 1.ondon’s Service
Superintendents—the men and women of the

Traflic Division, many of them quite young,

responsible for day-to-day service to the cus-
tomer—to supplement what was being done at
the Headquarters Trallic Training School
and to concentrate on London’s problems. It
became possible to use the Management Train-
ing Centre’s Eastbourne hotel accommodation
in the weeks between their courses and so, early
in 1964, the first LTR Service Superintendents’
one-week Conference was launched there.

The guiding philosophy of the LTR’s early
endeavours in this field, and one that has
remained a cardinal principle since, is to bring
together either those people in the organisation
with a common interest in a particular field—
for example, Service Superintendents—or those
with specialist contributions to make in a field
of common responsibility., At all times
emphasis has been focussed on the London
Telephone Service, its problems and opportuni-
ties and the way in which those involved can
marshall the resources available, and develop
their own skills in the best interests of the
customer to whom the service is a unity.

Broadly, the aims of the first and subsequent
conferences were to stimulate awareness of cus-
tomer need (often emphasised by visiting
speakers from the Institute of Office Manage-
ment Communication Managers® Division) and
an acceptance of the fact that the Post Oflice is
in business; to clarify objectives; to examine
critically the tools of management and their
uses; to consider ways in which individuals can
best use their time and resources—both in their
own particular field of activity and in response
to the needs of others—and to give delegates a
unique opportunity to exchange views with
Regional Board members and other representa-
tives of senior management.

By a judicious mixture of syndicate dis-
cussion, films, case studies and short formal
talks, groups are encouraged to speak freely
about their problems, to hear of the problems of
others and to find comfort or challenge in all
that is said. Early on, the Director of Home



Mr. E. Mitchell (left) and Mr. R. Ewing examine
a home-made mode| used in a work
simplification exercise on space utilisation.

Counties Region (as it was then) was asked if
he would like to send a few representatives. Hec
responded readily and the contributions made
by his staft have bcen much appreciated and
often quite refreshing. If some of London’s
problems seem insoluble it is stimulating to find
that close neighbours have similar problems and
sometimes have thc answers as well!

By the spring of 1965 most LTR and many
HCR Service Superintendents had attended
conferences at Eastbourne. Reports from Areas
were encouraging and it was decided to continuc
the conferences and also to widen their scope to
cmbrace other staff in Regional Headquarters
and Areas on telephone and telegraph work
who could gain from them. It was clear that
since both Engineering and Traffic staffs have
scparate and also collective responsibilities for
the telephone service, there would be advantages
in having delegates from both divisions con-
ferring round the same table. So the first of a
series of joint Service conferences was born at
which Executive Engineers and Senior Tele-
communications Superintendents in roughly
cqual numbers, range over a syllabus containing
items of common intercst such as computer
developments, customer co-opcration, the grade
and quality of service, the tclephone service of
the future and service management. Thesc
joint conferences were very successful and in
turn led to joint conferences at Hcad-of-
Division level.

The LTR Conferences in Eastbourne soon
became well established and, to meet the need
for expansion, extra hotcl accommodation was
found at Haddon Hall hotel. Additional con-
ferences for Assistant Executive Engineers and
Telecommunications Traflic Superintendents on
service/maintenance dutics were arranged on
the same pattern as thosc for EE/STS and later
further experience was added by the inclusion
of Higher Clerical Officers from Arca Accounts
Groups. Two conferences have been held ex-
clusively for women—the Travelling Supervisors
who do so much to carry the Post Oflice image
to its customers and keep the administration
informed on the customers’ point of view.

The next field of endeavour was provision of
service. With the accent on speedy completion
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of the customer’s order, conferences were
arranged for Senior Sales Superintendents and
Executive Engineers, followed later by con-
ferences for Assistant Executive Engineers,
Inspectors and Sales Superintendents and also of
the appropriate Heads of Bivisions.

In examining ways and means of doing things,
odd and cumbrous practices which should be
looked at with a critical eye are often en-
countered. In 1965, the Department of
Scientific and Industrial Rescarch were offering
training in the field of “Work Simplification”
and the LTR was sending delegates to its
Roftey Park Courses. The Department of
Scientific and Industrial Research (now the
Ministry of Technology) was invited to run a
joint conference at Eastbourne for Sales and
Traffic staff. Following this initial course the
LTR instructors took over, concentrating more
on Post Office problems and widening the scope
of the courses so that other grades would
benefit by attendance. Thus, LTR embarked
on yet another series best described as work
study appreciation courscs.

Work simplification training fosters a dis-
cipline of ordered critical thinking and, asin the
other conferences, considerable use is made of
case studies. The syllabus covers the applica-
tions of charting techniques, string diagrams and
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Time off for a cup of tea. Left to right: Mr.
R. F. Isted, Mr. |. Yates, Mr. |. Tace, Mr. S. Bow-
man, Mr. J. E. Little, Mr. K. P. Ballard, Mr.
D. Mckay, Mr. W. Graham, Mr. J. M. Moffatt
and Mr. G. Vaughan.

so on to such everyday practical problems as
the installation of a Keymaster system, the
circulation of written complaints, the utilisation
of accommodation in a training school and the
organisation of Advice Note procedure.

Clearly, in a week, it is neither the aim nor
the claim that dclegates will develop any
cxpertise, but considerable interest is aroused
in the methods available and—perhaps more
important—a critical attitude is dcveloped
among staff in all grades to the need and
opportunities for increased productivity. Quite
apart from what can subsequently be done by
individuals, a climatc is produced in which new
processes and procedures developed by experts
can be more readily understood and adapted in
the field.

At present, under the acgis of LTR’s Recruit-
ment and Training Branch, a full range of con-
ferences is being held at Eastbourne, including
follow-up confercnces for Service Superinten-
dents who have attended earlicr ones. Higher
Clerical Officers and Exccutive Ollicers are
joining with their Engincering, Salcs and Traflic
colleagues in every type of confcrence except
those run solely for Service Superintendents.
The representation on a typical Work Simplifi-
cation conference was four Engineers, two

Clerical/Exccutives, five Sales and three Trallic
Ofticers.

Is it worth it? The Group L.eaders whose
long hours of dedication to the task bring
reward in the form of keenly interested and well
integrated discussion groups have no doubt that
it is; nor have thosc who have attended the
conferences and nor have the Managers of the
units which provide the students. Managers
have to decide whether scrvice and individual
interests arc going to be furthered by releasing
delegates to attend, often at difficult times.
There has been no falling oft in demand for
seats and Areas are always willing to send
visiting spcakers to the conferences.

Should these conferences be residential? The
stimulating ad hoc discussion groups which
form outside the formal hours of confcrence
provide an affirmative answer. Groups work
well together. There are no disturbing influences
in evidence and no rush to finish discussions
becausc people have trains to catch. ‘There is
time, comfort, good company, good food and
plenty to talk about.

To attend an LTR Conference at Eastbourne
i to seize an opportunity to rcflect, to re-
appraise, to challenge and be challenged and,
particularly on the mixed conferences, to be
reminded that for scrvice, customers look to
the Post Oflice as a whole. ‘The LTR is
on the march to mecet the challenge of
the 70s and this imaginative step in Manage-
ment Development Training aimed at develop-
ing a common approach to scrvice problems
has much to commend it in fitting middle
managerial grades for thc many and varied
activities that need to be approached as common
tasks.

THE AUTHOR
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“GBR” IS BACK ON THE AIR

Front view of Rugby Radio Station, one of the most powerful in the world. Its aerial system has
remained almost completely unchanged since the Station was first brought into service in 1926.

A naval rating keys the call sign **GBR"’ for
the first time for a year. The new transmitter
was opened by the Director of Naval

Signals, Captain G. B. H Wake-Walker, RN.

39

Rugby Radio Station is back in service

and the famous call sign “GBR”—which
for 40 years, in peace and war, provided a
vital link with British ships throughout the
world—is on the air again. So, too, are the
Greenwich time signals, accurate to within one
ten-thousandth of a second, which the Station
sends out four time a day.

The transmitter, designed and built by Post
Officc engineers in the carly 192@s and first
brought into service in January, 1926, went off
the air at the end of 1965 so that modifications
could be made to increase its radiated power
by at lcast 50 per cent and to improve its
operating capabilitics. These modifications arc
now complete and the new transmitter is one
of the most powerful in the world.

The most striking changes are in the ampli-
fier units and the modulator while a new con-
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trol centre has been installed which will also
serve the other two low-frequency transmitters
housed at the Station.

The amplifier scction of the new transmitter
consists of three identical units in scparatc
compartments, with an end compartment con-
taining cquipment to convert telegraph signals
from line into signals to drive the amplifiers at
the correct radio frequency and with appro-
priate keying modulation. Each amplifier unit
contains a 5 kW, air-cooled driver stage which
feeds into a steam-cooled valve giving a radio
frequency output of some 170 kW. The power
supplies for each unit are derived from silicon
rectifiers, with the exception of the high-power
valve which is fed from a mercury-arc rectifier.
Normally, the outputs of the three units arc
connected in parallel to give full power, but if
a unit become faulty it can be disconnected
and the other units arranged to operatc together
or singly with a consequent reduction in power
output.
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Below : The mimic panel from which the
transmitter is controlled.  All the switching
points are outlined from behind by lamps.
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Above (left): A Technical Officer checks the
connections to one of the three final stage,
vapour-cooled valves. Right: Technical Officer
Mr. A. E. Christopher adjusts a tapping switch
on the gerial tuning inductance coils.

The low-power drive units, in duplicate, give
a choice of carrier “on-off” or frequency modu-
lation and either the morse code or teleprinter
keying can be used. They are specially de-
signed to control the frequency and phase of
the emissions very precisely and the trans-
mitter can now operate at a much higher modu-
lation rate than formerly.

The transmitter is controlled from a mimic
panel on which switching points are outlined
from behind by lamps so that the condition of
the transmitter can be seen at a glance. Asso-
ciated with the mimic panel are the basic con-
trols for choosing the drive to the amplifiers
and remotely controlling the variometers which
tune the anode and aerial circuits.

The aerial circuit has also been improved,
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notably by the introduction of variometers for
tuning between the fixed points available from
the main coil taps and for automatically ad-
justing the tune of the aerial circuit to com-
pensate for varying weather conditions. Addi-
tional variometers have also been included in
the common anode circuit for tuning and ad-
justing the coupling between the anode and
the aerial circuits. In addition, all the vario-
meters and the three aerial tuning coils are
double-wound with insulated wire to increase
their current carrying capacity.

The new transmitter is also equipped with
all the most modern safety devices designed
to make it impossible for anyone to approach
dangerous voltage areas without first isolating
them.



LTR technicians jointing cables in one of the seven-ft diameter tunnels beneath Oxford Circus. Each
tunnel is about 300 yards long. All tunnel shafts and manholes are electrically lit and ventilated.

Underground at Oxford Circus

which the London Telecommunications

Region has been involved in for many
years—the re-siting and re-construction of the
network of ducts and cables which carry tele-
communications services under Oxford Circus
—is nearing completion.

Reconstructing the cat’s cradle of pipes,
cables, ducts, sewers, drains and subways under
the Circus became necessary when it was de-
cided in the early 1960s to rebuild Oxford
Circus Underground Station, the inter-change
station for the Central and Bakerloo lines and
soon to beconic the inter-change station for the
new Victoria line as well.

The pattern of Post Office ducts and cables
below the Circus was similar to that under
many road junctions in London. But moving the
network presented some difficult and unusual

ONE of the most unusual and complex tasks
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By W. H. LAMB

problems since therc are no practical alternative
routes around the junction and the structural
featurcs of the booking hall of the new station,
which occupies all the space under Oxford
Circus, do not allow pipes to be laid over,
under or around it.

After a detailed study of several possible
alternatives, however, L TR decided to install
the cables in special Post Office cable tunnels
dug underneath the ncw booking hall and
threaded between the new cscalator shafts and
other station tunnels.

Work on the Post Office task began early in
1965 when four large, two-room manholes were
built—two under Regent Street and two under
Oxford Strect. The existing ducts and cables
were passcd into the first room in each of thesc
manholes. New cables were joined on and led



Right: Diagram
showing the
plant system
as it was and
(far right) as
it is now.
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down 40-ft deep, 10-ft diameter vertical shafts
from the second room. The bottoms of the
shafts were then linked by seven-ft-diameter
tunnels—each about 300 yards long and all
manually dug—through which the new cables
now run.

Entry to the manholes is obtained through
normal manhole covers at ground level and to
the tunnels by ladders and platforms built into
the shafts. To prevent gas and water entering
the tunnels, the two rooms in each manhole are
isolated by gas-tight doors and the cables pass
from room to room through pipes fitted with
gas-tight glands. The tunnels, shafts and man-
holes are drained, ventilated and electrically-lit
and the cables and joints are supported on steel
cable bearers bolted on to the cast-iron tunnel
linings.

The tunnels, shafts and manholes, drainage
and ventilation systems were designed by Sir W.
Halcrow and Partners, consulting engineers to
the Post Office, in co-operation with the Engin-

eering Branch of London Telecommunications
Region, and constructed by London Transport.
The electrical installation was carried out by
the LTR Power Section and all cabling and
jointing work was done by staff of the Centre
Area Telephone Manager.

Among other advantages which the comple-
tion of this long and difficult task will bring is
that the Post Office should never again need to
dig up the road at Oxford Circus to put in new
cables and ducts or to carry out repairs to the
existing network.
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A MANCHESTER MILESTONE

A milestone in the development of the Man-
chester director system was reached at the end
of February when the last manual exchange in
the director area was converted to automatic.

With the opening of a new £160,000 exchange
at Marple, Cheshire, automatic service was
given to all the 400,000 telephones served by
the 48 exchanges in the director area.

The Manchester director system is one of six
serving Britain’s principal cities; others are in
London, Birmingham, Liverpool, Edinburgh
and Glasgow.
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The first three exchanges in the Manchester
director system, ARDwick, COLlyhurst and
MOSs Side, were opened in 1930. The system
developed throughout the Greater Manchester
area and now includes 235,000 exchange lines
in South Lancashire and North Cheshire.

Telephone users in the Manchester director
area make nearly 25 million calls each month.
Subscribers on a typical exchange in the direc-
tor area can dial 100 local exchanges, 3,000
exchanges in this country on STD and many
exchanges on the Continent by way of the
International subscriber dialling system.



TELSTA
SPEEDS
AERIAL
CABLING

By B. L. NUTTALL, BA

A new machine which, operated by only two men,
can crect aerial cables four times as fast as
the normal four-to-five-man gang, is undergoing
extensive field trials in the Shrewsbury Telephone
Area.

It is the American-manufactured Telsra T 36—
more prosaically called the Aerial Cabling Unit
in Britain—and is being uscd in rural areas to
put up the aerial cables which are rapidly
replacing the familiar telephone wires. It can
erect acrial cables at the ratc of between four
to six miles a week, the machine paying out the
cable in mid-air from the end of its electrically-
operated boom as it is driven along at walking
pace.

The Aerial Cabling Unit consists of a turret-
like base and a main boom fitted with an extend-
ing inncr scction. The working platform, in the
form of a metal basket, is supported on steel
arms at the end of the telescopic boom which has
a horizontal reach of 25 ft. 11 ins. and a vertical
reach of 36 ft. The completc assembly is mounted
on a Dodge vehicle chassis with a two-speed
rear axle and a new type of differential lock con-
sisting of two rollers which can be made to bear
against the rear wheels to prcvent wheel spin
in mud or snow.

The boom is easily and rapidly raised, lowered
or rotated by means of a hand-operated joy-
stick, power being obtained from a propane-
driven electric gencrating sct, with an electric
self-starter, mounted at the rear of the chassis.
The generator drives a number of electric motors
which move the boom through a series of chains
and chain wheels. [f a chain breaks, the working
platform can be manually rotated and safely
lowered to the ground.
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Telsta’s telescopic boom reaches 36 feet high.
In the metal basket is AEE Mr. G. V. Hunt.

The new unit can carry more than 30 cwt. of
cable on two arms at the rear of the chassis so
that additional cable-carrying transport is un-
necessary. The arms can be hydraulically raised
and lowered for loading and unloading cable
drums. The payload of the basket is five cwt.
and in addition nearly a ton of suspension wire
can be carried in the well of the vehicle.

As the machine moves along its route between
poles, the aerial cable can be paid out under
tension obtained by clectrically-operated drum
brakes mounted on the cable drum spindles and
controlled by the driver in his cab. The machine
stops only briefly at each pole, the opecrator
boring a hole through it with a quick-change
combined electrical drill and torque wrench,
passing through a bolt and tightening the clamp
with the wrench. This operation takes only a few
minutes.

The machine also has a small but powerful
three-speed winch so that at no stage does cable



Telsta at work in the
Shrewsbury Telephone Area,
lashing a second cable

on to an existing route.
The unit can erect aerial
cables at the rate of

up to six miles a week.

d

Telsta in the
travelling
position, its
metal basket
and boom neatly
stored. It can
carry more than
35 cwt. of cable.

have to be manhandled. This winch—called the successful and that usc of the new Aerial
electric towline—is used by thc Americans to Cabling Unit will not only increase productivity
carry out a number of specialised tasks, includ- but also take much of the hard work out of
ing passing cable behind poles. aerial cabling.

Shortly after the machinc arrived in Britan —____ _THE AUTHOR
from the United States, Mr. J. S. Kenncdy, Mr. B. L. NUTTALL joined the Post Office as a
factory manager of the Telsta Corporation, was Student Apprentice in 1961 and is now an Executive

flown over to supervise the training of Post Engineer in the External Plant Development Section of
Ofﬁce teams in i[s use and ]naintenﬂnce_ ;he En_glntéermgh Departments External Plant and
First reports indicate that the trials will be roteetigh Brano.




Telecommunications Statistics

Quarter ended Quarter ended Quarter ended
30 Sept., 1966 30 June, 1966 30 Sept., 1965
Telegraph Service
Inland telegrams (including Press, Railway Pass,

Service and Irish Republlc) . .. .. 2,847,000 2,594,000 3,009,000
Greetings telegrams .. . .. .. .. 727,000 603,000 732,000
Overseas telegrams: :

Originating U.K, messages .. .. .. 1,907,000 1,816,000 1,885,000

Terminating U.K. messages .. .. .. 1,918,000 1,803,000 1,900,000

Transit messages .. .. .. .. .. 1,473,000 1,451,000 1,483,000

Telephone Service
Inland

Net demand .. .. .. .. 165,000 228,000 193,000

Connections supplled .. .. .. .. 188,000 200,000 185,000

Total orders in hand .. .. .. .. 232,000 255,000 184,000

Total working connections .. .. 6,744,000 6,658,000 6,244,000

Shared service connections (Bus. /Res) .. 1,338,000 1,324,000 1,219,000

Effective inland trunk calls . .. .. 233,823,000 227,196,000 209,819,000

Effective cheap rate trunk calls .. .. .. 55,573,000 51,636,000 49,679,000
Overseas

European: Outward .. .. .. .. *2,153,000 2,050,000 1,739,000

Inward .. .. .. .. fnot available not available not available
Transit . .. .. .. *7,000 7,000 14,000
Extra European: Outward . .. .. *199,000 190,000 154,000
Inward .. .. .. Tnot available not available not available
Transit .. .. .. tnot available not available not available
Telex Service
Inland

Total working lines 18,000 18,000 16,000

Metered units (including Servnce and Irish Republlc) 46,117,000 53,093,000 42,153,000

Manual calls Assistance and Multelex .. . 29,000 24,000 17,000
Overseas

Originating (U.K. and Irish Republic) .. .. *3,090,000 3,000,000 2,703,000

Figures rounded to nearest thousand. 1\ Extra European Inward and Transit—Full details not available.
*Estimated figures. T J European Inward—not available.
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G.E.C. Electronlc equipment
at Leamington Spa.

G.EC.OF
ENGLAND
ACHIEVES

Atreble
firstin
electronic
exchanges

The first fully-operational electronic telephone
exchange in the United Kingdom was supplied to
the British Post Office by G.E.C. (Telecommunica-
tions) Ltd. It has recently completed two years
public service at Leamington Spa in the heart of
England. During this time, nearly two million
successful calls have been made without a major
fault and without any degradation of service to the
subscribers. Two years, two million calls and not
a single major fault is an outstanding achievement
and illustrates the absolute reliability built into this
type of equipment. This exchange was developed
by G.E.C. (Telecommunications) Ltd. under the
auspices of the Joint Electronic Research Commit-
tee (J.E.R.C.) which comprises the G.P.O. and the
British Telephone Industry.

The first TXE.2. electronic exchanges to go into
public service in Scotland and Wales are to be
supplied by G.E.C. forinstallation at Bishopton near
Glasgowand at Llanwern near Newport. These two
orders are the first of nineteen that G.E.C. has, so
far, received from the G.P.O. for TXE.2. exchanges.
The exchanges are for service in all parts of
England and are the forerunners of many more to
come in the G.P.O.'s rapidly accelerating pro-
gramme for the expansion and modernisation of
Britain's telephone service.

This treble first in the practical application of
electronic exchanges will enahle G.E.C. to set the
pace in making them available to Telephone
Administrationsin manydifferent parts of theworld.

Takes telecommunications
into tomorrow

G.E.C. (Telecommunications) Lid.,
of Covenury, England.
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NEW <
HIGH EFFICIENCY
TOOLS

AVAILABLE IN
FOUR TEMPERATURES
FROM 250C TO 500 C

For Catalogues apply to:
SALES & SERVICE DEPT,.,
ADCOLA PRODUCTS LTD.,
ADCOLA HOUSE,
GAUDEN ROAD,
LONDON, S.w.4

ILLUSTRATED: R 900 4” dia. BIT RIGHT ANGLE MODEL
Telephone: MACAULAY 0291/3
Telegrams: SOLJOINT, LONDON. S.W.4

‘ B AR AND;

ELECTRIC designed and manufactured to
FILTERS meet individual requirements

Barr & Stroud have many years' experlence of the manufacture of fliters BAND SEPARATING NETWORK

based on insertlon loss theory. They are designed and made to meet

individual requiremeats in such flelds as communlcatlons. telemetry and 70

Instrumentation. Enquirles for large or small quantities are wzlcome.

Characterlstlcs can be controlled to meet prescribed loss} frequency 60 ]

values and are accurately matched to the clrcults ln which they are to be

used, a typlcal fllter characteristic Is shown opposite. : 50

A typlcal loss-frequency characteristic of a network designed. to separate z‘

signals on  common line, or to comblne signals lylng in two separate Q40

bands are snown here. g

Varlatlons In the pass-bands are less than | db., whlle the discrimination 5 30

In the stop-band Intervals shown exceeds 85 db. )P:

Pamphlet No. 1232C/P} descrlblng the range of fliters that can be made, Is <

avallable on request, The pamphlet also lists the characteristics which we 1

need to know In order to submlit a quotation for fliters to meet your 10 “ I

speclfication. A=A PV

We have technlcil agents In many countrles who wlil be glad to advise on Y 1 1.5 2 25 3 4 5

our products. FREQUENCY-kHz

BA n n & S'I' Ro U D l_ ' M I'l' E Anniestand . Glasgow, W.3. . Tel: Jordanhill 9601 . Telex 778114
London Office: | Pall Mall East, London S.W.l. Tel: 01.930 |54

Telex: 261877
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EXISTING LINES ONLY 2 CONVERSATIONS
1608 C e EBEIE
APEEREEEEERE

SAME LINES NUW 24 CONVERSATIONS

The number of conversations that can be carried over existing telephone cables
can now be dramatically increased using the Pulse Code Modulation System
developed by G.E.C. (Telecommunications) Limited.

G.E.C. have been working on the new system for about three years, and following
extensive field trials in public service carried out by the G.P.O., P.C.M. systems
are to be installed initially on about 70 links in Britain's telephone network.

The system enables cable circuits at present carrying only two conversations to
carry 24 conversations, power-fed repeaters being installed at 2000-yard
(1800-m) intervals to amplify the signal. The system is particularly suitable for
towns and cities where it is more economical to expand the capacity of existing
cables using P.C.M. equipment than to undertake the costly operation of laying
additional cables.

High-quality speech circuits are provided even in areas subject to high noise
conditions.

Takes telecommunications
into tomorrow

G.E.C. (Telecommunications) Ltd.
Telephone Works, Coventry, England
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j=p:Noiidz3Inie ) CABLES

OFFICIAL CONTRACTORS TO

BRITISH COMMONWEALTH GOVERNMENT DEPTS.

VIN s
HACKBRIDGE CABLE CO. LTD  HACKBRIDGE * SURREY

Phone: FRAnklin 1101-7

/@\ 4 British Designed - British Made

\MaTTee !vd,o“
MICGROPHONES TO KEEP FAITH WITH SOUND

Lustraphone’s very extensive range of microphones and accessories include
models specifically designed to meet almost every requirement. Indoor use,
and outdoors, for close talking, for heavy working conditions. Sound con-
struction and design cnsures an exceptional degree of reliability and service.

Designers and manufacturers of dynamic and ribbon microphones. Micro-

phone accessories. Microphones for telecommunication. Radio microphone

systems. Transistor amplifiers. Transistor portable public address systems.
Noise-cancelling intercommunication systems. Ancillary equipment.

ILLUSTRATED BROCHURE ON REQUEST

LUSTRAPHONE LTD.

ST. GEORGES WORKS, REGENTS PARK ROAD, LONDON, N.W.I
Telephone : PRimrose 8844
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Ambergate madé

history as Europe’s first
production electronic
exchange in service.

In formally opening the new TXE2
electronic exchange at Ambergate,
Derbyshire, England, in December
1966, the British Post Office made
history.

Tt was the first electronic exchange
in Europe to come off a quantity
production line,

TXE2 (marketed overseas by Plessey
Telecommunications as PENTEX?*)
was developed in coilaboration with
the BPO and British Telecommuni-
cations Manufacturers who are
parties to the Joint Electronic Re-
search agreement. The system was
adopted in February 1966 for future
exchanges in the U.K. of up to about
2,000 lines, with a total traffic of 230
erlangs, and is now in full production

by Plessey in order to meet the sub-
stantial orders placed by British and
other P and T authorities.

Designed for unatiended operation,
Pentex is based on the space division
principle, with reed relay components
for path switching, Occupying half
the floor space of a corresponding
electro - mechanical exchange, the
system allows for easy changes, ex-
tensions and the introduction of a
{arge number of additional services,
Automatic fault checking and indi-
cation and a minimum of moving
parts make Pentex an inherently
reliable system.

For further details please write for
the Pentex brochure to:—

The Plessey Company Limited
Teiecommunications Group
Electronic Switching Division

Edge Lane, Liverpool 7, England
Tel: Stoneycroft 4830 Telex : 62267
Incorporating Automatic Telephone
and Electric Company Limited,
Ericsson Telephones Limited (Etelco
Limited) and Communication
Systems Limited.

* Registered Trade Mark.

PLESSEY Telecommunications
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Reliability

A dependable telephone system is essential
to modern society. Connollys cables, with
built-in reliability, have played an important
part in maintaining the efficient operation of
the public telephone service in this country
since 1890: and Connollys reliability has
been further proved in telecommunication
installation in the many countries overseass

CONNOLLYS

Connollys (Blackley) Limited
Cable Division

Blackley, Manchester 9
Telephone: Cheetham Hill 1803

wide range communications receiver

PRIMARY FEATURES:

® |.F. SELECTIVITY: Overall bandwidth continuously
variable within the limit of 1.3 kHz and 6 kHz and
narrowed to 50 Hz when using the 100 kHz crystal
filter.

® VERSATILE TUNING: Incremental control allows
tuning to within one kHz with main tuning standard-
ized against internal crystal calibrator.

® CRYSTAL CONTROL: Instant changeover to
crystal-controlled operation with rapid selection of
up to eight spot frequencies.

® HIGH STABILITY: First and second oscillator
circuits can be crystal-controlled for high stability
operation.

® SENSITIVITY: Better than 3 microvolts for a 15 dB
signal to noise ratio.

@® RECEPTION MODES: Accepts C.W, A.MandS.S.B
modes.

Comprehensive technical data available from:
Eddystone Radio Limited, Eddystone Works,
Alvechurch Road, Birmingham 31.

Telephone: Priory 2231. Telex 33708

AMARCONI COMPANY LTD/ED32 3
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or quick, easy
I d -
clectfénic manufactufei‘é use Ersin Multi- g
core Solder for reliability. Made from only the purest tin and lead

EyGver 400 specications tnre 1o Ersin Mulicore Seraee 1o THERE (S AN ERSIN MULTICORE
suit yoursindil;r.i:h;izlllproduction requiremcnts. , SULDER FUH EVEHY PUHPUSE
s Ry . ® WHERE PRECISION SOLDERING

Ersin Multicore Savbit Alloy is :
IS REQUIRED

specially made to overcome the
rapid pitting and wear of solder-
ing iron bits. A precise amount

of copper is added to prevent the ' Engineers and technicians are invited to write
copper of the soldering iron bit

bei bsorbed i 4 k © i on their Company’s lctgerheadipg' for

ﬁi,ng ?hisore liin : rl;:tgstﬂcmscﬁg:crl [P i = “MODERN SOLDER_b” containing data on
?or %;equzm resurfacing of the Ersin. Multicore hown  TEILing points, gauges, alloys, et

; ifei being used at the Erith 5 @
s Becavbe e g Svimarine GolsLid,n e . \IULTICORE SOLDERS LTD. o8
iron bit is kept in good condition duction of a submersible repeater .
soldering speed and cfficiency designed tolast for a minimium of 20 Hemel Hempstead, Herts.
are increased. yearsunder the sea without attention, (Hemel Hempstead 3636) .

5////////////////////////%
%

| ] ELECTRICAL RADIO CO, LTD,  fi8iiss
—

WE PROVIDE A COMPLETE SERVICE FOR
THE DESIGN AND MANUFACTURE OF
ELECTRONIC EQUIPMENT X COMPONENTS

Whiteley Electronic Equipment and Components are designed and
precision-built in the Company’s own factories. Every operation is it i
strictly controlled, every part is rigorously inspected and tested. Noth-  ‘ as

ing is left to chance— hence Whiteley’s enviable reputation. b

WHITELEY ELECTRICAL RADIO CO. LTD.

MANSFIELD . NOTTS . ENGLAND . Telephone: Mansfisld 24762
London Office: 109, Kingsway, W.C.2.  Telephone: Holborn 3074
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U.H.F. Fixed Station

fOl‘ 450 tO 470 Mc S & Choice of control systems.
s Climination of refays in transmitter with the

The new Pye F450T w.h.f. base station has a g‘cfp“tofl‘ of *‘C_"";" f"g”g‘fﬁ’vc‘“; -
fully transisterised transmitter and receiver, "I DI SUiloh RNARSEICY asTilisy To=iba

for maximuwin reliability and mimimum size. ' co_ndmons:.' :
; st (i 3% High-stability receiver squelch '
The equipment is frequency-modulated, operates circuit eliminates background
from 450 to 470 Mc/s, with 40 to 60 kcfs channel noise in the absence of a signal.
spacing, and is suitable for use with mobile %2 4W nominal r.f. output. .
and Pocketfone radiotelephones. *® Remote control facilities,

Pye Telecommunications Limited, Cambridge, England. Telephone Cambridge 61222. Telex 81166
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C.R.E.l. (LONDON) HOME STUDY COURSES

INELECTRONIC AND NUCLEAR
ENGINEERING TECHNOLOGY

Special programmes for CITY & ‘GUILDS OF LONDON INSTITUTE
TELECOMMUNICATION TECHNICIANS' SYLLABUS (Subject No. 49
and SUPPLEMENTARY STUDIES Subject No. 300)

THE COURSES OFFER A WIDE RANGE OF PROGRAMMES VARYING IN
SUBJECT AREA AND DEPTH, AND REPRESENT THE HIGHEST LEVEL OF
HOME STUDY TECHNICAL EDUCATION. THEY EFFECT AN IDEAL ALIGN-
MENT OF EXPANDING KNOWLEDGE WITH CAREER SHAPING PROGRESS.

C.R.E.L enjoy high level recognition and, in the United States,
many of the leading induswial and scientific organisations
subsidise C.R.E.I. programmes for their employees.

In the United Kingdom, C.R.E.L. courses are approved by
H.M. Forces and three programmes are available to Service
personnel under the Forces Correspondence Course Scheme.

C.R.E.L courses covering City & Guilds Supplementary Studies
in Telecommunications and Electronics (No. 300) have also been
approved by the General Post Office for sponsored employecs.

HOME @ Electronic Engineering @ Radar
Technology
STUDY Servo Syst
® Nuclear Engineering ® Servo Systems
COURSES Technology @ Telecommunication Technicians® Syllabus
AVAILABLE @ Automation (City & Guilds Subject No. 49)
IN @ Mathematics for @ Supplementary Studies (City & Guilds
Electronic Engineers Subject No. 300)

C.R.B.I. (London) Dept. P.T.J.4. Walpole House, 173/176, Sloane
Street, London, S.W.1

write fOI’ FREE bI'OCh ures (International Division of Capitol Radio Engineering Institute,
Washington, D.C.)
stating your field of interest to: N
Address




MADE
TO MEASURE
SERVICE

Mechanical principles do not alter from country to
country—but many other things do. Currency units
vary; national habits vary; both affect the design of a
coin-operated telephone system.
Associated Automation can always produce coin-
collecting telephone equipment for special local or
national conditions.

Associated Automation Limited
Dudden Hill Lane, Willesden, Lendon NW10
Telephone: WlLlesden 8070

A Member of the Elliott-Automation Group

The Post Office Telecommunications Journal is printed for H.M. Stationery Office by the Eastgate Press Lid., 225 Foxhall Road
lpswich, and is published quarterly in December, March, June and September by H.M. Postmaster General at the Post Othce
Headquarters. London, E.C.1.
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