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STC Telecommunications 

We're putting the transmission equipment into 
Europe's latest international switching centre. 

Here's what the world gets out of it. 
When London's Mondial House opens for 

business, new international circuits will help relieve 
the congested traffic routes. 

It will ultimately handle around 180,000 calls 
an hour on 18,000 international circuits via 
cable, microwave and satellite links. 

Linking the UK with 29 European countries 
-with transit facilities between the old and 
new world. Providing intercontinental circuits to a 
total of 51 countries -including the USA. Canada, 
Africa, India, Australia, and the Middle and Far East. 

The British Post Office has entrusted STC 
with the contract for the manufacture and 

installation of special multiplexing equipment. 
including frequency translating, carrier generating 
and supervisory equipment. 

Manufactured to BPO specification, this 
equipment is a special version of our well-proven 
range in Mark 6 construction. And by the mid 
1970's, it will be making a world of difference 
to global communications. 

Contact us when your administration needs 
high quality multiplexing equipment for similar 
transmission applications. 

Standard Telephones and Cables Limited, 
Transmission Division, Basildon, Essex, England. 
Telex: 99101 (STC Basildon). 

an associate of 

ITT worldwide communications & electronics STC 
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STC Telecommunications 

Ring up a little extra 
something for yourself. 

More and more people want Deltaphone in their homes. 
It's sculptured on modern lines and comes in very 

modern colours -yet still blends in beautifully with any decor. 
And with no extra outside plant investment- plus 

easy maintenance -you ring up extra income with every 
Deltaphone rental. 

How does that sound? 
STC Subscriber Apparatus & Acoustic Division, 

New Southgate, London N.11. Tel: 01-3681234. Telex: 21917. 

an associate of 

worldwide communications & electronics STC ITT 



STC Telecommunications 

We make 
light of things. 

STC headsets are lighter. 
So work's a whole lot brighter. 
The sets themselves are really tough. 

But at the same time really comfortable. 
And they don't cost very much. 
Which is why STC headsets are so 

popular the world over. 
STC Subscriber Apparatus & 

Acoustic Division, 
New Southgate, London, N .11 . 
Tel: 01-3681234. Telex: 21917 

an associate of 

ITT STC 

ENGINEERS! 
Send for your 

FREE 
copy of 

'ENGINEERING 
OPPORTUNITIES' 

WHAT THIS BOOK WILL TELL YOU!· Now ready a brand new edition of this 

How to cet rapid promotion or n better.paid famous book which we would like e\'ery 

job .. How to put some valuable letters after ambitious engineer to have-free. \Ve 

your name. How to make use or our free 
anticipate a tremendous demand so 

Appointments & Ad\'isory Service . J (ow to 
send for your free copy now. 

gain the technical know1cdgc employers 'ENGINEEIUNG OPPORTUNITIES' outlines 
rcallily pay for · How you can succeed our magnificent range of modern 
in :my brnnch or Engineering )'OU Jil<c- Home Study Courses and is packed 
whatever your education or experience. with interesting and useful information. 
74 l'AGES {IULLOF EXPERT ADVICE. Don't miss this enlightening \>ooklet. 
r--•ENSURE YOUR COPY BY POSTING COUPON NOW•--, 
I To: lllET Dept. B3 -Aldermoston Court, Reading RG7 4PF. I 
I 

Tirk subject that interests you. Aero Eng. D Automobile D Building D 
Computers D D'manship D Electrical D Electronics D Management D I I Mechanical D PlasticsOProductionD SurveyingO TY &RadioO I Telocomms.D Work StudyD AM•ED D AM1MJO AMSE O g C.ENO. D CITY ANO OUILDS O OENERAL CEl\TlflCATEOF El>UCATION 0 I g Other subjects I 

I !'lens• send 'ENGl.NEEIUNG OPPORTUNl.TIES' without cost or obligntion. I 
I Name Age I 
I Address I 
g I 
I Occupation I 
I BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY . I ET I 
�--------------------

Accrcrlirecl hv the Cnuncil for the Accreditation of Correspondence Colleges. 

STOCKISTS OF P.P.O. COMPONENTS 

Adaptors. Recall Switches 
Arrestors, Lighting 

Blocks, Terminal 
Boxes, Distribution 
Boxes, Junc.tion 

Carbons, Protector 
Capacitors, Telephone 
Coils, Induction 
Coils, Repeating 
Coils, Retardation 
Cords, Handset 
Cords, Instrument 
Cords, Switchboard 

Dials, Automatic 
Dial, Accessories 
Dial,' Mountings 

Earpieces 
Electrodes 

Fuses 
Fuse Mountings 
Fuse Panels 

Generators, Hand 

Handsets 

lndiutor, Miniature 

Jacks, Battery 
Jacks, Instrument 
Jacks, Lamp I 0 & 20 way 
Jacks, Lamp Single 
Jacks, Shelf 
Jacks, Strips 10 & 20 way 
Jacks, Test Relay Set 
Jacks, Switchboard 

Keys, Lever, Standard 
Keys, Miniature 
Keys, Strip, Digical 
Keys, Plunger 

Lamp, Sockets 
Lamp1 Caps 
Lamp, Strips 
Links 

Meters, Subscriber 
Mouthpieces 

Plugs, Instrument 
Plugs, Selector 
Plugs, Switchboard 
Plugs, Test 

Receivers, Inset 
Rectifiers, Telephone 
Relays 
Relays, Miniature 
Relay Coils 
Ringers, Telephone 

Transformers, Telephone 
Transmitter, Insets 
Telephone Instruments 
Telephone C;ues 

Uniselectors 
Unisclcctors, Mini:iturc 
Etc. 

We also stock unit assemblies for 
PAX, PAXB, PUBLIC EXCHANGE, 
MULTIPHONE EQUIPMENT. 
TWO MOTION SELECTORS BPO. 
2000 & 4000 TYPE GROUP SELEC· 
TORS & FINAL SELECTORS. 
TRANSISTOR RINGING GENER­
ATORS, ETC. 

Manufacturers and Trade Enquiries only, quoting 

BPO and/or Manufacwrcrs' Reference numbers 

TWC 
TELEPHONE & WIRELESS 

COMPONENTS LTD. 
147 The Broadway, London, NW9 7EA 

TEL. 01-203 2814 CABLES; Telwirco NW9 
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STC Telecommunications 

It's now 21 years since S.T.C. manufactured its 
first repeatered submarine cable system. 

Since then, we've taken part in 58 cable 
projects, involving 34 countries, providing over 
11,000,000 circuit miles towards the world's 
growing needs for high quality, reliable international 
telephone networks. 

During this period, we've also been in the 
forefront of advancing technology. 

Now with 2,700 repeaters and 57,000 nautical 

an associate of 

ITT 

miles of cable behind us, we're using all of our 
collected experience on the 10 new systems we 
have currently in production - including the next 2 

transatlantic systems CANT AT-2 and B RACAN-1. 
We've made reliability our business. And we're 

basing it strongly on all the proven experience we've 
gathered since 1950. 

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

Submarine Systems Marketing STC 



••• IAELLI �� 
GENERAL 

and the power 
of speech 

Internal telephone communication systems call for the same degree of reliability as for 
national networks. Pirelli General manufactures a range of multipair and multiway 
internal telephone cables which are stocked for immediate delivery. 
To reduce cross-tall\ in the multi pair construction the pairs are twisted and laid-up with 

varying lays. Each cable has a distinct colour identification scheme for the cores or 

pairs which facilitates quick termination, and a Terylene ripper cord assists in quick 
removal of the pvc sheath. For further details ask for Publication MC3:1970. 

PIRELLI GENERAL CABLE WORKS LIMITED · SOUTHAMPTON · TELEPHONE: SOUTHAMPTON 20381 

Pll577 
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ever1 d wane to cope with up to eight 
ata fime.in each direction? 

•th th GEC 
For high density routes, the GEC 

WI e 6·8G Hz semiconductored microwave 

6 
radio equipment can accommodate up to 

upper eight radio bearers in each direction of 

• transmission, using a single antenna. 

mlcrowa�e system The highly economical 
W 1 frequency usage provides 

¥IOU can I up to 16 x 960 high-quality speech 

I · 

e channels in the same frequency spectrum 

GEC MICROWAVE TYPE 68R9A 

Takes telecommunications into tomorrow 
GEC-AEI TELECOMMUNICATIONS L TO, OF COVENTRY, ENGLAND. 

A Management Company of The General Electric Co. Ltd. of England. IB/50 



GEC Lincompex 
Already proved in practice 
in over 35 countries· ... 

• 

can increase 
revenu·e from your 
long-distance 
HF radio 
circuits, too! 

Over 35 countries already rely on 

GE.C Lincompex to bring the quality 

of HF radio telephone circuits 

up to line transmission standards. 

Now, you, too, can increase your 

revenue from long-distance HF radio 

circuits with GEC Lincompex. 

Developed from a British Post Office 

design, it provides: 

D Improved signal-to-noise ratio 

D Substantial reduction in fading 

D Constant loading of radio 
transmitter 

D Quiet 'no-signal' periods to ease 
the flow of conversation 

D Higher traffic handling capability 

D Elimination of singing suppressor 

Takes telecommunications into tomorrow 
GEC-AEI TELECOMMUNICATIONS LTD. OF COVENTRY, ENGLAND. 

A Management Company of The General Electric Co. Ltd. of England. 
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S.G.e. Takes telecommunications into tomorrow 

GEC-AEI TELECOMMUNICATIONS LTD.OF COVENTRY, ENGLAND. 

A Management Company of The General Electric Co. Ltd. of England. 
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unicat1on · 

GEC-AEI TELECOMMUNICATIO 

s into tomorrow 
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A Management c 
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Easy on the eye 
The extended ran_ge of Sodeco RCi 
impulse counters from Landis a Ciyr 
Introducing the Sodeco RG range-the only impulse counters designed for the seventies. 
Compact and well proportioned, they blend perfectly with new instrument fascias. And 

the clearly presented figures allow fast, acc.urate reading- even from wide angles. 

There's more to Sodeco RG counters than just a pretty face. 
Keen prices plus exceptional reliability and long life give 

unrivalled value for money. 

Performance.is outstanding. Sodeco R G counters are quieter 
in operation and have a life in excess of 200 million impulses, 

with up to 60 impulses per second for DC models, up to 251 .. . .  
impulses per second for A C  models. Power requirements 

are low and the range allows wide voltage tolerances. / 
! 

The range is comprehensive: counters with 3, 4, 5, 6 and \ 

8 digits suitable for all.popular mountings, with manual 

or electrical reset facilities in most versions. 

SOOECO .1� ·­
����!i�e�o?�,��!�!�details to fl 

f 
i 

1 
I 

·�11 
' ,, 

·. -� . 

Lpn�is&Cyr\ 
L1m1ted v;.,..;, •o••. ":=� Aoton. London w.3. Telephone, 01.992 s311 Tei .. , 214" 
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EDITORIAL 

The rapid growth of satellite communication has 
created a need for a third aerial at Goonhilly earth 
station. This new aerial, which comes into service in the 
near future, is specially designed for use with synchro­
nous satellites and incorporates many novel features 
which result from operational experience at Goonhilly 
and other earth stations. An important article in this 
issue compares the construction of the new aerial with 
the two already in service at Goonhilly. The develop­
ment of satellite services shows lillle sign of slackening 
and this issue also contains a summary of the conclusions 
of the recent international conference concerned with 
the allocation of frequencies for satellite communication, 
as well as an article discussing the possible use of 
satellites for maritime communications. 

By its very nature a quarterly journal is not able to 
convey up-to-the-minute news but, when space permits, 
the Journal includes a selection of press notices. By the 
time these are published some of the items have inevi­
tably lost their topicality but it is hoped that they still 
help the reader to maintain contact with the broader 
aspects of Post Office business. These items are always 
based on official British Post Office press notices and can 
be considered authoritative. A further source of news of 
a rather different kind can be found in Regional Notes 
and it is pleasing to note that the flow of suitable 
material for this section of the Journal is steadily 
increasing. 



The Large Steerable Aerials at 
Goonhilly Earth Station 

V. C. MELLER and P. S. J. DUFFY, C.ENG., M.I.E.E. t 

U.D.C. 621.396.677: 621.396.946 

Goonltilly ltas clza11ged from a low-capacity experimental earth station, operating only a few !tours a week 
via low-altitude satellites, lo a ltiglt-capacity station giving continuous commercial service via geo-stationary 
Jyncltronous satellites. Tlte ear/It-station aerials and associated radio and control equipment ltave evolved to 
meet tlte new requiremellfs. Tlte basic radio pe1forma11ce standards ltave not, however, changed radically, 
nor are tltey expected to in the 11ear future. Salient features of the new third aerial are described a11d 
compared wit It those of the two older aerials. 

INTRODUCTION 

Three large steerable aerials have been built at Goonhilly 
earth station in the ten years of rapid development and 
growth of satellite communications that has followed the 
TELST AR experiments.1 Although many of the basic design 
requirements2 have not changed significantly in .this period, 
the latest aerial, Aerial No. 3, designed and built by Marconi 
Communication Systems Ltd., is quite different from either 
of the earlier aerials. In this article, the nature of the major 
design differences are identified, the underlying reasons for 
them are explained and the expected advantages are con­
sidered. 

Aerial No. l ,  designed by Husband & Co. and the British 
Post Office (B.P.O.) Research Department, was an outstand­
ingly successful adaptation of an existing front-fed radio­
telescope design for tracking fast-moving experimental satel­
lites in inclined orbits.3 In 1965 it was successfully modified4 
to work with the first operational INTELSAT satellite in a 24-
hour synchronous equatorial orbit, and in 1969 was again 
adapted to work to the INTELSAT ID satellite5 stationed 
over the Indian Ocean. It has a reflector which is small by 
current standards, and this, together with the lack of ade­
quate accommodation for equipment, especially the low noise 
amplifiers (l.n.a.s), has always presented formidable opera­
tional problems. Nevertheless, current plans for Goonhilly 
include commercial operation of this veteran aerial for at 
least another five years. 

Aerial No. 2, built by Marconi Communication Systems 
Ltd., is based upon a Husband & Co. design that was made 
available to British industry by the B.P.0. at a time when no 
British manufacturer or consortium of manufacturers had ever 
built a complete earth station. The design was intended to 
provide adequate accommodation for all equipment needed 
for the estimated growth of traffic during a 20-year design life. 
Originally designed as a front-fed aerial, it was adapted by the 
tenderer to accommodate a Cassegrain feed-system.• At that 
time, the dominance of the 24-hour synchronous orbit for 
civil communications had not been completely established, so 
the ability to track relatively fast-moving satellites in sub­
synchronous orbits was included in the specification. In 
general, flexibility was the keynote of the design. Although it 
was designed for operation with the INTELSAT III genera­
tion of satellites it will also be possible for this aerial to 
continue carrying some of the transatlantic traffic via the 
INTELSAT IV satellite after the third aerial has been brought 
into service. 

t Telecommunications Development Department, Telecom­
munications Headquarters. 

* Cassegrain feed-system-radiation from an aperture in the 
main reflector is collimated by a front-mounted sub-reflector and 
reflected by the main reflector. 

2 

Aerial No. 3, illustrated in Fig. 1, is one of five similar aerials 
designed and built by Marconi Communication Systems Ltd. 
Designed specifically for tracking satellites having a 24-hour 
synchronous orbit, it embodies the results of wide operational 
experience at Goonhilly and other earth stations. The salient 
features are the reinforced-concrete tower, which provides on 
three floors a total of 250 m2 of accommodation for radio 
equipment, and the high-level azimuth bearing. The tower 
is surmounted by a rotating platform which carries the aerial 
driving machinery, and provides 52 m2 of accommodation 
for the low-noise amplifiers. Equipment rooms in the tower 
are served by an internal lift, and access to the moving 
accommodation is via an external lift carried by the rotating 
structure. Annexes at ground level house mains power 
switchboards and air-conditioning plant. The technical 
features include the first use at Goonhilly of an aluminium 

Fm. 1-Goonhilly Aerial No. 3. 



reflector to reduce the movable weight, low-power movement 
machinery, stationary low-noise amplifiers, a new design of 
azimuth bearing and an ingenious new elevating screw­
mechanism. 

Some of the n1ore important factors that have influenced 
the development of earth station aerials are: 

(a) the successful development and launching of large 
satellites into the 24-hour synchronous orbit, 

(b) the relative stability of international agreements on the 
major technical parameters relating to earth-station equip­
ment, and 

(c) the need to minimize maintenance out-of-service time 
and to provide adequate access to all equipment. 

A summary of the major characteristics of the three aerials 
at Goonhilly is given in the Appendix. 

ELECTRICAL PERFORMANCE 

In conununica tion systems the quality of circuits is influenced 
by the ratio of signal power to noise power. For a given 
satellite system, the received signal power is proportional to 
the earth-station aerial gain, G. But, because of the very high 
propagation-path loss, the received signal power is extremely 
low and may be only slightly above the level of noise in the 
receiving system. The receiving-system noise is represented by 
the physical temperature, T, at which the thermal noise power 
available from an equivalent resistor is equal to the system 
noise. The ratio of the two parameters G and T can therefore 
be used as a measure of the performance of an earth­
station receive system. Conventionally, G/T is referred to the 
input of the 1.n.a., and international agreement requires the 
system G/T, at the operational receiving frequency [GHz, to 
be 

when measured under clear-sky conditions, in light winds, at 
the operational elevation angle. 

The primary aerial design-objective must be attainment of 
the requisite gain-to-noise-temperature ratio (G/T). This 
means that the aerial itself must have high gain, but low noise. 
In addition, the design must enable the telecommunication 
equipment to be mounted so that its noise contribution to 
the system can be minimised, and so that the required radiated 
power can be generated economically. It must also enable 
essential maintenance work and periodic overhauls to be 
carried out without loss of service. 

The major factors which govern the attainable gain at the 
input of the l.n.a. are: 

(a) the aperture area and profile accuracy of the reflecting 
surfaces, 

(b) the aperture blockage introduced by the feed system and 
any secondary reflector, 

(c) the spillover of the signal at the edges of the reflecting 
surfaces, the scattering of the signal from the feed or sub­
reflector structure and the diffraction at the edges of the re­
flector, 

(d) phase errors and cross-polarization, 
(e) the insertion losses of the waveguides between the 

primary feed and the first receiving amplifier, and 
(f) the mis-matches which occur both in the waveguide 

assembly and between the physical components and free 
space. 

The net gain is determined by the extent that the losses 
associated with (a)-{f) above can be minimised in the design. 

Ideally, the gain should be independent of the reflector 
elevation angle, but unless the design provides adequate 
stiffness, gravitational effects distort the reflector shape and 
feed or sub-reflector supporting structures, thus reducing 
the gain as the elevation angle is changed from that at which 
the shape was set. 

The main components of system noise are: 

(a) noise collected by the main lobe of the aerial, 
(h) noise collected by spillover at the main and sub­

reflectors, side lobes and reftexions from aperture-blocking 
components, and 

(c) thermal noise generated by losses in feed and wave­
guide co1nponents. 

The total system noise (T) comprises the components listed 
in (a)-(c) above plus a contribution from each of the ampli­
fying stages, dominated by that from the first amplifier. All 
noise contributions are surruned and expressed as the equiva­
lent noise temperature at the input of the l.n.a. Component (a) 
depends on the elevation angle and is greatest near the horizon. 
This component comprises galactic noise and noise originat­
ing primarily in water and oxygen in the atmosphere. The 
received noise level from both these sources varies with 
frequency, and cannot be altered by aerial design, unlike the 
other noise components which can be minimized by good 
design. 

With a front-fed aerial, the effects of spiilover are worse 
when the aerial is operating at high elevations because the 
spillover is directed toward the noisy, relatively hot earth 
instead of the cold sky, whereas spillover past the Cassegrain 
sub-reflector gives greatest noise at low elevations. However, 
the sub-reflector blocks the aperture more than the front 
feed. In general, the more convenient location of 1.n.a.s, and 
the shorter waveguide connexion between feed and 1.n.a.s 
that are possible with the Cassegrain design have been the 
major reasons for its choice. The overall efficiency of a 
Cassegrain aerial can be improved slightly by deliberate 
distortion of the sub-reflector profile from the true hyper­
boloidal shape so that unavoidable tapering of the illumina­
tion of the sub-reflector gives roughly uniform illumination 
of the main reflector, which is also mis-shaped slightly from 
the paraboloidal to correct the phasing of the electromagnetic 
wave front. 

For Aerial No. 3, the overall efficiency is expected to be 
about 72 per cent, arid the resultant gain 60· 3 dB at the centre 
frequency of the receiving band (3.95 GHz). The correspond­
ing system noise temperature at 5° elevation, assuming a 
contribution of 20°K from the 1.n.a. and other receiving 
stages, will be about 75°K. In practice, the noise temperature 
of the 1.n.a will rarely exceed 16°K, and, therefore, G/T is 
expected to exceed 41 dB. The efficiencies and gains of Aerial 
Nos. I and 2 are 55 per cent, 58 · 5 dB and 67 · 6 per cent, 60 dB 
respectively. 

STRUCTURAL MATERIALS 

Mild steel, stainless steel, aluminium and its alloys, reinforced 
or pre-stressed concrete and metal-sprayed plastics have all 
been used in the construction of the aerials. Mild steel is 
widely used as a structural material because it is cheap, strong, 
and easy to fabricate and weld. If thoroughly protected against 
corrosion it can be used for main structural members and 
reflector frameworks, but re-painting is difficult if it is used for 
the reflector membrane. High-grade stainless steel is resistant 
to corrosion, but is tough and difficult to work. It costs about 
eight times as much as mild steel and is, therefore, too expen­
sive for main structural members, but is attractive for re­
flectors because it will retain its shape for many years without 
corrosion and need never be painted. 

Relative to mild steel, the cost of aluminium and its alloys 
is six to eight times greater; the density and modulus of 
elasticity, E, are each about a third, and the temperature 
coefficient of linear expansion is double. The lighter weight is 
attractive because loads on bearings, and the size and cost 
of driving systems, can all be reduced. Unfortw1ately, the 
lower value of E increases the volume of material required 
for a given stiffness, and great care is required to avoid 
failures from structural fatigue. Pure alwninium is very 

3 
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FIG. 2-Sectional view of Goonhilly Aerial No. 1 

resistant to corrosion, but is too soft for structural purposes. 
More suitable aluminium alloys are difficult to weld, are less 
resistant to corrosion, and therefore require protective coat­
ings. These factors tend to restrict its use to the construction 
of alloy reflector panels faced on both sides with pure alu­
minium. 

Reinforced concrete is bulky, but cheap, and relatively easy 
to cast into large complicated shapes which can be built 
in sections and joined together. Its life can easily exceed 60 

years provided that all steel reinforcement is covered adequa­
tely to protect it from corrosion. It is suitable for the con­
struction of aerial mounts, but requires expensive pre-stressing 
or post-stressing to enable very great tensile loads to be carried. 
The rigidity and mass of large concrete structures enables 
them to resist the effect of high winds, but when used for 
components of the rotating structure, the structural savings 
are largely offset by the cost of the larger bearings and mech­
anical driving components. 

Metal-sprayed plastics have been used for reflectors of 
small aerials up to about 14 m in diameter but, as far as is 
known, not for larger aerials. 

STRUCTURAL DESIGN 

Ideally, the aerial should be able to operate in all weather 
conditions. Economically, it may be acceptable for the aerial 
to work with a slightly degraded performance, or even to be 
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taken out of service for isolated short periods, to avoid the 
high cost of extending the design for rare extreme \Vind 
conditions. It may be necessary to stow the aerial with its 
reflector facing the zenith to minimize wind loads and ensure 
its survival in these extreme conditions. Structural deflexions 
about the movement axes are equivalent to steering errors and 
can be cancelled by auto-tracking, but it is not possible to 
compensate for loss of gain arising from defocusing of the 
reflector caused by wind or gravitational distortion of the 
structure. An operational aerial should track a satellite with 
an error not exceeding one minute of arc to minimize loss 
of gain, and, therefore, a very stiff st1ucture is required. 

A relatively deep, rigid backing-framework is needed to 
give the required stiffness, and must be supported on bearings 
which allow the reflector to be tilted. Adjustment facilities 
are usually incorporated so that the reflector can be accurately 
shaped and set. The weight of the reflector must be counter­
balanced to reduce the driving-system torque. Elevation 
bearings should be firmly mounted and accurately aligned. 
The whole assembly must withstand thrust loads along the 
line of the elevation axis and radial loads arising from gravita­
tion effects, wind and overturning moments. Axial and radial 
loads on the azimuth bearing are not usually excessive and 
can be carried by standard bearings. Overturning moments 
can be quite high and can present design problems, especially 
\Vith tower mounts. 
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Aerial No. 1 (Fig. 2), has a reinforced-concrete mount 
comprising three A-frames erected on a low-level horizontal 
turntable 12 · 8 m in diameter. The A-frames are joined at the 
top by a post-tensioned crossbeam which carries the elevation 
bearings. The main equipment cabin encloses the base of the 
A-frames, which severely restricts space available for equip­
ment. 

Aerial No. 2 (Fig. 3) may be described as a strong rotating 
steel box, straddled by a steel gantry which carries the eleva­
tion bearings and reflector. 

For Aerial Nos. 1 and 2, the inherent strength of the steel 
reflector surfaces contributes to the structw·al stiffness. This is 
derived mainly from a large-diameter, deep, steel framework. 
Overall stiffness is achieved by tack-welding and/or bolting 
3 · 3 mm sheet-metal panels to backing frames to form the 
shaped surface. Continuous welds are avoided because they 
cause unacceptable buckling of the surface. These heavy 
reflector structures also carry the J.n.a. cabins and require 
correspondingly stout bearings and relatively high-power 
driving machinery. 

Aerial No. 3 (Fig. 4) has a tapered, reinforced-concrete 
tower with an immensely strong neck which was post-stressed 
so that it could withstand all the dynamic loads. The rotating 
superstructw·e is fabricated from mild steel and carries stiff, 
lightweight reflector panels mounted separately on a steel 
backing-structme. These panels comprise 2 mm stretch­
formed aluminium sheets, riveted to die-cast aluminium-alloy 

stiffeners. A relatively-small diameter, accurately-machined 
hub-cone provides a stiff, central reflector datum. All con­
nexions in the reflector trusses are bolted to avoid stresses 
that could be built-in by welding. The weight of the J.n.a. 
cabin is not carried by the reflector. 

AZIMUTH BEARING 

The azimuth bearing of Aerial No. 1 (Fig. 5(a)) consists of 
54 tapered rollers running between two accurately-machined 
and levelled manganese-steel tracks, 12·8 m in diameter. The 
rollers are mounted at the ends of a tubular-steel spider 
pivoted at the centre of the track. The central pivot has two 
double-row, self-aligning spherical roller-bearings, one to 
centre the spider and the other to centre the rotating platform 
of the aerial. Simple facilities are provided for changing 
rollers. This robust, high-precision bearing system was 
designed for high-speed tracking, and seems to be capable 
of giving reliable operational service for many years. 

A tower type of construction was considered for Aerial 
No. 2, but none of the crane-type bearings (Fig. 5(b)) then 
available was suitable because of the difficulties involved in 
their replacement should they become faulty. It was clear that 
the overturning moments would have to be carried by a 
relatively small-diameter bearing, and the risk of its failure 
causing long out-of-service time could not be accepted. 

Aerial No. 2 has, in fact, a cheaper azimuth bearing 
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(Fig. 5(c)) which shares the moving load between two driven 
bogies which run on accurately-levelled curved rails and a 
fixed pintle* having self-aligning spherical-roller thrust­
bearings. 

Although the bearings, rollers and bogies of Aerial Nos. 1 
and 2 are unlikely to fail within the design lifetime because of 
their very robust construction, any major fault might require a 
fairly long time for repairs, but the facility for tracking by 
means of sub-reflector or primary feed deflexion (beam swing) 
provides the possibility of service continuing during repair. 

The position and design of the azimuth bearing has a 
critical effect on the design of the whole aerial. Most of the 
hazards previously associated with high-level azimuth bear­
ings have been eliminated in the Aerial No. 3 design by mount­
ing the rotating platform on a vertical, tapered kingpost, 
5 · 5 m in length, so that the overturning moments are taken 
by the long, post-stressed tower-neck (Fig. 5(d)). Radial loads 
on the upper part of the kingpost are taken by a bearing, 
3 ·8 m in diameter, and an oil-immersed bearing at the lower 
end, l · 3 m in diameter, carries radial and thrust loads. Both 
radial bearings comprise six plain polytetrafluoroethylene 
(p.t.f.e.) pads mounted on adjustable self-aligning shoes. The 
lower bearing also has p.t.f.e. thrust pads on the underside 
of the kingpost. Loads on individual bearing shoes and pads 
can be relieved so that replacement can be made without 

* Pintle-pin of a hinge or bearing. 
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taking the aerial out of service. An oil-spraying system 
protects the upper bearing ring against corrosion. The only 
obvious disadvantage of this new system is the restriction of 
space at the azimuth-bearing level which has been largely 
overcome by provision of the external lift. 

It is still too early for a reliable assessment of the relative 
merits of the high- and low-level bearing designs, but the advan­
tages of a lightweight reflector are obviously also applicable 
to the latter. The advantages of the wide and stable base which 
simplifies the design for high wind loads and overturning 
moments should not be disregarded. 

ELEVATION BEARINGS 

The lightweight reflector of Aerial No. 3 enables the load to 
be carried by only two bearings on a short elevation axis. 
Built-in jacking facilities allow the bearings to be relieved of 
their load and replaced with minimum out-of-service time. 
A multiplicity of elevation bearings, as in the designs for 
Aerial Nos. 1 and 2, can ease the design of a stiff reflector 
framework. In any event, self-aligning, spherical rbller­
bearings are essential, and at least one of them must take the 
axial thrust-load as well as its share of the radial load. 

THE FEED AND TRACKING SYSTEM 

The essential components of the Aerial No. 3 feed and track­
ing system are shown in Fig. 6. Unlike the Aerial Nos. 1 and 2 
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(a) Aerial No, I low-level roller bearing. (b) Aerial with high-level crane-type bearing. 
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(c) Aerial No. 2 low-lcvel bogie and track and centre pivot bearing, (d) Aerial No. 3 high-level kingpost bearing, 

F10. 5-Azimuth bearing arrangen1ents 

feed units which have continuously rotating parts, the 
Aerial No. 3 feed is completely static. The main electro­
magnetic-wave mode in the square pyramidal-horn feed is the 
dominant TE10 mode, but small amounts of energy in the 
TM12 and TE12 modes are generated in the throat of the horn, 
to shape the feed pattern. When the longitudinal axis of the 
feed horn is in line with the satellite direction, only these three 
modes are present. However, when there is a small pointing 
error, the field pattern is displaced and orthogonal TE20 and 
TE02 modes arc generated. Energy in these modes at the 
beacon frequency is extracted and processed to give tracking­
error analogues. One mode is used for control of movement to 
reduce the tracking error in azimuth, the other mode controls 
elevation movement. 

The phase reference for the error channels is obtained by 
extracting the beacon signal from the output of the first 
amplifier via a 20 dB cross-coupler. A frequency converter 
followed by a narrow-band tracking receiver form the phase­
reference channel, and a similar conunon channel is shared, 
by time-division switching, between the azimuth- and eleva­
tion-error channels. Phase-sensitive detectors at the output of 
the tracking receivers generate control signals which are 
amplified and processed in the servo amplifier to produce 
control signals for thyristor units. These govern the speed and 
direction of the driving motors which move the reflector to 
minimize or eliminate the tracking error. 

Although the steady-state angular velocities and accelera­
tions required to follow the daily movements of a 24-hour 
synchronous satellite require only a simple servo system, more 
elaborate arrangements are required to deal with the high 
accelerations associated with strong gusts of wind. The servo 
system used for Aerial No. 3, Fig. 7, has two stages of integra-

tion in the forward path of the control loop and is theore­
tically capable of compensating for the torques resulting from 
the mean velocity of the wind gusts, but cannot eliminate the 
effects of powerful accelerating forces. The effect of such 
transients can be reduced by increasing the bandwidth of the 
servo system, but a compromise is necessary to limit the error 
arising from receiver noise which becomes more significant 
with increasing bandwidth. 

A secondary local feed-back loop improves the overall 
stability of the tracking loop. For this purpose, a control 
signal proportional to the angular velocity of the aerial is 
produced by a tacho-generator coupled to the motor shaft. 
Its output is combined in the servo amplifier with the main 
control signal derived from the radio beacon. 

Jn the event of prolonged failure of the tracking electronics, 
the tracking receiver output can be replaced by progranuned 
tracking data from the on-line computer which will act as a 
standby for all the aerials at Goonhilly. 

For manual control of the aerial, one of the integrating 
networks is switched out-of-circuit to convert the main loop 
to positional control, thus increasing the stability n1argin 
available for the greater range of velocity changes that might 
be demanded during re-positioning of the aerial for main­
tenance or re-acquisition of a satellite. Extremely accurate 
gear-trains are used to connect conventional coarse/fine pairs 
of synchro-transmitters to the aerial movement axes. Their 
windings are linked with those of similar command synchros 
on the control console. When a demanded angle is set up on 
the command synchros, the phase difference between the 
windings at aerial and console creates an error analogue 
which is reduced to zero by the driving motors. A resolving 
accuracy of O · 01° is achieved. Independent resolver synchros, 
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also geared to the main shaft, drive analogue-to-digital con­
verters to enable the aerial pointing-angle to be displayed 
digitally at the control console. 

conditions, but adverse winds will obviously introduce 
steering errors and consequent loss of effective gain. The 
expected perfonnance of Aerial No. 3 is shown in Fig. 8. 

Like Aerial No. 2, Aerial No. 3 has an independent auxiliary 
tracking facility to enable the aerial to remain in service for 
periods of several hours whilst the main reflector moven1ent 
facilities are shut down for maintenance or nlinor bearing 
renewals. For this purpose, the sub-reflector can be tilted by 
servo-controlled hydraulic rams to steer the main bean1 within 
a range of ±20 minutes of arc, but son1e loss of gain is in� 
evitable. Normally the sub-reflector is locked in its central 
position, but when required, the output of the tracking 
demodulator can be switched from the main servo amplifier 
tu the auxiliary servo syste111 which controls the sub-refle(.;tor 
move1nent. In this \Vay, the satellite can be tracked by the 
resulting deflexion of the beam. 

The G/T of an aerial system is defined for clear, still weather 
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DRIVE TRANSMISSION SYSTEM 
The maximwn power of the steering 1notors is set by the 

inaximwn aerial velocity and acceleration required in the 
inost adverse weather conditions. As the tracking capability 
of Aerial No. 3 has been restricted to that appropriate for 
tracking 24-hour synchronous satellites, twin I· 5 kW, servo­
controlled, d.c. motors are adequate, but if one fails, the 
tracking accuracy can still be maintained in wind speeds up to 
70 per cent of the nlaximwn specified. When higher speeds are 
required for re-positioning the reflector, the drive is trans­
ferred to 15 kW a.c. 1notors, as shown for the azimuth 
systen1 in Fig. 9. 
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As in Aerial No. 2, backlash is minimized in the gearbox 
design and its effects in the azimuth drive are controlled by 
counter-torque operation of the dual motors. These motors 
and associated gearboxes are mounted on the rotating plat­
form, and the driving pinions engage with a large fixed ring­
gear that surmounts the tower. 

The final stages of Aerial No. 3 dual elevation-drives in­
corporate novel screws and crossheads (large nuts). The 
screws, which do not rotate, form a link of variable length 

15k.,,. 
RE-POSITIONING 

MOTOR 
(A.C) 

between crossheads fixed to the rotating platform and the 
reflector. Each screw is drawn longitudinally through its 
rotating crosshcad by the reaction of a continuous train of 
re-circulating steel balls which move through the helical 
channel formed by a gap between the threads of the screw and 
crosshead. As the crosshead is rotated by the drive from the 
motor, the balls enter the channel at one end, are drawn 
through the crosshead, discharged at the other and pushed 
around the loop to the channel entrance. The device has very 
high efficiency, with low inherent friction which simplifies the 
design of a stable but sensitive servo system. Each drive trans­
mission system includes dual multi-plate disc brakes that are 
applied automatically if there is a failure of the motor power 
supply. 

Co1nparison of this modern low-power system with the 
75 kW installation that drives Aerial No. I, or the dual 11 kW 
system of Aerial No. 2, shows clearly that substantial econo­
mies have been achieved in driving motors, control gear and 
the mechanical transmission systems. The major savings arise 
from the reduction of weight, the exclusion of high tracking­
velocities from the specification and the use of solid-state 
devices instead of rotating machinery for the control of 
variable-speed d.c. motors. 

EQUIPMENT ACCOMMODATION 
The Aerial No. 3 design reverts to the philosophy originally 

envisaged in the B.P.0./Husband design for Aerial No. 2 in 
that the 1.n.a.s are nlounted in-line with the elevation axis in a 
cabin that rotates in azi1nuth but does not tilt. The stationary 
main and reserve l.n.a.s are Jinked with the feed via a short 
length of flexible waveguide approximately on the elevation 
axis, and a straight waveguide which moves with the reflector. 
By comparison with Aerial No. 2, the reflector diameter has 
been increased from 27 ·4 m to 29 · 6 m to compensate for the 
slight increase of loss in the receive waveguide. The high­
power transmitters and low-high frequency changers are 
housed on the lower floors of the tower, whilst the high-low 
frequency changers are located in the central building. 
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FIG. 9-Aerial No. 3 dual azimuth driving system 
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Brief reference has already been made to the shortcomings 
of the accommodation for the 1.n.a.s on Aerial No. 1. They are 
located in cabins at the base of the feed supporting-structure 
and move with the reflector as it is elevated. The total weight 
of the cabins and their contents must be restricted severely to 
avoid gravitational distortion of the reflector. Moreover, it 
would hardly be practicable to provide safe access for per­
sonnel to these cabins at elevation angles greater than about 
90. 

The problems of access to the l.n.a. cabin of Aerial No. 2, 
which is behind the apex of the main reflector and tilts with it, 
was solved by provision of a trailing staircase, with self-level­
ling treads, giving access to a pivoted floor in the cabin. A 
section of the floor is kept level automatically, but the l.n.a.s 
are mounted inconveniently on a cabin wall that is vertical 
when the reflector faces the horizon, and horizontal when the 
reflector points to the zenith. 

FUTURE DEVELOPMENTS 
Aerial No. 3 is fairly typical of aerials that have been pro­

vided at earth stations in recent years. Studies have included 
consideration of aerial mounts with movement axes that are 
not horizontal and vertical, but no general advantage is 
obtainable for satellites in 24-hour synchronous orbits. The 
economy attainable by tracking solely by sub-reflector deflec­
tion is now almost within reach, but the general availability of 
fully-steerable aerials allows greater flexibility in the position­
ing of satellites, and a greater margin of orbital drift, when 
required. Designers have considered folded horn aerials and 
offset Cassegrain feeds, but it seems doubtful whether the 
attainable improvements would justify the cost. Feed systems 
with multiple sub-reflectors to eliminate waveguide losses have 
been built, as have aerials which combine the advantages of 
a lightweight reflector and an azimuth bearing at ground 
level. It seems reasonable to predict that current designs for 
aerials operating in the 4GHz and 6GHz bands will not 
change radically in other ways in the near future. There is no 
doubt that these frequencies will continue to be used in the 
next generation of INTELSAT satellites and they may also 
be used for some regional schemes. 

For some applications there may also be scope for aerials 
with multiple feeds and hemispherical reflectors working to 
several satellites simultaneously. The advent of regional 
schemes, including mobile services and the introduction of 
higher operational frequencies, will probably lead to the use 
of smaller aerials. In general, for a given aerial, the increase 
of propagation path loss as the frequency is increased could 
be counterbalanced by the increased gain of the aerial pro­
vided that proportional profile accuracy could be maintained. 
Current opinion suggests that highly-directional satellite 
aerials will enable the satellite to make a greater effective 
power contribution to the system, and that earth station 
aerial diameters will be reduced. In consequence, excessively 
narrow aerial beam-widths will not impose too stringent 
requirements on tracking systems, and the attainable profile 
accuracy will be tolerable. In the higher frequency bands the 
greatly increased attenuation, caused by rain, will force system 
designers to increase the margin relative to clear sky condi· 
tions. If the incidence of local storms requires space-diversity 
working, with receiving aerials several kilometres apart, then 
the existing demand for simpler and cheaper steerable aerials 
will be intensified. 
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APPENDIX-Summary of the Features of Goonhilly Aerials 

Feature Aerial No. 1 Aerial No. 2 Aerial No. 3 
-

Aerial geometry Front fed Cassegrain Cassegrain 
Main reflector shape & diameter (m) Paraboloid, 26 Quasi-paraboloid, 27·4 Quasi-paraboloid, 29 · 6 
Sub-reflector diameter (m) - Quasi hyperboloid, 2 · 1 Quasi-hyperboloid, 3 

(Reflectors specially shaped to (Reflector specially shaped to 
give high illumination give high illumination 
efficiency) efficiency) 

Focal length (m) 9·2 9· 1 9·5 

Net aerial gain at 4,165 MHz(dB) 58·5 59·8 60·3 

Net aerial gain at 6,055 MHz (dB) 61 62·7 63·0 

G/Tat 5° elevation at 4,165 MHz, 39·9 40·7 41·3 
(dB) 

Reflector Mild steel centre surrounded by Mild steel centre surrounded by Aluminium panels 
stainless steel stainless steel 
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APPENDIX-continued 

Feature Aerial No. 1 Aerial No. 2 Aerial No. 3 

Reflector r.m.s. profile accuracy 1 ·02 1 ·02 1 ·02 
(mm) 

Method of profile n1easurement Templates at \vorks and on site Templates at works. Range- Manufacturing jig at \Vorks. 
during building. Subsequently, finder and bars of known Range-finder and bars of 
antenna theodolite and length on site known length on site 
ground-based theodolites 

Method of profile adjustment Jacks at petal junctions 2·3 m Struts on panel corners, with Stainless-steel panel adjusters of 
from rim, and 57 links on each oversize holes and studs for 3 types fitted at corners of panel 
petal local surface areas 

Sub-reflector r.m.s. profile accuracy, - 0·05 0·13 
(mm) 

Weight on elevation bearings, 416 (4 bearings) 332 (4 bearings) 234 (2 bearings) 
(tonne) 

Weight on azimuth bearings, 1,102 952 with 486 on centre pivot and 336 
(tonne) 233 on each bogie 

Tracking method Conical scan of whole received Mode-conversion scanning- Static auxiliary-mode system 
beam conical scanning 

frequency only 
at beacon using beacon frequency 

Feed spin rate (r.p.m.) 900 (range 480 to 1,800) About 420 (range 200 to !,OOO) Static 

Operational wind speed (km/h) 76, mean hourly, gusting to 106 76, mean hourly, gusting to 106 76, mean hourly, gusting to 106 

Diameter of azimuth track or 12 · 8, low-level precision rollers 45 · 7, low-level, two bogies run- 3·8 and 1·3, spaced 5 · 5 verti-
bearing (m) and track ning on standard track \Vith cally apart in kingpost at high 

centre pivot level 

Accuracy of azimuth track level ± 0·13 mm ± 0·5 mm ± 20 seconds of arc 

Azimuth drive Controlled 75 kW d.c. motor Thyristor-controlled pairs of Twin-drive thyristor-controlled 
driving a chain via gearboxes 11 kW d.c. motors driving motor units each comprising: 

bogie gear trains via differ- 15 kW a.c. motor for slew 
ential gearboxes mode, 1·5 kW d.c. motor for 

tracking mode, driving plane-
tary pinions round a static ring 
gear via gearboxes 

Elevation drive Controlled 75 kW d.c. motor Thyristor-controlled pair of 11 Twin-drive thyristor-controlled 
driving a scre\V via gearing. kW d.c. motors driving a motor units driving re-circula-
As screw rotates, a connecting screw, crosshead and connec- ting ball screws via gear boxes. 
rod, attached to a crosshead ting rod via a differential and Motor units as for azimuth 
on the screw, pulls or pushes other gearing drive 
the reflector 

Azimuth range (degrees) ± 250 relative to South 93 to 299 East of North ± 270 relative to South 

Elevation range (degrees) 0 to 100 -1 to 47. Can be operated fron1 -2 to +92 
45 to 90 by changing the 
length of the con-rod, a built-
in facility 

Azimuth velocity (degrees per 120 10 15, sle\v mode, 
minute) 1, tracking mode 

Elevation velocity (degrees per 30 5 15, slew mode, 
minute) 1, tracking mode 

Tracking accuracy (minutes of arc) Within 1 Within 1 Within 1 

Tracking modes Full auto-track Full auto-track Main servo auto-track 
Program tape control Main servo auto-track (with sub- Sub-servo auto-track 
Manual control, velocity and reflector locked) Manual position 

position Manual control, velocity and Manual velocity 
position Program track 

Facility provided for accepting 
input from tape control unit 

Stow sequence 
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The Design and Planning of the Junction Network 

J. L. c. ELLIOTT, B.SC., C.ENG., M.T.E.E.t 

U.D.C. 621.395.74: 621.391.31 

The design and planning of the junction network is undertaken by the Teleco11111111nications Regions in the 
United Kingdom. This article outlines the methods adopted by the South Westem Teleco1111111111icatio11s 
Region. These methods have been adjusted to match the high rate of growth in the network, and the increasing 
range of transmission syste111s. The types of trans111ission system used are reviewed, with an indication of the 
way they are selected to meet the individual requirements of each junction network route. 

INTRODUCTION 

The junction network forms a vital part of the British Post 
Office (B.P.O.) telecommunications network, being utilized 
by all telephone traffic between local exchanges (see Fig. 1). 
Much of this traffic is carried on direct links or via junction 
tandem exchanges and the remainder is routed via the main 
network1 which is reached via junction network circuits known 
as trunk junctions. Each local exchange is connected to its 
group switching centre2 (g.s.c.) and, if the amount of telephone 
traffic justifies it, to other local exchanges. The decision to 
connect two local exchanges by a direct route is normally 
based on the comparative cost of line-plant for the direct 
route and of line-plant and switching-equipment for the 
corresponding indirect routing. 

Responsibility for the design and pla1ming of the U.K. 
junction network is vested in the Telecommunications Regions 
of the B.P.O. This articles is concerned with the junction 
network in the South Western Telecommunications Region 
(S.W.T.R.) 

The present size of the network in the S. W.T.R. is as follows: 

number of local exchanges 758 
nwnber of g.s.c.s 37 
number of authorized junction network 

circuits 51,300 

The location of the g.s.c. area boundaries has an important 
bearing on the length of the junction network circuits and 
Fig. 2 shows the distribution of S.W.T.R. junction network 
circuits with route length. 

In recent years, there have been many developments in­
fluencing the junction network which have improved its 
performance and, at the same time, helped to reduce the cost 
per circuit. The S.W.T.R. is, at present, investing £2·7 million 
per annum in line-plant for the junction network to meet a 
10 per cent per annum growth in traffic. 

TRANSMISSION PERFORMANCE 

When the United Kingdom routing and transmission plan3 
was formulated, the objective was generally to provide high­
quality transmission, and, at worst to provide an acceptable 
transmission performance. The major factors on which the 
transmission performances of a telephone connexion depends 
are: 

(a) the telephone set, 
(b) the local lines between the telephone set and the local 

exchange, 
(c) the equipment in local exchanges, 
(d) each circuit in the chain used to link local exchanges, 
(e) the equipment in intermediate switching exchanges. 

t Planning Division, South Western Telecommunications Region. 
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FIG. I-Junction network routing and transmission plan 

The overall permissible transmission loss of a connexion 
needs to be apportioned between all elements to the best 
economic advantage. The great majority of the capital in­
vested in the telephone network resides in local networks and, 
accordingly, these are designed to be as economic as possible. 
Once the standards for the local network have been estab­
lished, it is possible to determine the standards for the links 
between local exchanges to ensure satisfactory overall per­
formance. 

In the United Kingdom, the present standard is that the 
overall nominal loss between local exchanges should not 
exceed 19 · 5 dB. Within this total, each class of circuit is 
assigned a particular nominal maximum transmission loss. 
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The limits for junction network circuits are shown in Fig. 1. 
The achievement of a high average transmission performance 
relies on the fact that only a small proportion of the circuits 
will, in fact, have a transmission loss equal to the limiting 
loss. This point is illustrated by Fig. 3, which shows the 
distribution of non-director area trunk junction circuit trans­
mission losses. The transmission limit for this class of circuit 
is 4 · 5 dB but, in practice, the mean value is 2 · 8 dB. 

Although the transmission limit for hunk junction circuits 
is 4 · 5 dB, the area of the distribution shown in red in Fig. 3 
indicates that, over the years, expedient measures have some­
times been taken resulting in trunk junction circuits with a 
nominal transmission loss greater than 4· 5 dB. Investigations 
have shown that the number of trunk calls during which 
transmission difficulty is encountered would be reduced by 
about 13 per cent if these circuits were improved to 4 · 5 dB. 
For this reason, capital expenditure is being devoted to 
bringing these circuits up to standard. 

TRANSMISSION SYSTEMS I 

The transmission systems used for the junction network are: 

(a) audio systems-amplified or unamplified using ruulti­
pair cables, 

(b) pulse code modulation (p.c.m.) systems routed over 
multi-pair cables, 

(c) frequency division multiplex (f.d.m.) systems using 
coaxial cables or microwave radio-relay systems. 

Audio Systems 

Multi-pair cables are used for junction network audio 
systems. Each conductor is of annealed copper (0 · 63 nun 

diameter) insulated with an open lapping of paper string and 
overlapped lapping of paper. The insulated conductors are 
formed into quads and then stranded in layers. For economic 
reasons, the cable sizes have been rationalized and contain 
between 28 (two layers) and 1,040 pairs (13 layers). Each 
cable size has one more layer than the previous, and the 
number of pairs in any given cable are given by the formula 
211 (311 + l ), where n is the number of layers in the cable. A 
polythene sheath is used together with an aluminium-foil 
moisture barrier. When cables are joined together, each 
conductor is soldered to the appropriate conductor in the 
second cable. 

In the past, 0·9 nun and 1 ·27 mm diameter conductors 
were provided for junction network circuits. Standardization 
on the finer-gauge 0 · 63 nun conductors has reduced the 
amount of expensive copper per circuit in new cables. The 
increase in transmission loss is overcome by the use of simple, 
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inexpensive transistor amplifiers. When amplification is 
necessary, 2-wire amplifiers are provided. Only one 2-wire 
amplifier4 is used per circuit. Two types of 2-wire amplifier 
are available, i.e. negative-impedance amplifiers and� hybrid 
amplifiers. The negative-impedance amplifier is the cheaper 
and is, therefore, normally provided if practicable. In very 
exceptional circumstances, 4-wire amplifiers are provided. 

The limiting length of each type of audio system using 
O · 63 mm conductors is given in Table I. 

TABLE 1 

Audio System 

Unloaded cables . . . . .. 

Loaded cables-88 mH/1·83 km . . 

Negative-impedance 
end of circuit 

2-wire amplifier 

Negative-impedance 2-wire amplifier 
mid-third of circuit 

. . 

. . 

at 

at 

Hybrid 2-wire amplifier (end connected) .. 

Hybrid 2-wire amplifier (mid-third of 
circuit) 

Notes: 

Maximum Route 
Length (km) 

Trunk 
and Local 

Tandem Junctions 
Junctions 

3·3 3·6 
Note I 

9·9 13·2 

16·0 21 ·0 

- 32·1 

20·0 23·3 

36·6 39·9 

I. Standard loading is applicable to all audio cables exceeding 
3 · 6 km in length. 

2. The amplified circuits use 88 mH loaded cables at 1·83 km 
spacing. 

P.C.M. Systems 

The p.c.m. system used by the B.P.O. in the junction 
network5 provides 24 telephone circuits on two pairs of wires, 
one pair for each direction of transmission, using a gross 
bit-rate of 1·536 Mbit/s. Existing audio cables are suitable 
for use with p.c.m. systems but there are some restrictions 
on the use of the smaller cables resulting from crosstalk 
difficulties. Regenerators are provided at 1·83 km intervals 
and. they replace the loading-coils located at these points. 
Additional regenerators are provided if the cable encounters 
impulsive noise generated by an exchange which would 
introduce errors in the digital pulse-stream. 
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The arrangement of a junction p.c.1n. system is shown in 
Fig. 4. Power is fed to the regenerators over the phantoms 
formed by the two pairs in each quad. Using the 0 · 63 mm 
conductors, up to seven dependent regenerators may be fed 
from a line-terminating equipment. Standby digital-sections 
are provided to ensure speedy restoration of service in the 
event of a digital-section developing a fault. 

Signalling facilities are provided as a basic feature of the 
p.c.m. system and often a circuit may be provided without 
the need for any other signalling relay-sets. 

F.D.M. Systems 

F.D.M. syste1ns used for junction network circuits may be 
routed over coaxial-line systcms6 or microwave radio-relay 
systems.7 Often, the f.d.m. systems are provided for the joint 
use of junction- and main-network circuits. Sometimes the 
provision of f.d.m. systems is justified for the sole use of 
circuits between local exchanges or between a local exchange 
and its g.s.c. 

The 11 GHz frequency band is now being utilized for micro­
wave radio-relay systems. This band is most suitable for 
relatively short links and is likely to be used more in future 
for links between local exchanges, or between a local exchange 
and its g.s.c. 

PLANT-PROVISION PERIODS 

It costs less to meet junction network requirements by 
providing plant by instalments. The size and frequency of the 
instalments are determined by the type of plant, the number of 
circuits involved and the growth rate. 

Audio Plant 

The cost of the duct is only a quarter of the cost of the 
excavation work required to place it in the desired position. 
The excavation work often disrupts the life of the local 
community and has numerous other undesirable side effects. 
For these reasons, the frequency of provision for duct and 
cable jointing chambers is normally as lo\v as once every 20 
years. In special circumstances, such as for routes over 
bridges, plant is provided to meet the requirements for even 
longer periods than 20 years. 

The normal frequency of provision for audio cables is once 
every six years. This frequency is not rigid and can be adjusted 
to make the most efficient use of existing duct and cable lay­
out. Economic studies have shown that where more than 
80 circuits per annun1 are required, a higher provision fre­
quency should be seriously considered. Conversely, when 
only a few circuits per annum are required a lower provision 
frequency should be considered. If a cable can be mole­
ploughcd directly in the ground, avoiding the need for duct 
provision, a frequency as low as once every 20 years is 
appropriate. 
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P.C.M. Systems 

The provision periods for p.c.m. system plant are: 

(a) Cable pairs; Sufficient cable pairs are diverted into 
repeater cases to meet the requirements for digital sections 
on the cable for 10 years. 

(b) Digital sections; Line equipment and line terminal 
equipment is provided to meet the digital section require­
ments for five years. 

(c) Multiplex equipn1ent and signalling units; Where practi­
cable, multiplex equipment and signalling units are provided 
to meet the requirements of a station for one year and six 
months, respectively. 

JUNCTION NETWORK PLANNING 

In October of each year, a new edition of the annual 
schedule of circuit estin1ates (a.s.c.e.) is published. This 
document details the forecast requircn1ents for junction 
network circuits over a five-year period conm1encing the 
following April. The forecasts are given in terms of routes 
representing groups of circuits between exchanges. When the 
new a.s.c.e. is published, a review of the junction network i s  
undertaken to determine where additional plant i s  required 
to meet the forecast circuit requirements over the con1ing 
five years. It is necessary to look this far into the future be­
cause of the time needed between planning a scheme and 
getting it operational. The circuits relating to a given route 
appearing in the a.s.c.e. can follow a number of alternative 
physical paths involving different nodes of the network. It is, 
therefore, essential to use a routing plan showing which 
sections of the network are used by each a.s.c.e. route when 
the annual network review is undertaken. In addition to the 
a.s.c.e. requirements, an allowance is made on each section 
for private and miscellaneous circuits. This is normally 
20 per cent of 1the junction network circuits. The end product 
of the review is a list of sections of the network which require 
additional plant. 

The critical-path method diagram shown in Fig. 5 illus­
trates the way in which the S.W.T.R. converts the list of 
sections requiring additional plant into the annual schedule 
of approved works. This annual schedule of approved works 
lists the type and quantity of plant which will be provided to 
meet the requirements of the network. It also details the cost 
of the work and how the expenditure is divided between 
financial years. The detailed planning work then commences. 

For audio schemes, surveys and estimates are completed 
within two years from the date when the annual schedule of 
approved works is issued. This makes it possible to install 
the cables during the year prior to the year in which they are 
required and the duct in the year prior to this. Each scheme is 
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appropriately programmed so that each activity is phased to 
meet the ultimate objective of providing the plant by the time 
it is required. The total time allowed to complete a schedule 
of approved works in 3t years. 

For p.c.m. systems, the equipment is ordered about two 
years before it is required for service. 

LINE-PLANT SELECTION PRINCIPLES 

When a requirement for additional junction network line­
plant arises, it is necessary to ensure that the plant provided 
to meet this requirement is technically satisfactory and the 
most economic. The type of signalling equipment required for 
these additional circuits is dependent upon the type of line 
plant selected. Economic studies must, therefore, consider 
both the line plant and signalling equipment. Alternative 
routing of circuits is considered when undertaking the 
technical adjudication. The normal method of alternative 
routing is to divide a traffic route between two or more 
cables so that not more than two-thirds of the circuits arc in 
any one cable. To achieve true alternative routing the cables 
should be on physically diverse routes. The liDe-plant selection 
system used by the S.W.T.R. ensures that an intensive 
plaDning effort is made to select the most economic type of 
plant, beariDg in mind future developments. 

The initial selection of p.c.m. schemes is made by reference 
to the graph shown in Fig. 6. This indicates broadly whether 
p.c.m. system provision may be an economic proposition. 
The graph is divided into four zoDcs-audio plaDt, p.c.m. 
possibility, p.c.m., and f.d.m. possibility. The action to be 
taken is dependent upon the zone in which the parameters of 
the particular scheme lie: 

(a) Audio-plant zone; audio plant is provided unless special 
circumstances exist such as excessively high duct costs and 
construction problems, 

(b) P.C.M. possibility zone; an economic study is under­
taken before a decision is made to provide either audio 
plant or p.c.m. systems, 
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(c) P.C.M. zone; p.c.m. systems are provided if practicable. 
(d) F.D.M. possibility zone; f.d.m. systems are considered 

but p.c.m. systems normally prove to be the better choice in 
this range. 

In practice, a given scheme often encompasses: a [number of 
sections of the network involving several routes and so the 
appropriate growth rate (circuits/annum) is not immediately 
apparent. Tf the total route length is Jess than 10 km, audio 
plant is selected. If the scheme can be made to lie in a zone 
relating to p.c.m. or f.d.m. systems by ignoring one or more 
of the shorter routes, this is adopted. Provision of p.c.m. or 
f.d.m. systems on these longer routes enables the existing 
audio plant to be used for growth on the shorter routes. 

The positions of the zone boundaries in Fig. 6 arc in­
fluenced by such factors as the maximum route length of 
audio systems (Table I), signalling system limits and ex­
perience gained from economic studies previously undertaken. 
The individual circumstances of each case are so varied that 
a transitional area must exist between the zones in which one 
type of plant will always be more economic than another. The 
possibility zones are used to cover these marginal cases. 

CABLE-ROUTE CONSTRUCTION 

When audio cable is to be provided, the planner is able to 
chose from a number of alternative types of cable-route 
construction i.e. cable in duct, moleploughing the cable and 
aerial cable. The particular type of cable-route construction 
to be adopted for any given section of a route is determined 
by service and economic considerations and with regard to 
any peculiar physical or geographical local conditions. 

Local knowledge may indicate that cable in duct is the only 
practicable form of construction. An example of this situation 
is when the route passes through urban areas. However, 
where any doubt exists, the type of cable-route construction 
to be adopted is determined by the selection process shown in 
Fig. 7. If duct is to be provided, significant savings can be 
made if it is practicable to moleplough the duct directly in the 
ground. Moleplough cable would normally be considered 
impracticable if it would prove to be an encumbrance to 
further plant provision on the route within 20 years of 
installation. 
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Subaqueous cables can be used to avoid lengthy routing 
by land, but a special investigation has to be carried out 
bearing in mind service requirements, 

CONCLUSIONS 

The size of the junction network is growing rapidly (approx­
imately 10 per cent per annum) at a time when the range 
of transmission systems is also expanding. When additional 
line plant is provided, it is, therefore, vitally important to 
give careful consideration to the type of plant to be adopted 
bearing in mind current and future developments. P.C.M. 
systems are steadily becoming more economic and their 
sphere of application is increasing. If circuits using p.c.m. 
systems could be switched at a tandem exchange without 
the need for decoding and encoding, further economic 
advantage would be gained and these systems would then 
prove valuable for the high proportion of junction network 
circuits less than 10 km in route length (Fig. 2). Experimental 
p.c.m. tandem exchanges are at present being evaluated. 

The annual review of junction network requirements is 
rapidly becoming more involved as the network and range of 
plant grow. The S.W.T.R. is adopting a systematic approach 
which could be easily transferred to a co1nputer. A computer 
net\vork analysis system is being developed and shows promise 

of providing other useful infonnation such as signalling details 
for exchange design and amplifier requirement forecasts. This 
could prove to be a valuable aid to the junction network 
planner in undertaking a task which becomes more complex 
every year. 
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The Leighton Buzzard Electronic Exchange 

R. F. HALLS, K. McKENNA, c.ENG., M.I.E.R.E. and T. J. SHIPLEEt 

U.D.C. 621.395.345.001.6 

The Leighton Buzzard Exchange is unique in many respects. Originally it housed the first and only working 
TXE 1 Exchange. Recently, however, the capacity of the exchange has been increased by tlte addition of 
two TXE 2 units which interwork with each other and the TXE 1 exchange, via a TXE 6 unit. This article 
briefly describes so111e of the unusual co1111nissio11i11g and design problen1s encountered and their solutions. 

INTRODUCTION 

The electronic exchange provided at Leighton Buzzard, 
which was described in a former article, 1 has recently been 
extended and now comprises three different types of electronic 
switching systems; a TXE 1 exchange (the initial installation), 
two TXE 2 units2 and a TXE 63 incon1ing selector unit which 
provides junction access to the three multiple units. 

Both the TXE 2 system and the TXE 6 system use reed 
relays in the switching path but the original systems were 
designed to replace different parts of the existing telephone 
network. The TXE 2 system has been used as a complete 
replacement for small Strowger exchanges (e.g. unit automatic 
exchanges) and the TXE 6 was developed to be used as an 
extension or partial replacement of the larger Strowger 
exchanges. 

The TXE 1 exchange was provided initially with a multiple 
capacity for 3,000 subscribers and a switching network of four 
sections. The original concept was to provide for growth to 
6,000 multiple capacity by the addition of two further sub­
scriber units, each with a multiple capacity of 1,500, and to 
extend the existing junction units. An increase in calling rate 
could have been allowed for by the addition of a further 
section. For several reasons, this plan was abandoned) and 
equipment was not ordered for the extension. 

Since the community of interest lies outside the town of 

t Mr. Halls and Mr. McKenna are in the Planning Division of 
the Eastern Telecommunication Region. Mr. Shiplee is in the 
Internal Works Group of the Bedford Telephone Area. 
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Leighton Buzzard, some 80 per cent of the total traffic s\vitched 
by the TXE 1 exchange is junction traffic. The incoming 
traffic hus grown at a faster rate than the total traffic. This, 
coupled to the fact that the incoming switching-unit is the 
most difficult to extend, has meant that this part of the TXE 1 
exchange has restricted the growth of the system. 

Owing to the growth rate at Leighton Buzzard, which has 
become a commuter area for London, it was necessary to plan 
an extension of 2,700 multiple numbers. This added multiple 
allowed for future growth plus part of an adjacent exchange 
area, together with all the 800 subscribers on the TXE 1 
exchange level 4 which would have to be moved to the new 
unit. This move was required to create spare switching­
capacity in the TXE 1 exchange, and so allow the provision 
of trunks fron1 other units which would have to be connected 
as incoming junctions on the TXE 1 exchange. (This is shown 
in the block diagram of Fig. 1.) 

TXE 6 INCOMING SELECTOR UNIT 
In order that the new and extension equipment should form 

one exchange, single junction groups were needed from 
adjacent exchanges. This required some form of switching­
stage equivalent to a group selector. At this tin1e, the TXE 6 
reed group-selector was being developed and appeared to 
meet all the requirements. 

The TXE 6 unit is a common-control system and was 
designed as a means of extending Strowger equipment with 
electronic equipment. It consists, basically, of two parts; a 
unit for receiving digits at 10 pulses per second (p.p.s.), 



FIG. 1-A simplified block diagran1 of the Leighton Buzzard Electronic Exchange 

followed by a two-stage cross-point-switch. The 10 p.p.s, unit 
is the interface, converting information from dialled pulses, 
in Strowger form, to fast parallel signal conditions for the reed 
group-selector registers (see simplified trunking diagram 
Fig. 2). The 10 p.p.s. unit is equipped with four controls and 
on each there are 96 access-circuits making a total input of 
384 junctions. The intermediate switching-unit also has four 
controls each of \Vhich is divided into two parts. Each part 
controls a s\vitching unit of 48 inlets and 200 outlets arranged 
over 10 levels. This gives a total of 1,600 outlets over the ten 
levels or 160 trunks per level. The outlets are graded over the 
four controls. A feature of the TXE 6 unit is that two equip­
ment levels can be combined to give an availability of 40 trunks 
from any one level. This facility has been used at Leighton 
Buzzard. 

NUMBERING SCHEME 

To enable the subscribers on level 4 to be transferred fro111 
the TXE 1 exchange to the first TXE 2 unit, without a number 
change, part of this latter unit was planned to have a four­
digit numbering scheme. To allow for the future growth of 
the exchange, the remainder of the extension was planned 
using a five-digit numbering scheme. The final numbering 
scheme is shown in Table 1. 

The second TXE 2 unit also acts as a tandem switching-unit 
for local-dialled junction calls within the charge group. 

All incoming calls are routed via the TXE 6 unit. As the 
exchange has a mixed four- and five-digit numbering scheme, 
and to make allowances for the fact that the first digit is used 
in switching the TXE 6 unit, the thousands digit of four­
figure numbers has to be re-inserted on calls to both the 
TXE 1 exchange and the first TXE 2 unit. This allows a 

uniform number-length to be received by the respective 
registers on all types of call. This is achieved on the TXE 2 
unit by using the digit-insertion facility of the type-2 register, 
and by a circuit modification on the TXE 1 exchange incoming 
registers and translator. 

TABLE 1 

System Number Multiple 
range size 

TXE 1 exchange 2,000- 3,999 2,000 

TXE 2 Unit 1 4,000- 4,999 1,400 
59,000-59,399 

TXE 2 Unit 2 66,000-66,999 1,300 
67,000-67,299 

DOUBLE-UNIT FEATURES 

On the TXE 2 units, combined outgoing-junctions have 
been used to make more efficient use of the junction groups, 
by using son1e features of the present TXE 2 double-unit 
system. These are the dual-access supervisory relay-sets and 
the C-switch selector adaptor equipment. The C-switch 
selector adaptor circuit allows junctions to have either 
exclusive-access or dual-access from each unit. However, the 
TXE 1 exchange still maintains its own discrete outgoing 
routes. 

Special combining circuits had to be designed for centralized 
service observation, trunk offering, etc., in order that these 
facilities could cover the whole exchange without having 
discrete junctions for each unit. Also, the incoming super­
visories of the TXE 2 units were modified to present a 
backward-busying condition to the TXE 6 unit. A special 
conversion-circuit was introduced into the TXE 1 exchange 
to generate similar conditions. 

COMMISSIONING 

Each unit was commissioned as an individual exchange with 
allowance being made for combined junction routes. The 
protracted installation period of 30 months was mainly 
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FIG. 2-Siinplified trunking diagran1 of the TXE 6 unit 

caused by the problems presented by the integration of three 
different electronic systems. Although each unit was tested 
and proved in isolation, it was not until the overall systen1 
was tested that incon1patabilities between units revealed 
then1selves. For example, the TXE l exchange junction relay­
sets performed satisfactorily over junction routes to distant 
Strowger exchanges but not over trunks to the TXE 2 units. 
Increased sensitivity of the TXE 2 system to transient line 
conditions n1eant that false pulses were received and regi­
stered as digits, thereby causing failures on calls routed over 
TXE l exchange to TXE 2 unit trunks. This necessitated 
modifications to the TXE 1 exchange, 

Further difficulties arose on the TXE 6 unit to TXE 2 unit 
trunks. Normally, when a TXE 2 incoming supervisory rclay­
set is seized by a junction from a distant exchange, a capacitor 
is discharged through pulse transformers in the calling­
number generator field (CNG), which indicates to the common 
equipment that a junction is calling. This capacitor is recharged 
at the end of the call, on release of the incoming supervisory 
relay-set. At Leighton Buzzard, the TXE 2 incoming super­
visory relay-sets are connected to the TXE 6 unit outlets. 
Compared to those of the usual outgoing junction relay-sets, 
this later unit has a very fast clear-down time which is shorter 
than the recharge time of the CNG capacitor in the TXE 2 
unit. This resulted in the follow-on call being abortive. The 
problem was overcome by arranging to recharge the CNG 
capacitor during the call holding-time of the previous call and 
not during the clear-down time. 

To ensure that the individual units would perform satis­
factorily in the overall tests, a program of calls was sent 
through each unit with the British Post Office call sender4 using 
standard acceptance figures. On analysis of the results from 
the TXE 2 unit 1, it was found that outgoing junction calls 
\Vere concentrated on supervisory relay-sets which were 
connected to the first C-switch, and very little traffic was 
offered to the tenth C-switch. Investigation proved this to be 
attributable to shortcomings in the design on the C-switch 
selector adaptor circuit, and this, coupled with the fact that 
all outgoing junctions had been given dual-access from each 
unit, restricted the normal cyclic selection of outgoing 
supervisories. 
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The problen1 was overcome by connecting some outgoing 
supervisory relay-sets exclusively to each unit. This involved 
rc-jwnpering the trunk connecting fra1ne but the possibility 
of encountering service difficulties under fault conditions was 
greatly reduced, as, in this mode of operation, the C-switch 
selector adaptor circuit allows the cyclic selection of indi­
vidually connected relay-sets prior to the choosing of dual­
acccss supervisory relay-sets. 

The whole complex was finally tested with calls being passed 
from all inputs to all outputs using the normal 20,000 calls, 
with 54 failures or less as an acceptance figure. AU failures 
had to be carefully analysed to eliminate those attributable 
to the TXE 1 exchange. Much of the final call-through had 
to be performed in low traffic periods to avoid overloading 
the working exchange. Following a complex three-hour 
change-over period during the night of 18 August 1971, the 
extension was brought into service and has been working 
normally ever since. 

THE FUTURE 
The immediate plan for this exchange is to extend it by 

means of a further TXE 2 unit of 2,500 multiple capacity. 
This will be trunked from level 7 of the TXE 6 unit and will 
mean that all available levels on this unit will have been used. 
As for the long term, the current proposal is for a con1plete 
replacement by a TXE 45 exchange system. 

References 
1 SHEPPARD, S. H. The Leighton Buzzard Electronic Exchange. 

P.O.E.E.J., Vol. 59, p. 255, Jan. 1967. 
2 LoNG, R. C., and GORRINGE, G. E. Electronic Telephone Ex­

changes: TXE 2-A small Electronic Exchange System. P.O.E.E.J., 
Vol. 62, p. 12, Apr. 1969. 

J NEWELL, E. Electronic Telephone Exchanges: Reed Selector 
System Field Trial at Bclgravia Exchange, London. P.O.E.E.J., 
Vol. 60, p. 293, Jan. 1968. 

4 MACKIE, R.H. An ElectronicAutomaticCall Sender for Testing 
New Telephone Exchange Installation. P.O.E.E.J., Vol. 61, p. 165, 
Oct. 1968. 

s TIPPLER, J., LoNG, R. C., and RionY, D. F. Electronic Tele­
phone Exchanges: Speech-Path Control in Reed-Electronic 
Exchanges. P.O.E.E.J., Vol. 61, p. 103, July 1968. 



An Improved Design for a 2-wire Hybrid Repeater 

I. 0. JONES t 

U.D.C. 621.395.65: 621.375.9 

The design of an i111prol'ed 2-wire hybrid-type repeater and of a11 associated /i11e-tenni11ating network is 
discussed in relation to the trans111ission and signalling req11ire111ents of a 2-wire a111plified audio circuit. The 
design described allows circuits to be provided on a prescriptive basis. Measure111ent of con1p/ex ilnpe­
dance/frequency characteristics, necessary with earlier designs, is replaced by a sin1ple technique using 
standard test equijJJneut. Circuit provision and fault localization are greatly sbnplified by this technique. 

INTRODUCTION 

An1plified audio circuits in the junction network can be 
provided on a 2-wire basis more cconon1ically than on a 
4-wire basis. However, circuit-stability and good attenuation/ 
frequency characteristics arc n1ore difficult to achieve on 2-
wire circuits. Further complications arise from the need to 
ensure that the an1plifying and associated equipment does not 
degrade the circuit-signalling performance. 

Hybrids 

The hybrids arc of the transformer type, having nominal 
2-wire and balance impedances of 1,200 ohms and 4-wire 
impedances of 600 ohI11s. The Inethod of winding the trans­
formers is such that the hybrids have a high degree of self­
balance. The addition of capacitors gives the hybrids 
high-pass filter characteristics with cut-off frequencies of 
approxin1ately 200 Hz. 
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FIG. 1-2-wire audio circuit with hybrid-type repeater 

This article sets out son1e of the design considerations and 
techniques involved in the current British Post Office (B.P.O.) 
design of a hybrid-type 2-wire repeater and associated Iine­
tern1inating networks. 

CIRCUIT DESCRIPTION 

A diagram of a 2-wirc a1nplified circuit with a hybrid-type 
repeater is shown in Fig. 1. The circuit is terminated at each 
end with a tern1inating network which presents an impedance 
equal to the cable's characteristic impedance, and which 
allows the passage of d.c. signalling currents, including 
dialling pulses. 

The salient features of the hybrid repeater are given below. 

t Telecommunications Development Department, Telecom­
munications Headquarters. 

Balance Networks 

When an external cable is connected to the 2-wire ter­
minals a complex balance network is required so that an 
adequate 4-wire to 4-wire hybrid loss is obtained in the speech 
band from 300 Hz to 3,000 Hz. Provision of an adequate 
balance at out-of-band frequencies is not practicable. 

When the 2-wire terminals on one side of a repeater are 
connected directly to exchange equipment, a 600-ohm 
compromise balance is used. The impedances presented by 
the 4-wire terminals of the hybrid are then 300 ohn1s, and 
i1npedance-matching attenuators of approximately 7 · 5 dB 
loss are fitted to restore the 600-ohm impedances required at 
these points. 

Speech-band Filters 

At out-of-band frequencies, particularly near the cut-off 
frequency of the cable, it is necessary to provide sufficient 
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loss in the loop path so that the circuit is unconditionally 
stable. This is accomplished by incorporating filters which 
also prevent signalling frequencies from reaching the ampli­
fiers. Compromise attenuation equalization for 0 · 63 mm and 
0·9 mm loaded cables is provided by shaping the speech-band 
filter response in its pass band. 

Signalling Filter 

This is a low-pass filter with a cut-off frequency of approxi­
mately 200 Hz. In the current design it is connected in parallel 
with the 2-wirc terminals of the hybrid to provide a signalling 
path through the repeater. This filtering arrangement has 
distinct advantages over that of earlier designs. 

Balancing Signalling Filter 

This filter is identical to the signalling filter. It is connected 
in parallel with the balance terminals of the hybrid to preserve 
the 4-wire to 4-wire hybrid loss. 

Amplifiers 

It is essential to provide adequate masking between the 
speech-band filter and the hybrid so that the filter will give its 
design loss irrespective of the line and balance impedances. 
It is also necessary to terminate the hybrid correctly with 
600 ohms for signals received at the 2-wire terminals. At­
tenuator values for 3 dB loss circuits of maximum length are 
too small to perform these functions unless a high-gain 
( 40 dB) amplifier is used. 

Test Sockets 

Measurement of the modulus and angle of cable and 
balance impedances is tedious and does not give a direct 
evaluation of the 4-wire to 4-wire hybrid loss. The test sockets 
allow the latter to be measured with normal transmission test­
equipment to give a precise indication of the balance and 
cable conditions. Both the total or half-loop losses can be 
nleasured. 

AMPLIFIED AUDIO CIRCUIT DESIGN 

Amplified audio circuits are provided over 0 · 63 mm and 
0·9 mm cable loaded with 88 mH coils at 1 ·8 km spacing, 
and of lengths up to the crosstalk limit of the cable on either 
or both sides of the repeater. The optimum insertion loss of 
such circuits is 3 dB (between 600-ohm impedances), with a 
margin of stability of at least I dB. The insertion loss/frequency 
characteristic of the circuit must be within -0·5 dB to 
+ 3 · 0 dB of the loss at 800 Hz. 

The Ideal Circuit 

The ideal circuit, in which all impedances are perfectly 
matched at all frequencies and no energy reflexions occur 
in any part of the circuit, will be considered first. A practical 
design will then be considered which can be achieved by 
allowing tolerable departures from these ideal conditions. 

If the terminating networks are closed with 600-ohm 
resistances at the ends of the circuit (Fig. 1), then the cables 
are terminated by their characteristic impedances at all 
frequencies, and the same impedances are presented at the 
2-wire terminals of the hybrids. Ideal symmetrical hybrids can 
be terminated at their 4-wire terminals with appropriate 
equal complex impedances, to present loads equal to the 
characteristic impedance of the cable at their 2-wire terminals. 
Then, speech energy arriving at the 2-wire terminals of one 
hybrid divides equally between the 4-wire transmit and 4-wire 
receive paths, and is absorbed without reflexion. Half the 
energy is absorbed in the output impedance of one amplifier, 
and is lost. The other half controls the release of speech energy 
fron1 the second amplifier. No energy passes to the balance. 
The output of the amplifier is presented to the 4-wirc receive 
terminals of the other hybrid where it divides equally between 
the balance and the 2-wire path. To achieve this, the im-
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pedance of each balance is made equal to the characteristic 
impedance of the cable connected to the 2-wire terminals of 
the hybrid. Half the energy is then absorbed in the balance, 
and half is transmitted into the cable. No energy passes across 
the hybrid to the an1plifier input. Energy arriving at the end 
of this ideal circuit is totally absorbed in the terminating 
impedance. The two cables may be of different type, each 
requiring only an appropriate balance impedance. The total 
circuit losses consist of the cable attenuations and 3 dB loss 
in each hybrid. 

Effect of Departures from the Ideal Conditions 

Incorrect end-terminations will cause reflexion of some of 
the energy arriving at the far end of the circuit. This reflected 
energy will be amplified in the return direxion after having 
suffered phase and amplitude changes whilst passing along 
the cable. A further reflexion will occur at the sending-end 
of the circuit, so that energy will rejoin the original signal at 
the transmit amp1ifier input. 

A similar situation occurs if the balance does not match 
the cable impedance. Energy is reflected by the balance net­
work back into the hybrid where it divides between the two 
4-wire paths. The forward signal is thus the sum of a number 
of signals of the same frequency but differing in amplitude 
and phase. The phase relationship between the reflected 
signal and the direct signal varies with frequency and length 
of cable, so that the reflected signal is alternately in and out 
of phase with the direct signal, over the frequency band. The 
resultant signal exhibits an amplitude ripple which can only 
be controlled by the use of correct termination and balance 
impedances. 

Resistive. instead of complex-impedance tern1inations on 
the 4-wire terminals of the hybrids result in mismatch losses 
at the 2-wire terminals, but provided that a reasonable im­
pedance match is maintained, and the far ends of the cables 
are correctly terminated, this effect is negligible. Loaded cable 
has a sensibly constant impedance modulus over the speech 
frequency band and a reasonable impedance match can be 
obtained. 

4-Wire to 4-Wire Hybrid loss 
This can be calculated, for any set of impedances, as the 

sun1 of two losses, the loss with the balance connected and the 
2-wire terminals disconnected (!rans-hybrid loss), and the 

1700 

1600 

1500 

1400 

MODULUS 
(OHMS) 

1300 

1200 

1100 

1000 
0 

·� ANGLE rt 

r 
I 

b fi 

f 
0 d 

rx"®? 
I 

b1...C\ 

\... 

1·0 1·s z·o 
fREO.UENCY (kHz) 

----

,., 

0 

-IO 

All6LE 
(DEGREES) 

20 

(a) Cable terminated in characteristic impedance (b) Cable terminated 
in 1,200 ohms 

FIG. 2-Impedance/frequency characteristics of typical loaded 
cable with half-section terminations 



return loss of the balance impedance against the impedance 
presented at the 2-wire tenninals. 

The !rans-hybrid loss is approxi1nately 7 dB when trans­
forn1er losses are taken into account, but there is a s1nall 
variation with frequency when the balance iinpedance is 
complex instead of being purely resistive. 

The return loss between two impedances is a nleasure both 
of their departure fro1n equality and of the relative level of 
energy reflected at the junction of t\VO i1npedances. It can be 
evaluated from the formula: 

I
Z1 +Z2i return loss ,---, 20 log10 

I 
dB, 

Z1 -Z2 

where Z1 and 72 are co1nplex in1pedances. The return loss 
approaches infinity as the two in1pedances beco1ne equal, and 
falls rapidly as they depart fron1 equality. 

A 1nini1num value of 4-wire to 4-wire hybrid loss is 
required so that control is 1naintained over the an1plitude of 
the end-to-end frequency response ripple \Vhieh depends on the 
degree of 1natch of the in1pedances presented at the 2-wire 
and balance tenninals. 
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The in1pedance presented at the 2-wire tenninals is the 
characteristic in1pedance of th;;: cable \Vhich will ideally have 
a inodulus and angle which vary sn1oothly with frequency. 
This is illustrated in Fig. 2 \Vhich also sho\vs the ripples which 
occur in the in1pedance/frequency characteristics due to 
reflexions resulting fron1 incorrect tern1ination. Sin1ilar 
ripples occur \Vhen loading coils are 01nittcd fron1 a cable or 
\Vhen cable junctions are not correctly built-out. The char­
acteristics deviate by approxi1nately equal amounts above and 
below the characteristics of the correctly-terminated cables. 
Deviations in both directions produce the sa1ne reduction in 
return loss against the characteristic i1npedance. Since the 
number of ripples in a given frequency band varies with circuit 
length, it is not practicable to construct a balancing network 
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which \Vill nlatch the ripples. Therefore, the optin1un1 balance 
is one which has an i1npedance equal to the characteristic 
i1npedance of the cable. The ripple an1plitude 1nust then be 
controlled by the tenn.inating-net\vork iinpedancc. 

Terminating Network 

In earlier designs, the line termination consisted of an 
in1pedance-n1atching transfonner connected for d.c. signal­
ling. This is shown in Fig. 3(a) together with its equivalent 
circuit which is drawn in an unbalanced configuration for 
simplicity. Frain the equivalent circuit it can be seen that the 
series inductance is sn1all and gives negligible degradation of 
dialling pulses. The shunt path is a series resonant circuit 
with a resonant frequency of, typically, 155 Hz. This also is 
not significant as regards distortion of dialling pulses. At 
speech frequencies the line in1ped::i.nce is non1inally n1atched 
to 600 ohn1s. Calculation of the iinpedancc/frequency char­
cateristics looking into the line tenninals when the office 
tenninals are closed with 600 oh1ns shows that the series 
resonant circuit across the transn1ission path causes the angle 
of the i1npedance to becon1e highly positive at lo\V speech� 
band frequencies. At the higher speech-band frequencies the 
n1odulus cannot rise to n1cet that of the cable. 

In arriving at a solution to the proble1n of providing an 
adequate in1pcdance tennination for the cable it 1nust be 
borne in 1nind that dialling pulses and d.c. signals n1ust not 
be affected. Trans1nission losses nlust also be kept to a 
1ninin1un1, since for each extra 1 dB of loss in the 2-\vire path, 
there n1ust be 2 dB of extra gain in the repeater loop path, 
and stability is n1ore difficult to achieve. In the solution 
adopted the in1pedance tenninating the line gives a return loss 
of at least 20 dB against the line in1pedance in the 300 to 
3,000 Hz band. 

Fig. 3(b) sho,vs the d.c. connected auto-transfonncr used in 
the new tenninating network, and the equivalent circuit. The 
advantages of this type of transformer are that the series 
resonant circuit is dan1ped by the pri1nary winding resistance, 
the loop resistance is reduced to a small value in spite of the 
increased inductance adopted for the windings and trans­
former losses are minimized in both the signalling and speech 
bands. 

Fig. 4 shows the con1plete circuit of the line tenninating 
network including the half-value loading coil which, together 
\Vith the appropriate building-out capacitors, forn1s a half-coil 
termination for the cable. The 1nodulus of the i1npedance of a 
half.coil tenninatcd line decreases \Vith increase of frequency 
and can be n1atched to a sufficient degree by shunting the 
transformer \Vith a resistor·capacitor network. The office-side 
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inductance of the transformer is a minimum of 1·5 henry, so 
that the resonant frequency of the d.c. connected transformer 
is reduced to approximately 100 Hz. As a result, the im­
pedance angle remains negative to a lower frequency, and the 
required impedance match is obtained. 

The impedance/frequency characteristics arc shown in 
Fig. 5. 

1,750 

1,500 

1,250 
1,200 

MODULUS 
(OHHS) 

\ 

1,000 

750 

soo�--�­
o 0 ., l ·O 1·5 2·0 

FREQUENCY(kHz) 

.... .... ' 

0 
ANGLE 

(omm) 
-20 

_., 

(a) Characteristic impedance of half-section termination (b) Line side of terminat­
ing network including building-out components with office side terminated in 
600 ohms (c) Modulus of the cable impedance built-out to a half-coil termination. 

FIG. 5-Jmpedancc/frequency characteristics of typical loaded 
cable and tern1inating net\vork 
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Balance Network 
A convenient configuration of a balance network to match 

loaded cables is an 111-derived half-section low-pass filter 
(111 = 0·6), with one pair of terminals terminated with the 
appropriate resistance and a capacitive reactance in series 
with the other terminals to present an impedance equal to the 
characteristic impedance of a loaded cable up to approximately 
90 per cent of the cut-off frequency. The network is illustrated 
in Fig. 6. This gives component values suitable for 0 · 63 mm 
and 0 · 9 mm cables loaded with 88 mH at 1 · 8 km spacing. 
Return losses of at least 40 dB against the characteristic 
impedance of a cable having a half-section termination arc 
obtained with these networks. 

The balance is no1mally set to the values shown in Fig. 6, 
but in practice, CJ and C4 may be varied to obtain the best 
results for a particular cable. 

The effect of changes in the balance components is 1nost 
easily observed by measuring the half or total 4-wire loop 
losses. 

Hybrid Circuit and Signalling Filter 
In the construction of the transformers used in the hybrid, 

each winding is made up of four coils which arc wound in 
pairs on opposite sides of the bobbin, the bobbin being 
reversed on the nlandrcl before each new pair of coils is 
\Vound. The coils are then connected so that each half-winding, 
consisting of one coil fron1 each pair, is balanced about its 
centre-point, and the two half-windings arc identical. Fig. 7 
shows how two transformers arc used to forn1 a hybrid 
circuit; the balanced windings of transformer T2 are con­
nected to the balanced inner-ends of the windings of trans­
forn1er Tl. The 2-wirc and balance windings of a hybrid 
connected in this \Vay have identical impedances and are 
equally balanced about earth. All the stray reactances are 
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FIG. 8-High and lo\v-pass filter pair 

balanced by virtue of the physical construction of the trans­
fonner. The 4-wire to 4-wire loss of this hybrid, with equal 
impedances connected to the 2-wire and balance terminals, 
is extremely high (90 dB), and may be neglected when 
calculating transmission losses. 

Capacitors are connected at the balanced centre-points of 
transformer T2 to convert the hybrid circuit into a sin1ple 
prototype high-pass filter. In the new design, the signalling 
filter has been connected in parallel with the hybrid terminals 
so that improved filter responses can be obtained for both 



filters. Fig. 8 illustrates this. The filters must have approxi-
1nately equal cut-off frequencies. Each prototype filter 
presents a series resonance across the terminals of the other 
filter of the pair. If the series reactance in each filter is in­
creased in value by 0 · 6 of the value for a prototype filter, this 
is equivalent to adding an nz-derived half-terminating section 
to each filter. This occurs on both sides of the signalling filter 
and to the 2-wire sides of both hybrids, and is repeated on the 
balance sides of the hybrids. 
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F10. 9-Signalling-filtcr insertion losses 

The losses fron1 the 2-wirc terminals on one side of the 
repeater via the hybrid and signalling filters are shown in 
Fig. 9. The source impedance is that of the cable \Vith a 
terminating network closed in 600 ohms. 

Band .. pass Filter and Attenuation Equalizer 
The band-pass filter consists of a conventional 111-derived 

band-pass filter section (111 = 0 · 5) with frequencies of 
infinite attenuation at 200 Hz and 4,250 Hz, in tande1n with a 
prototype high-pass filter section which has a cut-off fre­
quency of 175 Hz. The design impedance for the filter is 
600 ohms. The insertion loss/frequency response is given in 
Fig. 10. The attenuation equalizer illustrated in Fig. 11 is a 
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simplified bridged-T network \vhich is inserted in both 
directions in the 4-wire path, when required. Resistors for 
three values of basic loss are provided. The equalizer is 
tern1inatcd under all conditions in 600 ohms by the circuit 
attenuator, so that the impedance presented at the input 
terminals is also 600 ohms and the impedance terminating 
the hybrid terminals is not affected by the equalizer. The loss 
of the equalizer is also independent of the source impedance. 

Total Loop Loss 
Measurement of the loss round the 4-wire path, \Vith a 

circuit set up for the required overall loss, is a complete check 
of the balance, cable and linc-tenninating impedances. The 
loss round the 4-wire path is the sun1 of the losses across the 
hybrids, the attenuators and the band-pass filters, 111inus the 
gain of the two 40 dB amplifiers. The total loss must be of a 
high order so that loop signals, rejoining the main signal, do 
not cause significant ripple in the insertion loss/frequency 
characteristic. Voltage addition of two signals of the same 
frequency must be considered since amplifiers are voltage­
controlled devices. Two signals, 35 dB apart in level, \Vill 
produce a ripple amplitude of ± 0 · 2 dB. This figure is chosen 
as the design maximum. 
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The attenuator values are governed by the cable losses and 
the overall circuit loss requirement. The maximum length of 
cable which can be connected to one side of a repeater depends 
on the crosstalk performance of the cable and on the overall 
circuit loss rcquiren1ent in relation to a maximum amplifier 
output test level of -1-10 dBm. For exa1nple, it is not possible 
to provide a circuit of 3 dB overall loss when the cable loss 
on one side of the repeater is nlore than 8 dB, without 
exceeding the maximum output level. 

Fig. 12 shows the maximum cable losses (a), (b), and (c) 
which can be connected to a repeater for three overall circuit 
loss values. The maximum level difference on the cable occurs 
at the 2-wire terminals of the hybrids where, for a 3 dB loss 
circuit, there is a level difference of 15 dB. The maximum 
cable loss is 8 dB and this is the limit for local-type cables 
in ter1ns of crosstalk. For trunk-type cables, level differences 
up to 22 dB are permissible. For economic reasons, circuits 
greater than 32 km are unlikely to be provided by audio plant, 
and this length coincides with the length of a 3 dB loss circuit 
of maximum cable loss using 0 · 63 mm cable, with the 
repeater rnir.1-connectcd. The total loop loss round the 4-wirc 
path for such a circuit is now considered. 

For balance impedances precisely equal to the character� 
istic impedance of the cable, the return loss of the cable 
impedance at the 2-wirc tenninals, against the characteristic 
impedance of the cable, is twice the transmission loss of the 
cable plus at least 20 dB for the return loss of the terminating 
network. To this is added approximately 7 dB for the trans­
lrybrid loss and 7 + 10 dB attenuator loss. This gives a total 
of 60 dB, which is reduced to 20 dB by one amplifier. (The 
in-band loss of the band-pass filter is absorbed in the attenua· 
tor loss). Identical conditions exist on the other side of the 
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repeater so that the total loop loss is expected to be of the 
order of 40 dB. 

These conditions should exist on a circuit of any length, 
since 1 dB change of line loss results in a 2 dB change of 
return loss and a 2 dB change in gain of the 4-wire loop path. 
The balance i1npedance, however, departs slightly fron1 that of 
the characteristic in1pedance of the cable (40 dB return loss). 
Even with only this s1nall error it is not possible to exchange 
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an1plitude and the phase shifts for hannonics up to 200 Hz 
\vcrc calculated for transn1ission of the signal over the existing 
and new designs. The waveforn1s \Vere then sunm1ated in the 
load. There \Vas virtually no difference bet\veen the perforn1-
ance of the t\VO designs. 

The d.c. loop resistances of con1ponents in the signalling 
path are 17 ohn1s for the line tenninating net\vork and 
218 oluns for the signalling filter. Taken in conjunction \Vith 
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total loop loss. 

F10. 12-Maxin1um cable losses and associated transn1ission levels 
at 800 Hz for 2-wire hybrid-type circuits 

gain in the 4-wire loop path, on a one-to-one basis, with 
return loss in the 2-wire path. When the return loss of the 
cable against the actual balance i1npedance is calculated, the 
minimun1 total loop-loss at any frequency is found to be only 
35 dB for this maximun1 length 3 dB loss circuit. Advantage 
might be taken of the additional return loss provided by the 
higher loss circuits by allowing appropriately increased 
maxin1111n cable losses on both sides of the repeater. For 
exan1ple, for a 6 dB loss circuit with 11 dB of cable loss on one 
side of the repeater, it nlight be possible to allow, say, 
9 · 5 dB of cable loss on the other side, but the perfonnancc 
\Vould need to be checked in practice as no guarantee can be 
given. Fig. 12, therefore, should be taken as representing the 
planning limits for transmission for 2-wire hybrid-type 
circuits, provided that the required inargin of stability is 
obtained. 

SIGNALLING PERFORMANCE 
The new design introduces significant changes in the 

signalling path. To check that these would not change the 
signalling perforn1ance, the behaviour of the circuit was 
simulated in a computer program. A signal consisting of 
trains of ten dialling pulses of norn1al 1nake/break ratio in 
alternate periods of one second was considered. This signal 
has a fundamental frequency of 0 · 5 Hz. The changes in 
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the loop resistance of cable and loading coils, these values 
make it possible to signal over a line having a loss of 20 dB. 

D.C. polarization of the coils in the signalling filter causes 
the inductance of these coils to decrease. It is necessary to take 
into account both the change in filter losses which occur when 
the inductance is reduced, and the difference in in1pedance of 
the signalling filter as compared with that of the balancing 
signalling filter which is not carrying d.c. A n1aximu1n change 
of inductance of 10 per cent is pern1issible. This does not 
occur until the d.c. current exceeds 25 nlA, i.e. when cable 
losses are less than 7 dB. 

CONCLUSION 
A design for a hybrid-type 2-wire repeatered circuit has 

been described which operates with cable losses of between 
7 and 20 dB. The perforn1ance limits for circuits of this 
design are predictable and setting-up procedures are largely 
prescriptive. A sin1ple n1easuren1ent of 4-wire loop losses 
serves to check the impedance/frequency characteristics of 
cables, cable tenninations and balance networks, and it is 
expected that this will become an important line-up and 
maintenance aid. 

Computer techniques have been used extensively both in 
design and in producing perfonnance figures for 1nanufactur­
ing purposes. 
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All 1nachi11es designed for the postal business have 111e11 or wo1ne11 to operate or use then1, either postal 
workers, counter clerks or the public. This article describes scientific studies being undertaken to i111prove 
the 111an/111achi11e b1te1face in postal engineering. 

INTRODUCTION 

No 1nattcr how con1plcx or sin1plc the 1ncchanis1ns of engin­
eering syste1ns are, they n1ust serve as inanirnate extensions 
of man's li1nitcd physical capabilities. Proper 1natching at the 
n1an/1nachine interface is clearly i1nplicit in good engineering 
design. It is generally recognised that the postal business is 
labour intensive, and although the 1nechanization progrrun 
reduces 1nuch of the physical effort previously required in 
sorting offices, it see1ns i1nprobablc that automation can be 
co1nplete in the forseeabJc future. 'lhe postal \Yorker \Viii 
ren1ain a pri111e part of the syste1n, and inuch of postal 
engineering design is orientated to serve his needs in niaking 
his \VOrk more easy and efficient. 

Much of the ergono1nic work carried out so far within 
the British Post Office (B.P.O.) Postal Headquarters has 
been concerned with engineering devclop1ncnts in parcel 
concentration and mechanized letter offices. These are nodes 
\Vithin the sorting and distribution systen1, where capital 
invcst111cnt in 111achinery can improve productivity. It is 
because the cost effectiveness of these engineering syste1ns 
is partly dependent upon good matching of man and machine 
that considerable effort is being directed towards these critical 
areas. Research activities into the man/machine interface 
in postal n1echanization \Vere outlined in earlier articles in 
this Journal'. 

ERGONOMICS 

The tcnn ergonomics was coined after the last war by a 
group of experi1nental psychologists and physiologists who 
had 1noved partly away fron1 the traditional self-sufficient 
\Vorld of acaden1ic theory to apply their knowledge of 1nan to 
real-life industrial aud niilitary problen1s. Its etymology 
(ergo, work; 110111os, Jaw) suggests restricted application of its 
component disciplines, but in practice, the full range of 
anatomy (structure), physiology (function) and pyschology 
(behaviour) are used. On the western side of the Atlantic the 
tern1 !11nnan factors is used, but in Europe ergonomics is 
n1ore usual. 

There is an ill-defined area of interplay between disciplines 
and techniques fron1 the life sciences and engineering, in­
cluding cybernetics (con1n1unication within the ani1nal and 
rnachine) and operational research (interdisciplinary problen1 
solving). Problems in general are best tackled without the 
inhibitions and lin1itations of specific disciplines and tech­
niques, especially when considering such con1plex fields as 
man/n1achine systems. 

MAN THE UNCERTAIN MACHINE 

To the physiologist, man is basically a syste1n of powered 
levers. The heights, lengths and angles of his 1novcn1cnts can 
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be 1neasured directly, and their study is called anthropo1netry. 
The dyna1nics of body 1noven1ent involve the sequential occur­
rence of three events, namely, inforination reception, central 
processing, and motor action, all of which can be nionitored. 

Messages to and fron1 the brain, and the electrical events 
associated \Vith muscle contraction, consist of localized ionic 
disturbances propagated along nerve- or 1nuscle-fibre sur­
faces. Such activities can be examined by 111onitoring electri­
cally at the surface of the body by a technique known as 
electron1yography. The observation of uptake (intake niinus 
output) and excretion (especially that of oxygen uptake and 
urinary analysis), can yield infonnation regarding the 
inunediatc past history of n1uscular and nervous stress. 

Objective physiological nieasurement, although adequate 
in describing the niechanics in a limited way, is unable to 
explain the nlore co111plex auto111atic actions which account 
for behaviour as we know it. This lies essentially within the 
realn1s of psychology. Here, experimental results are neces­
sarily statistical in nature. The luxury of a single variable is 
not for the psychologist, but statistical techniques have been 
developed, pron1pted largely by the uncertainties of response 
niet in the n1ultivariable systems of the life sciences, so that 
repeatable results niay be obtained in carefully-controlled 
experi1ncnts. Both disciplines of psychology and physiology 
contribute to ergono1nics. 

ANTHROPOMETRY 

Questions such as the posttton of controls, and work 
station layouts, clearly require a knowledge of the physical 
characteristics of the intended operator. Many studies have 
been cornpleted, and the results published, giving the statistics 
of bvdy din1ensions of particular groups of people. Many of 
the n1ost detailed are of A1nerican origin, and n1ost concern 
1nilitary personnel, that is, fit young n1en. 

Unfortunately, nieasurement techniques often differ be­
tween different laboratories and direct comparisons inay be 
unreliable. Where reliable data docs exist, it may not be 
applicable to other populations. Fig. I illustrates one poten­
tial source of error in height measurement, \Vhere it will be 
seen that in the late afternoon the height of the subject is 
apparently less than that of the 111orning. This is due to the 
progressive flattening of the intervertebral discs and in­
creasing curvature of the spine which occurs during the day. 
The variation can be as much as 30 nun. For rneasurement 
purposes, this can be minin1ized by slight traction applied to 
the base of the skull as shown. 

Nutritional, ethnic or even narrow regional differences 111ay, 
by thc1nsclvcs, result in differences between otherwise appar­
ently ho1nogenous populations. As far as British postal 
ergono1nics is concerned, a perennial question is just what are 
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FIG. 1-A composite photograph showing the measurement of 
diurnal variation in stature 

the characteristics of the British postman? A recent statistical 
study by one of the authors set out to probe this problem. An 
examination of clothing-demand data for approximately 
100,000 British postmen was strongly suggestive that they may 
be up to 50 mm shorter than the average soldier quoted in 
American literature. 

One example of the direct use of body-dimension data 
concerned the re-design of the chain between a cash carrying­
case and the wrist. From a knowledge (American) of the 
distribution throughout the population of male hand lengths, 
wrist diameters and closed fist circumferences, the specifica­
tions for an improved design have been written. The ergo­
nomically designed linkage will, unlike its predecessor, 
satisfy all but the most abnormally shaped American hands, 
and on the assumption that British hands are not too differ­
ent, be satisfactory on this side of the Atlantic. 

Sometimes a knowledge is required of body dimensions in 
the dynamic sense where, for example, questions of load 
support and body stability arise. The design history of this 
next example not only illustrates this requirement, but also 
how the interplay between the ergooomist and engineer in 
design evolution can result ultimately in a sound, functionally­
engineered product. 

Part of the pa.reel concentration scheme, involves the 
transportation of ma.ii in units larger than mailbags. A 
previous study had indicated container dimensions which 
would maximize the volume usage of the bulk carrier trans­
port. Arising from these dimensional specifications was the 
ergonomic question of how easily could these containers be 
hand-filled with parcels. The limits of functional reach of 
typically short, medium and tall individuals, determined by 
experiment, and inscribed as arcs on a mock-up of the early 
design, showed it was unsatisfactory. 

The design of the container has evolved considerably from 
the early prototype, assisted by ergonomic advice not only on 
questions of filling, but also on position and shape of handle, 
and tractive effort required to push. The latest (but not 
final) model is shown in Fig. 2. Stable-type doors enable the 
back of the container to be reached, without the operator 
being forced to lean over a horizontal barrier as formed by 
drop-down doors in an earlier design. 
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FIG. 2-The all-purpose mail trailer equipment 

SUPPORT SYSTEMS OF MAN 

Skeletal muscle action is dependent (and ultimately limited 
by) the biophysical properties of the pulmonary (lung) and 
cardiovascular (heart) systems. The measurement of the 
oxygen uptake provides a useful index of the total metabolic 
cost of work, but it is the heart rate which usually 
indicates the current level of physiological stress. Stress 
level (as given by heart rate) is of greater importance to the 
individual, but does not always provide au objective measure 
of work. 

Oxygen uptake may be measured indirectly by determining 
!he volume flow and component-gas concentrations of 
inspired and expired air. From this, the metabolic cost 
(measured in kilocalories) may be calculated. To be of any 
real value, the procedure requires the use of a most careful 
technique. 

Under very moderate work loads, there is a correlation 
between heart rate and oxygen consumption, and hence 
energy expenditure. At higher work loads, due mainly to the 
nonlinear efficiency of the heart, the correlation becomes less 
definite. Also, heart rate is affected by the immediate pre­
history of the work load. These effects are shown in Figs. 3 
and 4. This has very important consequences in deciding the 
physiologically correct durations of work and rest periods at 
particular work levels. 

As the heart muscle-fibres contract, minute electrical 
disturbances are propagated which can be detected anywhere 
on the body surface. The waveform shapes and amplitudes 
from different sites around the thorax are invaluable to the 
cardiologist, but for the purposes of work physiology, all that 
is required is a knowledge of the inter-beat intervals. This may 
be achieved automatically by means of appropriate instru­
mentation, and with minimal disturbance to the subject, by 
the placement of an electrode on the chest. A simple procedure 
is to measure the pulse rate by palpation at the wrist, but 
clearly the subject is less able to work at the same time. This 
method can be unreliable since the heart rate and pulse rate 
at the wrist may not, for a variety of reasons, be the same. 
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Fro. 3-Correlation between heart rate and oxygen uptake 

To provide an ergonomic reference of work stress and 
energy expenditure to guide future postal engineering design, 
the oxygen intake and heart rates of a group of light-industrial 
workers have been examined under a variety of conditions, 
including carrying a postbag containing a 16 kg load. These 
arc shown in Table 1. 

These techniques have also been used to determine the 
best heights for outlets from parcel sorting machines for 
loading into containers. Two studies \Vere undertaken. The 
first assuined that the container could be raised or lowered by 
son1c n1echanical means to ease the packing operation. The 
second, that the container would have to be filled without 
mechanical level�control. From these, the difference in cost in 
tenns of effort was determined. In this series of experiments, 
the objective physiological measurements were supported by 
the results of a subjective psychological questionnaire of the 
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subjects' reactions to working at different heights. Psychologi­
cal and physiological agreen1ent is comforting. The results of 
the first part of the experiment are sho\vn in Fig. 5, and 
indicate that the outlets, under the operating conditions 
asswned in this experiincnt, should be higher than usually 
found in practice. 

It should be mentioned that in the n1atter of loading con­
tainers, a poorly designed work environment, causing 
unnecessary fatigue of the packers, would almost certainly 
result in poor packing, and it is esti1nated that a 1 per cent 
reduction in packing density could cost £100,000 annually in 
extra transportation costs when the parcel service is fully 
containerized. Ergonomics has economic overtones, and is 
sound business sense. 

MAN'S MECHANICAL DYNAMICS 

Oxygen uptake and heart rate are wholc�body and tem­
poral averaging measw·es which provide no inforn1ation on 

TABLE 1 
Oxygen Uptake and Energy Expenditure 

24 subject trials; 1nean, standard deviation (s.d.) and coefficients of variation (c.o.v., expressed as a percentage) under different \Vork conditions. 

Conditions 

Measure1ncnt Statistical 
paran1eter 

Walking Walking 5 k1n/h 
Supine Sitting Standing 5 km/h with 

16 kg postbag 

Oxygen uptake n1ean 0·263 0·28 0·305 l ·003 1 ·264 
Oitres/minute) s.d. 0·036 0·043 0·048 0·042 0· 182 

c.o.v. 13·7 15·4 15·7 14·2 14'4 

Energy Expenditure: 1nean 76·45 81·29 88· 19 291 ·02 366·44 
(kilocalorics/hour (kcal/h)) s.d. 10· 19 12· 15 13·23 39·23 50·67 

c.o.v. 13·3 14·9 15·0 13·7 13·8 

as percentage of lying n1can - 106·5 115·6 411·6 517·5 
supine s.d. - 8·4 10·24 48·0 53 '4 

c.o.v. - 7·88 8·86 11 ·7 10·3 

kcal/h/kg nican 1 ·302 1·387 1 ·432 5·022 6·322 
of lean body mass s.d. 0· 138 0· 187 0·208 0·303 0·387 

c.o.v. 10·6 13·5 14· 5 6·04 6· 12 

kcal/h/n12 mean 39·99 42·62 46·24 154·78 194·94 
of body surface s.d. 4·37 6· 18 6·75 12·43 17· 18 

c.o.v. 10·9 
I 

14·5 14·6 8·03 8·81 
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localized activity in the body, Nervous and nluscu!ar activity 
can, however, be exrunined in fine detail by san1pling the 
attendent electrical activity in localized regions of 1nuscle, 
brain or nerve. 

Muscle physiology and elcctro1nyography is still a develop­
ing field of research, but it is generally agreed that up to 
moderate levels of activity there is an e1npirical linear relation­
ship bet\veen the voltages generated and the force exerted. 
Beyond inoderate levels of activity, individual 1notor units 
can no longer be identified and the clcctro111yographic 
recording beco1nes confused. 

In ergonomic practice, the advantage with electrornyography 
is that this electrical activity can also be san1plcd fron1 the 
surface of the skin with electrodes which can be affixed with 
adhesive tape. There is no discomfort to the subject, and their 
presence need not restrict the subjects' movement. The 
activity from any nun1ber of different sites on the body may 
be simultaneously exatnined. 

Fig. 6 shows an cxa111plc of particular patterns of elec­
tromyographic activity recorded fron1 sites overlying nlain 

nluscle groups of the anns, shoulders, back and legs on both 
sides of the body. The subject was siinulating parcel container 
filling by receiving parcels fron1 a fixed height and fanning a 
colwnn of blocks. This was repeated using a different parcel­
reception height. Each burst of activity represents one place­
ment cycle, and it is apparent that by a visual inspection of 
such a record it is possible to specify a particular working 
arrangen1ent that ininin1izes the electrical activity arising 
fro1n the n1uscle work of any particular part of the body. 

Once a particular working arrangement has been chosen 
which mininlizes oxygen uptake (total energy expenditure), it 
could happen that this is achieved only at the expense of 
overworking particular muscles. (Winking requires less 
energy expenditure than tapping with the hand, but would be 
n1ore fatiguing.) 

MAN'S PREDICTABLE BEHAVIOUR 

Psychology, as the prin1c behavioural science, has applica­
tions beyond that of 111achinc design alone, bearing on 
questions such as operator selection, training and working 
patterns, but only its application to 111achine design is 1nen­
tioned here. 

A mass of data has accu1nulated fron1 experi111ental psy­
chology regarding man's behaviour and pcrforn1ance under 
different conditions. Fairly straightfor\vard questions such as 
the effect of illun1ination levels on \Vork, and the in1portance 
of shape on the legibility of alphanu1neric displays have been 
extensively investigated and docu1nented. The results can be 
inm1ediately applied in engineering design. It is of course 
in1portant that the designer be aware that apparently trivial 
detail inight be vital in deciding the effectiveness of the 
1nan�n1achine combination. 

The design of alphanun1cric sy1nbols is an area where this 
data collation has been con1pleted. The study, which was 
concerned with the shape and layout of a numeric coding 
systen1 to be used on letter trays, is illustrated in Fig. 7. 
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FIG. 6-Electron1yographic activity from different parts of the body 



The shape and layout of the figures, illustrated here on a proposed n1cthod of 
coding letter trays, nre in accordance with published resulls of several studies 
concerning symbol characteristics and legibility 

FIG. 7-Letter-tray coding 

Experimental psychology has something to say about each 
and every feature such as the figure height/width ratio, 
stroke width, colour, brightness and contrast etc. 

Not all questions can be resolved by theoretical work 
alone, especially where the question concerns attitudes or 
preference in connexion with something novel. When 
psychological experimentation becomes necessary, there is 
always the problem of choice of experimental subjects, and 
whether particular results are applicable to the type of 
people concerned. There are certain advantages in using as 
subjects, people who are disinterested in the sense that they 
are unconnected with the application of the experimental 
results. Over-eager volunteers and pressed men make bad 
subjects. 

Push-buttons are corrunon on postal machinery, serving a 

Reverse Inch Delayed 
Stop 

variety of different functions in machine control including 
start, stop, inch and reverse. They are all colour coded, and 
for obvious reasons it was considered desirable that each 
push-button should have a different shape. It was considered 
that in the British population at large there might be some 
natural associations between particuJar shapes and functions. 
For this reason a test was conducted tu determine if any 
associations existed between any of twenty-five shapes and 
any of six machine functions. The twenty-five original shapes 
are shown in Figure 8, together with the six shape/function 
asscciations finally chosen. Such an experiment, although 
complete in itself, needs to be continued to involve actual 
postal workers and postal maintenance staff before final 
standardization. This would ensure that any additional 
associations acquired from B.P.O. experience have not 
modified the situation. 

Probably one of the most fundamental decisions affecting 
postal mechanization has concerned the degree of inde­
pendence of the man from the machine. In many other 
postal organisations the system is such that the operator is 
required to work at a pace dictated by the machine. Machine 
pacing of the operator is fairly corrunon in industry, 
but in the B.P.O., an early decision was made to use 
unpaced systems in sorting. From the study of output rates of 
paced and unpaced systems, there are good theoretical 
reasons, and mounting evidence from controlled trials in 
industry, that unpaced working yields higher outputs at 
lower error rates. Fig. 9 shows the frequency distribution of 
parcel-sorters sorting-times from 16,000 observations at 
different offices of two-man outward sorting. Its shape is 
fairly typical of human performance in repetitive tasks. It will 
be seen from the figure the impossibility of constructing a 
paced system with a frequency distribution of operating 
times having a lower mean than the unconstrained distribu­
tion. 

Slow Stop Start 

The upper group shows the original 25 shapes, and the lower the six shape/function combinations chosen 

Flo. 8-Push-button shapes and machine control functions 
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FIG. 9-Frequency distribution of sorting times 

STUDIES IN HAND 

10 

At the moment, the parcel sorting machines potential 
throughput is more than twice that of the sorters feeding it. 
One conceptually easy solution to this mismatch is to provide 
two sorting inlets feeding each machine, and this engineering 
development is now well advanced. Clearly, the feeds could 
operate in strict rotation, or randomly of each other, but in 
either case, without an impossibly long queue between 
individual feeds and their conunon outlet, there will be an 
interaction between sorters, where one either waits or is 
frustrated by the other. A psychological experiment is under 
way to determine how these effects modify performance. It is 
believed that much will depend upon certain personality 
characteristics of the person experiencing the situation, and 
the experimental design includes a multivariable analysis of 
several of these factors. 

Another approach to the problem of parcel sorting is to 
examine the component activities of hwnan performance in 
carrying out the sorting task. We have little information in 
this area apart from the gross sorting distribution times. 
There is little doubt that the present parcel sorting position is 
far from ideal, and several studies are under way examining 
different aspects aimed at short-term and futuristic solutions. 

As can be appreciated from Fig. 10, in reading and coding, 
the coder is obliged to oscillate visually between the parcel 
and coding box. The regular geometry of coding-button 
layout arises, as with many other machines, including the 
typewriter, from a combination of factors including manu­
facturing convenience, tidy engineering and tradition. Such 
arrangements pay no recognition to the design of the hand 
supposed to operate it. Anthropometric considerations 
apart, it is clear that there is a relationship between the num­
ber of key positions and the uncertainty of position of any 
one. This uncertainty may be reduced by using serial keying 
and fewer key positions. The strategy of serial keying is 
being examined for a parcel concentration office and an 
ergonomic design of keyboard will follow. 

Another development which is being evolved with the new 
coding box, is a tactile indication that the machine is ready to 
accept the next parcel. Currently, this is provided by the 
illumination of a green light on the coding box, and this 
means the coder must divert his eyes from the parcels. The 
arrangement with the tactile indication is that the coders hand 
should rest on the coding box. Raising of a thumb bar or 
palm support signals the operator to code, and also brings the 
hand into a position of readiness. Alternatively, simply 
locking the keys to prevent coding might be used. 

THE POSTMAN 

In the postal system, mechanization has eliminated much 
of the heavy lifting and carrying work required of staff, with 
the exception of the postman on his delivery rounds. One 
might imagine that foot complaints would be fairly conunon, 
but this appears not to be the case. The medical statistics 
collected over the past three years show that the most com­
mon reason for premature retirement of postmen is back 
injury. This fact alone is not surprising, since in the popula­
tion at large, back injury is very common, taking second place 
only to psychosomatic illness as a reason for prematme 
retirement. However, the frequency of occurrence with 
postmen is on the average almost three times that of tele­
communications staff, and a statistical test shows the differ­
ence to be highly significant. 

It is not possible to positively implicate the postbag, nor, at 
the moment to indicate where such injuries occur. Of course, 
a higher incidence is inevitable in postal staff due to the natme 

The coder alternates his visual attention between parcel addresses and the coding 
box. There is insufficient tactile feedback from gcometrically-regular-shapeJ 
keyboards to enable the operator readily to seek and locate the appropriate 
button without visual aid 

FIG. 10-Coding in parcel sorting 
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of the work, but there is an obvious need to n1echanise in a 
way that nlinimizes hun1an effort and discomfort. 

CONCLUSION 

The application of ergonon1ic principles of engineering 
design is necessary to achieve adequate matching of man 
and 1nachine, and achieve the most efficient and comfortable 
operation. A considerable amount of basic information 
already exists regarding the physiological and psychological 
characteristics of the human, and can, with advantage, be 
immediately applied in engineering design. More complex 
psychological questions involving the attitudes and perform­
ance of a restricted population group have to be examined 
by controlled experimentation before selecting between 
engineering alternatives prior to machine detail design. 
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Post Office Use of Mobile-Radio Systems 

P.R. WILKINSON, GRAD.I.E.R.E.,t and I. H. BECK, C.ENG., M.I.E.E.* 

U.D.C. 621.396.218: 621.371 

A practical approach to the p/anning and engineering of a 111obile-radio systen1 fol' the use of telephone 
area staff is outlined in this article and/actors influencing design are exan1i11ed. An original syste111, designed 
by Chester-area perso1111el, to overcon1e the proble111s of providing the required area of co\!erage in North 
Wales is described. 

INTRODUCTION 

Mobile-radio systems have been used by the British Post 
Office (B.P.O.) for a nwnber of years,1 but it is only com­
paratively recently that their potential has been realized 
nationaliy. The simplest installation employs a single fixed 
radio station (base station) controlled from one operator 
point, (control station). Such systems can give radio coverage 
of population centres and enable mobile staff to be controlled 
whilst they are in the base-station service area. However, 
since transmission is limited to a little beyond line of sight, 
most telephone areas cannot be covered from one radio­
station site and, furthermore, access to the system is likely to 
be required by more than one control. 

A mobile-radio system can produce appreciable savings in 
lost circuit time, man-hours and vehicle miles amounting to 
an average of one man-hour per day for each equipped party. 
At the current man-hour rate and with 60 units in the field, 
this could produce a saving of almost £60 per working day 
in man-hours alone. 

A satisfactory system provides a rapid means of communi­
cation between mobile staff and their control at all times and 
some examples illustrating the convenience and ease of ad­
ministration are: 

t Chester Telephone Area, Wales and the Marches. 
* Telecommunications Development Department, Teleconununi­

cations Headquarters. 

(a) recalling or diverting staff to n1ore urgent work as it 
arises, 

(b) requesting an underground plant watcher to visit the 
working site of another undertaker to investigate re­
ported damage, 

(c) enabling staff to obtain assistance when necessary and 
at short notice, 

(d) moving maintenance parties rapidly from fault to fault, 
this being particularly useful during stonn or serious 
breakdown conditions, and 

(e) obtaining greater flexibility and efficiency from staff 
and plant. 

REQUIREMENTS FOR B.P.O. PRIVATE MOBILE­
RADIO SCHEMES 

At present, six two-frequency v.h.f. radio channels are 
allocated for exclusive B.P.O. use (see Table 1) and these are 
shared by telephone areas throughout the U.K. 

Each base-station transmitter/receiver is assigned one of 
these channels and base stations sharing the same frequencies 
are sufficiently far apart to reduce mutual interference. 
Mobile stations can be switched to operate on any of the six 
channels to aliow inter-area working. Amplitude modulation 
with 12·5 kHz carrier-frequency separation is used. The base 
station equipment is normally arranged so that the trans­
mitter n1ay be re1notely controlled from a distant control 
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F10. I-Base-station service areas in the Chester area system. 

station. A remotely-controlled talk-through facility is usually 
provided which enables the base station to be used as a 
repeater for inter-mobile working by connecting the audio 
output of the base-station receiver, at a suitable level, to the 
transmitter input. This facility is useful after normal working 
hours when the control point is not manned. Any failure of 
the control circuit normally results in automatic switching to 
talk-through so that communication is maintained. Radio 
equipment must comply with performance specifications laid 
down by the Ministry of Posts and Teleconununications and 
is normally purchased by competitive contract from one of 
a number of manufacturers. 

SYSTEM PLANNING 

The following considerations must be taken into account 
in planning: 

(a) The system should not be more sophisticated than is 
necessary to ensure adequate performance and ease of 
operation. 

(b) Standard radio and control equipment must be used 
wherever possible with the minimwn of modification. 

(c) Mobile-radio equipment should only be provided for 
vehicles or staff when it will result in a positive efficiency 
improvement in the B.P.O. service. 

(d) The number of mobiles on one network should not be 
too great otherwise efficiency is reduced, 30-40 being about 
optimwn in a B.P.O. system. 

(e) Radio coverage is important only where telephone 
plant exists and some blind spots, due to local screening, 
have to be tolerated. 

(f) Equipment and line-plant costs should be minimized 
consistent with obtaining maximum efficiency from the 
system. 

SITE SPOTTING 

Existing radio sites are normally the first choice for base 
stations but the B.P.0. owns very few suitable sites and it is 
normally necessary to share. This policy has economic advan­
tages but can lead to interference problems. 

To find the minimwn nwnber of sites providing useful 
radio coverage most economically, a map is prepared showing 
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Channel 
Number 

I 
2 
3 
4 
5 
6 

TABLE 1 

Mobile Station 
Transmit Frequency 

(MHz) 

71 ·675 
71 ·650 
71 ·700 
71 ·6625 
71 ·6875 
71 ·6375 

Mobile Station 
Receive Frequency 

(MHz) 

85· 175 
85·150 
85·200 
85· 1625 
85· 1875 
85·1375 

districts where radio coverage is required. Areas are marked 
on a one inch to a mile Ordnance Survey contoured map 
where radio coverage is (a) essential, (b) important and 
(c) unnecessary. Existing radio sites are marked on the map 
and certain unsuitable sites eliminated at this stage. 

Theoretical surveys from the most promising sites are made 
and the predicted service areas, drawn to scale on transparent 
sheets, laid over the appropriate map to help determine the 
most economical combination of sites to provide acceptable 
radio coverage. The cost of landlines linking base stations 
and control stations and any special equipment required, such 
as that for lightning protection must also be considered. 
Where the terrain is very irregular, or where important areas 
lie on the edge of the estimated service area, it is best to make 
practical field-strength tests from. the selected stations using 
frequencies, powers and aerial positions similar to those 
proposed for the final installation. 

FACTORS AFFECTING RADIO-SYSTEM DESIGN 

Aerial Systems 

To achieve maximum system range, the base-station aerial 
should be as high as possible and remote from high obstacles. 
Separate omni-directional aerials are normally provided for 
the transmitter and receiver and are essential if talk-through 
facilities are to be provided. The aerials are usually 50-ohm, 
centre-fed, folded dipoles, vertically polarized and side moun­
ted on booms from the mast or tower. They are connected 
to the equipment by 50-ohm coaxial feeder cable having an 
attenuation of about 0 · 065 dB/m. A feeder cable, of about 



half this loss is used \Vhere a long feeder is necessary, say 
over 40 111. 

Increased aerial gain can be achieved by stacking aerials 
vertically and feeding the1n in phase. Two or four stacked 
dipoles give an all round, horizontal, gain of about 3 or 6 dB 
respectively. Radiation in the vertical plane is reduced by this 
arrange1nent but this is not important for land nlobile services. 
The horizontal polar diagra1n can also be 1nodified by 
critically spacing the aerial fro111 the n1ast or by using hori­
zontal arrays to give a gain of about 3 dB in certain directions 
and reduced radiation in others. The effective radiated power 
(e.r.p.) inust not exceed 25 \Vatts, the licence Ji1nit, even when 
gain aerial arrays are employed. 

Since a mobile-radio station uses the si1nplex inode of 
operation, only u single quarter-wave whip dipole is required, 
This sin1plifies the installation and avoids any directional 
characteristics introduced by twin aerials. Since the nwnber 
of nlobiles greatly exceeds the nmnber of base stations, any 
econon1ies or simplifications achieved in a inobile installation 
are valuable. 

Precautions Against Lightning Damage 

If a base station is situated on a rocky hill top of high earth 
resistivity, it is possible that the potential of the earth v;ith 
respect to a distant point may rise to a value of several­
thousand volts. This usually happens during lightning storn1s 
but can occur at other ti1nes. A telephone cable provides a 
low-i111pedance discharge path and 1nay, thus, endanger 
personnel and plant. In these circu1nstances, the line needs to 
be isolated fron1 local earth at all base stations, signalling 
earth being extended to the site over the phanto1n pair. Voice­
frequency signalling can be used to achieve d.c. isolation but 
this is n1orc expensive and fault prone. Where previous 
darnage has occurred due to lightning, it is desirable to tenni­
nate the pairs on encapsulated isolating transfonncrs. The 
d.c. signalling conditions are repeated fro111 the line to the 
ren1ote control panel by reed relays, the operate coils of which 
are similarly isolated. The isolating units are designed to 
withstand a voltage of 30 kV but breakdowns still occur on 
some exposed sites. Other expensive solutions en1ploying 
special cable and duct are available in extren1e cases and, as a 
last resort, a radio link 1nay be considered. However, the 
Ministry of Posts and Telecomn1unications restricts the use 
of radio links to conserve the frequency spectrun1 and the 
cost of lightning protection would need to be very high to 
justify their use. 

THE SYSTEM IN THE CHESTER AREA 

In Chester Area, there are six Repair Service Controls2 
(R.S.C.), which are responsible for local cable faults within 
the capability of a faults1nan jointer. A central External 
Plant Maintenance Control (E.P.M.C.), at Llandudno 
controls inain and junction cable n1aintenance and plant 
\Vatchers for the whole area and takes over so1ne of the local 
cable faults fron1 R.S.C.s. 

Radio coverage of most of the area is possible fron1 four 
sites (see Fig. 1). There is a need to interconnect the six 
R.S.C.s, the E.P.M.C. and fow· base stations in such a way 

that each R.S.C. has access to radio stations covering its own 
area, and the E.P.M.C. at Llandudno has radio access to the 
entire telephone area. 

For radio coverage, the Chester area is divided into two 
sections, east and \Vest and a separate omnibus speaker is 
provided for each section (see Table 2). 

The R.S.C. areas of Chester, Wrexha1n and Rhyl, in the 
east, can all be served by the one base station at Llangollen. 
Because of the irregular terrain, three base stations are 
required to cover the \Vestern section, which includes the 
inountains of Snowdonia. Both Llanddonna and Capel 
Gannen base stations nlust be used to obtain coverage of 
Colwyn Bay R.S.C. area and Bangor R.S.C. area is served by 
Llanddonna, Mynydd Rhiw and Capel Garn1en. Port1nadoc 
R.S.C. area is covered by Mynydd Rhiw and Capel Gar1ncn 
base stations. 

The E.P.M.C. has separate access to east and \Vest and as 
an optional extra, full conference is possible by operation of 
an east-west linking switch. 

The sa111e radio frequency cannot be used for adjacent a n d  
overlapping areas a s  interference can occur resulting in an 
audible beat note. However, the sa1ne radio frequencies are 
used for the Llangollen and Mynydd Rhiw base stations 
because the radio service areas do not overlap. All the western 
base stations radiate sitnultaneously on their respective 
frequencies, so that a n1obile-radio station can select the best 
channel for any particular location. In order to call a particu­
lar n1obile station, the opera tor speaks the call sign of the 
station required. 

LINE TRANSMISSION 

Fig. 2 shows a si1nplificd block diagram of the line trans­
mission circuits used in the Chester Arca systen1. The inain 
links interconnecting control points are 2-wire physical 
circuits which result in substantial plant econo1nies and 
si1nplified design by providing a co1n1non highway for speech 
transinission in both directions con1pared with the alternative 
4-wire bridge type 01nnibus circuit. All the base stations 
except Llanddonna are connected to the on1nibus circuit via 
an amplified 4-wire circuit. 

The transn1ission plan adopted ain1s to ensw·e that speech 
signals between any base station and any control station 
have the correct nominal level for the arrival point regardless 
of sow·ce. This ensures that full inodulation of each base­
station transmitter is achieved, and control stations 
need not readjust their vohune controls \Vhcn handling calls 
from different base stations. The balancing of levels is 
acco1nplished by the use of level-balancing hybrid trans­
formers (I. b.h.). 

Level .. Balancing Hybrid Transformers 

The trans-hybrid loss ot a conventional terminating hybrid 
(t.h.) transformer, shown in Fig. 3 with a balance network 
suitable for a loaded-cable pair, can be reduced by changing 
the in1pcdance of the balance. The high-loss path between the 
4-wire receive (4WR) and 4-wire trans1nit (4WT) can, there­
fore, be used as a transmission path and the attenuation 
adjusted to balance the transmission levels at a branching 

TABLE 2 

Section 
Nun1ber of Controls 

Base Station 
Base Station Channel 

Mobiles (R.S.C.s) Authority Nu1nber 

Chester 
East 34 Wrexha1n Llangollen B.B.C. 4 

Rhyl 

Portinadoc Mynydd Rhiw 

I 
Police 4 

West 30 Colwyn Bay 

I 
Capel Gannen Electricity Board 5 

Bangor Llanddonna Police 6 
' 
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Fro. 2-Sin1plified block diagram of transmission system. 

point on a 2-wire omnibus circuit. The 1. b.h., therefore, acts 
as a branching network with three 2-wire branches, corres­
ponding to 2-wire (2W), 4WR and 4WT. The loss between 
2W and 4WR and also between 2W and 4WT is normally 
about 4 dB. The loss between 4WR and 4WT can be adjusted 
by varying the in1pedance of the balance. 

As an example, at Rhyl, (Fig. 2) signals from Llandudno 
E.P.M.C. arrive at the input of the Lb.h. at a nominal level of 
0 dBm. There is a 4 dB loss between the 4WR and 2W termi­
nals and, hence, this signal leaves for Llangollen radio trans­
mitter at a level of -4 dBm. A similar signal from Rhyl 
R.S.C. into the 4WT terminals also has a level of -4 dBm at 
the 2W terminals. Thus, both signals modulate the transmitter 
equally. However, signals from the radio receiver at Llangollen 
arrive at the 2W terminals at a level of - 5 dBm and suffer 
equal loss in the hybrid so that the levels in the direction of 
Llandudno and Rhyl are equal at -9 dBm. To make the 
transmitted signal from Rhyl have the same level, a loss of 
9 dB is required between the 4WT and 4WR terminals. The 
trans-hybrid loss may be adjusted to this value by choice of 
the balance network. 

An accurate balance of impedance is essential if a high 
trans-hybrid loss is required at all frequencies. The attenua­
tion/frequency response of the 4WR to 4WT path is affected 
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by the accuracy of balance, but in the case considered, where 
the required trans-hybrid loss is only 9 dB, a simple resistive 
balance provides a satisfactory characteristic over the speech 
band. Also, nearly all transmission paths include loaded pairs 
which limit frequencies outside the working range. 

The l.b.h. on the Bangor side of Colwyn Bay operates 
close to the practical 1imit of balance with a trans-hybrid 
attenuation of 28 dB. An accurate balance impedance at all 
frequencies is, therefore, required to ensure that the attenua­
tion/frequency response is reasonably flat without any pro-
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Eastern Omnibus Circuit Transmission nounced peaks or troughs. Band-pass filters (b.p.f.) limit the 
response at frequencies outside the working range of 300-
3,000 Hz as signals originating in Colwyn Bay and routed 
trans-hybrid have no loaded cable in their path. Without 
b.p.f.s, high-level signals at frequencies outside the working 
range could cause overloading of amplifier B, and high­
frequency side-tone at the station originating the signal. 

The remaining I.b.h. at Pen-y-Groes also requires a high 
!rans-hybrid loss (26 dB) but b.p.f.s were not required as all 
transmission paths include loaded pairs. A variable resistor 
in the balance network is adjusted to provide the required 
trans-hybrid loss. 

It is not economic or practicable to achieve full inter­
control-station working with complete equality of signal 
levels. Since the system is primarily designed for conununica­
tion between control stations and mobiles, signals received 
at one control from another control need only be of sufficient 
level to indicate that the system is in use. The manual gain 
control on the loudspeaker-amplifier may be increased, if 
desired, for inter-control working, 

Western Omnibus Circuit Transmission 
Four 2-wire circuits are commoned at Bangor on a com­

moning hybrid (c.h.). This is a conventional hybrid trans­
former with the connexions to the balance-pair winding re­
versed and the insertion loss is about 6 dB between any two 
ports. The c.h. at Bangor is used as a focal point for lining-up 
the western section. The nominal input level to this c.h. is the 
same ( + 1 dBm) for signals from any of the seven stations. 
The signal level received at any point in the Western omnibus 
network is the same regardless of its source (see Fig. 2). 

The nominal input level to the Llangollen transmitter is 
-4 dBm for signals originating from any of the four control 
stations in the eastern section. The focal point for lining-up 
is the c.h. at Llandegla from where two 2-wire branches 
connect with the control stations and an amplified 4-wire 
circuit connects with the base station. 

The l.b.h. at Rhyl balances signals exchanged between 
Colwyn Bay, Rhyl and Llangollen and, on the Wrexham­
Chester branch, the three lines are commoned at Wrexham 
using a c.h. Signals between control stations and mobiles are 
at nominal levels but, between Chester and Wrexham, signals 
are 3 dB below nominal level. Signals exchanged between the 
Colwyn Bay-Rhyl branch and the Chester-Wrexham branch 
are 23-26 dB below nominal but this is satisfactory for moni­
toring. 
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FIG. 5-Base-station equipment. 

Stability 
A conventional amplified circuit can oscillate if the gain 

around the amplified loop exceeds the losses. Each omnibus 
network of the Chester Area scheme is inherently stable 
because no amplified loop path normally exists over which 
oscillation can take place, regardless of the !rans-hybrid loss, 
as amplifiers are con.fined to 4-wire circuits and separate 
radio frequencies are used for transmit and receive paths. In 
effect, the 4-wire circuits are extended to the mobile via two 
separate unidirectional radio channels. Since the mobile 
operates in a switched simplex mode, there is no transmission 
path tlu·ough mobile equipment. An exception arises if the 
optional east-west linking switch is operated, resulting in 
conditions similar to a 2-wire amplified circuit between the 
t.h. and the l.b.h. i n  Colwyn Bay. Instability is prevented, 
however, by attenuating the linking path, and by providing 
an accurate balance termination for both hybrids. 

LINE SIGNALLING 

Direct-current signalling is used for remote switching of the 
transmitters and for talk-tlrroflglr, at base stations. All sig­
nalling paths normally carry current, the removal of which 
effects switching. The system is, therefore, fail safe, as line 
failure or control-station power failure results in the affected 
base station switching to talk-tlrro11glr, and mobile-to-mobile 
transmission can continue. Control stations can also continue 
to operate by using hand-portable mobile equipment. Each 
base station can be manually switched to talk-tlrrouglr by one 
nominated control station. 

The loop resistance of the signalling path must not exceed 
2,000 ohms for the control circuit used. Simplified line­
signalling arrangements are shown in Fig. 4 in which all paths 
carry current and all relays shown in the figure are normally 
operated. Relays RLA and RLC at each base station control 
transmitter h.t. switching and talk-tlrrouglr, respectively. 

In order to transmit, the control-station operator operates 
a switch on his handset which operates relay RLA in the 
controller panel (switch and relay not shown in the diagram). 
Contact RLA2 removes current from the line and releases 
relay RLA at the remote base station(s). The actual sequence 
of operations depends upon the control station. Operation of 
the talk-tlrrouglr key at a nominated control station releases 
relays RLA and RLC at the appropriate base station. 

RADIO AND CONTROL EQUIPMENT 

All base- and control-station units are standard production 
items intended for 2-wire operation. Local modification was 
necessary to adapt to the signalling and transmission modes 
adopted. Characteristics of.the system of special interest are 
detailed below. 
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FIG. 6-Mobile-station equipment. 

Base Station 

The receiver (sec Fig. 5) has a maximum nominal output 
level of +20 dBm and the output level remains constant, 
within ±2 dB, when the r.f. input level varies from 4 micro­
volts (terminated) up to 100 millivolts. The output level falls 
to about + 14 dBm for 1 microvolt input and to about +8 
dBm for O· 5 microvolt. Thus, the amplifiers and the trans­
mitter modulators, on talk through, only have to cater for 
variations in audio level of about 12 dB. The normal mute 
setting is at 1 microvolt r.f. input level, and the minimum 
output level is then only about 6 dB below nominal. For a 
1 microvolt input signal, the signal-to-noise ratio of the 
output signal is better than 12 dB. 

The minimum audio input level required by the transmitter 
(also shown in Fig. 5) is -20 dBm and the unmodulated 
carrier power output is 25 watts. 

Control Station 

A constant-volume amplifier (c.v.a.) is incorporated in the 
controller at each control station. This ensures that the audio 
output does not exceed a nominal level and a change of 30 dB 
in the input level results in a change of less than 6 dB in the 
output. The c.v.a. thus prevents overloading of line amplifiers 
as speech levels vary and also maintains a consistently 
high modulation level of the base-station transmitter which 
contributes to the good signal-to-noise ratio at mobile 
receivers. 

The control-station loudspeaker-amplifier is capable of 
delivering 1 watt output for an input level of -20 dBm at the 
2-wire line terminals. Since the lowest nominal control-station 
input level in this system is -9 dBm, at Chester, there is at 
least 11 dB gain in hand. 

Mobile Station 

The fully-transistorized mobile unit (see Fig. 6) can operate 
on up to 10 channels but only tlu·ee are used in the Chester 
area. The rated transmitter power output is 5-8 watts. The 
nominal audio-frequency output of the receiver is 2 watts and 
it is capable of delivering 0 · 5 watt for an r.f. signal input of 
0·5 microvolt, modulated 30 per cent at 1 kHz. The signal­
to-noise ratio at this level of input signal exceeds 8 dB which 
represents the threshold of acceptable intelligibility. 

MODIFICATIONS TO EQUIPMENT 

The base-station transmitter and receiver installations are 
unmodified but it was necessary to modify the controller 
panels for the control stations, and the remote control panels 
for the base stations. The two transformers comprising the 
terminating hybrid were split into two separate line trans-
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FIG. 7-Circuit diagra1n of a 4-\vire base-station ren1ote control panel. 

fonners at 4-wirc base and control stations. The signalling 
circuit was re\Vired at all stations. A circuit diagra1n of the 
n1odified base-station ren1ote control panel is shown in Fig. 7. 

A resistance hybrid was designed to provide a switchable 
talk-through path fro1n receiver output to transmitter input 
without teeing loss or n1is1natch. The insertion loss from 
receiver output to line or from line to transmitter is approxi­
n1ately 4 · 0 dB. The insertion loss fron1 receiver output to 
transnlitter input via the talk-through path is 19 dB. Encapsu­
lated attenuators can be inserted as required to cater for local 
level requirements. 

When the base station is switched to talk-through, the 
transn1itter h. t. relay is under the control of the receiver mute 
relay. This n1odification was introduced to prevent over­
running the trans1nitter which is not rated for continuous 
operation. 

Llanddonna Base Station 

It was planned to provide an un1nodified 2-wire remote 
control panel at Llanddonna, using a conventional terminating 
hybrid but the attenuation between Beaun1aris exchange and 
Llanddonna was greater than expected and the high trans­
hybrid loss required in the hybrid (38 dB) could not be 
achieved with a conventional balance network. Alternative 
solutions were exa1nined and rejected because of line shortage 
and equipment acconlillodation proble1ns. Therefore, a 
satisfactory balance termination was required for the hybrid 
at Llanddonna. The solution was the use of an identical 2-wire 
pair to extend the balance to Beaurnaris exchange. This pair 
was already required to extend the exchange earth to the base 
station for protection purposes. A fixed balance resistor of 
1,860 ohms at Beaumaris exchange raised the trans-hybrid 
loss to 50 dB which was more than satisfactory. The balance 
resistor \Vas centre-tapped to the exchange earth for signaliing 
purposes. The circuit arrangen1ent is shown in Fig. 8. 

Talk-through at Llanddonna is achieved by shunting the 
balance pair with a resistance selected on test to reduce the 
trans-hybrid loss to the required level. 

Llangollen Base Station 

The hilltop site at Llangollen is shared with the B.B.C. but, 
as il is not possible to share their building and mast acco1nn10-

dation, the base-station equipment is n1uunted within a 
modified cableMflexibility cabinet (see Fig. 9) and the aerials 
are n1ounted on a 20 1n stout pole. 

EXPERIENCE WITH THE SYSTEM 

Occasional bursts of n1usic have been picked up by the 
Llanddonna receiver. This was found to be due to signals 
fro1n a Polish broadcasting transn1itter being received at 
abnonnally high levels. The pheno1nena has recurred several 
times, nonnally on bright, sunny days. 

Co-channel interference has also been experienced at the 
Llangollen base station. This is from B.P.0. nlobiles sharing 
the san1e frequency in Sheffield area. This condition can occur 
when trans1nission conditions are favourable and the interM 
fcring mobile is on high ground. 

The system has proved itself capable of in1proving efficiency 
by saving time and trouble of the users, most of who1n are 
now dependent upon the syste1n. 

FUTURE DEVELOPMENTS 

Selector-level access to the network could be provided at, 
say, Bangor and Chester. This would, for example, permit 
conununication fro1n the public network to an external 
working party on emergency work after normal hours of 
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duty. It would be necessary to seek a relaxation of current 
license conditions for this facility to be permitted. 

A selective calling system would overcome the present need 
to maintain a listening watch at the mobiles. Suitable systems 
are now available and could cost about £30 per mobile. Some 
care would be required in the selection in order to ensure that 
the signalling equipment circuits were compatible with the 
radio equipment. 

FIG. 9-Base station at Llangollen mounted in a cable-flexibility 
cabinet. 

The increasing popularity of private mobile radio has 
resulted in a serious shortage of available channel frequencies. 

There is little prospect of further reducing bandwidth, below 
12·5 kHz, in the near future.3•4 

There have recently been considerable improvements in 
equipment designed for the u.h.f. band. Small pocket sets 
have been developed5 which may be operated away from a 
vehicle. These would be useful in areas of restricted parking 
or for staff working on foot. Although the range of operation 
is shorter with u.h.f., the coverage of a built-up area is gener-

Book Review 

"Mehrfachregelungen: Grundlagen einer Systemtheorie; 
Zweiter Band (Multivariable Control Systems: Foun­
dations of a System Theory; Vol. 2)." Helmut Schwarz. 
Springer-Verlag, Berlin/Heidelberg. xi +456 pp. 193 ill. 
DM124. 

This volume approa<.:hes the analysis and synthesis of 
control systems, with multiple inputs and outputs, by means 
of the state-variable model, an approach which, although 
applicable to dynamic systems in general, has been pioneered 
and developed by control theorists. 

The general introductory chapter covers linear continuous­
time and discrete-time systems with time-invariant or time­
varying parameters, systems incorporating pure time delays . 
and non-linear systems being treated briefly. A chapter on 
linear vector spaces and matrix functions deals with the more 
advanced mathematical concepts useful in the state-variable 
approach. The third chapter considers various special prob­
lems in analysis, such as, achieving an efficient realization 
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ally superior to v.h.f. It has recently been demonstrated that 
u.h.f. channel spacing could also be reduced to 12 · 5kHz. 6 This 
would, theoretically, double the number of channels now 
available, but owing to interference problems, full spectrum 
capacity is unlikely to be achieved in practice. 

CONCLUSIONS 

Economic and administrative advantages can be achieved 
by use of mobile-radio systems within the B.P.O. Owing to 
the mountainous terrain of Chester area the requirements of 
the system described are not typical, but they do demonstrate 
most of the difficulties likely to be met elsewhere. 

Experience with the system has shown that a number of 
controls and base stations can be grouped together economi­
cally and efficiently on an omnibus system using largely 
unmodified radio equipment. However, some ingenuity is 
necessary in the line-transmission network design and two 
basic configurations are used, west and east. Variations on 
this concept could be adapted to other situations where 
coverage is required of more than one base station area or 
multiple controls, or both. The principle could also be applied 
to some physical omnibus circuits. 

The transmission orientation is the reverse of conventional 
2-wire-4-wire-2-wire amplified-circuit practice and the method 
used to obtain uniform modulation levels at base stations is 
an innovation peculiar to this system, at present. 
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when the system is specified by giving the rational transfer 
function from each input to each output and problems 
associated with stability, controllability, and observability 
are also considered. The last chapter deals with systems 
designed to be optimal according to various criteria and has 
a section on the Kalman-Bucy approach to linear filtering 
and prediction of random signals. 

The book is suitable for university courses and for pro­
viding a sound theoretical background for practising engi­
neers. There are a few references to physical structures, but 
the author makes it clear that he has confined himself to the 
essential principles and has not set out to give fully worked­
out examples for particular physical realizations. Although 
this is undoubtedly an excellent textbook, it will interest only 
those with a knowledge of German, since most of the 
important work on control systems has come from the U.S.A., 
and material in English is readily available. 

W.E.T. 



Allocation of Radio Frequencies for 
Satellite Communication Services 

D .  J. W I T HE R S ,* c.ENG., M.l.E.E. and G .  H. M. GLEADLE,t M,sc.(ENG,), c.ENG., F.I.E.E. 

U.D.C. 621.396:621.3.029 

In order that co1nmunication by satellite may be planned for the future, it is essential that the use of the 
available fl'equency spectru1n be controlled by international agreement. The frequencies allocated by the 
recent international conference permit the continuing use of presently-available bands and detertnine the 
bands in which research and de11elopme11t n1ust be concentrated for the future. 

INTRODUCTION 

Ten years have passed since the first major satellite com­
munication experiments were carried out, using Telstar and 
such pioneering earth stations as Goonhilly, and the use of 
satellites to relay long-distance circuits has become an 
accepted practice. In the early days, one of the major problems 
was to find adequate frequency bands for this newcomer in a 
radio spectrum that seemed already crowded with terrestrial 
services. The problem was tackled at a conference of the 
International Telecommunications Union (I.T.U.) which was 
held in Geneva in 1963. The agreed solution was for the space 
services to share certain frequency bands below 10 GHz with 
terrestrial services, chiefly microwave line-of-sight radio-relay 
systems. These arrangements, and the procedures laid down 
to facilitate frequency-band sharing, have worked remarkably 
well, but it has been evident for son1e time that space radio 
services must soon outgro\V the frame\vork set up in 1963 if 
their development is not to be impeded. Many new facilities 
are needed. 

Another I.T.U. conference met recently to provide a frame­
work of international regulations for the development of 
space radio services during the next ten or twenty years; this 
World Administrative Radio Conference for Space Tele­
communications (WARC-ST) met in Geneva between 7 June 
and 16 July 1971. Provision was made for the expansion of 
existing services and for the introduction of many new ones. 
Some of these services, such as radio astronomy and 
satellite broadcasting, are of little direct concern to the British 
Post Office; others are of great interest and these are reviewed 
in this article. The new provisions come into force on 1 January 
1973. 

FIXED-SATELLITE SERVICE 

First come the new provisions for the communication­
satellite service for fixed earth stations, now to be called the 
Fixed-Satellite Service. 

New Frequency Bands for Use in the Near Future 

New frequency bands have been allocated as follows: 

(a) 10·95-11·2 GHz, 11·45-11·7 GHz and 14·()...14· 5 GHz. 
The first two bands are to be used for the downward links, 
satellite to earth station, and the third band is for the upward 
links. Equipn1ent for use in this part of the spectrum is 
already un<ler develop1nent, and these hands are likely to be 
taken into use for inter-continental and regional services in 
the mid-to-late 1970s, to relieve pressure on the 4 and 6 GHz 
bands, which arc already in use. The 10·95-11 ·2 GHz band 
may also be used for upward links in I.T.U. Region 1 (i.e. 
Europe, U.S.S.R.-in-Asia, Middle East, and Africa), and 
one possible such use is for signal feeds to broadcasting 
satellites. All of these bands will be shared with terrestrial 
services. 

* Telecon1mw1ications Development Department, Telecon1-
munications Headquarters. 

t International and Maritime Telecon1munications Region. 

(b) 12 · 5-12 · 75 GHz. This frequency band has been allocated 
\vorld-wide for the Fixed-Satellite Service, but there arc 
differences in the permitted manner of use in different parts 
of the world. For most countries in Region 1, it is allocated 
exclusively for the space service and may be used for either 
direction of transmission; this band should prove to be of 
great value for services to low-capacity small earth stations, 
in locations, like city centres, where interference would render 
impracticable the use of a band shared with terrestrial 
services. In Region 2 (North and South America) the band 
may be used for upward links only, and is shared with 
terrestrial services. In Region 3 (Asia exluding U.S.S.R. and 
the Middle East and Australasia) it is also shared with 
terrestrial services but it may be used for downward links 
only. 

(c) 17·7-21·2GHz and 27·5-31·0GHz. The first of these 
bands is to be used for downward links, and the second for 
upward links. The lower 2·0 GHz of each band is to be 
shared with terrestrial services, and the remainder is to be 
exclusive to the space service. Very directional antennas are 
physically small at these high frequencies and can be mounted 
on quite small satellites. These bands arc capable of accom­
modating con1munication systems of very large traffic 
capacity. Unfortunately, radio propagation conditions deterio­
rate as frequency rises and it may be costly to overcome this 
relative disadvantage. For this reason, it may be doubted 
whether these bands will be taken into regular commercial 
service before the end of the decade. 

New Frequencies for Future Development 

Additional frequency bands were allocated for the 
Fixed-Satellite Service at even higher frequencies, higher 
indeed than had ever been allocated for any radio service 
(i.e. above 40 GHz). These bands were as follows: 

40-41 and 5()...51 GHz 

92-95 and 102-105 GHz 

14()...142 and 15()...152 GHz 

22()...230 GHz 

265-275 GHz 

These frequencies have been chosen to avoid parts of the 
spectrum near 60, 120 and 180 GHz where attenuation in the 
atmosphere due to molecular resonances is particularly high; 
nevertheless, absorption will be substantial under clear-sky 
conditions and severe when cloud or precipitation is present. 
It may be doubted whether these frequencies will come into 
commercial service within 10 or even 20 years, but these 
allocations will serve the very useful purpose of concentrating 
equipment and system development on particular bands, to 
prepare the way for use when the bands below 40 GHz are 
fully loaded. 

Frequencies for Use in Remote Areas 

Finally, two narrow frequency bands (2,500-2,535 and 
2,655-2,690 MHz) have been allocated for the Fixed-Satellite 
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Service but only in Regions 2 and 3, and a third band, 
11 · 7-12 · 2 GHz is limited to Region 2. The 2 · 5 GHz bands 
are intended for use in ren1ote areas, where small, cheap 
earth stations n1ight be used to link isolated communities, say 
in Canada, Alaska or Australia, with the outside world. The 
12 GHz band is lin1ited to down-links for domestic systems. 
All these bands are to be shared \Vith terrestrial services. 

The WARC-ST also revised the sharing criteria and co­
ordination procedures which had been laid do\vn by the 1963 
conference for use where a frequency band is allocated for 
both space and terrestrial services, and extended then1 to 
cover the newly-allocated shared bands. Exceptionally, criteria 
\Vere not detennined for the band 14·0-14·4 GHz, where a 
fixed-satellite up-link band shares with the radionaviga�ion 
and radionavigation-satcllitc services; the proble1n was 
referred to the C.C.I.R. * and should be resolved at the next 
Plenary Assembly, in 1973. 

MARITIME MOBILE SERVICE 

The other space-radio service with \Vhich the Post Office is 
directly involved is the service to ships. A new service defini­
tion, the Maritime Mobile-Satellite Service1, \Vas laid down 
and frequency bands \Vere allocated for it, as follows: 

(a) 1,535-1,542·5 MHz and 1,636·5-l,644 MHz. The first 
band is to be used for downward links and the second for up\vard 
Jinks. (In addition, two adjacent bands, 1,542 · 5-1,543 · 5 MHz 

and 1,644-1 ,645 MHz n1ay be used by satellites serving either 
ships or aircraft). The object of these shared bands is to 
cater, for cxan1plc, for joint search and rescue facilities for 
the aeronautical and maritin1e services. It seen1s likely that 
satellite con1n1unication services to ships, using these bands 
\Vill be in con1mercial operation within five or ten years. 

(b) 157 · 3125-157 ·4125 MHz and 161·9125-162 ·0125 MHz. 
These two frequency bands have been eannarked for a 
safety and distress service using satellites. They correspond 
to four duplex channels, Nos. 86, 27, 87 and 28, of the 
present v.h.f. International Maritime Radiotelephony Service. 
If these bands were used for satellite services, the operating 
plan of the service would have to be rearranged to clear these 
channels and it has, therefore, been decided to refer the 
matter to the next l.T.U. Maritime Conference (1974). 

(c) Another band, 406 ·0-406 · l MHz, has been reserved fora 
low-power emergency position-indicating radio-beacon system 
using space teclmiques that could serve both ships and 
aircraft. These allocations, lower in frequency than the main 
comn1unication bands near 1,600 MHz, will be technically 
more suitable for use in small ships and survival craft; 
w1fortunately, it was not possible to allocate sufficient band­
width in this part of the spectrun1 for regular con1munication 
services to ships. 

The following frequency bands have also been allocated 
for Mobile-Satellite Services, including services to ships: 

43-48 GHz 

66-71 GHz 

95-101 GHz 

142-150 GHz 

190-200 GHz 

250-265 GHz 

The use of such high frequencies poses many different 
problems, teclmical and economic, and it may be doubted 
whether they will be used by the tnerchant navy in the near 
future. 

INTER-SATELLITE SERVICE 

The follo\ving frequency bands have been allocated for 
direct Jinks bet\veen one satellite and another, regardless of 
the kind of service which the satellites provide: 

* C.C.I.R.-International Radio Consultative Co1nmittee. 
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54·25- 58·2 GHz 

59·0 - 64·0 GHz 

105·0 -130·0 GHz 

170·0 -182·0 GHz 

185·0 -190·0 GHz 

These frequencies are located in parts of the spcctrun1 where 
signal absorption by atn1ospheric gases is particularly high, 
due to n1olecular resonances. This will ensure that there \.Vill 
be little danger of interference between space and terrestrial 
services if a later I.T.U. conference should decide to allocate 
the same frequencies to terrestrial services also. The con1-
mercial application of inter-satellite links may be son1e way 
off, as yet, but experimental work is to begin with the Appli­
cations Technology Satellite, Series F(ATS F)satellite, to be 
launched in 1973. 

PREVENTION OF INTERFERENCE BETWEEN 
SPACE SYSTEMS 

The prospect of significant interference bct\vcen satellite 
systen1s, ren1otc in 1963, had become quite real by 1971 and 
precautions n1ust be taken to control it. The requirernent of 
the earlier conference for the advance publication of informa­
tion on future systen1s has no\v been elaborated into a 
procedure to optin1ize the utilization of the geo-stationary 
orbit, in which n1ost satellites \Vill be placed. There \Vill be 
three phases in the registration of a proposed ne\v geo­
stationary syste1n: 

(a) An ad1ninistration planning to set up a ne\v satellite 
syste1n is required to publish prelin1inary details through the 
I. T. U. some years ahead of the start of service. This will give 
other ad1ninistrations an opportunity to see whether their 
own systems, in service or planned, could be affected by the 
new system. 

(b) Discussions arc held between administrations concerned 
in order that the characteristics of the various systems, such 
as operating frequencies, satellite location, service areas and 
n1odulation paran1eters, may be adjusted so as to reduce 
potential interference to an acceptably low level. 

(c) Technical details of the new system, agreed by the 
various interested parties, arc registered by the l.T.U. 

To provide a firm technical basis for these negotiations, the 
W ARC-ST laid down certain technical standards for geo­
stationary satellites. Satellites n1ust be designed so that: 

(i) they can, if necessary, be kept at their non1inal orbilal 
station within ± 1 · O" in longitude, and 

(ii) the direction of maxirnum antenna gain can be mainM 
tained, if necessary, to within ± 10 per cent of the bcamwidth, 
relative to the nominal position, or ±0·5° if that is greater. 
This does not apply to antennas which serve the whole visible 
earth. 

These requirements are within the present state of the art, 
but it will contribute significantly to the efficient use of that 
unique resource, the geo-stationary orbit, if all satellites can 
achieve them. 

CONSEQUENTIAL CHANGES IN TERRESTRIAL 
SERVICES 

The new frequency allocations for space services could not 
be n1ade without some consequential changes in the alloca­
tions for terrestrial services. The new allocations which bear 
on Post Office plans for line-of-sight radio-relay services are 
1nainly those between 10 and 13 GHz and those in the 
vicinity of 20 GHz. When the details of the changes have 
been fully worked out, it is unlikely that the repercussions 
of the WARC-ST upon Post Office terrestrial services will 
be serious. 
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Terminating External Cables 
in Telephone Exchanges 
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The methods of terminating extemal cables in telephone exchanges hm1e changed as the cables the111sell'es 
have changed and as works practices hal'e altered to take advantage of new materials and techniques. 
Current developments are reviewed and future trends examined. 

INTRODUCTION 

External cables which provide telecommunications links 
between telephone exchanges, or between customers and 
telephone exchanges, are extended into the exchange buildings 
up to a point which may be regarded as the interface between 
the external and the internal cabling; this point is the main 
distribution frame (m.d.f.). It provides a means of terminating 
both external and internal cables in such a way as to allow 
for the growth of both to proceed separately as determined by 
the relevant economic and engineering factors: it provides a 
means of cross-connecting any point on the line side (the 
external side) to any point on the exchange side (the internal 
side) and a convenient point for the insertion of protective 
devices and for obtaining access for isolating and testing 
purposes. The m.d.f. is the point at which a cable pair carrying 
a circuit changes its identity; on the line side it is identified 
with the cable in which it is contained (e.g. it is given a cable­
pair number); on the exchange side it is given a circuit 
number, e.g. a customer's telephone number. 

MAIN DISTRIBUTION FRAMES 

With the integral type of m.d.f., which was standard for 
many years, the construction was such that when ironwork 
was provided to increase the accommodation on the line side 
it automatically increased that on the exchange side also. An 
m.d.f. of this design is now known as the pre-rack type and is 
illustrated in Fig. 1. The rack type m.d.f. 1, which is the current 
standard, is designed so that the ironwork portion of one side 
can be erected independently of its counterpart. Fig. 2 shows 
a typical rack-type m.d.f. 

Cable pairs are terminated on fuse mountings fitted to the 
vertical bars on the line side of the m.d.f. It was usual to fit 
11 fuse mountings to each vertical of the pre-rack type and 
the lowest was normally used for trunk and junction circuits, 
the remaining 10 being used for terminating local cables. On 
rack-type m.d.f.s a maximum of 10 fuse mountings is provided 
on each vertical. With some exceptions, a notable one being 
London Telecommunications Region, the primary identifica­
tion of the cable pairs of local distribution cables is by 
reference to the vertical bar on which the cable is terminated. 
The vertical bars are usually identified with labels marked in 
an alphabetic series, i.e. A, B, C, . . . AA, AB, AC, . . .  etc., 
and the pairs are usually identified numerically from the top 
of the bar to the bottom. A label or signwriting on each fuse 
mounting indicates the group of pairs terminated on it. 

In the exceptions referred to above, the primary identifica-

"' Network Planning Department, Telecommunications Head­
quarters. 

t Telecommunications Development Department, Telecom­
munications Headquarters. FIG. 1-Pre-rack type m.d.f. 
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tion of the pairs for customers' circuits is by reference to the 
main cable in which the pairs are contained. Trunk and 
junction pairs are always identified by reference to the cable 
in which they are contained. Labels or signwriting on each 
fuse mounting indicates the appropriate main-cable code and 
the group of pairs terminated on it. Trunk and junction pairs 
terminated on the lowest fuse mounting of each vertical bar 
of pre-rack frames were often cabled so that the fuse mountings 
were in a horizontal group. 

Fuse Mountings 

The actual point of termination of an external cable pair is 
on a fuse mounting fitted on the line side of the m.d.f. and, 
normally, the conductors are soldered to tag-extensions of the 
fuse-retaining springs. Up until 1962, fuse mountings were 
designed to accommodate 20 pairs, i.e. 40 fuses, and two such 
types in common use were the British Post Office (B.P.O.) 
Nos. 4001and4028. The 4001 was used primarily for termina­
ting local cables and the 4028, because of its superior insula­
tion resistance, was used initially for trunk and junction cables 
only. Latterly, however, the 4028 was used for all classes of 
circuit. When used for trunk and junction work it was 
normally enclosed in a protective metal cover. 

The current standard fuse mounting is the B.P.O. No. 8064 
(A or B) which accommodates 40 pairs. It comprises a stack 
of 20 mouldings clamped together by two screwed rods. Each 
moulding, known as a biscuit, accommodates two pairs and 
has springs to hold the fuses on one side and connexion tags 
for cable pairs and jumpers on the other. The A-type fuse 
mounting is provided with a triangular mounting plate to 
enable it to be fitted to pre-rack m.d.f.s.; the B-type is designed 
to be fitted to the modern rack-type m.d.f. by means of its 
bottom clamping plate. Introduction of this type of fuse 
mounting has doubled the number of cable pairs which may 
be terminated on each m.d.f. vertical. 

With the use of modem materials in its construction the 
manufacturing costs of the fuse mounting have been kept low. 
A recent value analysis report suggests that costs could be 
further reduced if a single moulding was used instead of the 
present 20 separate biscuits. This might also overcome the 
present tendency for the fuse mounting to bow due to dis­
tortion in the individual biscuits. 

Protective Devices 

In the past, three forms of protective device2 have been 
provided on the m.d.f. On the line side, a fuse was inserted in 
each conductor of each pair by means of spring clips fitted to 
the fuse mounting. On the exchange side, spark-gap electrodes 
and heat coils were provided on the arrestor strip between the 
exchange equipment and the jumper to the line side. The 
spark-gap electrodes were intended to protect the equipment 
from damage due to lightning discharge and the heat coils 
earthed the line in the event of a current overload. Spark-gap 
electrodes and heat coils have been dispensed with in 
exchanges because, since very few lines are now carried for 
any distance by open wires, the risk of damage occurring is 
negligible. Protection is now provided for any long overhead 
lines at the customer's premises and at the distribution pole. 
In the exchange, the arrestor bas been replaced by a connexion 
strip having contact springs through which access can be 
obtained for testing. 

Access for testing can also be obtained by inserting special 
test clips in the fuse mounting in place of the fuses. The fuses 
used are of the quick-acting spring-loaded type although the 
continuing need for fuses of any kind is under review. 

CABLES 

With the exception of small local distribution cables con­
taining up to 100 pairs (B.P.O. Cable Polythene Twin), paper 
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FIG. 2-Rack-type m.d.f. 

is used to insulate the conductors of most external cables 
because it is cheap. It is not, however, a suitable material for 
insulating conductors which have to be terminated on the 
m.d.f. because it is not sufficiently robust and its insulation 
resistance is unstable when in the open atmosphere. Because 
of these limitations, it is necessary to joint on, to a paper­
insulated cable, a short length of cable which is suitable for 
termination. One type of cable, which was manufactured 
exclusively for this purpose, had enamelled-copper conductors 
in quad formation lapped with silk and wool, was impregnated 
with wax and sheathed with lead (Cable E.S. & W.C.Q.). A 
later type (Cable P.V.C. No. 7) had p.v.c.-insulated tinned 
copper conductors and was also sheathed with lead. Such 
terminating cables were provided in pair sizes which corre­
sponded with those of the standard sizes of external cable 
except that the maximum size of terminating cable was 



FIG. 3�Rack-type m.d.f. showing trunking 

200 pairs (latterly 400 pairs), the normal capacity of a m.d.f. 
vertical bar. The small polythene-insulated distribution cables 
are terminated directly on to the m.d.f. 

The present practice with paper-insulated external cables is 
to joint them to a full length of the corresponding size of 
polythene-insulated and polythene-sheathed cable which is 
then terminated on the m.d.f. Cable Polythene Unit Twin is 
used in this way for terminating local cables and Cable 
Polythene Quad No. 5 for trunk and junction cables. The core 
of the terminating cable is divided into groups of the same 
size as the capacity of the m.d.f. verticals. The conductors are 
normally the same gauge as that of the external cable. Cable 
Polythene Quad No. 5 is soon to be made with 0·5 mm 
(6! lb/mile) conductors instead of 0 · 63 mm (10 lb/mile) as 
hitherto. 

Protecting Cables on the M.D.F. 

Plastic-insulated cables terminated on m.d.f.s are liable to 
accidental damage, particularly thermal damage such as by 
contact with hot soldering irons or splashes of solder. The 
early practice of lacing the cable-forms with twine does not 

. . 
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FIG. 4---Rack-type m.d.f. showing fuse mountings and cable pairs 
being brought out from trunking 

provide protection from thermal hazards or from the simple 
mechanical damage to which the modern small-diameter, 
thin-wall, polythene-insulated cable is vulnerable. Cable 
forms are sometimes lapped with adhesive p. v.c. tape for 
additional protection but it  is often difficult to carry out this 
operation, it is time-consuming, and, after a time, traces of 
adhesive on the exposed surfaces of the tape gather dust and 
the cable forms become unsightly as a result. Lappings of tape 
are also used to support the cable forms on the ironwork 
members. At the supporting positions, the ends of the tape 
tend to become detached from the lapping, reducing the 
effectiveness of the support and, again, appearing unsightly. 

There is an increased protection problem with the large 
(over 400 pairs) polythene-insulated cables which are now 
being terminated. It is common practice to remove the 
sheathing of such cables at a point near the m.d.f. (e.g. in the 
cable trench) and divide the core into suitably-sized groups 
which are then taken away to the appropriate vertical for 
termination on the fuse mountings. (This procedure avoids 
the need for a break-down joint and the point of division of 
the core is a suitable place to install a pressurization air-
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FIG. 5-Segment of fuse mounting with wire-wrapped connexions 

FIG. 6-Segment of fuse mounting with snap-on connectors 

block using plastic cones, which have been specially developed 
for this purpose, to contain the epoxy resin.) The cable core 
may be exposed for several feet and requires protection. 
Lapping with adhesive tape could be provided but it has been 
found better to thread flexible, corrugated, p.v.c. tubing over 
each group of pairs from the foot of the m.d.f. vertical to the 
point of core division. At the division point, the end of the 
tubing is encapsulated in the epoxy resin when the air-block 
is constructed; the other end of the tubing is situated just 
inside the lower end of a length of rectangular plastic trunking 
which is fitted vertically on the m.d.f. ironwork between the 
columns of fuse mountings (see Fig. 3). The cable pairs pass 
up the trunking and, at each fuse-mounting level, the appro­
priate pairs are taken out through a gronunetted hole in the 
trunking to the appropriate fuse mounting, as shown in Fig. 4. 

Pre-rack frames are built up from sections of four verticals 
and the method of attachment of one section to another 
precludes the fitting of trunking at that point. This difficulty 
can be overcome by fitting double-size trunking in alternate 
vertical spaces so that one trunking serves two verticals. This 
arrangement suits the termination of local cables because 
these are normally large enough to take up the capacity of a 
complete vertical and, thus, only two groups of cable pairs 
need to enter the lower end of the double-size trunking. The 
size of the trunking must be limited so that it does not cause 
undue obstruction of the m.d.f. for jumpering and other 
operations. This limitation makes it difficult to accommodate 
trunk and junction cables because these are usually smaller 
than local cables and the resulting discrete groups of pairs 
take up more space than the same number of pairs in a single 
group. A solution to this problem is still being sought; one 
possibility is to provide a flared skirt at the lower end of the 
trunking because it is at this point that the difficulty arises, 
disappearing towards the upper end as the pairs arc taken out 
to fuse mountings. 

Terminating the Conductors 

It has always been standard practice to terminate cable 
pairs on the fuse mountings strictly in accordance with the 
colour scheme of the cable so as to form a numerical sequence 
running, usually, from the top to the bottom of the vertical 
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bar. This entails identification of each cable pair by means of 
numbered collets and, usually, by means of an electrical 
continuity test before the wires are actually terminated. This 
procedure, which is very time-consuming, was found necessary 
because it was difficult to follow the colour scheme of the 
cable when forming out the groups of pairs to serve each fuse 
mounting. 

It would clearly speed up termination work if no prelimi­
nary identification of pairs was necessary, the pairs of each 
unit being tern1inated in a random order after being formed 
out in the neatest and most convenient manner to suit the 
circumstances. To gain any advantage from random termina­
ting a means of rapidly identifying the cable pairs and 
marking them in the vertical-bar sequence is necessary. This 
need can be met by cable-pair identification equipment3 with 
a digital display which has been developed and is now on field 
trial. The trial includes the use of the equipment on schemes 
where random termination and jointing are being employed. 

For transmission reasons, it is very important (particularly 
in randomly-terminated schemes) that the cable pairs are not 
split when terminated. The core of a modern

. 
polythene­

insulated cable tends to fly apart when the sheath IS removed. 
If the core is not securely trapped it is very likely that the pairs 
will become untwisted and split-pair terminations could 
result. The springiness of polythene-insulated pairs is a 
common feature but long lays of the twisted pairs contribute 
to the untwisting problem. In the past, lays of 375 mm have 
been seen in some cables but now a maximum lay length of 
125 nun has been included in the cable specifications. 

When making soldered connexions on fuse mountings a 
fair amount of care is necessary when dealing with conductors 
with thin-wall polythene insulation. There is a great tendency 
for the insulation to melt and run back and it is easily 
damaged. by accidental contact with a hot soldering iron or 
solder splashes. A method of making the connexions which 
did not require the use of heat would greatly reduce the risk 
of damage. With the introduction of aluminium as a con­
ductor materia14 the need for an alternative method of con­
nexion has become more urgent. Aluminium oxidizes quickly 
when exposed to the atmosphere and cannot, therefore, easily 
be soldered. Any new method of making connexions also 
needs to be suitable for copper conductors, particularly those 
of O · 32 mm diameter which are now coming into general use. 

Wire Wrapping 

Wire-wrapping techniques have been in use for a number of 
years for the termination of internal cables5• 6• These cables 
have tinned-copper conductors with a fairly thick-walled 
p.v.c. insulation and the elongation of the conductor before 
breaking is of the order of 10-15 per cent. This enables them 
to withstand the force which must necessarily be applied to 
cut, strip and wrap the conductor in a single operation. 
Aluminium conductors have an insulation thickness of 
0· 15-0·2 nun and an elongation before breaking of only 
1-2 per cent. If such a conductor is drawn through a wrapping 
tool head to strip the insulation the surface tension of the 
conductor may be destroyed. With elongation so low, if the 
surface tension is broken the conductor is liable to break also. 
Wrapping heads are available for aluminium but the conductor 
has to be cut and stripped first which detracts from the 
economic advantage of having a tool which will cut, strip and 
wrap in a single operation. Nevertheless, some succe�s 

.
has 

been achieved in this direction. The use of an alummmm 
alloy which has an elongation similar to that of copper is 
being investigated and this, it is hoped, would go some way 
towards solving the problem. 

It has been said earlier that aluminium oxidizes rapidly 
when exposed to the atmosphere. If this oxide film were 
present between the adjacent faces of conductor and tag a 
high-resistance connexion would result. Since a wrapped 



connexion n1eans having an exposed length of conductor 
round a tag one nlight wonder how such a situation could be 
tolerated. It can be, because the basic principle of wire 
wrapping is that the points of contact in the joint are gas­
tight and, thus, oxidization cannot occur. It is because the 
wrapping tool has to Jay the conductor round the tag with 
sufficient force to achieve this that the conductor is liable to 

be broken. 
There are, at present, no defined standards of acceptability 

for aluminium wire-wrapped connexions. The matter is 
currently under investigation in the B.P.O. and standards \Viii 
need to include contact resistance, pull-off tension and the 
ability to unwrap the conductor without it breaking. Initial 
results achieved with various types of wrapping head show a 
contact resistance of about 4 n1.illi-oh111s \Vith a pull-off 
tension of about 44 N. Tags of differing sizes are included in 
the assessn1ent in order to determine the opti1nu111 cross­
section. Fig. 5 shows \Vire-wrapped connexions on a fuse-
1nounting biscuit. 

It is not possible, at the present tin1e, to use wire-wrapping 
techniques on sn1all-gauge polythene-insulated conductors 
because of the adhesion between the polythene and the 
conductor which occurs when the insulant cools after extru­
sion. The degree of adhesion varies along the conductor 
length. The \Vrapping tool has to overco1ne this adhesion 
before it can strip the insulation off and the force required 
often exceeds the breaking strain of the conductor. This is an 
unsolved problem which needs to be ovcrcon1e before wire 
wrapping can be considered satisfactory for 0 · 32 nlm and 
0 · 4 mm conductors which n1akc up the vast majority of 
line-side terminations on the m.d.f. 

Snap�on Connectors 

The use of snap-on connectors is another possibility that is 
being investigated. These arc specially-designed tenninals that 
are crimped on to the ends of the conductors, the other end 
being a snap.on fit to a tag on the fuse inounting (see Fig. 6). 

So far, the success of crimping on to single 0 · 5 mn1 alu1niniun1 
conductors has been very Iin1ited. The connector has to be 
very small because of lack of space on the fuse 111ounting and 
so there is little scope for varying the position of the tines 
which pierce the insulant and n1ake contact with the conductor 
so that they do not cause the conductor to break. The pressure 
applied to the crimping tool has to he rigidly controlled and 
this means an expensive tool which renders the technique 
less financially attractive. Nevertheless, this avenue is still 
being explored. 

FUTURE TRENDS 

Another possible future development is the ter111ination of 
petroleum-jelly-filled cables7 on the m.d.f. Petroleum jelly is 
introduced to prevent the ingress of nloisture should the cable 
sheath beco1ne fractured. The addition of the jelly was found 
to degrade the mutual capacitance between the pairs and, in 
order to restore this parameter to the san1e value as for non­
filled cables, cellular polythene was adopted as the conductor 

insulation8• These two new features bring proble111s of their 
own. Handling a jelly-filled cable can easily lead to contami­
nation of the n1.d.f., its equipment and the surrounding floor. 
lf the jelly is not completely ren1oved it attracts dust which 
could be a future cause of trouble. Also, cellular polythene is 
not so robust as solid polythene and it requires n1ore careful 
handling. 

The spread of the p�troleum jelly is aggravated by the 
incon1patibility between the capacity of the fuse 1nounting 
and the nlake-up of the cable. Although fuse 111ountings 
accommodate 40 pairs, the basic unit in a unit-type cable is 
25 pairs and this results in a high degree of cable·core 
division to make up 40-pair group3 of pairs to be taken to 
the individual fuse inountings. The adoption of a 50-pair fuse 
mounting would correct this but the arrangement of cable on 
each nl.d.f. vertical would need further consideration. It 
\Vould have to be decided whether the capacity of each vertical 
5houl<l remain at 400 (i.e. 8 x 50) pairs or whether it should 
be increased to 500. If the former were adopted it would 
mean a redesign of the 111.d.f. and if the latter, the vertical 
capacity \.Vould no longer be a sub-n1ultiple of the cable size 
as it generally is now. 

An experimental cable schen1e is being carried out which 
includes the installation of a prototype 50-pair fuse mounting. 
These have been fabricated fro111 the 40-pair type but the 
thickness of each biscuit has been reduced with suitable 
adjustment to the contact spring;;. Considerable design \Vork 
\VOUld be required before a jQ.pair termination Could be 
produced in quantity. 

Mention was made earlier of randomly-terminated cables 
using cable-pair identification equipment and ignoring the 
colour schen1e completely. If this is acceptable, it is feasible 
to consider a terminating cable \vith unit markings only. The 
use of rando1n termination would reduce the need to handle 
the cable pairs and so further lessen the risk of contamination 
by petroleun1 jelly. 

A number of branches in Telecommunications Head­
quarters are interested in the design and facililies provided 
by the termination and the development work will be a 

co-operative effort. Con1patibility between the external cable 
and the termination would lead to worthwhile savings and 
see1ns essential if jelly-filled cables are to be terminated. 
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Prospects for a Maritime Satellite 

Communication Service 
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During 1971, an allocatio11 of frequency band'> for a 1naritilne-satel/ite service was 1nade for the first thne. 
This a/location followed a period of study and tests which showed the technical feasibility of a 111aritilne­
sate!Ute systen1. Before a service can be set up, however, it is desirable that international agree1ne11t be 
reached 011 the technical characteristics of the syste1n to be adopted. In this article, so1ne of the key factors 
in choosing these characteristics are discussed. 

INTRODUCTION 

At the World Adn1inistrative Radio Conference for Space 
Telecommunications (WARC-ST) 1971, an allocation of 
frequency bands1 was n1ade for the first time for the mariti1ne­
satellite service. The principal allocations, consisting of two 
exclusive bands, each of 7 · 5 MHz, plus two 1 MHz bands 
shared with the aeronautical satellite service, were made in 
the so-called L-band between 1,535 and 1,660 MHz. 

These allocations came after studies and tests had been 
carried out by son1c of the principal 1naritin1e nations, inclu­
ding the United Kingdom, to determine the feasibility and 
economic viability of a maritime-satellite service. The result 
of this work showed the undoubted technical feasibility of a 
satellite system but an assessn1ent of the economic aspects was 
rather inore difficult. No attempt is inade here to detern1ine 
probable tariffs; these would be detennined by n1arket survey 
of potential demand, by the characteristics of the future 
system and on the cost of establishing and maintaining the 
systen1. Son1c broad comments on the order of costs may, 
however, be appropriate. 

To cover costs, tariffs charged initiaily would probably 
have to be higher than those in force, at the time, for services 
using conventional media. On the other hand, the present 
h.f. services2, in spite of efforts to avoid it, are steadily 
deteriorating because of increasing congestion. This deteriora­
tion would accelerate if a scheme of concessionary calls to 
ships' crews (at present under consideration by some Scan­
dinavian shipping companies, to aid recruitment of seamen) 
became general practice, because this could increase demand 
by a factor of 5 to 10. The present service would not be 
capable of meeting such a demand. 

Thus, although charges for a service using satellites might 
be higher, at least initially, the in1proved quality of service 
and the wider range of services possible might compensate to 
a large extent. In the later phases, when the inajority of the 
world's shipping was converted to the satellite system, it  
would be 1nore efficiently used and this would be reflected in 
the charges made. Auton1ation of the service to ships would 
enable the Radio Officer to be released from watchkeeping 
duties; this would result in considerable saving. 

In view of the increasing congestion, there is a need to 
consider the detailed planning and provision of a maritime-

t Telecomn1unications Development Department, Tele­
communications Headquarters. 
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satellite service. Such a service is inherently international and 
an international body needs to be formed having the authority 
to n1anage, finance and control it. This body would establish 
operational and technical standards, and plan and provide 
successive phases of satellites as they beca1ne necessary. A 
n1odel for such an organization is INTELSAT which performs 
these functions for the point-to-point satellite-conununications 
system at present in use. 

The organization of an international service n1ay take 
considerable time and is likely to be co1nplicated by the 
1nixture of conunercial interest in the ship terminals and that 
of telecommunications administrations in the space sector 
and the shore-based terminals. Further time must be allowed 
for the development and construction of suitable satellites 
and of equipn1ent foF the ship and shore-based tenninals. 
It seems unlikely, therefore, that the establishment of a fully­
operational service will take place much before 1978. 

Useful experience n1ay be gained before an operational 
systen1 becomes available by making use of suitably-equipped 
experimental satellites such as the Applications Technology 
Satellite, Series F (ATS-F) planned by N.A.S.A. *for launch 
in early 1973 or by making temporary use of spare capacity 
in any other suitably-equipped satellite. 

Maritime nations such as the U.K. need to develop and 
test equipment for a maritime-satellite service so that a firn1 
basis of experience can be used when discussing technical 
standards internationally. Some preliminary maritime-satellite 
tests have been conducted by a number of countries, using 
frequencies around 160 MHz, and an outline of the U.K. 
tests follows. 

UNITED KINGDOM MARITIME-SATELLITE 
TESTS 

During the second half of 1970, a series of maritime­
satellite tests were conducted by the Post Office, the Home 
Office, the University College of Swansea, radio manu­
facturing and operating interests, and shipping interests. The 
Cunard-Brocklebank container ship Atlantic Causeway was 
equipped to operate at v.h.f., via the N.A.S.A. cxperin1ental 
satellite ATS-3, to Burnham Radio Station. 

A choice of two manually-controlled crossed-yagi aerials, 

* National Aeronautical and Space Adn1inistration (U.S.A.). 



having half-power bean1-widths of 40° and 60°, was available. 
The ship was roll-stabilized and, although roll did not normally 
exceed 5° at cruising speed, the pitch \Vas often of the order 
of 10-12°. The bean1-widths of the aerials \Vere adequate for 
these moven1ents and the system as a whole had a perfonnance 
that came close to that expected from theory. The syste1ns 
tested-telephony, direct-printing telegraphy (telex), facsin1ile 
and selective calling-performed well and tests of speech 
processing when using narrow-band frequency modulation 
gave sufficiently encouraging results to justify further \York to 
refine the system. 

On the whole, the exercise gave a valuable insight into the 
problems that can be expected in a maritime-satellite syste1n 
and the experience should provide a firm foundation for any 
future tests that n1ay be required. 

SERVICE REQUIREMENTS 

A properly-designed n1aritime-satellite syste1n would pro­
vide virtually fade-free links capable of carrying a nu111ber of 
conununications facilities, examples of which are: 

(a) consistently good-quality telephony, adequate for con­
nexion into the inland network, 

(b) direct-printing telegraphy, giving access to the inland 
telex net\vorks, 

(c) provision of news services, entertainn1ent and educa-
tional material, 

(d) facsimile for the trans1nission of weather maps, 
(e) data trans1nission, and 
(f) selective calling. 

Provision of teleprinters and selective-calling syste1ns would 
open up the possibility of automating telegraphic communica­
tions to ships in the same way that teleprinter messages can 
be sent to unattended offices. This would release the Radio 
Officer fron1 watch-keeping duties and enable him to take 
over the essential servicing of the complex electronic equip­
ment on board the ship in addition to that in the radio room. 
On many ships the need to en1ploy an electronics officer for 
these duties is becoming urgent and the conversion fron1 
Radio Officer to Electronics Officer appears to be a natural 
step. Saving in the costs of an additional officer would be 
around £5,000 a year for pay, training, accomn1odation and 
subsistence. On the sn1aller ships, which normally make very 
few calls each year, this saving would more than offset the 
higher costs of calls made via the satellite system. 

It is assun1ed that adequate facilities for dealing with 
distress calls will be provided during the transition period 
when a mixture of satellite and terrestrial systems is in 
operation. If and when maritiine communications are provided 
exclusively by satellite a speedy and efficient means of alerting 
shore-based search and rescue stations could be provided 
and these, in turn, would alert ships known to be in the 
vicinity of any distressed vessel. 

SATELLITE ORBITS AND COVERAGE AREAS 

Ideally, continuous coverage of the globe up to latitudes of 
about 80° North and South would be desirable, to cover the 
nonnal trading routes and the areas where deep-sea fishing 
vessels operate. There are many satellite orbit configurations 
which would give this coverage but most have the serious 
drawback that the satellite moves relative to an observer on 
the earth's surface. For instance, a series of satellites in 
polar 24-hour orbit will give full global coverage but the 
satellites appear to move in either a North-Westerly or 
South-Westerly direction at an angular velocity of about 20° 
per hour over n1ost of the more densely-used shipping areas. 
This relative movement would lead to difficulties in establish­
ing communication by a ship, unless an insensitive omni­
directional aerial were used, to switching difficulties as one 

satellite sets belo\v the horizon and a new one appears over 
the horizon at a different azin1uthal angle, and to Doppler 
effects fro1n the continuously-varying range between satellite 
and ship. 

Satellites in the geo-stationary orbit, i.e. an equa­
torial orbit at 22,300 miles above the earth's surface, are 
virtually stationary \Vith respect to a point on the earth's 
surface. The angle to the satellite from a ship can be obtained 
readily from tables or graphs if the difference in latitude and 
longitude between the ship and the sub-satellite point is 
kno\vn. This permits the use, on the ship, of aerials having 
appreciable gain compared with an omni-directional aerial so 
long as the ship's angular movements at sea when pitching 
and rolling, etc. do not exceed the beamwidth of the aerial. 
Where a stabilized aerial platform is used, the aerial bcam­
\vidth should be greater than the residual angular move1nent 
of the aerial. 

Unfortunately, the coverage of gee-stationary satellites is 
unsatisfactory at latitudes much beyond 70° North and 
South and, although this covers the majority of the areas used 
by ships, some iinportant fishing grounds will not be served. 
Nevertheless, satellites in gee-stationary orbits are the most 
likely to be used for a n1aritime-satellite service, at least in 
the early stages. 

SATELLITE LINK PARAMETERS 

Of the four links shown in Fig. 1, those between the shore 
station and the satellite (a) and (b), will probably operate at 
s.h.f. One of the principal reasons for this is to conserve the 
L-band allocation for use on the satellite-to-ship path but, in 
addition, by using shore-station aerials of so1ne 30-40 ft in 
diameter and receivers having low noise temperatures, the 
following advantages can be obtained: 

(i) The satellite power used in the satellite-to-shore-station 
path can be minimized. 

(ii) In both paths, a high carrier-to-noise ratio can be used 
to avoid degrading the signal in the satellite-to-ship 
path or the ship-to-satellite path. 

In the ship-to-satellite paths (c) and (d), the frequency used 
for normal communications will be that allocated for the 
maritime service around 1,600 MHz. Because of limited 
satellite power and the relatively low gains available from 
practical ships' aerials, the satellite-to-ship path (c) is the 
most critical of the four and is the path that determines, to a 
very large extent, the size of satellite required for a given 
nun1ber of telephone circuits. 

� 

I\ 
(d) / l(c) (b) \ \ (n) 

Ii \ 
FIG. 1-Marititne satellite transmission links 
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The trans1nission equation for each of the links shown in 
Fig. 1 is: 

\vhere P =the transn1itter power, n1inus losses (dBW), 

(C/N0) =--=ratio of r.f. power to systen1-noise-powcr density 
incasured at the de1nodulator input (This niay 
be written as C/kT.) (dB), 

LP = path loss between isotropic aerials (dB), 
M �fading margin (dB), 
k �Boltzmann's constant (dBW/Hz/°K), 

L111 :.__::: miscellaneous losses (dB), 
G7 = transn1it-aerial gain relative to an isotropic aerial 

(dB), 
GR ;:--; receive-aerial gain relative to an isotropic aerial 

(dB) and 
T = the receive-system noise-temperature referred to 

the input of the receiver (dB). 

Of these parrunetcrs ( C/ N 0), GT, GR and T are under the 
control of the syste1n designer and, by an optin1izing process, 
can be arranged to obtain the required quality of service at 
the lo\vest overall syste1n cost. The other parameters are 
either constant or dependent on the frequency allocated. 

The sateliite power per communication circuit should be as 
lo\v as possible, consistent with the desired quality of trans­
n1ission, so that the nu1nbcr of circuits required through the 
satellite can be achieved \vhile using the smallest-and 
therefore the cheapest-satellite possible. To obtain the 
required degree of reliability for a world-wide n1aritin1c 
service, son1e 12 satellites niay be required over a 10-year 
period to provide three working satellites \Vith spares in orbit 
and back-up spares on the ground. Since a suitably-designed 
satellite \vould cost around £5-12 n1illion, including launch­
ing, it is evident that the satellite power n1ust be efficiently 
used to keep tariffs to a reasonable level. As shown above, the 
lo\vest po\ver per channel can only be achieved by using the 
n1ost efficient inodulation method, i.e. one having the lo\vcst 
carrier-to-noise density ratio for a given quality of service, by 
e1nploying the highest aerial gains possible within the con­
straints of lhe service, and by using a receiver having the 
lo\vest practical systcn1 noise-ten1perature. 

Modulation Methods 

Of the service requirements listed earlier, telephony is the 
most de1nanding in tern1s of bandwidth and po\ver. Assuming 
that data rates greater than 2,400 bit/s are not required, the 
other services can readily be accon1modated within a telephony 
channel. 

Because of the n1ore den1anding require1nents of telephony, 
inuch has been done to determine the least satellite power 
required per telephony channel to give adequate quality of 
speech. Most of this work has been done in connexion with 
aeronautical satellite studies, in which the criterion has been 
intelligibility rather than the quality of speech. These channels 
are used by experienced operators for passing routine air­
traffic-control messages. The optin1um in this case often 
results in speech that has reasonably high intelligibility but is  
usually heavily clipped (reduced speech-power peak-to-n1ean 
ratio), truncated (reduced audio range), and has a signal-to­
noise ratio of, perhaps, 6--12 dB. 

The quality of telephony required for extension over 
telephone networks for use by niembers of the public must be 
considerably better. The C.C.I.R. * reconm1ends that the 
final objective for the niini1nwn signal-to-weighted-noise ratio 

C.C.I.R.-Intcrnational Radio Consultative Con11nittce. 
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Key to modulation methods 

(a) F.M. discriminator with prc·emphasis (unprocessed) 
(b) F.M. discrin1inator with prc·cmphasis (companded) 
(c) F.M. phase-lock loop with pre.emphasis (unprocessed) 
(d) F,l\iI. phase-lock loop with pre·emphasis (companded) 
(e) P.C.M. 4·phase p.s.k. 
(f) Delta 4-ptrnse p.s.k. 
(g) Pulse·duration 4·phase p.s.k, 
('1) A.M. single sideband 

" 

FIG. 2-Theoretical con1parison of den1odulator characteristics 
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to be 1net for at least 90 per cent of the tin1e should lie in the 
range 30-35 dB or, if speech-processing techniques are used, 
should have a subjective quality equivalent to this.3 Although 
this objective is desirable, it is unlikely that i t  can be achieved 
econon1ically for son1e tin1e and a ratio of 27 dB is assnn1ed 
here. This is equivalent to a test-tone-to-weighted-noise ratio 
of 38 dB. 

The channel bandwidth allocation for use at 1 ,600 MHz has 
not yet been decided but it is likely to be 50 kHz. Making 
allowances for frequency instability and for appropriate 
guard bands between the channels, a usable bandwidth of 
about 29 kHz remains. A number of modulation methods 
have been studied and Fig. 2 shows a comparison between 
these n1ethods in terms of test-tone signal-to-noise ratio 
against carrier-to-noise density. In each case a test-tone-to­
\Veighted-noise ratio of 38 dB was aimed for and a bandwidth 
li1nitation of 29 kHz was used. The speech bandwidth and 
peak-to-mean ratio assumed were 300-3,000 Hz and 10 dB 

respectively. 
From this comparison, a nu1nber of modulation lnethods 

show themselves to be broadly comparable at 38 dB test- tone­
to-weighted�noise ratio although frequency modulation using 
a phase-Jock-loop demodulator (f.m.-p.1.1.)4·5.6 and delta 
modulation using 4-phase, phase-shift-keying (delta 4-phase 
(p.s.k.)6,7 have sufficient advantage to n1ake them the most 
attractive of the analogue and the digital methods respectively. 

The delta system is assumed to employ a digital compandor. 
Theoretical studies have shown that if analogue co1npandors 
are used with the f.m. systems, a considerable subjective 
improvement can be gained in signal-to-noise ratio; this will 
give the f.m. systen1s a pronounced advantage as curves (b) 
and (d) in Fig. 2 show. Tests of this fonn of speech processing 



coupled with f.n1. systen1s are planned in early 1972 to 
detennine whether or not the theoretical advantage can be 
realized in practice. The effect of compandors is to give a 
subjective i111prove1nent in signal-to-noise ratio of 1 0-15 dB. 
If the use of con1pandors gives anything approaching the 
theoretical i1nprove1nent \Vhen used in practice, then f.tn.­
p.1.1. using co1npandors (([) will be clearly superior. The 
lower po\ver require111ents of this niethod would theoretically 
permit four or more channels to be carried in the satellite 
(neglecting intennodulation) for every one channel possible 
using other Jnodulation n1ethods and satellite costs per tele­
phone channel would be reduced accordingly. 

Compandors 

Commonly-used syllabic co1npandors operate by co1n­
pressing the volume range of syllabic speech at the sending 
end of a link by a ratio of 2: 1 in dB with respect to a pre� 
determined unaffected level. At the receiving end, the speech 
volume is expanded by the sa1ne ratio. The expansion process 
has the effect of reducing noise that has been introduced after 
compression. This gives some improve1nent in the audio 
signal-to-noise ratio during speech but the greatest improve­
n1ent occurs during lapses in speech when a considerable 
reduction is niade in the background noise level. The overall 
subjective i1nprovcment can be as high as 20 dB. 

With the exception of the Linco1npcx 7 •8 equipment, con1-
pandors are not norn1ally used on amplitude-modulated links 
to n1obile stations because expansion is controlled by the 
received audio levels and any unwanted variation in level 
between transn1itter and receiver would be exaggerated by 
the expander. These level changes could take place because 
of fading or variations in the effective aerial gain with the 
n1ovement of the ship. For frcquency-1nodulated syste1ns, 
however, this objection would not apply and a significant 
subjective advantage n1ay be gained. The overall subjective 
audio-signal-to-noise ratio (SAIN) obtained using 2: I com­
pandors 1nay be obtained from the en1pirical formula: 

SAIN subjective= SAIN+ iU- �lN- -kS, 

\Vhere S Al N is the mean audio-signal-to-noise ratio, 

U is the u11ajfected le1'el, assumed here to be 0 dBrnO*, 

Sis the mean signal level ( dBinO) during speech, and 

N is the mean noise level (dBmO). 

The quality of speech to be expected from such a system is 
that of an audio frequency of bandwidth 300-3,000 Hz with 
no peak clipping. The peak-to-n1ean ratio of speech after 
compression would be 9-10 dB. 

AERIALS FOR SATELLITES AND SHIPS 

Determination of the optimum aerial design for the satellite 
and the ship is probably the most important of the problems 
remaining to be solved. In equation (1) it was shown that the 
required satellite power is inversely proportional to the 
product of the transn1il and n:ceive aerial gains, showing 
that high-gain (narrow-beamed) aerials on both ship and 
satellite are desirable; this applies particularly to the satellite­
to-ship path. There are practical lin1its to the narrowness 
of the bea1ns that can be used. The satellite bea1nwidth is 
governed by the coverage area required-usually the whole 
visible earth. This Jnay be covered by a single beam (17° 
beamwidth, 17 dB gain). Proposals have, however, been made 

* See C.C.I.T.T. White Book, Mar de! Plata 1968, Volun1e III, 
Reco1nmendation Gl62 fol' definition. (C.C.I.T.T.-International 
Telegraph and Telephone Consultative Con1n1ittee.) 

for increasing the efficiency of the satellite by using aerials 
of higher gain, coverage of the oceans being obtained by a 
number of narrow bean1s which together cover the whole 
area (sec Fig. 3). This second method calls for the con1plcxity 
of a steerable phased array and the facility for sv;itching 
communication channels to bean1s covering specific areas as 
required. A separate narrow beam would be needed to scan 
the whole ocean area for ships wishing to set up calls. An 
appropriate beamwidth might be 5° (gain 27 dB). 

On the ship, there are constraints on the na1TO\Vncss of the 
aerial bcam\vidth which can be used, o\ving to the ship's 
niovc1nents in roll, pitch, yaw, course changes and changes 
in the geographical position of the ship. The aerial nlust be 
capable of pointing to the satellite at all tin1es and there are 
nun1erous v;ays of overcon1ing the ship's n1oven1ents to 
achieve this. If an on1ni-directional aerial is used, the satellite 
will always be i11 bea111 but such an aerial, being isotropic, is 
very insensitive and satellite powers would have to be high. 

If the aerial platform were stabilized against the ship's 
n1ovemcnts and an auto-tracking syste1n were used to lock the 
aerial pointing direction on to the satellite, then a narrow­
bean1ed, high-gain aerial could be used, needing far less 
satellite power per channel. The narrowness of the beam 
would be lin1ited by the combined inaccuracies of the stabiliz­
ing and auto-tracking equipments but, Inore particularly, by 
the physical size of the aerial and platform in the severcly­
lin1ited space suitable for such an aerial on board ships. The 
beamwidth achievable by this n1eans might be limited to 
about 5°. The large size and weight of the aerial, the need to 
have access for n1aintenance and the scarcity of sites on ships 
giving a clear all-round view would almost certainly demand 
the provision of duplicated aerials, one on each side of the 
ship. 

This solution is unlikely to be adopted because the cost of 
such an installation would be excessive for the n1ajority of 
users. The final solution is likely to lie so1newhere between 
these cxtre1nes, possibly a combination of 1nultiple spot bcan1s 
from the satellite and one of the following on the ship: 

(a) A low-gain aerial having a bean1-width of, say, 60° 
(6 dB gain at beam edge), enough to allow for all ship's 
movements for all likely users. Periodic resetting of the 
pointing angle to the satellite would be required. 

(b) A group of medium-gain a�rials of, possibly, 40° 
beam-width (bea1n edge gain 9 dB), each pointing to a 
different part of the upper hemisphere to give complete 
coverage. A satellite beacon sensor could be used to scan the 
output from each aerial and to switch, to the radio equipment, 
the aerial giving the highest output. This could be sufficiently 
compact to be sited on a mast-head or for half of the array 
to be n1ounted on each side of the ship. 

(c) A higher-gain aerial having, say, a 15° bea1n (beam-edge 
gain 18 dB) and some simple form of aerial semi-stabilization 
(e.g. stabilized to within ±5° of the horizontal) to reduce 
the effect of the ship's pitching and rolling niovements and 
to allow several hours steaming before the mean pointing 
angle to the satellite needed to be reset. This would require 
manual resetting of pointing angles to the satellite every few 
hours. It is assumed that changes in course and 1novement 
in ya\V would be compensated by coupling the azimuthal 
control to the ship's gyro-con1pass. 

These are only a few possibilities; no doubt others will 
emerge as the maritime countries work on this proble1n. The 
importance of the choice of aerials can be seen by comparing 
the on1ni-directional solution (no stabilizing or pointing 
problems but no gain) with the semi-stabilized solution (some 
complexity in stabilization and periodic manual pointing but 
18 dB gain). The second solution would provide 64 times the 
number of channels possible using the first solution, for the 
same satellite pow�r (neglecting int.::r-modulation effects). 
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CONCLUSIONS 

With the recent allocation of frequency bands around 
1,600 MHz for maritime-satellite communication, the way is 
open for the development of a world-wide communication 
service for ships. Before this can be set up, it would be most 
desirable that international agreement be reached on the 
technical characteristics and on the operation of the service. 
In addition, an international administration should be 
established, capable of financing and controlling the system 
and of planning successive phases of satellite provision as 
they become necessary. 

Tests have been conducted between ship and shore using 
a satellite operating at 160 MHz and these have given valuable 
experience and some confidence in the results of the theoretical 
studies which have been conducted. 

There are two principal technical problems which will need 
study and development. These are the aerial systems to be 
used on the ships and the satellite, and methods of speech 
processing and modulation. There is a third problem, that 
of allocating channels flexibly to ships and coast stations, 
but this has not been discussed i n  this paper. 

It is not likely that a fully-operational service will be avail­
able much before 1980 but it is highly desirable that a pre-
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operational system should be developed and established 
sooner, so that confidence in plans for a fully-operational 
system can be gained in advance. 
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Notes and Comments 

New Year Honours 

The Board of Editors offers congratulations to the following engineers honoured by Her Majesty the Queen in the New Year 
Honours List: 

Mechanization and Buildings G. P. Copping 
Department, Postal Headquarters 

International and Maritime A. E. N. Wase 
Telecommunications Region 

North Eastern Telecommunications A. S. Bryce 
Region 

J. S. Whyte, M.Sc.(Eng.), C.Eng., F.l.E.E. 

John Whyte joined the Post Office Research Station at 
Dollis Hill in 1939, becoming an Assistant Engineer in 1948 
and an Executive Engineer in 1950. 

Part of his early career in the Post Office was spent at the 
Radio Laboratories, Castleton, South Wales, where he Jed a 
team responsible for developing test equipment for micro­
wave links. It was there that John Whyte and his colleague 
Robert White developed the aptly-named "white noise 
measuring equipment" which was eventually standardized 
internationally for transmission system testing. 

Returning to Dollis Hill in 1957 he worked on a variety of 
research projects in the radio and line communication fields, 
notably on pulse-code modulation and data transmission. In 
1965 he was seconded to H.M. Treasury to take charge of the 
Computer Division, in which post he was responsible for the 
introduction of computers in Government departments, 
advice to Goverrunent concerning the rationalization of the 
computer industry and the use of operational research 
techniques by administrative departments. 

On his return to the Post Office in 1968 he was appointed 
Deputy Director of Engineering with special responsibilities 
for Long-Range Studies, with its wide-ranging technical, 
economic and sociological aspects. In this field he has made 
outstanding contributions to the formulation of Post Office 
exchange switching system modernization policy and plans. 

In his new role of Director, Operational Programming, 
John Whyte will find many opportunities to help the tele­
communications business to meet the challenges of the 
years ahead. Those who know him are confident that his 
broad outlook, critical judgment and outstanding ability 
will enable him more than adequately to meet those challenges. 
We hope, too, that in spite of the heavy pressures of Post 
Office business, he will find at least a little time to enjoy his 
hobbies of mountaineering and photography. 

W.J.B. 

L. Thomas, C.Eng., M.l.E.E. 

The appointment of Leslie Thomas as Controller in charge 
of Factories Division, Purchasing and Supply Department, 

Staff Engineer Officer of the Most Excellent 
Order of the British Empire 

Senior Executive Engineer Member of the Most Excellent 
Order of the British Empire 

Technical Officer . . British Empire Medal 

will be no surprise to his innumerable friends in the Post 
Office and industry. 

He started as a Youth-in-Training at Swansea in 1939 and 
spent the early years of his career as a radio engineer, first at 
Criggion Radio Station and later at Headquarters on various 
aspects of microwave Jinks, leading to the rebuilding of the 
original London-Birmingham 900 MHz link in 1955. As 
S.E.E. in the Main Lines Branch he was responsible initially 
for the commissioning of cable and microwave links and later 
for the planning and development of the North Sea cable 
scheme. During this period he attended the Joint Services 
Staff College. 

In 1964 he moved to the External Telecommunications 
Executive as A.S.E., where he tackled with limited resources 
the daunting task of planning and maintaining the rapidly 
growing international cable and satellite network. 

Appointed Staff Engineer, in Purchasing and Supply Depart­
ment, in 1968 he set about building a new Works Contract 
Control Branch with characteristic zeal and flair for organiza­
tion. His drive, initiative and clear understanding of the 
overall problems, coupled with a forthright but friendly 
manner, rapidly earned him the respect and confidence of 
industry. Dming the last four years he has helped, encouraged 
and coerced industry to overcome the problems of intro­
ducing new exchange systems and building up manufacturing 
and installation capability to meet P.O. needs. 

This recent experience will be invaluable as head of P.O. 
Factories, where Les will have the opportunity of putting into 
practice much of what he has preached to industry; we wish 
him well in his new task. 

E.D. 

A. B. Wherry, B.Sc.(Eng.), C.Eng., M.l.E.E., M.B.I.M. 

The appointment of Brian Wherry as Controller Trunk 
Planning L.T.R., has been welcomed by his many friends at 
Headquarters and in the Regions, recognizing that N.P.D.'s 
loss was L.T.R.'s gain. 
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A product of the West Country, a fact he never made any 
attempt to conceal, Brian came to the Post Office in Plymouth 
as a youth in 1942. After seven years, which included a spell 
overseas in H.M. Forces, success in the limited competition 
brought him as an A.E. to London and the portals of the 
Engineering Department, Equipment Branch. In the succeed­
ing years he steadily built up his reputation as an expert in 
the exchange planning field. By 1969, he had become widely 
known and respected, not only at Headquarters and in the 
Regions, but also overseas, where from time to time he had 

been seconded to advise other administrations, notably in 
Hong Kong and Nigeria. 

Re-organization translated him to Network Planning 
Department where, soon to become an A.S.E., he was able to 
bring to bear his fund of expertise and enthusiasm to the 
formulation of Headquarters planning policy and guidance 
to his friends in the Regions in planning a network of a size 
and growth he could never have imagined when he joined the 
Post Office as a youth in Plymouth. 

There is no doubt that Brian will devote all his talents and 
his loyalties to his new work and we wish him every success. 

A.C.E. 

A. F. Beardmore, M.Sc., B.Sc.(Eng.), C.Eng., M.l.E.E., 
M.B.1.M. 

The promotion of Alex. Beardmore to Controller Planning 
with responsibilities for the long-term shaping of postal 
operations and marketing in L.P.R. has made history as it is 
the first occasion that an engineer has secured a postal 
controllership in this predominantly operational region. 

Alex. entered the Post Office as a Youth-in-Training at Doll is 
Hill in September 1948, and after passing the Open E.E.'s 

competition in 1957 he joined the acoustics group and later 
gained valuable experience in the design and development of 
electronic equipment. 

His first introduction to postal mechanisation came with 
his promotion to Senior Executive Engineer in 1963 when he 
was transferred to the Postal Engineering Section of R 
Branch. Here he played a significant part in the development 
of early Jetter coding desks and translators. 

54 

He joined the L.P.R. in 1967 as Regional Engineer res­
ponsible for the engineering, installation and commissioning of 
postal mechanisation and accommodation services in some 
of the largest postal buildings in the country. 

His vast knowledge of postal-code sorting and the en­
thusiasm and determination with which he tackles any job 
will stand him in good stead in his new post. His cheerful 
personality and firm decisive manner have made him ex­
tremely popular with all his colleagues in the L.P.R. who 
wish him every success in the future. 

T.H.A.M. 

F. A. L. Goddard 

Frank Goddard entered the Post Office in 1935 after an 
apprenticeship with heavy machinery engineers and spent 
some years on automatic telephone exchange construction in 
the South East Telecommunications Region. After wartime 
work around the London area, he changed to power work 
mainly in L.T.R. but also throughout the country. He had 
by now qualified for both A.M.I.E.E. and A.M.l. Mech.E. 
After a short spell of secondment to the Ministry of Transport 
he returned to the Post Office in 1948 and joined the Factories 
Department. 

Appointed S.E.E. in 1957 he continued to develop and 
introduce modern processes into P.O. factories. Early in 1966 
a transfer to E.T.E. H.Q. brought him into contact with 
telegram switching equipment for new international switching 
centres. The expansion of postal engineering saw him 
appointed in 1967 as a Regional Engineer to the then Wales 
and Border Counties Region. Planning, installation and 
progress control of new mechanized offices quickly intro­
duced him to the problems of integrating postal, operating 
and engineering staffs. 

Frank has a great capacity for work and a cheerful way of 
taking on any job so his appointment to Staff Engineer at 
PHQ/PMB2 where he will be responsible for both R & D and 
maintenance of postal mechanisms should suit him well. 

Letter to the Editor 

Dear Sir, 
It was with great interest that I read, in the October issue 

of the Joumal, the article by E. E. L. Winterborn on "Alu­
minium Conductor Cables in the Telephone Distribution 
Network" and the article by J. Pritchett entitled "Develop­
ment of Cables for the Ch�mging Network" which appeared 
in the following issue. I am certain that many readers will, 
like myself, have found in these articles a very useful account 
of the developments which have affected cable design, the 
reasons for these changes, and an insight into the types of 
cables which may be introduced during the next few years. In 
both of these articles reference was made to the introduction 
of fully-filled cables into the exchange-cabinet part of the net-



work and it is upon this matter that I should like to express an 
opinion. 

Cable pressurization is a means of monitoring the condition 
of a cable sheath and, in the event of a defect arising, pro­
tecting the cable core from the ingress of moisture and 
possible loss of service whilst providing facilities for the 
localization of the defect. Joints of course receive the same 
degree of protection. Cable pressurization does however 
require the installation and maintenance of a dry air supply 
at the exchange. 

The introduction of fully-filled cables will radically change 
this situation, the jelly filling will protect the cable core and 
if the cable sheath becomes defective will prevent water flow­
ing through the cable and affecting joints. Past experience 
has shown that joints are the most vulnerable part of the net­
work and a second line of protection, preferably a filling 
compound, is essential in order to delay the deterioration of a 
joint and thus give the maintenance staff an opportunity to 
detect, locate and clear a defective closure before it seriously 
affects service. The proposal, albeit a late choice, to use the 
air tube as a means of pressurizing joints is unlikely to be 
economically acceptable as it will necessitate the provision of 
a dry air supply at the exchange even if all cables are fully­
filled. It will also mean that maintenance staff must retain 
their present methods for locating pressure leaks at joints but 
must rely on regular insulation testing for monitoring the 
condition of the cable core. 

Equipment known as Local Line Insulation Routiners 
(L.L.I.R.) is already in use at the majority of Repair Service 
Controls for monitoring the non-pressurized portion of the 
local network of TXS exchanges. This equipment, of course, 
tests the whole of the line so that a change to a fully-filled 
network will require no additional testing facilities on TXS 
exchanges although it will become even more important to 
ensure that the routiners are used regularly and that action 
is taken to locate and clear the defects they reveal. The 
provision of L.L.I.R. facilities at TXE and TXK exchanges 
will become an absolute necessity. 

Referring now to the difficulties experienced in terminating 
fully-filled cables on a main distribution frame (m.d.f.) I 
agree in principle with Mr Pritchett when he says that there 
is no reason \Vhy the terminating length should not be un­
filled. Such a termination would be preferable to the exchange 
maintenance staff who can hardly be expected to welcome the 
prospect of jelly impregnated cable permanently on the 
m.d.f. even if the majority of it is protected by plastic trough­
ing or tubing. I cannot however, for the same reasons as I 
oppose the pressurizing of joints on fully-filled cables, accept 
the suggestion that this length should be pressurized. An 
alternative which would be acceptable to the maintenance 
staff, and, with the introduction of machine jointing, would I 
think be economically acceptable, would be to keep the 
terminating length as short as possible, preferably m.d.f.­
cable chamber or at most m.d.f.-exchange manhole and make 
a joint to a fully-filled cable at this point. Such a joint should of 
course be filled and the provision of water blocks either end 
the unfilled section would be a necessary insurance against 
the possibility of water entering the cable core from a flooded 
exchange. 

The development and introduction of new cable designs 
is undoubted evidence that the cable development engineer is 
taking full advantage of the exploitation of new materials and 
processes available to him. This policy is of advantage to both 
the Post Office and the cable industry but it often presents 
problems to the development engineer employed on jointing 
and joint closure techniques which are not easily solved. 

The final proof of a new product or technique is un­
doubtedly its performance in the field and for this we rely to a 
very large extent on the skill of the jointing staff. Perhaps 
we should therefore bear in mind that whilst standardization 
has its drawbacks, too rapid advance can result in field staff 
being presented with such a proliferation of alternatives as 

to destroy the incentive to produce the high quality of work­
n1anship which is necessary to maintain such a complex 
network. 

Yours faithfully, 

Service Division, Sv5.1. l ., 
Telecommunications Headquarters, 
207 Old Street, 
London EC! V 9PS 

Publication of Correspondence 

E. N.HARCOURT 

The Board of Editors \Vould like to publish correspondence 
on engineering;, technical or other aspects of articles published 
in the Journal. 

Letters of sufficient interesl will be published. under "Notes 
and Comments". Correspondents should note that, as it is 
necessary to send copy to the printer well before publication 
date, it will only be possible to consider letters for publication 
in the July issue if they are received before 23 May 1972. 

Letters intended for publication should be sent to the 
Managing Editor, P.0.E.E. Journal, Post Office Factories 
Headquarters, Bovay Place, London, N7 6PX. 

Notes for Authors 

Authors are reminded that some notes are available to 
help them prepare the manuscripts of the Journal articles in 
a way that will assist in securing uniformity of presentation, 
simplify the \Vork of the Journal's printer and draughtsmen, 
and help ensure that authors' wishes are easily interpreted. 
Any author preparing an article for the Journal who is not 
already in possession of the notes is asked to write to the 
Managing Editor to obtain a copy. 

It is emphasized that all contributions to the Journal, 
including those for Regional Notes and Associate Section 
Notes, must be typed, with double spacing between lines, on 
one side only of each sheet of paper. 

Each circuit diagram or sketch should be drawn on a 
separate sheet of paper; neat sketches are all that are required. 
Photographs should be clear and sharply focused. Prints 
should preferably be glossy and should be unmounted, 
any notes or captions being written on a separate sheet of 
paper. Negatives or plates are not needed and should not be 
supplied. 

Model Answer Books 

Books of model answers to certain of the City and Guilds 
of London Institute examinations in telecommunications are 
published by the Board of Editors. Details of the books 
available are always given at the end of the Supplement to 
the Journal. The Board of Editors has reduced the price of 
Line Plant Practice A to 37-l;p (42!p post paid). 

The Telecommunication Principles B Answer Book is out of 
print at the moment but a reprint is in preparation and 
an announcement will be made in the Journal when it  
becomes available. 

Articles on Current Topics 

The Board of Editors would like to publish more short 
articles dealing with topical subjects. Authors who have 
contributions of this nature are invited to contact the Manag­
ing Editor. 

Journal Back Numbers 

The Carlisle Associate Section have surplus back numbers 
of the Joumal dating from 1927 (Volume 20). They wish to 
dispose of these and would give first preference to other 
Associate Sections who may wish to complete their own sets. 
They also wish to obtain any copies of the Journal prior to 
July 1925. Readers interested in these items should contact; 
The Chairman, 1.P.O.E.E. Associate Section, Post Office 
Telephones, Stocklund House, Castle Street, Carlisle 
CA3 8BA. 
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Your Journal 

Over 38,000 copies of each issue of the Journal are printed. 
Inevitably, some do not reach their intended destination. The 
distribution system has recently been completely revised to 
try to improve the service that we give our readers. If some­
thing does go wrong and your copy does not reach you, the 
following notes tell you what to do. 

External non-Post-Office readers 
Subscriptions for all non-Post-Office readers at home and 

abroad are dealt with by the Subscription Agent at 2-12 
Gresham Street. Subscriptions can run for any period of four 
issues and, with the last issue, a renewal slip is included which 
should be returned with a remittance if you wish to continue 
to receive the Journal. If any queries arise it helps, although 
it is not essential, if you can quote the period for which your 
subscription has been paid. Subscriptions can be made direct, 
or, if you prefer it, through a bookseiler dealing with period­
icals. 

Corresponding and retired n1en1bers of the I.P.O.E.E. 
These members receive their Journals directly by post. The 

membership list is maintained by the General Secretary of the 
Institution. If any corresponding or retired member is not 
receiving his Journal regularly or wishes to notify a change of 
address, he should write to the General Secretary, I.P.O.E.E., 
2-12 Gresham Street, London EC2V ?AG, stating the cate­
gory of membership. 

Post Office staff who are n1en1bers of the Institution 
Members of the Institution receive the Journal as part of 

the services paid for by their subscription. Copies are actually 
distributed by Journal local sales agents, but the agents 
merely act on the instructions of the local secretary of the 
Institution who is responsible for maintaining the membership 
roll. Any member of the Institution \Vho is not receiving his 
Journal regularly should, therefore, inform the local secretary. 
The local secretary should also be advised of changes of 
official address by the member concerned. It is emphasised 
that the subscriptions paid by members of the Associate 
Section do not include payment for the Journal. Associate 
Section members only receive the Journal if they pay for it  
separately by deduction from pay, or by cash, and they should 
arrange for this by contacting their local Sales agent. 

Post Office staff lvho are not 111en1bers of the Institution 
Members of the Post Office staff who are not members of 

the Institution may pay for the Journal by deduction from 
pay, or by cash, and receive the Journals from Journal sales 
agents. There is a sales agent in every Telephone Manager's 
Office and in every Regional H.Q., Postal or Telecomn1uni­
cations. Usually the agent is situated in a domestic or literature 
duty. Jn T.H.Q. there is an agent in every Department or 
Division, in the appropriate domestic duty. Complaints about 
non-receipt or changes of address should be made to the 
sales agent. The enquiry point in the Area, Region, Division 
or Department should be able to tell you the name of the 
local sales agent. In cases of difficulty write to the P.O.E.E. 
Journal, 2-12 Gresham Street, London EC2V 7AG, and we 
will forward your letter to the sales agent. 

Post-Graduate Awards 1971 
Each year the Post Office makes a number of post-graduate 

awards to selected staff. The awards are tenable at universities 
which have facilities for research or advanced studies in 
subjects relevant to Post Office problems and activities. These 
awards cover not only telecommunications science and 
engineering, but a}-so such �n�as a� computers,. management, 
industrial and business adm1n1stratton, marketing, etc., where 
post-graduate work would be of direct benefit to the Post 
Office. Jn appropriate cases the awards enable the holders to 
qualify for M.Sc. or Ph.D. degrees, but the primary objective 
is to further research and development expertise of special 
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value to the Post Office. Awards made this year are listed 
below. 

The following Officers have all been awarded a one-year 
M.Sc. Course in Telecommunications Systems at the Uni­
versity of Essex: 

Mr. W. H. Rodger, Executive Engineer, Research Depart­
ment, Telecommunications Headquarters. 

Mr. T. J. Matthews, Executive Engineer, Research Depart­
ment, Telecommunications Headquarters. 

Mr. K. I. Vincent, Executive Engineer, Research Depart­
ment, Telecommunications Headquarters. 

Mr. P. V. Milton, Executive Engineer, Telecommunications 
Development Department, Telecommunications Head­
quarters. 

Mr. D. Johnson, Executive Engineer, Telecommunications 
Development Department, Telecommunications Head­
quarters. 

Mr. K. R. Harrison, Executive Engineer, Telecommuni­
cations Development Department, Telecommunications 
Headquarters. 

Mr. C. J. Heginbotham, Executive Engineer, Network 
Planning Department, Telecommunications Headquarters. 

Mr. A. R. Valdar, Executive Engineer, Network Planning 
Department, Telecommunications Headquarters. 

Mr. J. K. Hawkins, Executive Engineer, Network Planning 
Department, Telecommunications Headquarters. 

Mr. C. R. South, Executive Engineer, Guildford Telephone 
Area, South Eastern Telecommunications Region. 

Mr. M. Collins, Telecommunications Management Entrant, 
Management Services Department, has been awarded a one­
year M.Sc. Course in Administrative Sciences at City Uni­
versity. 

Mr. I. A. Jackson, Executive Engineer, Telecommunications 
Development Department, Telecommunications Head­
quarters, has been awarded a one-year M.Sc. Course in 
Industrial Administration at the University of Aston, 
Birmingham. 

Mr. D. G. Bennett, Executive Engineer, Research Depart­
ment, Telecommunications Headquarters, has been awarded 
a one-year M.Sc. Course in Operational Research and 
Management Studies at Imperial College, London. 

Mr. A. F. Mitchell, Executive Engineer, Research Depart­
ment, Telecommunications Headquarters, has been awarded 
a one-year M.Sc. Course in Control Systems at Imperial 
College, London. 

Mr. K. H. Kolb, Executive Engineer, London Telecom­
munications Region Headquarters, has been awarded a one­
year M.Sc. Course in Operational Research and Management 
Studies at Imperial College, London. 

Mr. T. R. Tysoe, Telecommunications Management 
Entrant, Management Services Department, Telecommunica­
tions Headquarters, has been awarded a one-year M.Sc. 
Course in Operational Research and Management Studies at 
the London School of Economics. 

Mr. T. J. West, Executive Engineer, Post Office Data 
Processing Service, has been awarded a one-year M.Sc. 
Course in Computer Science at the Institute of Computer 
Science, London University. 

Mr. S. C. M. Wright, Executive Engineer, Telecommunica­
tions Development Department, Telecommunications Head­
quarters, has been awarded a one-year M.Tech. course in 
Engineering Design at Loughborough University. 

Mr. R. Peacock, Executive Engineer, Edinburgh Telephone 
Area, has been awarded a one-year Master of Business 
Administration Course at Strathclyde University. 

Mr. H. T. Liu, Assistant Executive Engineer, Research 
Department, Telecommunications Headquarters, has been 
awarded a one-year M.Sc. Course in Communications 
Engineering at the University of Manchester, Institute of 
Science and Technology. 

Mr. J. Morris, Executive Engineer, Post Office Data Pro­
cessing Service, has been awarded a one-year M.Sc. Course 
in Manageinent and Business Studies at the University of 
Warwick. 

Mr. K. Hodson, Executive Engineer, Telecommunications 
Development Department, Telecommunications Head­
quarters, has been awarded a one-year M.Sc. Course in 
Communications Engineering at the University of Manchester, 
Institute of Science and Technology. 



Mr. K. G. Parr, Assistant Executive Engineer, Tele­
communications Headquarters, has been granted a two-year 
award to study the Perception of Flicker at the University of 
Essex. 

Mr. R. A. Startin, Executive Engineer, Research Depart­
ment, Telecom1nunications Headquarters, has been granted 
a three-year award to study devices for high digit-rate 
microwave systems at University College, London. 

Mr. G. C. Cater, Assistant Postal Controller II, North 
West Postal Region, has been awarded a one-year M.Sc. 
Course in Management (Diploma for Advanced Studies) at 
Salford University. 

Mr. R. M. Ollin, Assistant Postal Controller II, North West 
Postal Region, has been awarded a one-year M.Sc. Course in 
Administrative Sciences at City University. 

Mr. P. M. Stables, Assistant Executive Engineer, Postal 
Mechanization and Building Department, Postal Head­
quarters, has been awarded a one-year M.Sc. Course in 
Systems Engineering (Control/Computer Engineering) at 
Surrey University. 

Mr. D. A. Gray, Executive Engineer, South Eastern Tele­
communications Region Headquarters, has been awarded a 
two-year M.Sc. Program at the London Graduate School of 
Business Studies. 

In addition, Mr. H. R. B. Mothersole, Executive Engineer, 
Research Department, Telecommunications Headquarters, 
has been granted a two-year award at the University of Essex 
leading to an M.Sc. in Teleco1nmunication Systems by 
part-time study. 

Institution of Post Office Electrical Engineers 
Annual Awards for Associate Papers, Session 1970-71 

The Judging Committee having adjudicated on the papers 
submitted by the Local Centre Committees, prizes and 
Institution Certificates have been awarded to the following in 
respect of the papers named: 

Prize of £25: 
G. D. Rudram. Technical Officer, Worthing Centre. "The 

Small Electronic Exchange TXE2." 

Prize of £10: 
C. P. J. Knapman, Technical Officer, Bristol Centre. 

"Voice Frequency Remote Control System A." 

Prize of £5: 
W. J. McKittrick, Technical Officer, Belfast Centre. 

''Craigavon Broadband System." 

The Council of the Institution is indebted to Messrs. R. H. 
Adams, S. T. E. Kent and M. T. Turnbull for kindly under­
taking the adjudication of the papers submitted for con­
sideration. 

Retired Members 

The following members, who retired during 1971, have 
retained their membership of the Institution under Rule 1 l(a): 

F. C. Haliburton, O.B.E., 9 Innisfree Close, Hookstone 
Drive, Harrogate, Yorkshire. 

F. W. J. Webber, 32 Hillside Avenue, Worthing, Sussex. 
H. Stanesby, 21 King George Avenue, Bushey, Herts, 

W323NT. 
N. V. Knight, 3 Atha Court, Whielden Street, Amersham, 

Buckinghamshire. 
G. A. C. Mason, 32 Rockingham Road, Yardley, Birming­

ham, B25 8RG. 
L. W. Lovegrove, "San Paula" Bath Road, Sonning, 

Reading, Berkshire. 
H. H. Bicker, 4 Harbottle Avenue, Gosforth, Newcastle­

on-Tyne, 3. 
J. A. Livingstone, 71 Newstead Avenue, Orpington, 

BR6 9RW. 
Robert F. McLusky, 80 Wickham Hill, Hassocks, Sussex. 
R. S. Salt, 27 Farm Fields, Sanderstead, Surrey. 
J. W. Barrett, 67 Lankers Drive, Harrow, Middlesex. 
J. Balcombe, 28 Goddington Lane, Orpington, Kent. 
F. A. Hough, "Byways" Viggory Lane, Horsell, Woking, 

Surrey. 
R. N. Palmer, 34 Hillview Terrace, Edinburgh, EH12 8RB. 

Additions to the Library 

A. B. WHERRY 
General Secretary 

Library requisition forms are available from Honorary 
Local Secretaries, from Associate Section Centre Secretaries, 
and representatives, and from the Librarian, 1.P.O.E.E., 
2-12 Gresham Street, London, EC2V 7AG. 

Members are reminded that Prize Essays, Associate 
Section Prize Papers, and various unpublished papers are 
held in the library for loan, and that a list will be sent on 

request. Field Medal award-winning papers are also held 
for loan and are listed in the Supplement to the Library 
Catalogue. 

5034 Analysis Bar Charting. J. E. Mulvaney (Brit. 1969). 
A simplified Critical Path Analysis Technique 

primarily intended for manual use. 
5035 Estintating the Heat Require11ie11ts for Do111estic Build­

ings. J. J. Barton (Brit. 1969). 
Essentially a reference book with which the heat 

requirements for any domestic building can be calcu­
lated. Includes metric heat-loss tables. 

5036 110 Senziconductor Projects for the Honie Constructor. 
R. M. Marston (Brit. 1969). 

Sets out to introduce the reader to new devices by 
experiment rather than theory. 110 different circuits 
are described and the operation of each one is explained 
in simple and concise terms. 

5037 Sen1ico11ductors for Engineers. D. F. Dunster (Brit. 
1969). 

A guide to the semiconductor devices which are 
used in modern electronics. Intended to assist the 
understanding of the ideas behind the working of these 
devices. Particular emphasis on their function as 
circuit elements. 

5038 Questions and Answers-Colour Television. J. A. 
Reddihough (Brit. 1969). 

A simple, practical account of colour television 
transmission and reception for the enthusiast, tech­
nician and service engineer. 

5039 Principles of Colour Television Systents. C. R. G. Reed 
(Brit. 1969). 

Aimed at readers who have a good general knowledge 
of black-and-white television but little knowledge of 
colour systems. Well suited to student technicians and 
technician-grade engineers. 

5040 Manage111ent. Its Nature and Significance. E. F. L. 
Breck (Brit. 1969), 4th Ed. 

Presents a simple study of the management process 
in nature and in action designed particularly for those 
coming face to face with management for the first time. 

5041 Critical Path Method. A. T. Armstrong-Wright (Brit. 
1969). 

Provides a sound knowledge of the basic techniques 
of the system and the necessary means for putting this 
knowledge into practice. 

5042 The Effective Use ofC0111puters in Business. P.A. Losty 
(Brit. 1969). 

A simple, clear, comprehensive, layman's guide to 
computers with an emphasis on their implications for 
the business in preference to how they work. 

5043 Haw Computers Do It. D. G. Moursand (Amer. 1969). 
Designed to aid the reader in learning how to use a 

computer, and the essential ideas of how computers 
do what they do. 

5044 N111nerical Analysis: The Mathe111atics of Con1puting. 
Volume I. W. A. Watson, T. Philipson and P. J. Oates 

(Brit. 1969). 

57 



Intended to be read with, or perhaps following, a 
mathematics course at G.C.E. A Level or 0.N.C. 
standard. 

5045 The Hi-Fi and Tape Recorder Handbook. G. J. King 
(Brit. 1969). 

Information on the various kinds of high-fidelity 
audio equipment, their choice, operation and servicing. 
Will appeal to all enthusiasts. 

5046 Theory of Co1111nunicatio11. A. E. Karbowiak (Brit. 
1969). 

Primarily for students specializing in Con1munica­
tion (Electrical) up to B.Sc. Honours standard. 

5047 Telephony and Telegraphy A. S. F. Smith (Brit. 1969). 
An introduction to telephone and telegraph instru­

ments and exchanges. A complete text for both the 
telephone and telegraph aspects of the syllabus for the 
City and Guilds of London Institute exan1ination in 
Telephony and Telegraphy A. 

5048 Technological Forecasting and Long-Range Pla1111b1g. 
R. U. Ayres (Amer. 1969). 

A readable and useful approach to the in1portant 
subject of forecasting the future trends and specific 
developments in various areas of technology. 

5049 More Small Bore Heating. T. Stanley (Brit. 1969). 
How to design and install single-pipe and two-pipe 

systen1s. The book gives alternative designs for central 
heating in a terraced house, semi-detached, bungalow 
and a larger detached house. 

5050 Signal Theory. L. E. Franks (Amer. 1969). 
A clear, logical, and unified approach to the modern 

techniques used in signal analysis and signal processing 
problems. Includes many practical illustrative examples. 

5051 Electronic Counting: Circuits, Techniques, Devices. 
Mullard Ltd. (Brit. 1967). 

Intended to help engineers to use electronics to solve 
their counting problems as simply or as cheaply as 
possible. 

5052 Colour Television: A Backgrou11d to Colour Tube 
Adjustnients for the Service Engi11eer. Mullard Ltd. 
(Brit. 1968). 

Describes the correct adjustment of colour purity 
and convergence essential for a high quality colour 
picture. 

5053 Ma11age111e11t Behaviour. W. Lamb and D. Turner 
(Brit. 1969). 

Written primarily for those practising the science and 
art of management in a commercial or industrial 
environment. Directed towards achieving a greater 
understanding of interpersonal relationships and the 
identification of skills and aptitudes for management. 

5054 lnfornzation Retrieval. R. Meetham (Brit. 1969). 
A wide-ranging account of the information handling 

business, starting with the essential nature of commu­
nication and progressing through the importance of 
writing and books, to the computer-dominated 
information centres of the future. 

5055 Questions and Answers: Auton1obile Electrical Systen1s. 
2nd Ed. A. J. Coker (Brit. 1969). 

Intended for reference by owner drivers and others 
interested in the electrical equipment and wiring of 
cars. Includes over 80 wiring and constructional 
diagrams. 

5056 Hydrofoils and Hovercraft. B. Gunston (Brit. 1969). 
Well-illustrated book on ne\v vehicles for land and 

sea-what they are, how they work, what has been 
achieved, and their prospects in an age of jumbo jets 
and giant tankers. 

5057 Motor Manuals Voltnne 8: Au10111obile Brakes and 
Braking Syste111s. T. P. Newcomb and R. T. Spurr 
(Brit. 1969). 

Very well�illustrated book on the braking of vehicles 
including sections on continental cars and caravan 
brakes. Also a section on the history of brakes which 
will be of interest to the veteran and vintage car 
enthusiast. 

5058 Electric Wiring (Dontestic) 7th Ed. A. J. Coker. 
A reliable guide to the practical aspects of domestic 

electric wiring. Well illustrated. 
5059 Transistor Audio and Radio Circuits. Mullard Ltd. 

(Brit. 1969). 
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Intended as a manual for established and practical 
circuits for radio receivers, radiograms, record players, 
tape recorders and hi-fi equipment. 

5060 Telecon111111nications-The Boo111i11g Technology. R. 
Brown (Brit. 1969). 

Describes the complicated world of telegraphy and 
telephony, television and radio, comn1unication 
satellites and space communication. 

5061 Work Study in the Office 4th Ed. H. P. Cemach (Brit. 
1969). 

An excellent book for the purpose of introducing 
the subject of work study to those engaged in admini­
stration. 

5062 Business Adnzinistration-An l11trod11cto1y Study. 0. S. 
Hiner (Brit. 1969). 

This study of modern business enterprise provides a 
textbook for use \vith those courses designed to give 
pre-experience training in business and management. 

5064 Vehicle Operation and Testing. J. G. Giles (Editor) 
(Brit. 1969). 

Describes prescnt�day practice over a wide field of 
vehicle testing, not only to meet statutory and other 
requirements in the areas of safety, noise and air 
pollution, but also as an aid to improving comfort, 
visibility and performance. Assumes only a basic 
engineering knowledge. 

5065 Worked Exa111ples in Electrical Engineering 4th Ed. 
W. T. Pratt (Brit. 1969). 

This collection of 232 worked examples is primarily 
intended for students of H.N.C. and Part B of the 
I.E.E. Examination. 

5066 Principles of Pulse Code Modulation. K. W. Cattermole 
(Brit. 1969). 

A definitive account of this important technique 
which is rapidly acquiring a position of central 
importance in the telecommunications field. 

5067 Understanc/;ng and Using Untjunction Transistors. 
S. Hoberman (Amer. 1969). 

A well-illustrated book designed to give the reader 
a full understanding of the peculiarities, operation, and 
applications of the unijunction transistor. 

5068 Organization and Manpower Planning, 2nd Ed. 
G. McBeath (Brit. 1969). 

Brings together all the component parts of organizaM 
tion and manpower planning, from the influence of 
business economics on organization structures to the 
individual requirements of personal career develop­
ments. 

5069 Managing with Statistics. T. W. Lewis and R. A. Fox 
(Brit. 1969). 

Designed to meet the needs of those taking managcM 
ment courses or professional examinations which 
include statistics as a compulsory subject and who are 
making a study of statistics for the first time. 

5070 Motor Vehicle Engine Servicing. A. W. Judge, 3rd Ed. 
(Brit. 1969). 

Deals with the servicing, maintenance and overhaul 
of engines in the small to medium types of vehicle. 

5071 Handbook of Practical Elect1·011ic Tests and Jvfeas11re-
111e11ts. J. D. Lenk (Amer. 1969). 

Self-contained guide to all the practical electronic 
test and measurement procedures encountered by 
working electronics technicians. 

5072 Electricity: An SI Advanced Level Course. Nelkon 
(Brit. 1970). 

Designed to cover the new A-level syllabuses in 
Electricity and Atomic Structure and uses SI Units 
throughout. Contains many numerical examples. 

5073 Radio and Line Tra11sn1issio11 Vol11111e 2. G. L. Danielson 
and R. S. Walker (Brit. 1963). 

Covers the syllabus of the City and Guilds of 
London Institute Technicians' Certificate exa1ninations 
in Radio and Line Transmission B. 

5074 Radio and Line Tra11sn1ission Vo/tune 3. G. L. Danielson 
and R. S. Walker (Brit. 1969). 

Covers the syllabus of the City and Guilds of London 
Institute Technicians' Certificate examination in Radio 
Communication C. 

E. DOHERTY 
Librarian 



Regional Notes 
Northern Ireland Directorate 

Apprentices' Prize Day, 1971 

The second annual apprentices' prize day in Northern 
Ireland was held in the Regional Training Centre on 
24 November 1971 when the prizes were presented by His 
Excellency The Lord Grey ofNaunton, G.C.M.G., K.C.V.O., 
O.B.E., Governor of Northern Ireland. Our distinguished 
visitors included Mr. A. W. C. Ryland, C.B., Chairman, 
Board of the Post Office Corporation and Mr. F. H. Edwards, 
Assistant Secretary, Post Office Engineering Union. 

The inauguration of an apprentices' prize day on a Regional 
basis is unique in the Post Office and was largely due to the 
Director, Mr. G. H. Coates. The organizing committee 
includes representatives from the Post Office Engineering 
Union, the motor transport section, Belfast telephone area 
and the regional training centre under the chairmanship of 
the Regional Engineer. Prizes are awarded to the first three 
apprentices in each of the three years of the training scheme 
for trainee technician apprentices, whilst in the motor transport 
section a prize is given lo the best apprentice mechanic. In 
determining the prizewinners, the following factors are taken 
into account: 

(a) technical achievements, 
(b) training course results, 
(c) practical work, 
(d) training officers' assessment. 

Finally, the first six apprentices in each of the three years 
are interviewed by the Belfast Telephone Manager and 
Regional Engineer who select the best three in each year. 
The Regional Motor Transport Officer makes the final 
selection for the best apprentice mechanic. 

In addition, two perpetual trophies presented by Mr. C. W. 
Bailey, Regional engineer and Mr. C. Thirlwall, Regional 
Motor Transport Officer, are awarded to the telecommunica­
tions apprentice of the year and to the motor transport 
apprentice of the year. 

Results for the year 1971 were as follows: 

First year trainee technician apprentices: 

First prize M. Kavanagh Belfast area. 
Second prize A. T. Jess Belfast area. 
Third prize I. J. Keay Belfast area. 

Second year trainee technician apprentices: 

First prize T. Gilpin Portadown area. 
Second prize T. W. Armstrong Coleraine area. 
Third prize D. N. Ruddell Portadown area. 

Third year trainee technician apprentices: 

First prize J. McDowell Belfast area. 
Second prize W. J. McCue Belfast area. 
Third prize N. J. McDonnell Belfast area. 

Apprentice mechanic (motor transport): 

First prize J. J. Murray Belfast area. 

Teleco11111111nications apprentice of the year shield: 

J. McDowell Belfast area. 

Motor transport apprentice of the year shield: 

J. J. Murray Belfast area. 

Each year the Belfast Branch of the Post Office Engineering 
Union makes a substantial cash award to encourage appren­
tices to compete with one another in a general knowledge and 
trade union affairs quiz competition. This year Mr. F. H. 
Edwards, Assistant Secretary of the Post Office Engineering 
Union presented prizes to the first three apprentices in an 
exceptionally well supported competition: 

First prize N. Sh'!rwin Belfast area. 
Second prize A. J. Hill Belfast area. 
Third prize S. J. McGrory Belfast area. 

After the presentation of prizes, the guests and apprentices 
were entertained to afternoon tea which was followed by a 
conducted tour of the Regional Training Centre. Included in 
this tour was a visit to our Telecommunications Museum 
which proved to be of great interest. 

We are proud of the success of our apprentices' prize day 
scheme and believe that the resulting encouragement to the 
apprentices and the opportunity of meeting their parents 
make the event very worthwhile. 

T. H. LLOYD 

Bomb damage at Armagh non-director exchange 

At 11.27 hours on Saturday, 21 August 1971, a severe 
explosion wrecked Armagh non-director exchange. 

In a single incident it caused the most serious disruption to 
service encountered during a campaign of terrorist attacks 
against telephone exchanges in Northern Ireland. Once again, 
engineering emergency services went into action to restore 
vital communication links. Over the past year some J 5 tele­
phone exchanges have suffered bomb damage; six of these 
have been completely destroyed. In one case an unexploded 
bomb was uncovered by engineers while restoring service. 

Armagh exchange provided service for some 1,500 sub­
scribers in the cathedral city of Armagh about 38 miles 
south-west of Belfast. It was a remote non-director exchange 
housed on the ground floor of a two-storey building opened 
in 1962. It had a working multiple of J,900 and an additional 
400 contract multiple was almost ready for service when the 
explosion occurred. 

Three heavy explosive charges had been strategically placed 
at points on the ground floor and a large amount of essential 
equipment was destroyed (Fig. 1). Record cards had been 
used to start a fire beside the main distribution frame (m.d.f.) 
and the fire brigade hosed down the m.d.f. with water to 
extinguish it. There was widespread damage in varying degrees 
throughout the apparatus room rendering the exchange 
completely ineffective as a working unit. 

FIG 1.-A section of the apparatus rack after the bomb blast 
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FIG. 2-Armargh non-director exchange after the bomb blast 

The effect of the explosion on the building was mostly 
confined to the ground floor where windows, doors and walls 
were blown out (Fig. 2); the floor and ceiling were also 
damaged. On the first floor, damage to the building was less 
severe, consisting in general of cracked walls and ceilings. 
Fortunately, the building was of steel-framed construction and 
the structural engineers were satisfied that the building struc­
ture was re-usable. The apparatus room was temporarily 
restored by erecting a corrugated iron enclosure lined with 
hardboard. The repeater station, pulse code modulation 
equipment, and batteries on the first floor were apparently 
undamaged. New power equipment, not yet in service, was 
also unaffected. 

After essential lines had been given service by connecting 
them directly to the local exchange of the group switching 
centre at Portadown, immediate arrangements were made for 
the provision of a 400-line mobile non-director exchange 
(m.n.d.x.) at Gough Army Barracks about half a mile from 
the non-director exchange. Fortunately, duct space was 
availabJe for the provision of the necessary cable to the site 
and the first m.n.d.x. was ready for service on 24 August. 
Armagh has a high proportion· of business subscribers and as 
connexions were added to the mobile exchange, serious 
congestion developed. Further relief was given by the pro­
vision of a second 400-line m.n.d.x. which was brought into 
service on 21 September. 

Meanwhile, plans for further expedient and permanent 
restoration were being examined and the usual factors of cost, 
availability of equipment and programming were considered. 
There were the additional problems of security and the 
restoration of the building to allow replacement of the 
permanent exchange equipment. It was finally decided to seek 
authority to install a TXE2 exchange in the existing building 
as the permanent replacement. A 4,000 multiple TXE2 unit 
could be accommodated in the existing apparatus room, and 
still leave space for an expedient installation of Strowger 
equipment at the rear of the room. Thus, building repairs 
could be carried out on one section of the room in preparation 
for the permanent equipment, concurrently with work pro­
ceeding on the expedient. A further advantage gained from 
the use of TXE2 equipment would be the doubling of the 
multiple capacity of the apparatus room and site. 

Planning of the expedient proceeded on the assumption that 
sufficient old equipment could be salvaged, augmented as 
necessary with a small automatic exchange and other locally 
available equipment, to provide an 1,800 multiple component 
with reasonable traffic-carrying characteristics. Ancillary 
equipment would not be used. A satisfactory layout of the 
equipment was achieved at the rear of the room, although 
some slight relaxation of standard gangway dimensions was 
found necessary. Power was available from the new plant, and 
the m.d.f., although damaged, was re-usable for expedient 
purposes. Modifications to equipment for provision of 
suitable common services were devised by regional and area 
staff. 
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Installation of the Strowger expedient exchange commenced 
on 15 September. The maximum number of staff consistent 
with efficiency was employed on site and co-ordinated into a 
highly effective team. Cabling and terminating were completed 
with great rapidity using a wire wrapping machine. 

On 23 November Mr. A. W. C. Ryland, C.B., visited the 
exchange, and congratulated all concerned on their efforts 
and achievements in restoring service under appalling 
difficulties. 

The 1,800 multiple non-director expedient exchange was 
opened for service on 19 December. A number of unusual 
difficulties and faults attributable to the effects of bomb blast 
were encountered and cleared during the progress of the work. 

A special order was placed with the Plessey Group for a 
2,400 multiple TXE2 exchange. Detailed requirements were 
forwarded to Plessey on 10 December I 971 and since then 
they have given full co-operation in expediting the contract. 
Installation is due to commence at the end of February 1972 
with a ready-for-service date of October 1972, a reduction of 
11 months on average periods. 

North Eastern Region 

Replacement of a Large Duct-seal 

W. J. GAWLEY 

An investigation into a report of a defective duct-seal 
(Fig. l) at a major repeater station revealed that the 54-way 
lead duct-seal installed in the 1930s had been constructed of 
a thinner lead sheet than normal and this was tearing away 
at the edge and round the points where lead sleeves had been 
plumbed to it. 

It was clearly impracticable to renew or reinforce the 
existing lead sheet by new lead strips, plumbed between the 
polythene sheathed cables; and the alternatives were either to 
divert the cables temporarily, renew the sheet in one piece, 
and then restore the cables to their original positions, or, to 
provide a completely new lead-in and duct seal from the 
manhole, and divert the cables permanently. The estimated 
cost of these alternatives was between £10,000 and £15,000 
and, not only would the work take many months to complete, 
but it would necessitate the interruption of every main trunk 
and coaxial cable into Leeds. 

Experiments with Post Office caulking glands showed that 
these could be sawn in half lengthwise and reassembled round 
a cable using "Jubilee" clips. The screwed caps could be 
similarly replaced and screwed on normally. 

FIG. 1-The old duct-seal 



F10. 2-The new duct-seal 

A short piece of polyvinylchloride (p.v.c.) pipe with an 
eighth-inch wall could be split down one side and sprung 
over the largest-size cable and glued inside the gland with 
Post Office Compound No. 21. This solved the problem of 
putting glands round cables and the only difficulty was 
making a ductseal. 

Measurements of the octagonal ducts behind the old duct­
seal showed that a short piece of pipe left protruding from the 
reassembled gland could be slid into the ends of the octagonal 
ducts and spaced so that the gland caps could still be 
unscrewed and replaced. A normal p.v.c. duct-seal was 
marked out, drilled, and cut into horizontal strips by the 
local Post Office staff. A steel clamping-frame was bolted to 
the wall round the duct nest and, by careful painstaking work 
by a jointer and his mate, the strips were fitted between the 
glands and clamped by the frame. 

The space of about J in-lt in between the sheet and the 
face of the octagonal ducts was then filled with a proprietory 
epoxy resin, similar in consistency to condensed milk, which 
flowed into all the interstices forming a solid mass which then 
set hard. The resin was poured at the rate of one gallon at a 
time as the strips were built up, to allow dispersal of the heat 
generated in the resin during setting. Small leakages were 
stopped with Post Office mixture No. 2 to retain the resin 
until it had set. 

The completed job (Fig. 2) has cost Jess than £900, and 
in both appearance and function the seal is in no way 
inferior to a standard duct-seal. 

J. R. LEACH 

South-Western Region 

Suspension Bridge Constructed for Post Office Cables over the 
C/111d/eigh By-pass 

Changes in the construction program of the Chudleigh 
by-pass, after work had commenced, called for a major 
interruption scheme for Post Office cables at short notice. 
Seven main underground cables and one junction cable were 
involved over a distance of 380 ft. The estimated high costs 
for interrupting the route demanded a study of every possible 

FIG. I-Cables being shifted from the broken ducts 
to the !roughing 

FIG. 2-The completed suspension bridge 

alternative and produced the idea of a purpose-built suspen­
sion bridge to carry the existing cables. 

Messrs. Holland, Hannan and Cubitts Ltd produced 
detailed calculations and technical drawings for a bridge, the 
Post Office supplying the details of ducts and cable weights. 

Drawings were available by 7 September 1971 and excava­
tion of the three two-way multiple ducts was commenced 
shortly after. Two Rendhex hexagonal masts were pile-driven 
into positions 384 ft apart. Larssen troughing, laid out 
between the masts, was jointed into a continuous length by 
lapping and secured by nylon nuts. Post Office staff broke off 
the exposed ducts and transferred the cables into the prepared 
trough (Fig. 1), to which a metal lid was tack welded. 

Delay in obtaining the purpose-made catenary steel pre­
vented further work until November 1971. The length of 
32 mm stranded wire rope (s.w.r.) was calculated to produce 
a 32 ·4 ft sag at the centre of the span and to include 204 ft 
for back anchors. Reeving thimbles at each end provided 
means of tensioning and anchorage. 

Pulley sheaves, on H-section girders, topped the masts of 
49 · 88 ft and 34 · 89 ft; a difference in levels producing the 
height variation. Sixteen millimetre s.w.r. side stays anchored 
to angle-driven H-girders steady the mast, while the main 
anchors consist of 4 in x 12 in x 12 in H-piles sunk 6 ft 
below ground and embedded in concrete. The troughing is 
attached to the catenary by 17 6 m m  s.w.r. hangers at 22 · 6 ft 
spacing. Ground anchors were fitted to stabilize the bridge 
against possible "galloping". The provision of a suspension 
bridge (Fig. 2) resulted in considerable savings of Post Office 
labour. The maintenance of the old route resulted in no loss 
of circuits, no loss of air pressure and no interruption to 
development schemes and also enabled adherence to the 
contractors revised time-table. 

F. R. STANDEN 
c. FITZROY 
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Associate Section Notes 

Aberdeen Centre 

Our first meeting of the session was held in the conference 
room at Telephone House on 27 October 1971. The talk, given 
by Mr. H. C. Stevenson of Telecommunications Headquarters 
Scotland, was on "Preparation for Interview." The talk was 
heard by a large audience who found it very informative and 
interesting. The second meeting was a talk given, this time, by a 
local associate section member-Mr. D. Duncan-on ''Datel. '' 
This talk was given on 24 November. 

J. H. McDoNALD 

Cam bridge Centre 

The rearranged annual general meeting of this Centre was 
held on 27 October 1971, in the north lounge of Brooklands 
Avenue local government offices canteen. 

Thirty�five members attended this meeting, The meeting 
proposed a vote of thanks to the outgoing committee and in 
particular to Mr. J. Acker, who retired from his post as 
treasurer after giving four years valuable service. 

The committee for the forthcoming session was elected ru; 

follows: President: Mr. A. E. Patterson; Chainnan: Mr. C. F. 
Nunn; Vice-Chair111a11: Mr. L. A. Salmon; Treasurer: Mr. 
S. W. Tookey; Secretary: Mr. R. S. King; Assistant Secretary: 
Mr. P. J. Young; Conunittee: Messrs. A. Newberry, Stewart, 
S. Hunt, and J. Acker; Auditors: Messrs. J. Clark and P. R. 
Howlett. Membership of the section now stands at 209. 

In November, an illustrated lecture on pulse code modula­
tion was given by Mr. C. G. Williams of Eastern Region 
Headquarters. This attracted a large attendance, and \Vas 
thoroughly enjoyed by all. 

Meetings arranged for the future include a lecture on 
Hi-Fi, a qualifying round of the Land-Line quiz and a visit 
to Rolls Royce Motors Ltd. It is hoped that these and other 
meetings will be well supported. 

P. YOUNG 

Edinburgh Centre 

The first meeting of the session, a talk entitled "Informal 
Insight into Hi-Fi,'' was scheduled to take place on 6 October 
but owing to illness the speaker cancelled this at very short 
notice. Since a great deal of interest had been shown in this 
subject it has been decided to try and fit the talk in sometime 
later in the session. 

On 4 November 1971 Mr. H. J. Whitehead, Personnel 
Division, Telecommunications Headquarters, Scotland, 
presented a talk "Diamonds in Industry." The speaker 
illustrated his very interesting talk with slides and a colour 
film, also diagrams showing the make-up of different types 
of diamond. Although concentrating on the industrial 
diamond, some time was also spent discussing diamonds used 
in the jewellery trade. 

Thirty members visited the British Broadcasting Corpora­
tion (B.B.C.) colour television studios, Glasgow, on the 
evening of 1 December. The party was shown the various 
pieces of colour equipment and the latest techniques being 
used, and then saw the studios control rooms, etc. The visit 
concluded with a period of questions, and answers by three 
B.B.C. engineers. 

It is regretted that our proposed weekend visit to London 
in April has had to be cancelled because of security restric­
tions. 

M. K. FINLAND 

Exeter Centre 

With our average attendance being 110 for the first two 
meetings of the winter program, the Centre continues to show 
its interest in the subjects selected by the committee, an 
interest which has been appreciated by the speakers. 

Our speaker for October was Tony Soper, Naturalist and 
Preservationist (British Broadcasting Corporation television) 
who presented his program, "Coastal Wild Life." Filmed 
mainly around the Devon and South Wales coast, seals were 
the main theme for the evening, ending with an interesting 
question time. 
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"Concorde" by F. G. Clark, Publicity Manager, British 
Aircraft Corporation (B.A.C.), Filton, was a most informa­
tive lecture for November. A series of slides and a short film 
brought us to grips with this supersonic aircraft. Its reliability, 
a 15-year period between overhauls, was a most impressive 
fact, clearly B.A.C. has every confidence for the future. 

It is hoped that the remainder of the winter program will 
be as enthusiastically supported. 

In the summer program it is proposed to include a social 
visit to London, this being the first of its kind for the Centre. 
Other visits which are anticipated are as follows: Esso Oil 
Refinery, Fawley, Southampton; Hurn Airport, Hants; 
Appledore Shipyard; Decca Navigation, Brix.ham. 

Our congratulations to Colin Knapman for his award 
winning paper "Voice Frequency Remote Control System A" 
presented as an Associate Section Paper Award 1970-71, i t  
not only does Colin credit for a well presented dissertation, 
but gives inspiration to Centre members who may just need 
that extra push. 

E. SOPER 

Glasgow Centre 

At the time of writing, we are almost halfway through the 
1971-72 session, and have enjoyed with much interest two 
talks and one visit. 

The talks were "This is our Business" by Mr. W. Chatwin, 
Deputy Telephone Manager, Glasgow Area and "Diamonds" 
by Mr. H.J. Whitehead, Personnel Division, Telecommunica­
tions Headquarters, Scotland. Although quite different in 
subject matter; one explaining the fascinating manoeuvres, 
both financial and administrative, with a large business 
organization such as ours, and the other dealing in the main 
with the hard facts regarding the application of diamonds in 
industry, both talks were most informative and illuminating. 

Our one visit so far has been to the Department of Trade 
and.Industry, National Engineering Laboratory, East Kilbride, 
Glasgow. As this was an evening visit it was not possible to 
cover all divisions within the Laboratory. The members 
present, however, were most impressed by what they did see, 
which included the use of air bearings in industry, hydro­
static transmission for vehicles, hydrostatic extrusion and 
high pressure and optical methods. 

We look forward now with enthusiasm to the remainder of 
the 1971-72 session. 

R. I. TOMLINSON 

Gloucester Centre 

The committee of the Gloucester Centre has been fairly 
active of late providing for its members a variety of events. 
The first of these, held on 28 October, was a lecture by two 
representatives from Modern Telephones Ltd. on private 
automatic branch exchange crossbar systems. Although not 
of a high technical content, this lecture was well presented and 
gave those present a good appreciation of these systems which 
are now being installed. Afterwards members were able to 
inspect various types of equipment on view. About 50 attended 
this evening lecture which was held at Gloucester. 

On 18 November a party of 29 members travelled by coach 
to London, to the Houses of Parliament, there they were met 
by the Member of Parliament for Gloucester, Mrs. Sally 
Oppenheim. A tour of the Houses of Parliament then followed. 
After lunch 22 of these were fortunate to obtain tickets to the 
Public Gallery in the House of Comn1ons to watch a debate, 
the remainder visited Faraday Building. This was a n1ost 
successful visit and can be recon1mended to any centre which 
has not yet had the opportunity. 

For the last day of November we organized our own "Any 
Questions?" evening on a form similar to that of the British 
Broadcasting Corporation program. This was held at the 
Kings Head Hotel, Cirencester and was attended by over 
100 members, wives and friends. The panel consisted of 



Mrs. Daphne Neville (currently \Vith Harlech television) 
Mr. W. Audry ( retired clergyman and author of Tho111as th� 
Tank Engine and an authority on railway matters), C. W. 
Ba:nett, Esq. (ex-England and Gloucestershire County 
Cricketer) and Dr. G. R. Dickson (Principal of The Royal 
Agricultural College, Cirencester). 

The Chairn1an was J. A. Stocks, M.A. (Head Master of 
Sir Thomas Ricks' School, Gloucester). A varied selection of 
questions, on both serious and light-hearted subjects were 
submitted by our 1nen1bers, which helped to contribute to a 
most enjoyable and successful evening. 

This meeting concluded our 1971 program. Another varied 
program is prepared for 1972 and -...ve hope that this too will 
continue to meet with success and be of interest to our 
members. 

P. G. \VHITE 

Hereford Centre 

The annual general nleeting was held at the Spread Eagle 
Hotel, on 29 November 1971 and was followed by a steak 
supper. 

The following officers \Vere elected: 
Chainnan: Mr. E.W. Ballinger; Vice-Chainnan: Mr. S. J. 

Cound; Secretary: Mr. L. Evans; Assistant Secretary: Mr. 
A. J. Charles; Treasurer: Mr. L. J. Knight; Auditors: Messrs. 

W. J. Merrick and M. Powell; Con1111ittee: Messrs. J. Bethell, 
F . . :qykcs, L. Higgins, M. G. Frost, N. Innes, H. Holt, P. A. 

Williams, G. Vanston, K. Manning, M. Parry, C. J. T. Brace, 
W. Wilkinson, K. Lee, D. Till, and N. Deeley. 

Membership of the section now totals 123. In 1971 one 
well supported successful visit was undertaken to W. n'. and 
H. 0. :Wills ci�arette fa�tory at Bristol. The following talks 
were given which were illustrated by slides: "Talk on Tele­
phone Engineering Centres" by Mr. M. R. Clough "ls there 
a need for Civil Engineering in the Post Office?" by Mr. P.  
Sayers, and "The Development of the New Hereford Trunk 
Centre at Barton Road" by Mr. A. Hayward and Mr. D. 
Garner. 

The first dinner and dance was held on 1 October 1971 at 
the Green Dragon Hotel, Hereford, with the Mayor and 
�ayoress and 11r. and Mrs. C. T. Lamping (Regional 
L1a1s.on Officer) as guests. This proved to be a very enjoyable 
evening. 

Details of the 1972 program have to be finalized but it is 
hoped to include visits to the Hereford Town Hall �nd to the 
Bir�'!1ingha1n Post Office .Tower and a talk by Dr. P.R. Bray 
on Underwater Submanne Cables" and one on the "Weights 
and Measures Department." 

L. EVANS 

Post Office Press Notices 

Cardiff "Turnkey" Project 

A new ad1ninistrative block, part of a big Head Post OJllce 
under construction at Cardiff, is expected to be ready for 
occupation in April. 

T.his is the Post Office's biggest "design-and-construct" 
project so far, and the first for a con1plete head office in­
coq�orating office bloc� and rnechanised letter and parcel 
sorting offices. John Laing Construction Industrial Engineer­
ing Branch has .a £2-! million con.tract for the building and 
much of the equipment. Letter sorting 1nachincs coding desks 
and other equipn1ent supplied separately will b� added later. 
The building is on a 9-!-acre forn1er sports field, on the 1nain 
Penarth road about three-quarters of a mile from the town 
centre. 

Sheffield Centre 

The new committee has been gratified by the increased 
support of the membership at meetings held during the first 
half of the 1971-72 session. 

A party of 26 mcn1bers visited York University on 5 October 
1971 w�ere J?r. Coombes gave us a glin1pse into the future by 
presenting his paper "The advent of the intelligent machine." 

Our Telephone Manager, Mr. R. H. Thompson, who this 
year is also Chairman of the Sheffield centre of the Institute 
of Electrical Engineers addressed the centre on 13 October 
1971. His subject was ,;Telecommunications" and there 
followed a tour of the main switching centre at Eldon House 
during which some members were called upon to assist. 

On 22 October 1971, a party of 24 members visited the 
British Overseas Airways Corporation (B.0.A.C.) head­
quarters at Heathrow. This was our second visit to B.O.A.C. 
and we are hopeful that there is scope for a third . 

. Mr. Forster of Telecommunication Headquarters presented 
hts paper on pulse code modulation before an audience of 
35 members on 11 November 1971. Not only did he deal with 
fundamentals but he also covered future developments and 
usage. 

Mr. J. Hornsby presented a paper entitled "From Valves 
to.Transi�tors" on 7 December 1971; 51 members attending 
this meeting. Mr. Hornsby was at one time at the Technical 
Training College, Stone and will be known to many outside 
the Sheffield centre. K H B . . ARKER 

Southampton Centre 

The Southampton Centre had an unfortunate beginning to 
the 1971-72 session, when the first visit was found to be 
scheduled on the same evening as the Post Office Engineering 
Union meeting for discussion of the ne\V superannuation 
scheme. There was, in consequence, a poor attendance for the 
visit to International Business Machines research lab:::>ratory 
at Hursley. This was followed by a visit to the British Broad­
casting Corporation (B. B.C.) television centre in September. 
In October a party visited the British Transpart Port authority 
and had a five hours conducted tour of the Southampton 
doc�s. Also during October the chairman of the Southampton 
section gave an illustrated talk on subscriber trunk dialling. 
There \Vere no visits during Nove1nber but we had a very 
interesting talk on "Live Line Working" by Mr. Howell of 
the Southern Electricity Board. In December, a party visited 
Tho�·nycrofts boat yards and spent a very enjoyable morning 
tounng these yards, at the end of this visit the Secretary was 
pr�sented with a book on the history of the Thornycroft yards; 
_this made a most welcon1c addition to the section's library. 
During the forthcoming months so far arranged arc visits to 
B. B.C. South offices and B.B.C. Radio Solent offices and the 
Ice Show at Wembley, talks on electronics in auto1natic 
telephone exchanges and the nliniturized A.C.9 signalling 
system. G. A. 1-ioLYOAKE 

Work started in October 1970 and the project is scheduled 
to be completed by Septe1nber this year. The 1nain structure 
of the building, which has 200,000 square feet of floor space, 
is con1plete and installation of equip1nent by Laing has 
reached an advanced stage. The parcels concentration office 
will have a central console fro1n which one nlan will be able 
to control the flo\v of parcels through the office. 

Trunk Circuits Increase 

New telephone trunk circuits installed by the B.P.O. in 1971 
totalled 12,032. This represents a 12·7 per cent increase in the 
number of trunk telephone circuits \Vorking in the U.K.-to 
106,942 at the end of 1971. 
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Britain Doubles Communication Links to Europe 

Three ne\v high-capacity undersea telephone cables linking 
Britain with Europe \Vill be in service by the end of May, 
announced Mr. Edward Fennessy, Managing Director of 
Post Office Telecomn1unications in January. 

The cables, each capable of handling up to 1,260 telephone 
calls simultaneously, are part of a huge £7 million com1nunica­
tions package for four cables across the North Sea, which will 
more than double existing telephone, telegraph, telex and 
data transn1ission links with Europe by the middle of next 
year. 

At present, links to Europe are provided by 22 low­
capacity telephone cables and a special 1nicrowave radio 
"hop" across the English Channel at Dover. Together these 
give just over 4,300 telephone circuits. The new North Sea 
cables-the fourth con1es into service in June 1973-provide 
an additional 5,000 circuits. 

The rate of growth in the European sector is spectacular. 
For example, of the 61,800 international telephone calls made 
each day 50,700 are to Europe. Last year 18 million calls went 
to Europe, three-and-a-half n1illion to the rest of the world. 

In the inid-1960s Britons made seven inillion telephone 
calls a year to Europe, while people on the Continent n1ade 
nearly six million to the U.K. By 1975 this traffic will increase 
sixfold on the mid-1960 level-with 39 1nillion calls to 
Europe and 39 million coming in to the U .K. The picture for 
telex is sin1ilar. A total of 19 inillion incoming and outgoing 
calls in 1965 will increase to 90 1nillion by 1975. 

The installation of the four new North Sea cables, provided 
under a seven-nation agreement on the initiative of the British 
Post Office, is only a single step towards n1eeting the explod­
ing demand for con1munications with Europe. 

"We are also planning to expand substantially our inter­
national 'gate\vay' exchange capacity," said Mr. Fennessy. 
Customers in London, Edinburgh, Birn1ingha1n, Glasgow, 
Liverpool and Manchester are already able to dial their calls 
direct to all Co1nmon Market countries and to Norway and 
Switzerland. As the new international "gateway" exchange at 
Wood Street, London-recently brought into service-is 
extended during the next two years international subscriber 
dialling will become available from other inajor centres in 
the provinces. The number of countries available by ISD is 
also being increased rapidly. In 1974 the Post Office is to 
to extend the microwave radio link with France. The exten­
sion, on the saine Dover-Fiennes route as the existing link, 
will provide 1,800 extra telephone circuits with roon1 for 
expansion up to 3,600. A new cable is also planned with 
France for 1976. 

"The increasing telecomn1unications contact with Europe 
is a barometer by which we can measure Britain's increasing 
commercial and social ties with the Continent," said 
Mr. Fennessy. "We are today providing the co1n111unications 
hard\vare which will 111eet this growth and improve existing 
services." 

Riding the Millimetric Waves 

To assist in meeting the explosive growth expected in tele­
communications in the next tv..·enty years the Post Office and 
the Science H.esearch Council have begun what is probably the 
largest niicrowavc-propagation study yet to be 111ounted any­
\Vhere. This project could have a major influence in opening 
up the 10--100 GHz range of the radio spectrum (wavelengths 
down to 3 m1n) to new n1icro\vave telecommunication system 
use. 

The propagation study is based on the Post Office Research 
Station at Martlesham Heath, near Ipswich. The SRC Radio 
and Space Research Station, in addition to participating at 
Martlesham, is carrying out supporting research at Slough, 
The Post Office needs to study the problems of transmitting 
radio waves at these super-high frequencies because its exist­
ing radio-relay network, operating at frequencies of 2, 4 and 
6 GHz, is now approaching congestion and the higher fre­
quencies offer a much greater message-carrying capacity. As 
frequencies rise above 10 GHz, transmissions are increasingly 
affected by the weather: heavy rainfall can cause serious signal 
fading; and the temperature stratification that occurs on clear 
evenings in still air can occasionally produce multiple trans­
mission paths that could adversely affect microwaves carrying 
high-speed digital signals. 
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The object of the study just begun-in which a network of 
experimental radio trans1nitters has been set up in East 
Anglia between Martlesham and Mendleshan1-is to find out 
just how radio transtnissions at these millimetric wavelengths 
are affected by the weather and what can be done to avoid 
disruption of service. It will take further the studies carried 
out previously by the Post Office Research Departinent at 
Dallis Hill, and the Radio and Space Research Station. This 
work has led to effort being directed at t\vo specific systen1s: 

(a) An 11 GHz syste1n transmitting digital inforn1ation at 
rates of about 100 M bit/s on several microwave carriers and 
suitable for line-of-sight path lengths of about 30 kin. In­
tended for use at existing stations on the Post Office's present 
extensive net\vork in the United Kingdom, it \Vill be capable 
of early exploitation. One link is already in operation, bet\veen 
Plymouth and Caradon Hill television trans111itter, operating 
in an analogue inode. 

(h) A 20 GHz system transmitting digital inforn1ation at 
rates of up to 500 Mbit/s on several n1icro\vave carriers and 
suitable for path lengths of 5 to 10 km. This short hop 
system will use low-power, solid-state microwave equipment 
whose small size and low weight should lead to radical simpli­
fication of installation design. The Post Office envisages poles 
up to 24 m high, with the equipment housed in pole-top units 
which could be lowered to ground level by winch and cable 
inside the pole, similar to son1e lighting coluinns used on 
1notorways and large intersections. The poles-111uch less 
obrusive than lattice steel towers-would stand by the road­
side at appropriate intervals. Particular attention being paid 
to the environmental a111enities aspect of the design. 

A longer-term possibility is the use of frequencies of 50 to 
100 GHz for local distribution, over distances of up to 1 kn1. 
This could make it possible to develop a systetn covering a 
residential area and providing teleco1111nunication services to 
individual houses. 

More Trunk Calls 

Telephone users in Britain 1nade 422 1nillion trunk calls in 
the three n1onths ended December 31-an increase of 11 · 9 
per cent on the san1e period in 1970. 

The proportion of calls dialled direct by custon1ers also 
rose, from 77 · 6 per cent in the last quarter of 1970 to a new 
peak of 81 · 9 per cent during the last three 1nonths of 1971. 

Extension for Su percabl e 

The biggest telephone cable in Europe, planned by the Post 
Office to link London, Binningham and Manchester by the 
mid-1970s, is to be extended to Leeds. Carrying some 100,000 
telephone calls simultaneously, the 230-mile cable \vill form a 
new high-capacity spine for Britain's fast-growing trunk tele­
phone network. Construction work on the first stage of a 
111assive cable�laying operation-the installation of 110 miles 
of underground duct to carry the supercable between London 
and Birmingham-is due to begin this year. 

The London-Binninghan1 section, is planned to conic into 
service in 1975, with the Binningharn-Manchester link follo\v: 
ing in 1976. The complete cable will be working by 1977 \vith 
the opening of the Manchester-Leeds section. The new cable 
is only three inches in dian1eter, yet it will carry nine tin1cs the 
nu1nber of telephone calls of any cable in use in Europe 
today. Because of its huge capacity this new con11nunications 
highway is to be specially protected from accidental darnage 
and fron1 the risk of electrical or radio interference. The cable 
will avoid inajor centres of population to keep \veil clear of 
other telephone cables and underground utilities, and will be 
laid nearly four feet deep-almost twice the usual depth. 

Britain's trunk net\vork is growing rapidly. There are 1nore 
than 100,000 circuits already in operation, and the Post 
Office is providing an additional 12,000 circuits each year. 
The supercable will in1prove existing co1nn1unication services 
and cope with expansion into the early 1980s. While con­
struction work is in progress the Post Office plans to lay two 
ducts, so that a further high-capacity systen1 can be provided 
quickly to meet the den1ands of the '80s. 

Post Office engineers have evolved new cable-laying tech­
niques so that the cable can be laid faster and with more 
efficiency than existing 1nethods. These include the design of a 
completely new vehicle to draw cable into the underground 



duct in lengths of up to a third of a inile-twice the distance of 
normal cable-laying. Post Office engineers have installed a 
supercable at Marlborough, Wilts, to gain practical ex­
perience of cable-laying with the new techniques and to test 
the cable under operational conditions. Underground duct 
has been laid over a 6 · 8 km route and a test section of the new 
cable installed. Tests will continue throughout the year. A 
number of innovations, such as new manhole designs, are 
being tried out. 

The Supercable is a 60 MHz coaxial syste1n. It consists of 
18 coaxial pairs over which it is possible to operate nine both­
way 60 MHz line systems suitable for telephony, data, tele­
vision, or a con1bination of all three. The cable has a capacity 
of 97,200 circuits compared with the 16,200 circuits available 
on the 12-tube, 12 MHz coaxial cables now in use. 

The 60 MHz line system, using frequency division 1nulti­
plexing, is a bold extension of the 12 MHz coaxial system. 
Each of the nine pairs of coaxial tubes exploits the frequency 
spectrum from 4 to 60 MHz in which t\velve 900-circuit 
broadbands can be assembled to give a capacity of 10,800 
telephone channels-four times the number provided by each 
of the six pairs of coaxial tubes in existing 12 MHz cable 
systems. 

The· Choice for Telecommunications 

The Post Office had some very important decisions to nlake 
in the currently controversial area of telephone switching 
policy, said Mr. Bill Ryland, Chairman of the Post Office, 
speaking to the Telecommunication Engineering and Manu­
facturing Association. 

The debate was whether the system for the '70s should be 
the new large electronic exchange (TXE 4) or some advanced 
type of eleclro1nechanical equipment (crossbar). 

"We are all agreed that we should dispense with the old 
fashioned type of electromechanical equipment (Strowger) as 
soon as possible," said Mr. Ryland. "We are agreed that in 
the meantime we need more modern systems .... It is accepted 
that the TXE 4 project must go ahead for final, rigorous and 
realistic validation. The issue is whether it is necessary and 
practicable to look also at some alternative-if only as an 
insurance. 

"We are having discussions with so1ne firn1s in TEMA 
about this. I want those discussions to be meaningful and 
satisfying.'' 

Price, commented Mr. Ryland, was a key question for any 
new or modified switching system. It would have to be one 
that \vould enable the Post Office to use the system not only 
for new requiren1ents but also for replacing the obsolescent, 
so that the network could be modernized and up-dated. 

The Post Office must be assured that the prices quoted 
initially would not go up, as so often happened with vast 
technological projects. It must come down as design im­
provements and productivity economics took effect. There 
must be a convincing and demonstrably realisable cost 
reduction progratne, fully acceptable by all. The Post Office 
could not risk being faced with unavoidable cost increases 
which it could not afford and which the customer could not 
stomach. 

Whatever was done, said Mr. Ryland, it had to be in tune 
with giving the customer the faster, quieter and more faultless 
service he wanted, with a wider range of facilities, and at the 
lowest possible price. 

"Our product is service. If it satisfies at a price \vhich 

carries conviction as value for money, people will \Vant more 
of it. That's where expansion and prosperity lie." 

Last year, he said, telephone service was given to a million 
more people, more than 1,000 million more calls were 
handled than in the previous year, the quality of the automatic 
service-local and trunk-was better, and a profit was made 
of some £93 million, all of which was ploughed back for 
expansion and development. Productivity in telecommunica­
tions since 1963-64 had been so good that the price index 
had risen by less than in the Retail Price Index. 

Contracts in delay were halved, and further progress had 
been made since then, but three-quarters of the increase in the 
waiting list was due to delays in the con1pletion of contracts 
by nlanufacturers. 

The Post Office and the telecom1nunications manufacturing 
industry were faced, said Mr. Ryland, probably more acutely 
than any industry, with the problem of reconciling the pace 
of technological change with the need to provide the custo1ner 
with the most up-to-date service at reasonable cost. 

New 'Phone Booths for Stations 

New open-style telephone booths are being installed at 
Waterloo Station, London, in place of the old wooden tele­
phone boxes. Now the Post Office is discussing with British 
Rail a program for the installation of booths at other stations. 

So far 34 booths have been installed at Waterloo and 
another 13 are go go in shortly to replace the old wooden 
telephone boxes. Already they have proved popular \Vith 
travellers. In a special survey people using the booths said 
they found them 1nore convenient, cleaner and easier to use 
than the wooden boxes with folding doors. 

The open-plan design is also a deterrent to vandalism and 
enables travellers to keep their luggage beside them when 
telephoning. 

"Telephones at stations get a great deal of use and the old 
wooden boxes are not really suitable for the demands of the 
1970s," said Mr. Edward Fennessy, Managing Director of 
Post Office Telecommunications. "We are looking at ways of 
bringing the telephone service on stations into line with the 
needs of the times, and booths have so1ne very real advantages 
over old-style boxes with doors. They are easier to use, 
particularly for people with luggage, are cleaner and much 
more convenient. With no doors there is slightly more back­
ground noise, but our user survey confirn1s that this is more 
than offset by the advantages." 

The booths, separated by panels which run fron1 the ceiling 
to about three feet from the ground are illuminated by 
fluorescent lighting. The international sign for the telephone, 
a handset on an illuminated circular background, is displayed 
above each booth to make identification simple for regular 
travellers and foreign visitors. The telephone equipment, and 
fixtures for holding directories, remain unchanged. British 
Rail are co-operating with the Post Office by redirecting their 
public announce1nent loudspeakers away fron1 the open 
booths. Since introducing the new booths at Waterloo tele­
phone calls have risen by 30 per cent. 

The design used at Waterloo will form a basis of a new 
national design for public telephone booths on railway 
stations. There are about 1,700 callboxes on railway stations, 
most of them the \vooden box type \vhich have been in service 
for up to 30 years. Booths \Vill be installed at 1nain-line 
terminal and other stations as these are modernized. 

65 



11 

Copyright 

The entire contents of this Journal are covered by general 
copyright, and special permission is necessary for reprinting long 
extracts, but editors are welcome to use not more than one-third 
of any article, provided that credit is given at the beginning or end, 
thus: "From The Post Office Electrical Engineers' Joumal." 

The Board of Editors is not responsible for the statements made 
or the opinions expressed in any of the articles or the corres­
pondence in this Journal, unless such statement is made specifically 
by the Board. 

Subscriptions and Back Numbers 

The Journal is published quarterly, in April, July, October and 
January, at 2lp per copy: 31p per copy including post and pack­
ing (£1.24 per year) (3 dollars Canada and U.S.A., JJCr year). Back 
numbers will be supplied, if available, price 24p (34p post paid) 
per copy. January and April 1969, October 1968, and all Journals 
earlier than July 1967 (except January and October 1966) are no 
longer available. Orders, by post only, to The Post Office Electrical 
E11gi11eers' Jo11mal, 2-12 Gresham Street, London, EC2V ?AG. 

Employees of the British Post Office can obtain the Journal 
through local agents. 

Binding 

Readers can have their copies bound at a cost of £1.87tp plus 
24p (40p overseas) return postage, by sending the complete set of 

• 

• 

- a. 

.. 

• 

' .. 

.. 

• 
> 

e. 
.. 

• 

... ' 

parts, with a remittance to Press Binders Ltd., 4 Iliffe Yard, 
London, S.E.17. 

Remittances 

Remittances should be made payable to "The P.O.E.E. Joumal" 
and should be crossed"& Co." 

Advertisements 

All correspondence relating to advertisement space reservations, 
copy, proofs, etc., should be addressed to the Advertisement 
Manager, The Post Office Electrical E11gi11eers' Joumal, 2-12 
Gresham Street, London, EC2V ?AG. 

Communications 

With the exceptions indicated above, all communications should 
be addressed to the Managing Editor, The Post Office Electrical 
E11gineers' Jo11mal, 2-12 Gresham Street, London, EC2V ?AG. 

Model Answer Books 

Books of model answers to certain of the City and Guilds of 
London Institute examinations in telecommunications are pub­
lished by the Board of Editors. Details of the books available are 
given at the end of the Supplement to the Journal. 

distribution 

panels 

FOR INSTANT MAINS DISTRIBUTION 

IN OFFICES, LABORATORIES, WORK­

SHOPS AND FOR MAXIMUM SAFETY . 

18 STANDARD TYPES 

BY RETURN OF POST 

PHONE NOW 
01-739 2343 

Olson Electronics Limited, Factory No. 8, 5-7 Long Street, London, E2 8HJ 



12 

c:·--�· •. •. "'''.'.:� , .. ?:'T· ···:c;···-:· . ??; �--_, ... . , . .. ,. ·c·,,,�·:··"7•1·c·,· . 7···�.··,,7··7 ·7·�";:'.' '.'""'':_'.;;_�: _��:_ 
. . ·. . · - .  . 

. . . . . . . 

. 
� ... ... ·� , ... . · . 

.. . . .  ,.. . . , . . . . . . .  · 

12-CIRCUIT CARRIER TELEPHONE SYSTEM 

FOR OPEN·WIRE LINES 

*TERMINAL, REPEATER AND LINE EQUIPMENT 

* C.C.l.T.T. STANDARD PERFORMANCE 

*INSTALLATION IS NO P ROBLEM 

*OFF THE SHELF DELIVERY 

Cf:ieleffra 
LABORATORI DI TELEFONIA ELETTRONICA E RADIO 
20059 Vi mere ate-Milano (Italy) yia Trento,30 • tel.(039) 63301-63551 - telex 31158 
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Service telephone subscribers with 

information on the latest news,sporting 

details, weather ,stock exchange news, 

advise number changes, discontinued 
. . 

services, new services, 

identify lo cation, f au It and other 

predetermined conditions with 

PLESSEY 
Automatic voice announcement 
equipment 

auto announcer 
The extremely reliable and 
economical Auto Announcer is ideal 
for announcing area identification, 
fault conditions and other short 
messages. Readily interchangeaole 
recording drums allow the use of one 
record unit for many replay units. 

_PL_E_S_S_E_Y __ A 
Electronics W' 

. .  

multi channel AVAE 
Engineered to the highest standards, 
the AVAE provides up to 12 separate 
15 second channels each capable of 
feeding 200 telephone lines. Suitable 
to advise telephone subscribers of 
number changes, discontinued ser­
vices and other service information. 

variable message repeater 
The heavy duty VMR provides 
announcements of up to 3 minutes 
duration with immediate recycling at 
the end of the message. News, 
weather, sporting .and other infor­
mation services can be recorded by 
unskilled operators quickly and easily. 

SALES PLESSEY RADIO Martin Rd West Leigh Havant Hampshire England 
Telephone 0701 216391 

Manufacturer PLESSEY ELECTRONICS PTY LTD 91 Murphy St Richmond Australia 3121 
Telex 30383 Cables PLESSELEC Melbourne 
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The world's 
most acceutable 

ite Noise Test Set 

accepts the widest coverage of filters in production 
-all on short delivery 

Nothing offers you the filter flexibility 
of the new M.I. OA2090B - a 
complete equipment for the 
measurement of noise and 
intermodulation in wideband 
telecommunications systems. Fitted 
with the appropriate filters, it can 
satisfy all the new specifications laid 
down for the testing of f.d.m. 
multichannel links up to 2700 
channels. 
*now with A.L.C. and even 
better receiver sensitivity. 
*for in-band testing, filters are 

available to CCIR recommendation 
399-1 (Oslo 1966) and associated 
CCITT recommendations. 
*filters available for Intelstat IV 
link testing to latest COMSAT 
requirements. 
*also for out-of-band testing to 
CCIR recommendation 398-2 
(New Delhi 1970). 
*will accept all filters to the CCIR 
recommendation 399 (Geneva 1963) 
whilst providing improved 
measurement accuracy in comparison 
with the 'A' Model. 

*filters to this older CCIR 
recommendation will continue to be 
available. 
*filters at non-standard frequencies 
available to order. 

MARCONI INSTRUMENTS LIMITED 
Longacres, St. Albans, Herts, England. 
Tel: St. Albans 59292 Telex: 23350 
A GEC-l\1arco11i Electro11ics Company 
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Marconi 
Data 
Transmission 
Systems 

Marconi has a comprehensive range 

of data transmission equipment, 

being supplied for the British Post 

Office's Datel Service, which is for 

the rapid transmission of data over 

telephone circuits. 

Marconidata U1120 Series 
(600/1200 baud modem) 
For the transmission of data over public 
or private telephone circuits at up to 
1200 bauds 

Marconidata U1140 Series 
(2400 baud modem) 
For the transmission of binary data at a 
fixed rate of 2400 bits per second 

Marconidata U1150 Series 
High-speed Modem 
For the transmission of high-speed data at 
435k bits/sec (Datel Codec System) 

Marconidata U1130 Series 
23-Channel Multiplex/ 
Demultiplex Equipment 
Enables data traffic to be transmitted 
over common bearer circuit with safe and 
rapid phasing. 

Marconidata Dataplex 
Data interface unit 
Enables data to be transmitted over multi­
channel voice frequency telegraph 
systems 

Marconidata multiplex/demultiplex equipment 

Marconi Line Communications Division, 
specialists in digital transmission, including 
message switching, PCM, and error correcting 
equipment, part of the total systems capability 
of Marconi Communication Systems. 

Marconi Communication Systems 
Complete civil and military static and mobile communication systems 

Message switching 
Digital and data systems 
Microwave and tropo systems 
Mobile radio telephones 
Specialized components 

Satellite communications earth stations 
H.F. and l.f. point-to-point systems 
Television and broadcasting stations 
Maritime and naval systems 

Marconi Communication 
Systems Limited, 
Chelmsford, Essex, England 

Surveys, planning and commissioning A GEC-Marconi Electronics Company 

LTD/U60 



MST 

Marconi is the largest European 
manufacturer and exporter of h.f radio 
communications systems. 

Marconi Self-Tuning (MST) h.f systems, 
worth over £14,000,000, have been 
sold to over 47 countries. 

MST combines user economy with high 
quality performance. 

f . 

MST reduces capital outlay and installation costs by 

reducing space requirements and the need for 

standby equipment. 

MST reliability is increased by the maximum use of 

solid-state techniques and the incorporation of 

wideband amplifiers to minimize the number of 

moving parts. 

MST centralized station control and remote control 

facilities, plus 

MST reliability mean a reduction in manpower of as 

much as 5 to 1 .  

MST traffic carrying efficiency is greatly increased by 

frequency changing taking less than 1 minute. 

Marconi Radio and Space Communications 

Division, designers and suppliers of h.f. and 

/.f. point-to-point systems, line-of-sight and 

tropospheric scatter microwave systems and space 

communications earth stations-part of the total 

system capability of Marconi Communication Systems. 
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Radio Swisse photo 

Marconi Communication Systems 
Complete civil and military static and mobile communication systems 

Message switching 
Digital and data systems 
Microwave and tropo systems 
Mobile radio telephones 
Specialized components 

Satellite communications earth stations 
H. F and l.f point-to-point systems 
Television and broadcasting stations 
Maritime and naval systems 
Surveys, planning and commissioning 

Marconi Communication 

Systems Limited, 

Chelmsford, Essex, England 

A GEC-Marconl Electronics Company 

LTO/H92 
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Our manufacturing resources could contribute to your 

success, too! We've chalked up many years of service 
to ministries, government departments, armed forces, 
and a formidable list of significant names in industry. 
They all come to Whiteley for the specialist knowhow 
and resources we have developed. Can we help you? 
We can build to your drawings and specification, or put 
our design departments at your service, as needed. From 

When you've got components that call for encapsulation 
-bring them along to Whiteley. With efficient potting, 
your components will be totally insulated and environ­
mentally protected - and Whiteley experience in 
developing this advanced plastics technique will ensure 
that it is applied to full advantage. 

a small component to a complete system, in audio work, We can encapsulate in epoxy resin or polyurethane-
relay switching circuits. control systems, and many hot setting or cold setting as required. Where fillers 
other spheres-our facil:ties are ready. The Whiteley offer advantages, we can apply them, expertly. We are 
organisation is self-contained. The manufacturing 
resources are backed by our own toolroom, sheet metal ready to handle small quantities or volume production 

working and press shops, plating and finishing lines, for you . It's one more way in which you can capitalise 
coil and transformer winding shop, plastics moulding on our production resources. For electrical and electronic 
shop and a r:iodern n

.
e

.� cabinet fa?tory. Capitalise on work-right through from design to final assembly-
all these Wh1

_
teley fac1l1t1e�-cal! us in for a look at your you can safely follow the example of many famous 

versatzlzty... · versatility ... 

WHITELEY ELECTRICAL RADIO CO. LTD. 
Mansfield, Notts, England. Tel. Mansfield 24762 
London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074 

WHITELEY ELECTRICAL RADIO CO. LTD. 
Mansfield, Notts, England. Tel. Mansfield 24762 
London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074 
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ATR 20 solid-state relays 
match up to modern 
data interface requirements 

Need a ready-made solution to interfacing problems between 
telegraph or data system lines? 

Fairey Electronics ATR20 series relays are currently being used in 
full duplex, half duplex and differential duplex telegraph systems. 
Sensitivity 1s adequate for CCITT Recommendation V24 inputs. for 
example as an interface with Tariff J circuits. Very considerable 
improvements in performance, reliability and equipment bulk arc 

being achieved. 

Abridged 
Specification 

Isolation 
Mode -

Speed 

ATR20 series 
polarised relays 
Meets -B PO safety reqUlrerTIOnts 
Singi8--P01e changeover as e8Ch-si-de st<ibie,-­
one- side stable (+or - side stable) or 
centre stable. 
Or, single-pole on/off (inverting or non­
inverting action) 
Typically 1.000 bauds at 1 ooV OUtput 

increasing to 5,000 bauds at 30V 
Maintenance None (no moving parts) 

- M .T. B�F. -4�: years (calculated) under typical corlcfil:lo-ns 
Input impedance 

- lnPutreve1-
output voltage 

- - -

1 5k.Qj30kndepei-idinQO-nmod_e __ - ---
--3-:-oV io foOv single or double curren-t -
6.ovt0-1 oov single or 6 - o=-s _v __ _ 
to 100-0-1 OOV double 

- ---
-- ---

Output current 1.0mA - 250mA 
Power s-upply- No external supplies are required-ol.he

_
r_ -- -- - -

than the output signalling battery __ 

Fairey Electronics ATR20 polarised electronic relays are offered 
(1) as plug-in replacements for existing e.m. types. (2) on p.c. 
boards for new equipment. or (3) as a complete interface package in a 
19in rack containing up to 10 relays, filters and barretter lamps. 

You ought to know more 
about ATR20 relays 

rF�El�n�m� ----- " 
I 

Pottington Industrial Estate, Barnstaple, Devon. • + Tel: Barnstaple 5911 11-9 
e-1 

I'd like to inquire further into Fairey solid-state 

I telegraph relays and associated equipments. 

Please send me: 

I 
D Literature II D Application note. My application is ..... 

.I D Please get in touch with me personally. I 
I ·-Name __ . 

.... 
I 

Department.. _____ . ·---

1 Address. ____ .... . _ _ 
� faire 

II.••• ... -. -.111111.I Electro�ics 
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Don't plan your 
cable network to meet 

the next 20months. 
Plan it to meet 

the next20years. 

Better still, 
let us plan it. 

Plann ing a successfu I cable 
network is rather like plan­
ning a successfu I party. You 
cater not on lyforwho you've 
invited, not only for who's 
bringing a friend, but for 
whose friend is bringing a 
friend. 

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

That's why we produce 
oneof the most comprehen-

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

That's why we're always 
experirr.enting to find new 

cable compositions with 
even greater capacities. 

And that's why the service 
we offer is not restricted to 
the manufacture of cable. 
We also plan complete 
cable networks and install 
them. Offer technological 
advice about them. 

Now why shou Id you do 
three times over-in 5, 12 
and 20years' time-what we 
can do for you now? 

Telephone Cables Ltd., Dagenham, England. Tel.: 01-592 6611. Cables: Drycore, Dagenham. Telex896216 



In search 
of power? 

The modern answer to the quest for an economical trouble�free source 
of independent electrical power is the brushless a.c. generator. 

And the leading exponents in this field are GEC Machines - with n1ore 
than twelve years experience behind them. 

For base load or standby power; 
for gas turbine or diesel 
application; for a single machine 
or a complete installation 
including the prime mover; 
wherever and for whatever purpose 
power is required; specify 
GEC Machines; the people with 
all the expertise in a.c. generation. 

GEC Machines Limited 
Diesel Generator and Marine Sales, Mill Road, Rugby, Warwickshire, England. 

Machines 
Tel: Rugby (STD 0788) 2121Telex31671 Grams Assocelect Rugby Telex A .member of the GEC Group. 

ENGLISH ELECTRIC AEJ: 

22 
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ND 
�\ COMPRESSOR 

� ��1NEEDED 

Send now for details of the powerful, 
portable Pionjar petrol driven dri II 

and breaker to 

ITT Flygt Pumps Limited. 
Colwick, Nottingham. 

··- --------·· Please send details of the I Pionjar Rock Drill/Breaker to • 
I NAME ______________ • 
I ADDRESS I 
•��������-• 
.. ____________ .. 

PAG E 

Marconi Instruments Ltd. 15, 16 

Olson Electronics Ltd. .I 1 

Pirelli General Cable Works Ltd. 5 

Plessey Electronics Pty Ltd. 13 

Standard Telephones & Cables Ltd. 1-4 

Telephone Cables Ltd. . . 

Telephone & Wireless Components Ltd . .. 

Telletra S.p.A. 

Whiteley Electrical Radio Co. Ltd ... 

MODEL ANSWER BOOKS 
CITY AND GUILDS OF LONDON INSTITUTE 

EXAMINATIONS FOR THE TELECOMMUNICATION 

TECHNICIANS' COURSE 

Five model answer books arc available, cacb covering one o( the following 
subjects, 

TELECOMMUNICATION PRINCCPLES A 

TELEPHONY AND TELEGRAPHY A 

ELEMENTARY TELECOMMUNICATION PRACTICE 

RADIO AND LINE TRANSMISSION A 

Price 37tp each; 42p (Post Paid) 

LINE PLANT PRACTICE A 

Price now reduced to 37tp each; 42p (Post Paid) 
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3 

12 

19 

Model Answer books for Telecommunication Principles n are temporarily 
out of print, but a new edition is being prepared. 

Orders should be sent to 

The Post Office Electrical Engineers' Journal, 
2-12 Gresham Street, London EC2V ?AG 

Published by The Post Office Electrical Engineers' Jo11rnal, 2-12 Gresham Street, London, E.C.2, 
and printed in Great Britain by Unwin Brothers Limited, Woking and London 
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Do you know what else 1 
Ber1nan S1nilh can do? · 

"62" type equipment is the 
aspect of our output you probably 
already know about. It's worth 
remembering however, that we 
produce many other types of 
presswork and sheet metal 
assemblies which may be of use 
to you. 

We are acutely aware of the 
needs of the electrical arid 
electronics industries and our 
experience in these spheres 
is comprehensive. 

Contact Peter Bowen 

We are prepared for any 
challenge, complex or simple, 
large or small. Try us. 

We produce the range of "62" 
type equipment, including the 
racks themselves, shelf 
assemblies, card locks, card 
guides, slide brackets, dummy 
front plates, etc. We also 
undertake electrical and · 

electronic assemblies." 
,..---,-----., 

HERMAN SMITH 

Herman Smith Limited Cinderbank Works Netherton Dudley 
Worcestershire Telephone Dudley 52791 

PO approved 
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TYPE 62 10' 5• 
9 

FULL RANGE 
1' 5· 

7 TO 14 DAY DELIVERY 

3' 3 

HIGH PRECISION MECHANICS 
FOR INSTRUMENT ELECTRONIC 

AND AUTOMATION INDUSTRIES 

TELECOMM UN !CATIONS 

MECHANICS 

P.O. APPROVED 

IMMEDIATE QUOTATIONS AND 

TECHNICAL SERVICE 

P.C.M. TRANSIT JIG DATEL MODEM 

,(RAY ELECTRONICS LTD 

SHELF ASSEMBLIES 

TELEX 
UNITS 

THAMES ROAD, CRAYFORD, KENT 

TELEPHONE: CRAYFORD 29251 
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