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It is with some satisfaction, but, we hope, not with 
complacency that we are able at the beginning of this 
second issue of INTERCOM to report that the general 
reaction to the first edition has been so encouraging. 
Such journals are never easy to produce for, while one 
tries to please most of the people all of the time, 
nevertheless it is plain that such an accomplishment is 
not possible. However, though some non-technical 
readers found the material too technical and some 
technical men thought there was too much chit-chat, on 
the whole the opinions expressed to us in numerous 
telephone calls and letters have confirmed that the 
magazine has filled a very real need. This has been amply 
illustrated by the numbers of requests for copies from 
our own people, our customer services and from 
overseas. We would like to offer our thanks to all those 
readers who were kind enough to communicate their 
appreciation either to the Director or to the editor. 

In this issue, it will be seen that there are substantial 
contributions from the Police Service and, indeed, part 
of our encouragement is due to the fact that, after the 
appearance of our first publication, interest was shown 

by so many people and organisations In supplying 
material in the future. It is our hope that we shall be 
receiving articles from communications officers in the 
Fire Service, from public service communications 
officers overseas and possibly from members of 
industrial firms in the telecommunications field. Jack 
Hallett's provocative little article on Sponsored Develop
ment and Private Venture Development will surely 
stimulate enough disagreement for a warm response. 

Our particular interest for more articles of special 
interest to our readers in the Fire Service will, we think, 
be met in the next edition when there should be a 
full-scale account of the break-through mentioned in the 
STOP PRESS announcement on Fireground Communi
cations. Other material is also in preparation which will 
be of interest to Fire Service communications officers. 

If readers have anything to say in INTERCOM, they are 
invited to write or telephone the editor so that any 
proposed article can be discussed. If readers have any 
comments on articles appearing in these pages, they will 
be of value to us and gratefully received. 

THE DIRECTORATE 
Training 

David Crawford 

The first issue of INTERCOM contained a short article 
briefly outlining the training needs of organisations such 
as the Directorate of Telecommunications and, with the 
increasing demands of our customer services for new 
sophisticated systems, the steps now being taken within 
the Directorate to achieve standardisation of techniques 
and performance. The following is a more detailed 
account of the Training Section's main activities and 
short term plans. 

The Training Section is composed of the Officer in 
Charge (John Le Butt, Senior Wireless Engineer); two 
Chief Wireless Technicians (John Leake and Norman 
Butler), whose duties include technical instruction; one 
Executive Officer (myself) and a Clerical Officer (Miss 
Pat Mellor) who attend to the administration duties of 
the section. 

The responsibilities of the unit can be broadly defined 
as: 

(1) Meeting the growing need for general and specific 
technical training arising from the new types of 
equipment being developed and brought into service. 

(2) Organising training in the management techniques 
considered necessary for the efficient handling of 
day-to-day affairs. 

(3) Assisting our customer services. 

TECHNICAL TRAINING 

Technical training is carried out by a combination of day 
release at colleges, courses provided by industry and 
other government departments, and our own internal 
programme. Day release Is still regarded as the basis for 
training, and approximately 200 technicians are 
currently attending suitable courses at local colleges. 
Details of day release arrangements are sent to the Home 
Office Wireless Depots and applications to attend are 
submitted via the Regional Wireless Engineer in time to 
be considered before September of each year Generally 
speaking, the courses most appropriate to the work of 
the Directorate are City and Guilds No. 49 (Tele
communications Technician) and ONC/HNC (Ordinary 
National Certificate/Higher National Certificate) in 
Electrical and Electronic Engineering. 

Until recently, most of the training on specific 
equipment and techniques was obtained from outside 
sources such as manufacturers and other government 
departments in the form of short full-time courses. 
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Train ing-John Leake, 
Chief Wireless 
Technician, lecturing on 
a Home Office systems 
course. 

Unfortunately, in many cases, we have been forced to 
accept odd places on courses provided for several 
different organisations, but we have been able to arrange 
a small number of courses specially for our technicians. 
Training of this nature, however, is expensive and rarely 
meets the specific needs of the Directorate, and for these 
reasons an increasing amount of technical training is 
being carried out internally with the accent on practical 
work. 

The first internal course in December 1970 dealt with 
Home Office county radio schemes, and consisted of 
instruction and practical work on control room, link and 
main station equipment. Two more of these courses have 
since been held and some similar training has been 
carried out for the London District staff. We have also 
recently started our own training programme in logic 
circuitry in connection with the new vehicle avail
ability/location systems, visual display units for the 
police national computer network and other equip
ments. 

Some training will continue to be 'purchased' from 
manufacturers where it is considered to be economical 
to do so, and we are at present arranging short courses 
on the PDP 11 Computer-Digital Equipment Ltd, 
automatic test equipment—Marconi Co. Ltd, and 
'Mascot' equipment-Pye Ltd, for technicians who will 
have a special need for this knowledge. In addition, 
specialists will be sent on a three-week course on visual 
display units with EMI. 

MANAGEMENT TRAINING 

A series of management courses for Senior Wireless 
Technicians is, at the time of writing, in progress, and 
this marks the culmination of a programme spread over 
two years covering all supervisory grades. The courses 
were planned jointly by the Directorate, the Central 
Training Branch of the Home Office and the Industrial 

Society, and are provided by the latter with some 
lectures by members of the Directorate headquarters 
staff where appropriate. Most aspects of management are 
covered including motivation, communication, tech
niques and staff appraisal and, when the programme 
ends in May of this year, about 220 members of the 
Directorate will have attended a total of 16 courses. 

CUSTOMER SERVICES 

An increasing amount of attention is being given to the 
provision of suitable training in communications for the 
police forces and fire brigades, our main customer 
services. Two six-week courses will be held later this year 
for Police Communications Officers, with the aim of 
giving them a broad background knowledge of radio and 
line theory and equipment. Each course will be split into 
two parts-three weeks theory at the School of Signals, 
Blandford, Dorset, and three weeks equipment and 
practice at the Directorate's Central Communications 
Establishment at Harrow. A number of similar courses 
will also be held for Fire Brigade Communications 
Officers at the Fire Service Technical College, 
Moreton-in-Marsh. Plans for all these courses are well 
under way, and the instruction will be shared between 
engineers and training staff from the Directorate and a 
number of outside lecturers. 

Telecommunications presentations are regularly 
provided at Police Training Establishments-particularly 
at the Police College, Bramshill, Hampshire, as part of the 
Inspector's and Intermediate Command Courses-and 
consist of talks by senior members of the Directorate on 
important aspects of police communications. Talks and 
discussions of a similar nature are held at the Fire 
Service Staff College, Dorking, Surrey. 

Additional projects for our customer services in 1972, 
include assistance for the Greater London Fire Brigade 
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with the setting up of their own operational 
communications school and training programme, and the 
provision of a country-wide series of four-day courses in 
communications work for civil defence volunteers, 
instructors being drawn from our area office staff 

PUBLICATIONS 

Publications form an important part of the work of the 
Training Section and the major item produced to date 
has been 'Exhibition 1971', the handbook for the 
Directorate's telecommunications exhibition held at 
Leicester University last year. Copies of this 350-page 
publication have already been issued to police forces in 
22 different countries and requests are still being 
received from as far away as New Zealand. 

More recently, we have had published handbooks on 
Police Radio and Telex/Teleprinter Operating Pro
cedures, supplies of which have now been sent to all 
forces in England and Wales. 

Much of our work in this field consists of the frequent 
preparation of handbooks in connection with the 
presentations for our customer services previously 
referred to. Most of the talks given by the Directorate 
staff are supplemented by these handbooks which are 
provided for the course students. So far, the Training 
Section has been responsible for the preparation of 14 
handbooks with a total distribution of over 4,000 
copies, as well as producing notes and diagrams for 
students attending internal courses. 

In addition to the responsibilities outlined above, this 
section undertakes other duties connected with training, 
as and when the need arises. These other tasks include 
the co-ordination of arrangements for driving 

instruction-including hea vy goods vehicles- for 
members of the Directorate technical staff, and for Post 
Office correspondence courses in telecommunications 
subjects. We also liaise with the Central Training Branch 
of the Home Office on matters concerning further 
education, including Open University, and on the 
provision of training statistics. 

The Directorate's training activities will increase 
considerably during the current year. Courses will be 
held for our own technicians in a variety of subjects, 
both internally and with industry, and a closed circuit 
television project is in hand with the aim of providing 
training films for our regional staff. We also hope to 
introduce a scheme for the training of selected 
technicians for professional qualifications. 

During the next few months the training staff will 
undertake visits to all our regional wireless depots in 
order that we can (1) take a closer look at the training 
needs of the men who carry out our installation, 
maintenance and repair work, and (2) bring our new 
personal training record system up-to-date. The informa
tion gained from this exercise will be of considerable use 
in the planning of future courses and will help us to 
provide the right training for the right people. 

On the customer services side, the courses for Police and 
Fire Communications Officers are the main events on 
our calendar. Additionally senior members of the 
Directorate will continue to give lectures at the training 
colleges and suitable handbooks will again be provided. 

By stepping up the training programme in these ways, 
the Directorate aims to bring about standardised 
techniques in the handling and maintenance of 
increasingly complex equipment, and so improve the 
service provided for our customers. 
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COMMUNICATIONS 72 
Tuesday, 13 June, 11.30-6 pm 
Wednesday, 14 June, 11.30-6 pm 
Thursday, 15 June, 11.30-6 pm 

Metropole Convention Centre—Brighton 

This three-day international conference and exhibition 
on communications will be inaugurated by the Chairman 
of the National Electronics Council, Admiral of the 
Fleet the Earl Mountbatten, on Tuesday, 13 June 1972. 
The exhibition is being organised by ETV Cybernetics 
Ltd and the conference by Electronics Weekly and 
Wireless World. The whole is being supported by the 
Electronic Engineering Association, the Ministry of 
Defence and the Home Office. 

HOME OFFICE DAY 

Wednesday, 14 June, will be the Directorate of 
Telecommunications, Home Office, day. The 'high-light' 
paper of this day: THE PROBLEM OF AREA 
COVERAGE IN RELATION TO MOBILE RADIO will 
be read by J P Titheradge. 

NEW TECHNIQUES 

On Thursday, 15 June, there will be talks on new 
techniques developed at the University College of 
Swansea under contract to the Home Office. V Petrovic 
will speak on: A HIGH-EFFICIENCY DOUBLE 
SIDEBAND TRANSMITTER, and R J Holbeche will 
speak on: DEMODULATION TECHNIQUES FOR 
DIMINISHED CARRIER AM-DERIVED SYSTEMS. 

The conference and exhibition will be attended by 
distinguished authorities in the field of 
telecommunications from all over the world. Over thirty 
papers will be presented by leading experts from the 
United Kingdom, Ireland and Europe. 

The outline of the programme is: 

DAY 1 (13 June) 
Session 1-Mobile Radio. 
Session 2—Data Communications. 
Session 3—Point-to-point Communications. 

DAY 2 (14 June) 
Session 4—Communications in Transport Point-to-
Point and Systems. 
Session 5-Mobile Radio. 
Session 6—Test Equipment. 

DAY 3 (15 June) 
Session 7'-Mobile Data Communications. 
Session 8-Military Radio Communications. 
Session 9-New Techniques. 

Under the sponsorship of the Electronics Engineering 
Association and the Department of Trade and Industry, 
three foreign trade missions are being invited to the 
United Kingdom and arrangements have been made for 
members to attend at Brighton. 
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HOW DID WE GET HERE AND 
WHERE DO WE GO FROM HERE? 

J N Hallett 

Jack Hallett is a Senior Wireless Engineer in the Forward 
Planning and Research Section of the Directorate. Currently he 
is project officer for the Mobile Automatic Data Experiment and 
the Automatic Vehicle Location Study. 

In spite of the title-which, once thought of, seemed a 
pity to waste-this article is not an historical account of 
the way in which specific fire and police 
telecommunication equipments have come into being. 
Indeed, the author is not qualified to write such an 
article, although, to judge from stories heard from those 
who are, several fascinating books could be produced on 
the topic. 

It is instead a philosophical discussion of the ways in 
which technological changes occur, with particular 
reference to the development of telecommunication 
equipment. It is particularly concerned to define the role 
of the User in any development process. It is a personal 
view, based on more than thirty years of intermittent 
effort towards teaching users their place In the scheme 
of things. 

THE TWO WAYS 

There are broadly two ways in which an advance in 
technology may occur: 
1 By 'Sponsored' development, in which Users and/or 

their engineering advisers (in the best cases it is 
ALWAYS 'and' and NEVER 'or') spend effort and 
government money for the purpose. The work may 
be done in a Government establishment, but most 
often a formal development contract is let to a firm. 
This technique is well understood and practised in 
military circles, because there it has long been 
appreciated that changes in equipment and tactics are 
interdependent, and that the side which is out-of-date 
in either loses the battle, if not the war The classic 
sequence is that discovering how to ride horses 
(equipment) made foot-skirmishing (tactics) 
unpleasant; bows-and-arrows (equipment) made it 
necessary to armour (equipment) the mounted 
knight, slowing him up. and altering his employment 
(tactics); gunpowder (equipment) eventually finished 
cavalry (tactics) altogether; trenches (tactics) nullified 
gunpowder and its successors; tanks used in mass 
(equipment and tactics) nullified trenches; nuclear 
weapons (equipment) spoiled mass-tank tactics; and 
where next? 

2 By 'Private Venture' ('PV') development, in which an 
industrial firm spends effort and shareholders' money 
to develop something which will sell at a profit. This 
technique is well understood and practised in 
commercial circles and is a perfectly respectable way 
of going on. It is, however, of the utmost importance 
to realise that the true aim here is not so much to 
make technological advances, as to pay the 
shareholders an adequate dividend. So long as the 
catalogued goods sell, there are positive disadvantages 
in changing them significantly. A classic example here 
comes from the automobile industry: so long as a 
model sells well, then once the bugs have been sorted 
out it gets no more than an annual face-lift Because 
the rate of true progress is slow, PV development is 
not used in the military telecommunications field. 

There are two awkward in-between systems, often 
known as 'Inspired PV and 'Supported PV, which will 
be familiar to many readers. A PV is Inspired by 
indicating-sometimes in some detail-what is required, 
and also indicating an intention to purchase if the result 
(including the price) is acceptable. Sometimes some 
government money is provided to forward the work, and 
the PV is then said to be Supported. These systems are 
awkward in that the user (and his advisers) can only 
push a manufacturer so far down the road of real 
progress by either method: to call the whole tune one 
must pay the whole of the piper's emolument, and even 
in a Supported PV the user does not usually have much 
control over the outcome. 

THE TWO WAYS COMPARED 

By now it will be clear that this article is written largely 
in favour of Sponsored development There are, 
however, two circumstances in which PV work is not 
only perfectly respectable, but very welcome: 
1 When PV Is put forward in direct competition with a 

sponsored development This can lead to some 
comical embarrassments, but competition is always a 
good thing. The point here—assuming, of course, that 
the sponsored work marks a real advance-is that its 
very existence has caused someone to depart from the 
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usual lethargic PV pattern. There are signs that this is 
happening at the moment in the mobile-data field. 

2 When, for one reason or another, an urgent need 
appears which has not been foreseen in time to be 
met by sponsored work, but which can be met by an 
available PV. This is why the Army are buying PV 
radios to use in Ulster. 

It is difficult to prove conclusively, but in the two 
important areas of time and cost, there is probably little 
to choose between sponsored and PV work. So far as 
time is concerned, getting a really new equipment from 
first conception to first production takes anything 
between three and ten years in either case—except that 
shareholders are rarely willing to wait for the longer 
terms, which is why PV rarely produces really new 
equipment. There is, of course, one difference between 
the two: the time taken for a sponsored development is 
known to everyone, whereas PV developments are 
almost always kept under wraps until potential rivals 
have been hopefully left behind. In particular, doubting 
Marketing Managers probably impose as much delay on 
PV work as doubting administrators do on the sponsored 
variety, whatever the business-efficiency experts may 
say. 

On Cost, development charges are seen to exist in 
sponsored items and hidden In the price of a PV. 

THE USER'S PART 

So far, so good. But what is the user's place in all this? 
In brief: 
1 If he buys PV, then he must have it clearly in mind 

that, as a rule, he is buying short-term advantage. 
What he buys may already be old-fashioned. Maybe 
the equipment is what he wants; maybe he can't wait; 
but he must accept that this is what he is doing, or he 
will end up a disappointed man. 

2 If he participates in a sponsored development then he 
must play his full part—neither less nor more. He 
must not leave his engineering advisers to tell him 
what he needs, and he must trust them when they 
forecast feasibilities, time-scales and costs. In other 
words, he must contribute to the formulation of an 
operational requirement. 

WHAT'S THAT? 

As to what an operational requirement is, that is 
material for another article. Sufficient for the moment 
to say that no development (Sponsored or PV) can hope 
to be successful without one, whether known by this 
name or some other. 

STOP PRESS 

FIREGROUND 
COMMUNICATIONS 

For some time the Directorate has been seeking a 
solution to the hitherto intractable problem of 
providing reliable wireless communications with 
firemen in difficult environments, such as 
underground bunkers, deep basements, ships' holds 
etc. Recent tests of an entirely new system have 
produced, in known problem situations, results in a 
different class from anything previously achieved, and 
we have Just learned that authority has been obtained 
which permits us to go ahead with full operational 
trials. Urgent action Is in hand to obtain sufficient 
equipment to allow concurrent trials in several 
brigades. 

Fuller information in our next issue. 
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MOBILE FACSIMILE 

A Three-fold Article from the Directorate of 
Telecommunications, Home Office; 

The Sussex Constabulary 
and 

The Bristol Constabulary 

1. INTRODUCTION 

E B Thomson (Directorate of 
Telecommunications) 

Altfiougti mobile facsimile is a recent innovation, its 
ancestor, in a static role, has been around in one form or 
another for many years. The mobile system enables 
facsimile copy to be reproduced within a stationary or 
moving vehicle when transmitted over a radio scheme. 
By its very nature, mobile facsimile is required to convey 
information more rapidly than static installations. The 
penalty of increased bandwidth is offset by a reduction 
in attainable resolution to a Just-adequate standard for 
its intended purpose. 

Facsimile offers versatility in message conveyance and 
can deal with script, type or photograph. In keeping 
with other communications systems, however, it has 
certain disadvantages. One of these is that it does not 
distinguish in a time sense between the blank paper and 
information content of a document, so that for prompt 
transmission the preparation of messages into a compact 
form is extremely worthwhile. 

The Directorate is presently investigating the possible 
merits of mobile facsimile particularly for police use in 
VHF radio schemes. To this end, a modest purchase was 
made of two types of equipment, both manufactured by 
Muirheads Ltd of Beckenham. One type employs 
out-of-band signalling, which means that the facsimile 
signal is above the normal speech band of 300-3400 Hz, 
and in this particular case it is encompassed within 
3650 Hz and 4850 Hz. There is no difficulty in the dual 
transmission of speech and facsimile without mutual 
interference, providing the bandwidth of the radio 
system will accommodate the combined signal. The 
other type of equipment purchased is technically more 
sophisticated since it is designed to operate in a portion 
of the speech band, such that the facsimile signal lies in 
the frequency region 2200 Hz to 3000 Hz and speech is 
confined between 300 Hz and 2WO Hz. Speech quality 

is obviously somewhat impaired, but not unacceptably 
so. This system also will allow the simultaneous 
transmission of speech and facsimile signals. Further, the 
rate of facsimile transmission has been reduced to 
roughly two-thirds of the speed of the out-of-band 
version to conserve bandwidth. 

One county police force, Sussex Constabulary, and a 
city force, Bristol, have been invited to take part in 
operational trials. Both forces have had fairly lengthy 
experience with static installations working over 
landlines. Sussex Constabulary became involved some 
considerable time ago with mobile facsimile, but 
encountered then insurmountable difficulties for Its 
forcewide operation in their diversity transmission radio 
scheme. An historical account of the tribulations of 
mobile facsimile in Sussex is given in this article. This 
Spring, the force will recommence its evaluation trials, 
using the in-bandsignalling version in 12 vehicles. 

Bristol City force has recently completed trials of six 
months duration, using the out-of-band system and their 
findings are expressed at the conclusion of this article. 

The Directorate is most grateful for the assistance given 
by the Chief Constables and their staffs. 

HOW IT WORKS 

If one regards any document as composed of a large 
number of very small elemental areas, each area will have 
its own relative light value determined by its reflectivity 
varying in the monochrome scale from white, through 
shades of grey, to black. Providing the elemental areas 
are made small enough, a document can be realistically 
reproduced by interpreting the tonal value of each area 
together with its geographical position on the document. 

The practical solution is to scan slowly in small 
increments the whole area of a light-illuminated 
document, and measure the intensity of the light 
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reflected from each elemental area. The light variations 
are converted at the facsimile transmitter into electrical 
signals for onward transmission to a recorder which must 
operate in synchronism with the transmitter to position 
correctly and reproduce each elemental area. 

The Muirhead technique employed in the mobile 
equipment purchased for the Bristol and Sussex trials Is 
described below. 

TRANSMITTER 

At the transmitter, a document is automatically fed 
slowly into the machine by feed rollers and its printed 
surface brightly illuminated. Instant by instant as the 
document progresses, a very narrow strip of its 
illuminated surface is focussed by an optical lens on a 
horizontal slit aperture through which the Ugh t is imaged 
on to the outer surface of a rotating drum geared to the 
feed rollers. This image may be viewed on the drum 
surface as a very thin line of light of varying or steady 
intensity along its length, dependent on the nature of 
that particular portion of the document. 

Each elemental area on the image is scanned by making 
use of another narrow slit aperture cut around and along 
the length of the drum in the shape of a slow helix. As 
the drum rotates the fixed and moving apertures 
coincide at one position only to traverse effectively the 
length of the image. The area of coincidence of the 
apertures is the elemental area, roughly equal in 
dimensions to the product of the aperture widths and it 
admits localised light from the image into the interior of 
the drum. Inside the drum the small patch of light is 
directed by a wide-angle light guide on to a 
photo-multiplier which converts the varying light 
intensities into electrical signals. After processing, these 
signals, together with command impulses for start, 
synchronizing and stop, are fed as modulation to the 
radio transmitter. In this particular system the output 

signal from the facsimile transmitter is frequency 
modulated, for example, the out-of-band version 
transmits 4000 Hz for black and 4500 Hz for white. 
Shades of grey are proportional between those 
frequencies. The system bandwidth, due to the FM 
characteristic, is greater than that which may be assumed 
from the white to black frequency separation of 500 Hz, 
and for its document transmission rate of 4in/min is 
theoretically 1250 Hz. The in-band version to be 
employed in the forthcoming Sussex trials requires 
about 800 Hz bandwidth for 2^in/min transmission 
rate, but in this equipment the black and white 
frequencies lie within the 300-3000 Hz band, at the 
upper end. 

RECORDER 

At the mobile recorder, which is connected to the 
radio receiver in the vehicle, the incoming frequency-
modulated facsimile signals are converted to a varying 
DC voltage applied between a metal writing edge 
and a rotatable metal drum. The recording paper, 4V2in 
in width, is moist with chemical impregnation and in 
operation passes at constant speed between the writing 
edge and the rotating drum, which is embossed with a 
helix. (Complementary to the helical slit aperture in the 
transmitter). Current passes through the paper at Its 
point of contact with the helix and, dependent on the 
magnitude of the current, causes local (or elemental 
area) darkening of the paper. The document copy is thus 
built up line by line by the effective sideways tracing of 
the helix and the paper progression. 

Transmission and reception synchronism is derived in 
two ways; first, from close-tolerance, crystal oscillator 
sources at each end to power the appropriate 
synchronous motors and keep the transmitter and 
recorder drums running at the same speed, and, second, 
by transmitted electrical impulses to position correctly 
the paper and the helix of the recorder. 

Sussex Constabulary 
T C Williams 

T C Williams, Esq, CBE, OPM, is Chief Constable 
of Sussex Constabulary. 

The origin of facsimile transmissions to police mobiles 
dates from the establishment, in 1966, of a Sussex 
criminal records office to centralise the records of a 
number of the Sussex forces. At that time there 
appeared to be a need for an exchange of documents 
between the involved forces and the new Sussex CRO 
and the successful application of line facsimile in the 
Bristol Constabulary prompted an evaluation of similar 

equipment between Chichester, HQ of the then West 
Sussex Constabulary, and the new records office at 
Brighton. 

Line facsimile was ultimately rejected, mainly on the 
heavy cost of private wire rentals in a county area. 
However, during discussions with Mark Wallbank, 
Muirheads Ltd, Chief Inspector George Turner (now 
Chief Superintendent, Kent County Constabulary) 
queried the feasibility of a facsimile transmission system 
to a police vehicle. He was assured that equipment 
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PC Charles Edwards of the 
Sussex Police reaches across 
to detach a copy of a map 
just received over the mobile 
facsimile system. This could 
be instructions to all cars 
for a complex 'stake-out' 
operation which would be 
received with the confidence 
that interception by 
unauthorised persons is 
virtually impossible. 

capable of operating over a radio link already existed 
and that there was no valid reason why it should not 
provide an adequate system for police purposes. The 
possibilities of such a system was obviously worth 
further investigation, and in subsequent discussions 
Muirheads Ltd expressed interest in the broad outlines 
of the proposal to develop a system capable of working 
on a police VHF radio scheme to a police mobile. 

Experimental trials began in August 1967, the early tests 
being conducted with the manufacturers' existing 
equipment. The 'mobile' used was, in fact, a police van 
and no attempt was made to provide a tailored 
installation. Indeed, it was accepted that a mobile 'test 
bed' best met the requirement and transmissions were 
via a single transmitter site and occupied the whole of 
the normal speech bandwidth. The results obtained in 
these early trials were most encouraging. They clearly 
showed that the equipment was quite capable of 
producing an acceptable facsimile copy in a police 
mobile, and an interesting factor, even at this early stage, 
the reception of a good facsimile recording in the mobile 
in some locations regarded as areas of poor reception for 
normal voice transmissions. 

There was, however, an obvious need to modify the 
mobile equipment, as size and shape made the unit 
unsuitable for the average patrol car. At this time the 
facsimile receiver consisted of a single unit and it was 
agreed with the manufacturers to split the equipment so 
that, whilst the main electronic unit could be 
boot-mounted, the recorder unit could be conveniently 
sited to give easy access for a car crew. 

During 1968, further discussions took place and further 
tests were made with various modifications of the 
equipment. A good deal of consideration was given to 
the size and shape of the recorder unit, and in deciding 
upon the present configuration it was appreciated that 
the size of this unit very much dictated the dimensions 
of the facsimile copy. The final design was based upon 
the assumption that whilst a limit to the size of original 

documents transmitted was acceptable, it was vital that 
the recorder unit be suitable for installation In any 
normal police vehicle. 

The various tests conducted during this period were still 
from a single transmitter site and it became obvious that 
there was an operational requirement for simultaneous 
speech and facsimile transmissions. This Muirheads were 
able to engineer, with the co-operation of the Home 
Office Directorate of Telecommunications staff, by 
extending the bandwidth of the system to encompass 
both speech and facsimile together, and very satisfactory 
results were achieved. A variety of facsimile 
transmissions were made without any interference with 
the normal voice operation of the radio channel 
concerned. Generally, reproduction in the mobile was of 
a good quality and of an acceptable standard for 
operational purposes. At this stage, due to out-of-band 
facsimile signalling, no interference was experienced by 
mobiles not equipped with facsimile equipment. The 
illustrations give an example of an original document and 
the mobile print-out. 

By late 1968, it was felt that sufficient knowledge had 
been gained to warrant a full operational evaluation. The 
earlier tests had, of course, concentrated on the 
technical performance of the equipment, and the area of 
cover had been incidental. The use of a single transmitter 
site had, in fact, restricted this area of cover to three 
Divisions in the western part of the county. A particular 
police requirement of any evaluation was therefore for 
the equipment to operate on a county-wide basis. 

It is perhaps necessary at this point to describe briefly 
the Force VHF radio network then in use. This consisted 
of three VHF channels deployed as follows: 

I Red Channel, local to the western part of the county 
and operating from one transmitter site (Burton 
Down). 

2. Blue Channel, local to the central coastal area and 
also a single transmitter site (Race Hill). 
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3, Black Channel, serving as a local channel for the 
eastern section of the county and requiring three 
hilltop sites, (Fairlight, Crowborough and 
Beddingham). These three sites operated, of course, 
on the usual small frequency offsets from the 
nominal carrier frequency and the provision of 
equipment at Burton Down extended the Black 
Channel to give a county-wide cover. 

Shortly after this re-allocation of the experimental 
equipment to a three base station scheme, it became 
apparent that there was an interference pattern in the 
area of the overlap between the three transmitters. 
Whilst transmissions to the facsimile mobiles were still 
reproducing an acceptable print-out, other mobiles were 
experiencing a 'beat' signal which had the effect of 
opening the mute on their radio receivers. 

WPC Kate Piper of the 
Sussex Police sends a 
photograph over the mobile 
facsimile system. Facsimile 
signals do not interfere with 
voice communication from 
control and can be sent at the 
same time as speech. 

In addition, work had commenced on the provision of a 
fourth Radio Channel, Green Channel, intended to 
provide a local frequency for the eastern area and to 
release the Black Channel from this commitment Green 
Channel equipment had been installed at the Fairlight 
site, but not at the other two sites necessary to provide 
the required cover. 

In view of this pattern of radio cover it was obvious that, 
if the evaluation was to be realistically based on the 
likely operational requirements, the transmitter 
equipment must, at some stage, be committed to the 
Black, county-wide channel. 

The basic details of the planned assessment were 
finalised on the 13th January 1969. The format agreed 
was for immediate tests on the Green and Red Channels 
with one vehicle, followed by similar tests on the Black 
Channel. There would then be a gap of some three or 
four months whilst Muirheads produced and fitted 
equipment for four vehicles, and these vehicles would 
then be available for approximately two months for the 
purely operational trial. 

The re-commenced transmissions on the Red and Green 
Channels were again quite successful and in February 
1969, the transmitter equipment was transferred to the 
Black Channel. 

Fortunately the area of overlap was geographically small 
and confined to a fairly rural area. The interference 
would therefore normally only affect a very small 
number of mobiles. Although the interference was an 
annoying background noise, speech transmissions 
overrode this and so the operational use of the channel 
was still possible. Whilst Muirheads were anxious to cure 
this particular problem, it was felt that any 
modifications to equipment could be fully tested in the 
operational trials and that the existing time-table should 
be adhered to. 

During the next few months, brief engineering tests were 
made, particularly with the first model of a new smaller 
version of the mobile recorder. A number of 
demonstrations of the equipment were held, notably at 
Royal Signals School, Blandford and Police College, 
Bramshill, where perfectly satisfactory signals were 
received from the transmitter in Sussex. 

In September, 1969, the first of the four mobiles was 
equipped, the remainder being furbished during October. 
Practical preparations included the briefing of vehicle 
crews, and liaison officers to assist in the collation of 
information from each vehicle. In order to measure the 
possible work load an attempt was to be made to record 
possible usage in addition to actual transmissions and a 
number of forms for easy recording were produced. 
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Co-incidental with this, but to have a serious effect on 
the planned activities, was the commissioning in 
September of a new hill-top site at West Hoathly. This 
site replaced the old Crowborough site and considerably 
improved the Black Channel cover in the north-eastern 
part of the county. 

Initial transmissions with the first re-equipped vehicle 
immediately showed that the replacement of the 
Crowborough site by West Hoathly had greatly altered 
the interference pattern. This now covered a large area 
of the county and the 'noise' had risen to an intolerable 
level. Further tests followed, but in January 1970 it was 
found necessary to halt the evaluation until such time as 
the manufacturers had found a solution to the 
interference. 

At this stage it is as well to pause and outline some of 
the operational factors which had already become 
apparent. 

During the course of the various trials a wide variety of 
materials had been used as original documents. These 
included gloss and matt photographs, ordnance survey 
map sections, teleprinter and telex original and copy 
messages, typewritten messages, newsprint, pen and 
pencil script and drawings in a variety of colours on 
white and coloured paper. Some variation in clarity of 
the print-out was noted, for example, matt photographs 
appeared to reproduce with a higher definition than 
glossy prints. However, generally speaking, it was found 
that provided the original document was legible, an 
acceptable print-out was achieved. 

The controls of the transmit equipment were extremely 
simple and no difficulties were experienced in operation. 
The noise level when transmitting was low and 
acceptable in the operations room environment 

During reception by the vehicle radio receivers some 
slight speech break-through on occasions caused black 
lines on the facsimile recording. Also car crews had to be 
reminded not to acknowledge speech messages whilst 
actually receiving facsimile. There was a tendency for 
exposed paper in the recorder to dry out if not in regular 
use, and this was overcome by sending two or three 
'pre-tesf transmissions at the commencement of any 
trial. 

Transmission time naturally varied according to the 
length of message, but the speed, two inches of 
document recording in 30 seconds, was considered to be 
adequate. By the preparation of original documents to 
make maximum use of the line scanning system 
employed by the transmitter, it was found that very few 
messages need exceed two inches in length. 

Close co-operation continued with Muirheads. Although 
the basic problem proved difficult to overcome, it was 
still possible to demonstrate the equipment for short 

periods of time. Considerable interest has been shown by 
police forces in the United Kingdom, Germany, 
Argentine, Brazil, Holland, Egypt, Norway, and by a 
number of other essential services. In addition, the 
equipment featured in the television programme 
'Tom-Tom' and the Hank Organisation documentary 
series 'Look at Life'. 

During 1970 the emphasis was upon the engineering 
problems. Previous transmissions had employed 
out-of-band facsimile signalling and bench tests now 
concentrated on a form of in-band transmission. Trials 
on the multi-base station scheme showed some 
improvement in interference 'noise' but the speech 
quality was not acceptable. 

At this point it was decided that, though out-of-band 
facsimile transmission was unsuitable in a widespread 
county area using diversity radio transmission such as 
Sussex, it should be satisfactory In a city area, operating 
on a single-base station, and equipment was bought for 
trials in Bristol, an account of which follows this section 
of the article. 

Full credit must be given to the Muirhead technicians 
who refused to be discouraged by the difficulties 
encountered. In 1971 it was agreed that a slightly slower 
transmission speed would be acceptable, particularly If 
in-band simultaneous speech and facsimile transmissions 
were possible. Tests then commenced on the feasibility 
of using 800 Hz bandwidth at the top end of the speech 
frequency allocation. 

Representatives of the Home Office Directorate of 
Telecommunications were closely involved in this later 
development and bench tests proved encouraging. 
Further trials in the live scheme indicated that a 
practical solution had been found. The facsimile 
recording showed no loss of definition and the speech 
degradation was almost unnotlceable. This latter factor 
was no doubt assisted by the mobile radio's tendency to 
'cut off at 2.2 kHz. The new slower speed of 
transmission was 2in in 50 seconds and this was 
considered accep table. 

The results obtained on this final stage were sufficiently 
encouraging for the Home Office to place an order with 
Muirheads Ltd., for two transmitters and 13 mobile 
recorders. This equipment is planned for installation in 
Sussex in Spring 1972, and a six-month field evaluation of 
operational usage will then take place. 

Whilst previous activities have concentrated on the 
engineering problems, our experiences over the past six 
years have produced a number of interesting 
possibilities. The operational evaluation will therefore be 
directed towards an assessment of the equipment In 
relation to the following factors. 

1. Secrecy of Transmission. 
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2. Single Manned Vehicles. Any increased efficiency in 
deployment of vehicles when drivers were not 
required to stop to record lengthy descriptions etc, 
or the value of accurate descriptions in 
circumstances where drivers would normally rely on 
memory. 

3. Unmanned Vehicles. The advantages of a system able 
to deliver a message to vehicles temporarily 
unmanned. 

4. 'Repeat' Messages. The value of an accurate means of 
updating vehicles, not on the air at the 
commencement of an incident but subsequently 
involved, whilst leaving the speech channel free for 
the normal deployment and control of vehicles 
engaged in the incident. 

5. Vehicle Deployment. The ability simultaneously to 
deploy a number of vehicles to different locations by 
transmission of a sketch plan or list showing points 
to be manned. 

6. Pre-Planned Actions. The effective use of 
pre-prepared action plans suitable for transmission 

• and only requiring the addition of vehicle call-signs, 
ie alarmed premises calls, ecompass points, check 
schemes, known traffic diversions for pre-planned 
events, etc. 

7. Photographs. The effectiveness of photograph 

reproductions in major crime operations, large scale 
searches, missing person enquiries, etc. 

8. Update Information. The value of collating recent 
information and circulations with current 
transmissions, ie routine transmission of check list of 
most recent outstanding stolen vehicles. 

9. Crew Assistance. The advantage of marked map 
sections to crews experiencing difficulty in 
pin-pointing locations, ie RV points for vehicles 
attending major incidents, specialist units In 
unfamiliar areas of operation, etc. 

10. Static Role. The implications of transmitter/ 
recorders in a major incident role from such 
locations as an Incident Post, Casualty Bureau, 
Designated Hospitals etc, or in Police Buildings for 
the transmission and reception of routine traffic. 

In conclusion, the lengthy engineering, tests have shown 
that facsimile transmissions to police mobiles are a viable 
proposition, whether the requirement is for a single- or 
multi-base station scheme, and the possible uses outlined 
in this article give some indication of the potential. The 
objective now must be to gauge the effectiveness of a 
communications system which, if operationally 
acceptable, could drastically alter the future 
requiremen ts of the police service. 

Bristol Constabulary 

G Twist 

G Twist, Esq, QPM, LLM, is Chief Constable of Bristol 
Constabulary. 

INTRODUCTION 

Following field trials of the Muirhead Mobile Facsimile 
equipment by the Sussex Constabulary, and to permit 
operational evaluation of the mobile facsimile, the Home 
Office Directorate of Telecommunications decided to 
mount an experiment in Bristol. Ten Bristol vehicles 
were fitted {seven patrol cars, and three dog vans), and, 
after a commissioning period of one month, evaluation 
began on 20 July, 1971. 

Bristol was chosen because of its experience of Mufax 
fixed-terminal line facsimile in a complete force 
installation since 1965, and because it operates a single 
transmitter giving solid radio coverage of the City. The 
Sussex experiment had shown that, with more than one 
transmitter operating, there were heterodyne problems 
which will no doubt be obviated when equipment for 
simultaneous transmission of speech and facsimile within 
a 3 kHz baseband is available. 

At the outset, it was found that the relatively small 
number of mobiles equipped imposed some limitations 
on the tests. It was difficult to keep the full number of 
vehicles operational at the same time owing to normal 
vehicle breakdowns or defects, ordinary radio faults and 
routine maintenance. Every effort was made to keep the 
vehicles on the same tour of duty, simultaneously with 
the same staff on duty In the Operations Room, and this 
called for a combined effort between garage and radio 
staff to keep the vehicles and equipment maintained and 
serviced while the operational staffs were off duty. The 
test concluded in early 1972, following which reports 
were obtained from as many as possible of the officers 
concerned, together with those from officers detailed to 
cover definite aspects of the trials. A combined report is 
now being considered by the Directorate. 

AIM OF THE TESTS 

Mobile facsimile appeared to have some clear advantages 
over conventional radio communication solely with 
voice, and the tests were to decide, if possible, whether 
these apparent advantages could be demonstrated under 
actual operational conditions. 
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The advantages looked for were as follows: 
1 Ability to transmit to mobiles photographs, maps, 

drawings and printed or written matter, using voice at 
the same time, if necessary. 

2 Ability to receive facsimile even in fringe or poor 
areas of radio reception. 

3 As operation is automatic, no specialist training for 
personnel would be necessary. 

4 Vehicle driver participation being unnecessary, 
single-crew working is enabled. 

5 As the copying-down of received messages is also 
eliminated, more accurate communication is assured. 

6 That the automatic operation, with less operator 
involvement would achieve some saving of air and 
personnel time. 

7 Better security of message traffic. 

Equipment 

The facsimile transmitter at Headquarters was the 
Muirhead K400-M and the recorders fitted to the 
mobiles were type K460 by the same makers, and 
though the following remarks are to a large extent based 
on the experience with this equipment, an attempt has 
been made to assess generally the use of mobile facsimile 
for police purposes. 

be received, edited, and priorities decided before 
transmission commenced. It is possible for control to use 
voice transmission at the same time as the facsimile 
transmission, but a mobile cannot normally transmit 
while receiving facsimile. 

Some years of experience with line facsimile have 
confirmed the great advantage of being able to send all 
classes of material including photographs, but whereas 
the Mufax line machine will transmit and receive 
material up to SVzin wide, the mobile machines are at 
present limited to 4%in width. This meant considerable 
editing of material, sometimes by retyping and 
sometimes by cutting up the material into strips of the 
required width in order to fit the format. Re-usable or 
disposable cards of the right size were also tried, with 
some success. 

The transmission of photographs to mobiles proved of 
inestimable value, a photograph being of much more use 
than a written description, and on one occasion when 
check points were manned on the northern boundary of 
the City all personnel engaged at the points were 
provided by mobile facsimile, with photographs of the 
escaped prisoners within 16 minutes. Obviously, too, the 
transmission of photographs of missing persons. 

Bristol Constabulary Muirhead 
mobile facsimile. Photographs 
of a remarkably good 
definition can be passed to 
mobile patrols as can be seen 
from this picture of the 
interior of a Bristol police 
car. 

TRANSMITTER 

In Bristol the communications system is designed around 
the use of operators' consoles and the disadvantage of 
leaving one's position to operate the facsimile 
transmitter soon became apparent. In a future system 
incorporating mobile facsimile it would be necessary to 
have a separate facsimile console where material could 

including children, is of the utmost value, and 
instructions were issued at the outset that photographs 
of persons reported missing should be obtained at the 
earliest possible moment for transmission. 
Unfortunately, many of the photographs of this kind 
available are not of the right size, and prior photographic 
enlargement or reduction must be resorted to, with 
consequent delay. The undoubted advantages of 
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photographic transmission to mobiles can best be fully 
exploited when some form of device, perhaps of an 
optical nature, is added to the transmitter enabling the 
operator to make an immediate enlargement or 
reduction in size of the image to fit the format before 
transmission. This could also be used with other types of 
material, provkJed that any reduction in size of detail was 
not carried too far for the machine to resolve, or the 
recipient to read. If this Is not possible, a larger format 
would assist. 

Some deterioration in quality inevitably occurs during 
transmission, and it is fair to say that material which is 
itself the result of a copying process, such as Xerox 
copy, is more likely to be unsuitable when received. 
Otherwise, the quality of all materials transmitted, 
particularly photographs, proved fully acceptable and 
indeed admirable. 

Material to be transmitted is fed into a slot, where it is 
picked up by rollers, and a micro-switch activated, which 
sends out a signal, starting up the recorders in all the 
mobiles, and it is at this point that a few remarks may be 
made: 

7 The roller mechanism must be of very careful design If it 
is to accept in proper alignment all the different 
classes of material which for police purposes must be 
fed into it, eg Telex, Mufax paper, serial forms and 
others of varying thicknesses. 

2 A monitor recorder alongside the transmitter is 
desirable to determine whether a complaint of a 
faulty transmission is due to transmitter or recorder. 

3 A means of adjusting contrast, as on the 'Mufax' line 
machines, is also desirable, so that this can be viewed 
on the monitor. 

MOBILE RECORDERS 

The process depends on an electro-sensitive paper, which 
is kept in damp form until it is ejected, after which it 
dries in about 10 minutes. The recorder must therefore 
be carefully sited to avoid premature drying-out of the 
paper, with heater outlets and all the other equipment in 
a modern patrol car, this is sometimes difficult to 
achieve. The method of tearing off or cutting the ejected 
paper after transmission must also be carefully 
considered, remembering that we are dealing with damp 
paper, being torn off sometimes in a moving vehicle in 
darkness and perhaps at an inconvenient angle. Undue 
waste of paper can also occur if the mobile recipient 
constantly pulls out more paper than necessary before 
cutting off. 

When all the mobile recorders are left on, awaiting 
actuation by the headquarters transmitter, as advocated, 
careful attention must be paid to suppressing the 
interference generated by the car itself, as this was found 
to cause further actuation of the recorders. It was 
necessary in fact to keep them switched off, and to 
switch them on only when instructed by voice 
transmission. This, though, negatived the very real 
advantage that the machine is able to operate while the 
car is left unattended. In a purpose-designed and 
permanent system, this matter could, of course, receive 
the required attention. 

A much more important consideration is whether, as at 
present, all recorders should together be activated 
automatically by the facsimile transmitter. In a large 
fleet one can imagine the waste of paper in mobiles for 
whom messages were not primarily intended. It would 
seem highly necessary to have in conjunction a selective 
calling system, so that a facsimile message can be sent to 
one or to a particular class of vehicle only when desired. 

The boot of a Bristol police 
car, showing the main mobile 
facsimile equipment. Below is 
the normal radio transceiver. 
(Photo: David Robson). 
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The time tal<en to transmit messages by facsimile 
highlighted an operational difference between city and 
county forces. Plans of all premises protected by alarm 
devices in this City, including coverage points, are held 
at the Operations Room and mobile facsimile was used 
to transmit these maps to mobiles directed to the 
premises consequent on an alarm. For the console 
operator to receive an alarm, remove the alarm plan 
card, place it in the transmitter, and for the mobile then 
to receive the plan took on an average 2 minutes and 40 
seconds. The average response time over the year for 
mobiles in the City is 2 minutes 30 seconds, and this 
meant that in quite a few instances the mobile would be 
in attendance prior to receiving the plan in its entirety! 
Obviously this does not assume as much importance in a 
rural area, and is not a general criticism of the system. 

Among the material transmitted were Express and Crime 
messages, wanted and missing persons, persons absent 
from care, stolen and recovered vehicles, MO checks and 
photographs, requests for photographs, road traffic 
offences, burglar alarm operational plans, domestic 
information and instructions, test messages and 
photographs. 

Tests were also conducted to ascertain the range of 
mobile facsimile, particularly in relation to radio 
reception, and it was quickly found that facsimile 
messages were still receivable and legible when radio 
reception was almost unintelligible. In one test facsimile 
reception was good though with some graining at 
30.3 miles, when radio reception in the vehicle was only 
fair, and the mobiles radio signal at control was weak. 

Mobile facsimile is yet another drain on that already 
over-worked product-the mobiles' battery, and some 
care is necessary to ensure that voltage reductions are 
not allowed to occur, particularly in winter when there 
is usually a greater load on the battery. 

S T A F F ATTITUDES 

A t the beginning of the evaluation tests a fair amount of 
scepticism was detected among personnel using the 
equipment However, within a short time, a distinct 
change was noted, particularly when the transmission of 
photographs to check points, major incidents and 
searches was fully appreciated. Officers, particularly in 
dog vans, were also appreciative of the advantages 
offered by the equipment as an 'updating' medium for 
routine matters while they were away from their 
vehicles. 

Mention has been made of the reservations voiced by the 
Operations Room staff of the necessity of editing and 
duplicating to the correct format material for 
transmission, though their criticism of the need to leave 

their consoles could be met in the design of an 
integrated system. 

By far the majority were in favour of the equipment 
being retained, not necessarily for the complete fleet, 
but certainly as facility in specific vehicles to be utilised 
when operational circumstances justify. 

CONCLUSIONS 

The evalf^ation tests have demonstrated, at least to my 
force, that there is valuable potential in this form of 
communication which can be put to good use, having 
regard to the points made on selective calling, if a 
complete fleet is equipped, and the possible adjustment 
of format at the transmitter. If only certain vehicles 
were equipped, there would, of course, be much less 
need for selective calling. 

All the advantages listed at the beginning of this article 
are in some measure realised in the system, and in the 
light of increasing interest in facsimile In police fields, it 
is hoped that the tests will prove to have been 
worthwhile. 

THE FUTURE 

Once again tests are being made of a manufacturer's 
product not designed with a composite police 
communications system in mind, one more piece of 
communications equipment will no doubt be included in 
the already cramped interior of a police patrol car, and 
one more load added to its battery. 

While tremendous strides have and are being made in this 
field it may be as well to set out what we want from our 
communications and hope that before too long our 
needs will be integrated in one complete system: 
1 Voice transmission to and from the mobile, using a 

more efficient system than at present 
2 Data transmission, at least from the mobile to 

control, to up-date the vehicle availability display, 
etc., and for command and control use. 

3 Print-out facilities, control to mobile for routine 
matter not involving graphics. Higher speeds possible. 

4 Facsimile, at least from control to mobile, for 
photographs, foto-fit, plans, records, etc. 

5 Selective calling. 
6 Television, mobile to control, for transmitting scenes 

of incidents. In view of the band-width necessary, 
even slow-scan television would possibly be 
acceptable. 

While the above may seem somewhat of a pipe-dream, 
and a daunting Job for the designers and the Directorate, 
there's no harm in asking, is there? 
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DOES YOUR COMMUNICATION SYSTEM 
GIVE VALUE FOR MONEY ? 

P P H Smith, Chief Wireless Engineer 
Forward Planning (Lines & Data Transmission) 

THE PRESENT STATE 

Land line communications facilities for the fire and 
police services are now generally provided by one, or a 
mixture of both, of two ways. First, by means of the 
public network, ie, telephone or telex, establishing 
connections by dialling through the local exchange and 
second, by means of a 'Private Wire' or 'Exclusive' 
network, ie, lines interconnecting the various offices and 
stations of the organisation, rented for their exclusive 
use and used for telephone and telegraph traffic. 

The choice of method is dependent on two main factors; 
cost and operational requirements. 

If cost is the determining factor, it is a comparatively 
simple matter to calculate the cheaper method for 
communication between any two given points. A record 
of calls or traffic over a period of, say, one to three 
months, will enable the approximate annual cost, on a 
time and distance basis, of using the public network to 
be determined. If this exceeds the annual rental of a 
private wire circuit between the two points and the 
terminating telephone or teleprinter, then obviously a 
change to the latter will be economic. 

The operational requirement, in the case of fire and 
police services, is more likely to be the determining 
factor than cost alone. Passing operational messages, 
whether by voice or telegraph, concerning reaction to 
emergencies, requires the absolute minimum delay. The 
requirement is that the facility to communicate, 
effectively, immediately, be available at any time, 24 
hours per day, 7 days a week. This requirement is 
normally met by a 'Private Wire' line system since 
reliance on the public switched network may result in 
varying, unacceptable, delays which are outside the 
control of the service concerned. Provided some form of 
pre-emption, or 'break in' facility under the control of 
the operational staff, is available, this private system 
may be used for administration purposes when not in 
use operationally. 

Private systems for administrative traffic are normally 
expected to be provided only when they can be Justified 
by consideration of cost. 

Why an 'exclusive' or 'private' network? Most private 
networks currently in use, whether they incorporate 

automatic exchanges or not, have grown as individual 
Jinks and have been Justified on grounds of cost and 
operational necessity. 

This has resulted in the uneconomic use of lines and 
little or no account has been taken of other, similar, 
organisations' needs and networks. 

There are obvious savings in annual expenditure on line 
rentals to be obtained if more efficient use of the 
networks can be made. 

One promising method is the use of automatic 
equipment to share the use of the network between the 
operational and administrative traffic of several 
emergency services covering similar geographical areas. 

WHY A SHARED NETWORK? 

Before our operational friends recoil in horror and 
quickly turn to the next article, let it be said that a 
network of the kind suggested would be shared with 
other emergency services, not with the general public or 
industry. There is no reason why it should not provide 
each emergency service with the same standards of 
availability, reliability and quality given them by their 
present individual systems. In fact, it should not only 
improve such standards, but be capable of providing 
them at a lower cost. 

The introduction during the last 10 to 12 years of 
computer-based automatic switching equipments of 
various kinds, capable of dealing with voice, telegraph 
and data traffic, enables such a combined or 'common 
user' network as we are discussing, to be planned and 
programmed to meet the operational needs at lower 
running costs. 

Consider any private line communications facility. The 
user never has completely exclusive use of cables and 
equipment throughout his system. Equipment is used in 
common by the public, by industry and by other 
'private' circuits. So, as can be seen, operational 
networks already share facilities. What is important is 
that the operational user of these facilities is unaware of 
their common use because it does not affect the 
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response time of the system to his demand for the rapid 
establishment of a communications link. 

Provided always that the operational requirement for 
response time is clearly stated for various kinds of 
traffic, ie in minutes, seconds or even milliseconds etc, 
the system can be designed to meet these, and the user 
will not notice the fact that he is using a shared 'private' 
network rather than one provided for his exclusive use. 

THE FUTURE 

The feasibility of such shared networks must be studied 
carefully, since the capital and maintenance costs of the 
additional equipment will have to be set against savings 
in line rental, possible manpower savings and increased 
efficiency by comparison with present facilities. 

A start has been made, by means of the planned pilot 

An automatic traffic analyser 
which records the loading of 
telephone or telegraph lines. This 
equipment is available on loan from 
the Forward Planning and Research 
Section, Headquarters, Directorate 
of Telecommunications, Home Office. 
It provides the evidence needed to 
justify improvements to communications 
networks without the tedious 
production and analysis of manual 
records. 

To reap the maximum advantage from such a network, 
the traffic loading of individual circuits should be high. 
This means the more users the better. Some of the 
savings in line rentals can be used to provide standby and 
alternative routing facilities, thus enhancing the 
reliability of the system. 

Further, intercommunication between emergency 
services in the same or different geographical locations 
will be easier, with a consequent increase in efficiency. 

switching system at Tunbridge Wells, to demonstrate 
some of the benefits resulting from shared use of an 
automatic telegraph message switch by several police 
forces, any one of whom could not economically justify 
sole use of such a machine. 

Finally, computers are now well-proven tools of the 
communications engineer's trade in much the same way 
as are information room control systems, radio and 
automatic telephone exchange equipments. It would be 
illogical not to make use of them to our advantage. 

POLICE NATIONAL COMPUTER 
COMMUNICATIONS CONTROL SYSTEM 

The Police National Computer will provide police forces 
throughout Great Britain with a large data bank which 
will incorporate information on missing persons, missing 
vehicles, and other intelligence essential to the 
preservation of law and order. When the system first 
comes into operation there will be a hundred or so links 
to the Computer Centre, but this will rapidly increase 
towards a thousand terminals all in permanent contact 
with the central computer. 

The police officer on his beat, who Is already 
equipped with personal radio to contact his own 
police station, will then be able to ask for informa
tion which will be obtained from the Computer 
Centre. This means the police station keys a request, 
and receives an answer, on a teleprinter or visual 
display unit in a matter of seconds. Searches which 
now take days to complete can be done in minutes 
by the computer. 
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All this array of modern technology bodes ill for the 
criminal, but it also presents a complex nationwide 
communications network to be maintained continuously 
in operation on-line to provide both low-speed telegraph 
circuits at 110 bps and medium-speed data circuits at 
1200 bps for visual display units; this is further 
complicated because the Home Office, with overall 
responsibility, depends on the computer manufacturers 
at the core of the network and the Post Office for the 
lines and modem equipment. 

DC Buffer and Lamp Driver Card. 

In early 1970 the whole question of a communications 
network centre for the Police National Computer was 
considered in detail by the Directorate of 
Telecommunications and it was concluded that if the 
PNC was to give the required standard of service to its 
users, the communications network control centre 
would have to be equipped so as to provide the 
following functions: 

1 Anticipate, diagnose and rectify circuit and terminal 
faults in con/unction with other participating agencies 
as quickly as possible; 

2 Manipulate available circuit and equipment resources 
to maintain effective service on as wide a scale as 
possible during fault condition; 

3 Arrange alternative means of communication in the 
event of catastrophic failure of the communications 
system; 

4 Co-ordinate the technical acceptance of terminals and 
circuits during the installation and commissioning 
processes; 

5 Maintain traffic records of circuit loading to 
anticipate congestion. 

DC Buffer and Lamp Driver Cradle, 

Front and rear view of Data 
Circuit Protection, Buffer and 
Selection Cabinet. 

The equipment provided at the centre will enable 
communications control personnel to gain access 
through a central control console to the essential points 
in the communications paths of medium and low speed 
data circuits to provide immediate 'on line' monitoring 
and test facilities. Long term instrument and function 
tests will be carried out between the remote terminals 
and the control centre, and line patching facilities will be 
provided to give flexibility between terminal equipment 
and modems. 

Audio Buffer Amplifier Card used to bridge 
a four-wire audio line and act as a non-loading 
unit gain buffer between the line and test 
and monitoring equipments. 

Any on-line computer contains the necessary software, 
or procedural routines, for a certain amount of fault 
diagnosis. Indications of failure within the equipment 
itself, its peripheral equipment and its line adaptors are 
provided within the diagnostic programmes, or 
fault-finding routines. Certain failures of terminal 
equipment are also amenable to the same techniques but 
in very many cases the computer is unable to distinguish 
between the failure of a line, a terminal equipment, a 
terminal modem, a central modem, or line branching 
equipment which may form part of the complete circuit 
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It is therefore a substantial task to ensure that, should 
the communications system malfunction, service is 
restored, the fault located and repaired in the shortest 
possible time. The communications control centre 
equipment is being designed and manufactured by 
Messrs International Aeradio Limited, Southall, 
Middlesex to a Directorate of Telecommunications 
specification to meet these requirements. 

DC Buffer Amplifier Card used to bridge 
C C I T T V 2 4 lines at high impedance and to 
act as a unity gain buffer between lines 
and test and monitoring equipment. 

Before the Police National Computer is in service 
commissioning tests and measurements must be 

Data Selection Relay Module. 

performed over the whole network to provide the basis 
for subsequent maintenance tests and routine checks. 
Rack-mounted test equipment which can readily be 
utilised for monitoring will be provided for both data 
and telegraph circuits. 

Rack Mounting Cradle Unit accommodating 
up to 48 Audio Buffer Amplifier Cards. 

Voice communication facilities, both 
intercommunication and telephone, will be available at 
the console to provide necessary co-ordination with 
other parts of the Centre complex and with the 
outstations. A Post Office data switchboard In the 
console will provide the Controller with access to the 
Post Office 'Data' service as a fall-back facility, and an 
on-line visual display unit provides line-status 
information. 

Front and rear view of a typical Protection 
Cabinet housing two Cradle Units which provide 
protection for 600 lines. 
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Automatic Overload Disconnection Card which 
provides protection in accordance with Post 
Office Technical Guide No 2 for up to 15 C C I T T 
V 2 4 lines. 

An essentia/ feature of the design of the 
Communications System Control Equipment is the use 
of a modular engineering concept to allow economical 
expansion to take place as the Police National Computer 
System expands to full capacity over several years. 

Installation of this equipment is now proceeding and it 
hoped to publish in a future edition of INTERCOM an 
illustrated, fully descriptive article on this system. 

(Photos by l A L ) 

O B K E L L E T T , MBE 

O s w a l d s Kellett, MB E. 
retiring Regional Wireless 
Engineer, Marley Hill, with 
Mr R E Dobson, Assistant Chief 
Constable, Durham Constabulary, 
at police headquarters, January 
1972, when Mr Kellett was the 
guest of the force. The Chief 
Constable writes: 'There exists 
an extremely good relationship 
between your Regional Wireless 
Depot and this Force and I feel 
sure that this can be attributed to 
a large extent to the efforts of 
Mr Kellett over the years.' 

Although it was never intended that INTERCOM would 
be a House Magazine type of publication or that its 
columns should be devoted to the reporting of the 
Directorate's internal domestic affairs, we feel that an 
exception should be made in the case of O B Kellett, 
MBE, Mr Kellett, or Ozzie as he was affectionately 
known behind his back, retired from the Directorate of 
Telecommunications on 31 January 1972 and was one 
of the longest serving members of the Regional staff. 
Indeed it is hard to imagine the Directorate without 
•Ozzie and none of the present staff can in fact remember 
his not being with us. 

Mr Kellett, who was a member of the Manchester City 
Police Force from 1936 to 1939, joined the Home 
Office Wireless Depot, Stanton, as a Wire/ess Technician 
in 1939 and there progressed to the rank of Station 
Engineer. In 1945 he was promoted to Regional Wireless 

Engineer and placed in charge of the Home Office 
Wireless Depot at Marley Hill, where he served with 
distinction until the time of his retirement. 

Ozzie was held in the highest esteem both within the 
Directorate and by the Forces and Brigades he catered 
for. He was an efficient member of the Directorate with 
a loyal devotion to the customer services in the Marley 
Hill region regarding their communications 
requirements, and has set high standards for his 
successor to follow. 

Mr Kellett, who was awarded the MBE for his services to 
communications, is a keen amateur photographer and we 
are sure that, apart from tinkering with radio, his 
enthusiastic devotion to his hobby of photography will 
help to pass his retiring years, of which we wish him 
many. 
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OF MICE AND MEN... 
War Emergency Communications Planning 

J A WPORTAISIIER 

J A W Portanier served in the Royal Air Force signals 
between 1939-1949, completing the last two years of 
service at Signals Development Unit, Henlow. On joining 
the Home Office in 1950 he became involved in Test 
and Development work and was later concerned with Site 
Surveys and Installation. Since his promotion to 
Senior Wireless Engineer in 1967, he has been 
responsible for the planning of certain aspects of 
Home Defence Telecommunications Systems. 

INTRODUCTION 

The sixteenth century beacons of Armada fame and the 
satellite systems of today, exemplify man's purposeful 
ingenuity in meeting his fundamental need to communi
cate in peace and war. In the survival phase of a war 
emergency, effective and speedy communications 
become vital, and this article attempts to highlight 
perhaps some obvious considerations in the planning of 
war emergency communications. 

The planning for an event which we all hope shall never 
come to pass, demands a stoic determination on the part 
of the planner, to persevere in the knowledge of the 
understandable reluctance of all but a few, to the 
committal of large expenditure and effort on what could 
be aptly regarded as an insurance. 

Further difficulties confront the planner of such 
systems, for the nature and magnitude of the threat can 
never be precisely assessed, and operational plans are 
inevitably based on a great deal of supposition subject to 
change. The philosophy of planning for every contin
gency is equally unrealistic, expanding as it must do to 
an impractical permutation series limited in its early 
terms by the available purse. 

It is thought that the provision of a flexible 
communication system for war emergency should be 
based on established national line networks, comple
mented by a specifically planned radio network of 
point-to-point circuits. As an alternative communi
cations system independent of physical connections, a 

radio network enhances the survival probability of 
communications in war. 

THE RADIO NETWORK 

In the ideal case where radio communications can be 
established directly between emergency controls, the 
vulnerability of the system is appreciably reduced, and 
consideration need only be given to the hardening of 
terminal installations to the same survivability factor as 
the controls they serve. 

It is envisaged that for short and medium haul low 
capacity point-to-point radio circuits, it would be 
advantageous to operate on the high VHF and UHF 
bands, where the mode of propagation is essentially 
limited to line-of-sight conditions. Propagation on these 
bands is not subject to seasonal and diurnal variations, 
directivity can be exploited for maximum frequency 
utilisation, and the aerials present a small profile to blast 
effects. 

If a smooth earth path is considered to exist between 
two controls, having aerials elevated 100 feet above 
ground level, the range would extend to approximately 
25 miles. However, man-made obstructions and inter
vening topography will invariably make it necessary to 
employ one or two repeaters located on elevated sites, 
and hence the vulnerability risk becomes, to a large 
extent, dependent on the survival of installations at 
repeaters. 

THE THREAT 

BLAST AND SHOCK are likely to be the main 
destructive agents of nuclear weapons—as indeed they 
are of conventional weapons. It is thought that the 
major incidence of failure in communications would 
primarily be the result of blast damage to equipment and 
buildings, aerial towers and power supply lines. . 

THERMAL RADIATION presents a threat to the 
survival of communications because of the risk of 
damage to exposed combustible materials forming part 
of radio installations. Timber structures, unshielded fuel 
tanks, and insulating materials manufactured from 
organic compounds, may all be at varying degrees of risk 
under certain conditions. 
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ELECTROMAGNETIC EFFECTS, strictly for radiations 
of larger wavelengths than infra-red, may have a 
disruptive potential to communication systems in two 
different ways: J1) the disturbance to the ionosphere, 
mainly affecting long-distance radio communications, 
and (2) the possible damage to installations over a wide 
area, from induced high voltages and currents. 

It is unlikely that short-distance, point-to-point 
communications dependent on line-of-sight propagation, 
will be affected by ionospheric disturbance, however, 
such circuits may be disrupted for short periods by a 
surface or low altitude burst directly in line with the 
radio path. 

GAMMA RADIATION must be considered mainly in 
relation to the manning of unprotected radio installa
tions post attack, and in the restoration of communi
cations. 

(1) The installation at remote radio repeater sites, of 
automatic start standby power plant designed for 
long periods of unattended operation. 

(2) The hardening of equipment buildings against the 
effects of blast 

(3) The protection of external cables in underground 
ducts. 

(4) The strengthening of aerial supporting towers to 
withstand overpressures up to pre-determined levels. 

(5) Repeater sites assessed to be vulnerable should only 
carry circuits to controls assessed to be at the same 
degree of risk. 

(6) The diversification of systems serving a common 
network. 

(7) The formation of a lattice pattern of communi
cations to provide alternative access to controls in 
the event of part of the lattice being damaged. 

SURVIVAL COIMSIDERATIOIMS 

The seemingly unavoidable dependence on elevated 
repeaters, and the recognition that their inclusion in 
such a system would constitute the weakest link in the 
communications chain, directs that thought be given to 
the improvement of their chances of survival. 

One method that comes to mind, would involve the 
development of fully self-contained repeater installations 
strategically located in undergound silos. Such installa
tions could be remotely activated in the immediate post 
attack phase on the reception of command signals 
propagated at VLF. The capital cost of such a system 
may well prove to bean Inhibiting factor. 

Guided by the general principle that the vulnerable 
elements of a communications system should be 
protected until required, consideration could perhaps be 
given to the development of operationally flexible 
mobile repeaters, which could be dispersed in protected 
accommodation and deployed to pre-planned elevated 
locations after the event Apart from the high cost 
involved in the provision of equipment and protected 
accommodation, this proposal may be considered 
operationally unacceptable for the following reasons: 

(1) The envisaged difficulty in gaining speedy access to 
the pre-planned locations post attack, because of 
road damage and debris. 

(2) The high risk to personnel from exposure to 
radiation. 

While it may be said that no ideal plan exists, which 
would ensure the total survival of communications, it is 
felt that much can be done to mitigate the effects of the 
postulated conditions by adopting the following 
common sense principles: 

GOING ALOFT 

It was mentioned earlier, that circuits which did not rely 
on physical connections, or intermediate repeater 
installations, offered the highest probability of survival 
under war conditions. An unusual but promising method 
of overcoming the difficulties of establishing direct radio 
contact between hardened controls has been evaluated 
elsewhere, and declared to be the most cost effective 
method amongst a number studied. In brief, the method 
suggests the use of micro-miniature radio equipment 
elevated on captive balloons to the heights necessary to 
clear obstructions and intervening topography. It is 
imagined that two balloon installations serving as an 
operational and standby, could well form part of the 
design of protected war emergency controls. 

It is estimated that for the general pattern of ground 
contour found in the United Kingdom and the 
operational distances that may be required, maximum 
balloon heights greater than 2,000 feet would seldom be 
called for. The two main disadvantages foreseen are that 
(1) the flying of balloons for test and exercise in 
peacetime would be severely restricted because of 
hazards to air traffic, and (2) the control of captive 
balloons for wind velocities in excess of 50 mph 
becomes impracticable. 

CONCLUSION 

The high density of communications available for 
peacetime applications, constitutes an enormous 
potential for the dissemination of information. The 
pre-planning for the co-ordination of these facilities for a 
war emergency situation could prove to be a worthwhile 
exercise in the event 
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ANTENNA STUDY CONTRACT 
R Stood ley 

Ray Stoodley is Engineer in Charge of the Home Office Central 
Communications Establishment, Harrow and is Project Officer 
for the Antenna Study. 

Voice communication with operational personnel 
wherever their duties take them has been the stimulus of 
personal radio systems. The equipment designer has to 
resolve conflicting requirements of long range and good 
endurance with low weight, small size and minimum 
interference with physical activity. 

Generally the demand is for a body-worn format 
acceptable to users as part of their uniform. 

Four types of set with a variety of options, either 
hand-held or body-worn, have been issued for police 
operational evaluation. In addition to the field trials 
there has been technical evaluation. This has included 
investigation into the performance expected when 
personal sets are worn on the body. 

Directional properties of body-worn antennas have been 
obtained by British Aircraft Corporation as part of a 
study contract placed by the Directorate of 
Telecommunications. BAC have one of the largest Radio 
Anechoic Chambers in Europe and use it for 
development and measurement of radio antenna. The 
chamber which measures 60ft x 20ft x 20ft is lined with 

A Burndept personal radio, one of the equipments 
used in the study being carried out by B A C for 
the Home Office. (Photo; Burndept). 

A personal radio being used in the BAC radio 
anechoic chamber. (Photo: B A C Ltd.). 

radio-absorbent material and simulates a re flection-free 
site. The system under test is rotated at a speed of one 
revolution per minute, and automatic measuring and 
recording equipment produces a continuous plot of 
radiated field strength. Personal radio equipments 
subjected to test were aligned to 450-470 MHz 
frequencies which are well within the capability of the 
anechoic chamber. 

An antenna is a device which permits the transfer of 
energy from a transmission line or waveguide into free 
space. The transition from the guided condition to that 
of propagation in space must be effected without 
significant loss. Conversely, all the energy collected by 
the antenna must be delivered by the transmission line 
to the receiver. 
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Polar diagram-hand-held radio rotated in 9" 
Polar diagram-radio set in hip position with diameter circle about mouth, 2 5 d B range, 
hand-held microphone. 

The characteristics and operation of an antenna affect 
the performance of a radio system in a number of ways. 
The three most important ways are related to (1) the 
operation of the antenna as a radiator or collector, (2) 
the behaviour of the antenna as a circuit element, and 
(3) the plane of polarisation. 

Antennas with directional features are desirable in 
point-to-point schemes as they may be used to reduce 
interference and concentrate energy In the required 
direction. The antenna as a circuit element is influenced 
by nearby materials and may suffer de-tuning effects and 
consequent loss of efficiency. In a plane-polarised 

I'M 
I. » 

'I 

The anechoic chamber at British Aircraft 
Corporation, Bristol. One of the largest of such 
chambers in Europe and used for the Home Office 
Antenna Study. (Photo: B A C Ltd.) . 

Pye Pocketfone 70, employed in the Antenna Study. 
(Photo, Reeve Photography). 
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The test receiver associated 
with the antenna study being 
carried out by the British 
Aircraft Corporation at 
Bristol on behalf of the 
Directorate of Telecommunications, 
Home Office. 

system transmitting and receiving antennas must be in 
the same sense. Personal systems are usually nominally 
vertically polarised and omni-dlrectional. 

Existing UHF personal radio schemes in which the 
receiver is body-worn and the transmitter hand-held in 
front of the face, take account of the difference in 
performance between the two units. Approximately 
reciprocal range is achieved with base transmitter power 
of W watts against personal set transmitter power of 0.1 
watt. In engineering terms, the difference has been set at 
20 dB or thereabouts. If this situation applies to the 
existing receiver, it is reasonable to assume that 
degradation can be expected with body-worn 
transmitters. 

The test rig used for measuring antenna polar diagrams 
comprises a platform rotating in step with the recording 
chart. Energy radiated from the sample personal set is 
picked up by a fixed test antenna and amplified by the 
associated receiver to operate a pen servo. Fluctuation in 
the radiated energy is recorded as amplitude variation on 
the chart, the magnitude in decibel notation being 
determined by prior calibration with known sources. 
The measurements are not absolute in terms of power 
radiated, but they are indicative of the directional effect 
of the body on antenna performance. The recordings 
illustrated are two of a large number taken by BAC, and 
the fluctuations highlight the variable performance of 
personal radio equipment experienced in marginal areas. 

It is anticipated that the next issue of Intercom will 
contain much more information about the performance 
of both vehicular and personal radio antennas. 

In the meantime and in lighter vein, it does appear that 
for reliable all-round communication everyone should 
have a halo in his hat! 

I TT Starphone personal radio, used in the Study. 
(Photo: ITT} . 
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GWENT 

N L 

On Friday 12 November 1971, the new Gwent Police 
Headquarters at Croesyceiliog, Monmouthshire, was 
opened by Her Royal Highness Princess Anne. This was 
the culmination of planning started two and a half years 
previously. 

The Home Office required die Chief Constable to base 
his brief on a forecast of expansion over the next 15 
years. The buildings, which have a total floor area of 
something like 100,000 square feet, will accommodate 
250 staff, and there are 45 study/bedrooms for the 
members of residential courses. Designed by Robert 
Matthew, Johnson-Marshall and Partners, the executive 
architects, in collaboration with the County Architect, 
Sydney Leyshon, ARIBA, the buildings embody the 
most up-to-date Ideas at a cost of £0.75 million, an 
average of £6.90 per square foot It is one of the first 
new police headquarters to be built using the Home 
Office unit costing systems. 

The triangular site has a gentle slope to the south-west 
and commands excellent views across the Cwmbran 
valley. The buildings have been designed to take 
advantage of this and of the existing landscape; three 
low blocks are set parallel to each other on declining 
levels. The two main buildings have three storeys and are 
planned in close association with the single-storeyed 
garage and maintenance block. A bridge links the second 
storey of the administration block to the top floor of 
the residential block. Alongside the administration 
building rises a free-standing 150-feet lattice steel radio 
mast, sited and designed to act as a foil to the horizontal 
emphasis of the buildings. 

Her Royal Highness, Princess Anne, opening the new Gwent 
Operations Room, 12 November 1971. 

MS ROOM 
Morris 

Chief Inspector N L Morris, Gwent Constabulary, 
joined the Monmouthshire Constabulary in December 
1946, after serving with the Welsh Guards during 
the war. He was an instructor at the District Pol ice 
Training Centre, Bridgend from 1959 to 1962 and 
returned to his force to become a Traffic Patrol 
Sergeant until 1964. He served as a patrol sergeant and 
sectional sergeant until he returned to the Traffic 
Department as Inspector in October 1966. In 1967 he 
was Inspector in charge of the Force Infornrration Room 
and upon the amalgamation of Newport Borough and 
Monmouthshire Constabularies became responsible for 
communications in the newly formed Gwent Constabulary. 
He was promoted Chief Inspector in June 1969. 

OPERATIONS ROOM 

777e design of the operations room has, over a period of 
approximately two years, been the subject of close study 
in which a key factor has been the collaboration 
between the architects and the police, with advice from 
the Home Office, Post Office, Department of the 
Environment and other specialists. The design has 
progressed from the overall planning concept through 
many stages of detailed design down to the finer points 
of locating Jack plugs, and these have been worked out 
in committees chaired by the Chief and Assistant Chief 
Constable. The function of the room is to handle at all 
times information concerning the activities of the force. 
All efforts are concentrated upon making this a simple 
task for the staff while being highly efficient 
Information is passed into and out of the operations 
room in a variety of ways. Radio, telephone, telex and 
teleprinter are the most frequently used, but handling of 
messages by staff is also found to be valuable. The 
recording and timing of messages is essential. The 
controlling function, to direct patrols, is normally by 
radio. Consoles for four incident officers are arranged in 
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a crescent focused on tfye map displays, with furtfier 
double-position radio operators' console behind. The 
supervisory officer's console stands on a plinth which 
allows overall vision. 

Bird's eye vievw of the Gwent Operations Room. 

The design and layout of the whole operations unit 
followed four main principles: 
(7) Security and protection of equipment. 
(2) Control of the environment: the staff operating the 

room work on a shift basis to maintain a 24-hour 
service. It was essential to provide an environment 

which can support and reflect the necessary 
standards of alertness and confidence. 

(3) Cybernatics: following from the previous point, the 
layout, visual displays with the operations room, and 
the design of the consoles themselves involved a close 
study of staff needs for rapid observation and 
control of instruments in relation to each other 

(4) Integration of services: this aspect has involved close 
collaboration in order to ensure that the complex 
services which are built into the room and its 
equipment are carefully positioned and selected to 
suit the various functions. 

The design of the operations room can be seen most 
easily from the plans. Since wall space is very valuable 
and control of the lighting is best regulated by artificial 
means, normal windows would have been an 
inconvenience. The room is therefore mechanically 
ventilated and heated by thermostatically controlled air. 
The lighting can be dimmed and the controls are close to 
the inspector in charge. 

The unit is self-contained and includes its own kitchen, 
toilets and staff room. The equipment rooms for the 
PABX, radio link equipment and motorway control 
equipment are all housed within the basement, access to 
which can be gained by a ladder without leaving the 
complex. 

The operations complex comprises essentially four 
rooms. These are the operations room, around which are 
grouped the supporting functions of the telephone 
operator, the telex/teleprinter room, the telephone 
switchboard, and the major inckients room. The latter is 
equipped to provide the essential facilities without 
interfering with the main operations room. No-one, 
apart from the operations room staff, need enter the 
complex. 

One of the 
consoles in 
the Gwent Police 
Operations Room. 
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RADIO 

VHF Force Frequency 

At the start of planning the Gwent Constabulary had 
one VHF radio channel. When taking into account the 
growth rate of vehicles requiring radio and foreseeable 
requirements, as related to VHF mobiles, for the police 
national computer, it was obvious that a second radio 
channel would be needed. The necessary request was 
made to the Home Office and a second channel was 
provided. Both channels are force-wide. VHF 
communications was provided at all divisional and 
sub-divisional stations by means of a static mobile set 
One VHF channel is utilised for all mobiles working 
from divisional or sub-divisional stations and for 
UHF/VHF interface links from sub-divisional officers 
with UHF personal radio to headquarters operations 
room. Each divisional UHF radio channel is brought into 

Radio and telephone 
key and lamp panels. 

this room by a Post Office private wire link from the 
divisional control room. 

This channel will provide communication from the 
officer on the beat in sub-divisions to the police national 
computer visual display unit operator at headquarters 
operations room. The other VHF radio channel is used 
by traffic patrol cars, all vehicles working from 
headquarters, regional crime squads and other specialist 
requirements such as interforce communications—trains 
and helicopters. It is a flexible arrangement completely 
under the control of the operations room inspector who 
can, should a situation require it, reserve one channel for 
a particular incident of major or serious proportion and 
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Vehicle state 
indicator control 
panel on console. 

instruct all other stations not involved in the incident to 
switch to the alternative channel. 

UHF 

UHF personal radio channels have been reduced to three 
only to serve the whole force area. One channel is 
provided for each of the three divisions, and all are base 
stations within each respective divisional area using the 
same frequency. This arrangement has great advantages, 
the main one being that one personal radio can be used 
anywhere in a divisional area by senior off icers, CI D and 
others. It also provides a bank of additional radios which 
can be sent to any particular area within the divisions 
when the need arises. 

Complete intercommunication between mobiles and 
stations fitted with VHF radio, and officers with UHF 
personal radio within range of their base station 
anywhere in the force area, can be provided by any 
operator at any console in the headquarters operations 
room. 

Interforce communication with all surrounding forces is 
provided at each console position. 

VEHICLE STATE INDICATOR 

The vehicle state indicator system (VSI) is a 
special-purpose electronic computer It utilises a ferrite 
core memory system capable of storing information 
relating to 500 vehicles. It is used to store and display 
information on a series of control panels and to show 
selected data on a control display unit. 

Each console operator has a control panel which enables 
him, by pressing the appropriate buttons, to commit to 
the memory store information concerning a vehicle. 
Queries relating to the status of a particular vehicle can 
be answered by interrogating the memory core by 
switches on the control panel. The desired information is 
displayed on the panel by lamps and/or alphanumeric 
display. 

Map display and motorway mimic in the Gwent 
Constabulary Operations Room. 
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By pressing the appropriate switch any operator on any 
console can obtain immediate information about the 
location of a vehicle, whether the vehicle is available to 
deal with an incident and what radio channel the vehicle 
is using. 

The information stored in the vehicle state indicator 
memory system is also available on an electronic 
magnetic map display to show the distribution of 
vehicles at 32 locations, together with their state of 
availability. This display provides a comprehensive 
picture of vehicle distribution at any given moment, 
visible to all operators. In addition, road check points 
can be displayed indicating whether they are manned or 
unmanned. Semi-automatic tracking of radio-equipped 
vehicles over predetermined routes can be displayed. 

All traffic patrol cars and certain other vehicles are 
equipped with a simple data transmission unit which 
allows the crew to select the appropriate data for that 
vehicle and transmit directly into the operations room 
vehicle state indicator equipment without having to 
speak to the radio operator. This equipment is only the 
second police installation in the United Kingdom to 
include direct up-dating from mobiles and is the first of 
this particular type. It is designed to allow further 
expansion to provide automatic print-out of radio 
messages, transmission of coded messages and automatic 
decoding of 500 intruder alarms. The equipment reduces 
the passing of routine verbal messages to the radio 
operator and subsequent logging by 75 per cent, thereby 
freeing busy channels for essential message traffic. This 
should prove to be of great importance with the advent 
of the police national computer The equipment is 
designed and supplied by 'Cyfas' Ltd, Crawley, Sussex. 

TAPE RECORDERS 

Each console is equipped with a Ferrograph tape 

recorder, voice-operated, which records all speech in and 
out of each console. The tapes are twin-track: one track 
is used to record the time and the other the message. 
Immediate play-back facilities are available to each 
operator, but no erasure facilities. 

TIME AND DATE MACHINE 

SIMPLEX 

Time and date machines are also installed on each 
console; they automatically stamp on each written 
message a serial number, the date, the time and the 
number of the console on which the message was 
received. 

OVERHEAD PROJECTOR 

An 'Ofrex' overhead projector and 9F portable 
photo-copying machine, to be connected to an electrical 
supply at the base of each operator's console, are 
provided. 

Tape recorder in Gwent Operations Room. 
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Time and date 
machine in the 
Operations Room. 

A pull-down projection screen is fitted on each side of 
the main map display. The unit provides facilities for the 
making of transparencies of maps of any part of the 
police area within six seconds, which can be immediately 
projected on to the screens to an image of 
approximately 6 feet square. Prepared transparencies of 
1-inch and 2V3inch scale ordnance survey maps are also 
available. 

from any of these emergency telephones are received on 
the incident officers' consoles. 

POLICE NATIONAL COMPUTER 

Provision is also made in the operations room to 
accommodate the terminal for the police national 
computer link when this becomes available. 

MOTORWAY TELEPHONES 

The M4 motorway control for emergency telephones 
and signs, over its W/rmile length in the force area, is 
included in the operations room. Telephone calls made 

T E L E P R I N T E R S 

A teleprinter network is installed linking all divisional 
and sub-divisional stations. 

Control panels in 
Incident Officer's 
console, including 
motorway telephone 
panel. 
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Motorway telephone 
panel in console. 

Gwent Operations 
Room teleprinter 
room. 

The radio equipment room. 

TELEPHONE SWITCHBOARD 

An automatic private wire telephone system providing 
interdialling throughout the force down to sub-divisional 
level is included. 

The operator on the PABX4 switchboard has the facility 
to 'page' any person who may be wanted, but is 
unavailable at his/her designated telephone extension, by 
means of a whispering Tannoy system. 

MAJOR INCIDENT ROOM 

In addition to the day-to-day functioning of the 
operations room, space and equipment are necessary to 



deal with the occasional major incident without 
disrupting the service. These are provided in the major 
incidents room separated from the operations room by a 
glass partition. The tables used in the room have maps 
built into their tops and the walls are cork-lined for 
pinning up maps. There is also a white board and 
provision for projection. Keeping the four functions in 
separate compartments is mainly to assist concentration. 
Double-glazed glass screens are used to contain the 
sound of the teleprinters and at the same time to allow 
participation by the staff. 

From the earliest concept, the operations room was 
envisaged as a double-storey height space. This was 
proved to have numerous advantages. It has been 
possible to accommodate the visual displays at a scale 

which can be read easily. An upper level gallery, already 
described, has been designed to enable parties of visitors 
to listen to and observe the activities without 
interrupting the work. The space takes on a scale which 
is commensurate with its function as the hub of 
activities of the force. Daylight enters at roof level and is 
controlled by blinds. The overall design and colour 
schemes were selected and discussed jointly. The walls 
are panelled in beechwood veneer and the various maps 
and displays are integrated into the design of the wall. 
The grouping of the consoles in a shallow semicircle 
gives each operator an equal viewing position and 
contributes to the 'corporate spirit'of the working unit 
The colour of the consoles was chosen to enliven the 
interior and to assist in the build-up of each operator's 
concentration to his task. The curtain dividing the major 

Gwent Major 
Incident Room, 

39 



The telephone equipment room. 

The viewing gallery. 

incidents room fulfils the dual function of softening the 
interior and preventing reverberation from the opposing 
glass screens each side of the room. The floor is a 
computer-type pedestal floor with a non-static, 
man-made fibre carpet finish, coupling quietness with 
full flexibility for wiring and future developments. The 
acoustic ceilings help to keep the noise level low. 

Editor: The Chief Constable and all who have been 
concerned in the planning and provision of the new 
Gwent Constabulary Headquarters are to be warmly 
congratulated upon their achievement, outlined in the 
preceding article. For this article with its comprehensive 
description of the operational complex, we are indebted 
to Chief Inspector N L Morris who has been deeply 
involved from the outset of planning. The Directorate of 
Telecommunications was pleased to play its part in the 
provision of all radio services, communications control 
systems, mobile data equipment etc. Installations were 
made under the direction of the Regional Wireless 
Engineer, Bridgend, Mr A Green. 

Computer type 
pedestal floor. 
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MOBILE AUTOMATIC DATA 
EXPERIMENT (MADE] 

Progress in the Study Group 

Included in the first issue of this Journal was an 
introductory note on the Mobile Automatic Data 
Experiment which outlined its scope and aims and 
reported that a Study Group had been set up to advise 
on the operational aspects of the project 

This present article is in the form of a working paper, 
produced by this Study Group, which summarises the 
data facilities-both in the mobiles and in the control 
rooms—which they would like to see tried in the 
Experiment It is given below in extenso, but there are 
several points to be appreciated before reading it: 

* When compiling the paper, the aim of the Study 
Group was to include any facility which is reasonably 
likely to be of operational use to the Police. Given a 
free individual choice, the five Forces immediately 
concerned would not necessarily elect to have any 
particular facility. 

* The working paper sets out only the final conclusions 
of the Study Group. It does not attempt to list all the 
factors and alternatives brought up in discussion of 
the paper, which had occupied a large part of four of 
their recent meetings. 

* Whether or not any particular facility survives to be 
included in the final Experiment must depend on its 
technical feasibility. This is something on which the 
Marconi Company have to satisfy us during the 
coming few months, although the expectation is that 
no insoluble technical problems will arise. 

* The survival of any particular facility must also 
depend on its financial cost to the Experiment This 
is sensible enough. In that something which cannot be 
afforded In a one-off Experiment is most unlikely to 
be afforded by any Force for permanent use, but it 
does introduce an element of uncertainty into the 
project which will continue until Marconi have been 
able to produce firm functional costings. 

Any constructive comment on the working paper will be 
received with genuine interest although it is unlikely 
that anything new can be added to the list at this stage. 

In subsequent issues of INTERCOM, it is planned to 
report on other aspects of MADE. This will include 
mention of some extremely interesting and promising 
practical work being carried on under the MADE aegis in 
the Marconi Laboratories. 

MADE STUDY GROUP WORKING PAPER No 1 

Facility Remarks Serial 

7 General 
a Regular automatic two-way contact on a rota basis 

with each mobile in a fleet, whether or not there are 
messages to pass ('Polling'). The target is to poll up to 
1,000 mobiles every 30 seconds. Mobiles off duty 
will not be polled. 

It follows that the system 'knows' which mobiles 
are/are not in radio contact (at any rate on data) at 
any time. 

b At the mobile, lack of contact to be shown by 
flashing lamp and by rhythmic tone signal. 

To be possible to dim lamp (electrically or by shutter) 
and lamp to be long-life type. Tone to have volume 
control and to be audible outside vehicle at maximum 
setting. 
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Serial Facility Remarks 

At base, lack of contact for more tf)an one minute 
to lead to a mobile's call-sign being displayed at all 
control console positions, and lack of contact for 
more than two minutes to lead to this call-sign 
display 'flashing' or being otherwise suitably 
annotated. 

Consequent action is to be at the discretion of the 
officer in charge of the control room. (See also 2c and 
2k below.) 

d 'Large'cars to be catered for, and with either one- or 
two-man crews. 

'Large' is intended to include traffic, crime, etc, cars 
but to exclude Pandas. However, Panda cars are to be 
borne in mind as probable future carriers of 
MADE-like data equipment. The implications of 
distinguishing between one-and two-man crews will 
clarify as the study goes on. 

e Facility provided for mobile to request and receive 
time signals. 

f No facility for transmission of data directly between 
cars to be provided. 

On the rare occasions that this is required, base station 
must re-transmit. 

g A suitable scale of facsimile to be considered. It is possible that this would overload the Experiment, 
both technically and financially. 

2 From Mobile to Base 
a Coded messages set in by push-buttons at a mobile 

are displayed there for check, and then released for 
automatic clearance to base by pressing 'Transmit' 
button. 

b Each coded message to consist of four decimal 
numbers ('0' to '9'), of which the first number will 
indicate the direction of transmission. Up to 399 
coded messages may be pre-arranged, which is 
expected to be well in excess of requirements but 
allows for logical listing of a smaller number 

c SOS button. 

d No priority facilities other than those above: that is, 
SOS button and request for urgent voice channel 
access. 

Indestructable lettering to be engraved on buttons 
themselves. To be easily operable by large and gloved 
hands. To be very robust. To have shadow-free 
illumination. 

An initial list of about WO codes has been agreed. 
It includes: 
1 A code requesting access to a busy voice channel. 
2 A code requesting URGENT access to a busy voice 

channel. 
3 Preamble codes to prefix longer messages from 

mobiles equipped with teleprinter facilities (eg, there 
is a code indicating that a PNC enquiry follows). 

To be handled with the highest practicable priority. 
Results at base to be: 
1 Flashing call-sign display on control VDUs. (See 

also 1c above and 2k below.) 
2 A switchable choice of: 

Either automatic closure of a pair of 250V 5A 
contacts to operate alarm bells, lamps, etc, and 
automatic transmission to all other mobiles of a 
data message telling them that an SOS message is 
being handled (exact meaning to be at the discretion 
of the individual force); 

Or two special buttons for base operator(s) to 
actuate as above. 
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Serial Facility Remarks 

e Teleprinter-type keyboard in (some) mobiles for 
non-coded messages. 

f Semi-automatic vehicle location from information 
set in from time to time at each mobile. A touch-map 
is to be developed (as an alternative to setting position 
co-ordinates into a button-box) if found practicable 
and economic. 

Keyboard layout to be modelled on PNC VDU 
keyboard. 

The contract already calls for compatability with any 
automatic system later introduced. 
The targets for location definition are to be 10km 
squares in rural areas, and 100m squares in urban 
areas. 
So far as the touch-map is concerned: 
1 It is to be designed to be a fixed fitment, and have 

regard to crew safety in case of accident. 
2 The whole box is not to be larger than 20cm x 

20cm X 6cm. 
3 Maps are to be derived from the National Grid 

(Ordnance Survey) new series. 
4 Schematic maps will be used for motorway work. 

g Automatic acknowledgement of all messages from 
mobile when 'correcdy' received at base. 

Acknowledgement by lighted press-button In mobile. 
'Correct' to be taken as meaning that not more than 
0.1 per cent of messages are acknowledged as correct 
when they are in fact in error. 

h Processor adds message reference, clock-time and 
date to received messages. 

J Information on mobile status and mobile location to 
go to store at base without being displayed. 

Base operators may call up information fin any 
desired combination) when required. 

All other messages from mobiles to be announced by 
'flashing' call-sign on all unoccupied VDU screens at 
base. First operator to select, receives full message 
and clears other VDU screens. 

Call-sign display allows base operators to follow up 
incidents of their particular concern. If 'flashing' 
denotes SOS (2c above) or out-of-contact (1c above) 
a suitable message will appear on the VDU screen. 
Coded messages to be displayed in translated form. 
All messages also to appear on console printer for 
immediate reference, and be stored for up to one 
month on printed and/or punched tape for later 
reference. 

I No automatic up-dating of wall-moun ted status 
displays. 

Wall-mounted map displays fed with location 
information called up from the processor would be 
useful if attainable. 

m Base operators' VDUs to show a digital clock as 
'keep-alive'signal even when nothing else displayed. 

n Supervising officer to be able to call up any operator's Subject to feasibility and cost, 
display, or to have displayed an abstract of action in 
progress on all operators' VDUs. 

3 Base to Mobile 
a Coded messages set in on VDU keyboard, displayed Keyboard layout to be modelled or "^NC VDU 

on VDU screen for check, and then released for keyboard, 
automatic clearance to mobile(s) by pressing a 
'Transmit' button. 



Serial Facility Remarks 

b Coded messages pre-arranged. Same codes as in the mobile-to-base case, but with 
additional codes to query mobile status and location, 
etc, within the total of 399 codes. 

c Same VDU keyboard for teleprinter-type 
messages. 

d Processor adds message reference, clock time and 
date to transmitted messages, when putting them to 
console printer and store. 

e Calls to pre-arranged groups of mobiles if the same 
message (whether coded or teleprinter-type) is to go 
to all of them. Precise requirements will differ 
between forces. 

Extent of the facility in MADE may be limited by 
financial costs. 

f No priority facilities. 

g Base messages displayed at mobile: 
1 Cars not equipped with a printing teleprinter can 

receive only coded messages, and these on simple 
display. 

2 Cars equipped with a printing teleprinter can 
receive teleprinter-type messages on it, and can 
receive coded messages on it and/or on a simple 
display. 

h Mechanical shutter(s) to be provided to shield 
display fs) from anyone looking through car 
windows. 

i Automatic acknowledgement of all messages from 
base when 'correctly' received at mobile. 

k Semi-automatic despatch of mobile(s) to incident 
or pre-planned position (s). 

Messages displayed at mobile will not have been 
translated—that is, they will be displayed still in code. 

Mobile's attention to be drawn to the fact that a 
message has been received by tone signal with volume 
control (same tone signal as for no-communication 
case of serial lb above, but at different rhythm). 
No other such facility (eg, flashing beacon) required 
for use when crew are absent from vehicle. 

Particularly for use while crew are out of car. No other 
facility of this type (eg, withholding of messages while 
crew absent) required for trial. 

Lack of acknowledgement to be shown on base VDU. 
'Correct' to be taken as meaning that not more than 
0.1 per cent of coded messages are acknowledged as 
correct when they are in fact In error. 

In effect, processor to recommend a course of action 
for controller's approval. Technically feasible, but may 
have to be withdrawn as over-straining MADE budget. 

O. J. Wheaton, B. Tech., M.Sc. 

Mr. Wheaton, who is a member of the Systems Applications 
Group of the Autonomics Laboratory of Marconi's Research 
Division, holds a first-class honours degree in Electrical 
Engineering and a Master's degree for his post-graduate research 
studies. Both degrees were awarded by the Loughborough 
University of Technology. He joined the Marconi Company in 
1960 as a student apprentice, and after completing his graduate 
and post-graduate studies spent four years with the Company 's 
Computer Division before joining the Research Division. 
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INTRUDER ALARM UNIT 
Although the remote unattended sites of Home Office 
radio installations are regularly inspected by police 
forces in whose area the sites are located. It has for some 
time been apparent within the Directorate of 
Telecommunications that some suitable device should be 
incorporated in the police wireless system which would 
enable an alarm to be received at force headquarters 
should any of the equipment buildings be entered by an 
unauthorised person. With this in view, a model was 
developed by the engineering section of the Directorate 
and an order placed with industry, supplies of which are 
hoped to be available in the near future. 

GENERAL OUTLINE 

The unit is triggered by completion-ie short circuit—of 
a pair of terminals. At unattended sites, any of a wide 
range of triggers that perform this function can be used 
and will normally be supplied by the Police Authority. It 
is recommended that they also include a lock 
incorporating a circuit breaking switch to prevent false 
alarms when a key holder enters the building. At 
manned sites such as police headquarters, the circuit 
may require to be made by a hidden push button or 
buttons. 

When a unit fitted at an unattended site is triggered. It 
will switch on and modulate main and link transmitters 
and so advise personnel in the area, as well as control, 
that an unauthorised entry has been made. 

When a unit is fitted at headquarters, the warning will be 
sent out via the link transmitter(s) and subsequent 
circuitry will disable all radio apparatus after the 
warning has been despatched, to prevent wrongful use of 
the equipment by unauthorised persons. Details of the 
switching requirements for the foregoing will be issued 
by the Installation Section of the Directorate's Central 
Communications Establishment at Harrow. 

The Alarm signal is designed to be easily recognisable by 
a person, and no automatic recognition equipment for 
fitting in vehicles and headquarters has been envisaged. 
The signal starts with a distinct warbling tone, followed 
by pips varying in number from one to six, and repeated 
at a slow easy to count rate. The programme of warbling 
tone and pips Is repeated for a 30 second period, 
allowing for several checks of the number of pips 
broadcast The number of pips used will identify the 
device with a particular location, and is preset on initial 
installation by a selector switch mounted on top of the 
unit's chassis. The selector switch allows a total of 12 
different locations by selecting one to six pips at 400 Hz 
or one to six pips at 2.2 kHz, the warbling tone also 
taking on the low or high character as selected. 

Routine checks will need to be carried out and to assist 
in these, an earphone with an associated switch are 
mounted on the front panel to give low level audio 
checking. The unit has been designed to have a high 
degree of reliability on the basis that it Is likely to be 
little used but must function when it is triggered, and 
faults are not expected to occur after initial installation 
and test 

INTERNAL INFORMATION SERVICE 
Cyril Hutchings 

In the first issue of INTERCOM there was a brief 
description of the organisation and responsibilities of the 
Directorate. Within such an organisation, wide in its 
technical scope and handling at any one time as many as 
1,000 major and roughly the same number of minor 
individual engineering projects, it Is essential that 
information about the _ progress of each project is 
immediately available to engineer and administrator 

This information is supplied by a small office on the 
ground floor of the headquarters building in London. Its 
proper name is the Project Control Office, and to it 
come all the requests for communications requirements 
from our customer services and, whether they 

subsequently prove to be feasible or not, they are at 
once numbered and registered. If, on examination by an 
engineer, the project proves viable. It is charted and its 
progress recorded until the work is accepted by the 
appropriate service. 

For this recording, 10 metal wall charts, each capable of 
holding details of over 100 projects, are exhibited in the 
main conference room at headquarters so that such 
information is readily available to anyone requiring it 
The details of each project include its type, location and 
the force or service for which it is being carried out 

A radio project may cover anything from the installation 
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of a police personal radio or fireman's alerter scheme to 
the re-engineering and provisioning of a headquarters 
communications control system. It could mean the 
installation of a few transceivers in additional vehicles or 
a complete changeover of all equipment in a fire 
brigade's or police force's fleet of vehicles. 

On the line side, it could mean the arranging of the 
simple transfer of a telephone extension to a new 
position, the giving of advice on, and planning of, a large 
VF system A, or a multiple PABX installation. 

A close watch is kept on the state of progress of all 
projects. The state of play is indicated by the 
conventional use of plugs of various colours so that it 
can be seen at a glance whether planning has been 
initiated and completed, the date of the starting of 
installation, target dates (usually given by the customer), 
estimated date of completion (usually supplied by the 
Regional Wireless Engineer) and the percentage of the 
task completed. Delays are noted and, finally, 
completion of the work. 

While these charts present a picture of the Directorate's 
commitments, they cannot by their very nature give 
sufficient data to supply the answer to enquiries for 
detailed information concerning projects and, for this, a 
back-up system of a visible-edge card index is kept. 
Monthly reports from the Regional Wireless Engineers 
and occasional visits by the officer in charge of the 
Project Control Office to check records, ensure that the 
master cards and charts at headquarters are kept 
up-to-date. Project progress meetings are held every six 
weeks under the chairmanship of the Deputy Director 
(Engineering), and the members assess the situation 
regarding commitments and discuss methods of avoiding 
delays and eliminating obstacles where they exist. 

The present programme of the Directorate for the 
supply of telecommunications systems and equipment 
for customer services is shown below: 

. Projects 
Service 

Ma/or Minor 
Police/Fire (Radio) 442 403 
Prison/CD/W-M (Radio) 362 8 
Police/Fire (Line) 83 
Prison/CD/W-M (Line) 156 805 

1,045 1,216 

UBRARY 

Staff of the Project Control Office is that of the 
Directorate Library. Most Home Office divisions and 
branches possess their own small information points or 
libraries for immediate reference in their own particular 
spheres of operations. Although the Directorate of 
Telecommunications, some while ago, possessed a 
limited number of books, it did not have readily 

available all the technical information needed by 
working engineers and administrators. However, in our 
former location, a branch of the main Home Office 
Library existed in the same building and, to a limited 
extent, our needs were met, but when the headquarters 
of the Directorate was moved from the close proximity 
to a Home Office Library, it became necessary to set up 
our own technical library which became effective by the 
time the present premises were occupied. 

Today, the Directorate can boast of a collection of 
printed information which serves its purpose to the 
satisfaction of most technical and administrative 
officers. With the generous assistance of the Chief 
Librarian of the Home Office and his staff with 
purchasing, the Directorate now has a substantial library 
of which about three-quarters deal with technical 
matters and the remainder, administrative and general 
reference. 

A further and useful aid to the technical staff is the 
considerable collection of technical and semi-technical 
periodicals ranging from the publications by Institutions 
of Electronics and the like, down to the house magazines 
of manufacturers of electronic equipment. They are 
referred to constantly. 

Another service offered by the library is the obtaining of 
books, articles and periodicals (foreign and British) on 
request A book which is not thought necessary for 
permanent reference can be borrowed either from the 
Home Office Library or from other libraries. If the 
publication warrants shelf-space and is considered to be 
of lasting usefulness, arrangements are made for its 
purchase. Technical articles appearing in periodicals 
which are not obtained on a regular basis, are 
rep reduced-after taking the necessary copyright 
infringement precautions-to meet any distribution 
requirement. 

Technical books are also obtained for Home Office 
Regional Wireless Depots if they are above a certain 
price range. Below this price range the Depots are able to 
make their own local purchases. 

Although our library would appear to be self-contained, 
it is, in fact, a part of the main Home Office Library and 
any member of the Home Office staff may have access 
to any of the publications. 

Editor: There is continual co-operation between the 
staff of the project control office library and the editors 
of INTERCOM, which will become increasingly effective 
as international reaction to this journal shows itself. 
Already, many overseas fire and police forces have 
shown interest and offered items of information. The 
photographic library now being formed by the 
INTERCOM staff may be regarded as an extension of 
the Directorate Library. 
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AUTOMATIC TEST EQUIPMENT 

A N HOLDSTOCK 

Andrew Holdstock is a Senior Wireless Engineer in Field 
Services, Engineering Section, the Directorate of 
Telecommunications, Home Office. 

STATISTICAL BACKGROUND 

Fault-finding on radio receiving equipment in the year 
1930 was to me a fascinating pursuit. I had been taught 
that the only infallible way of locating a fault in what 
was then a complex circuit was: 
1 To acquire a signal source and an AC/DC Voltmeter 

(200 ohms per volt was considered to be a good 
instrument}. 

2 To apply the stimulus as required and make 
progressive measurements until the Signal break point 
or faulty stage was reached. 

3 To make voltage and current readings in the vicinity 
of the stage and thus locate the faulty component. 

The fascination stemmed from the ample proof which I 
had that this method did yield results 100 per cent of 
the time. While I would not suggest that the success of 
the method is the reason why it is still employed, the 
fact remains that, although in 1972 we have voltmeters 
with an almost infinite input resistance and highly 
sophisticated signals sources, the method used has 
changed very little, if at all. 

During the intervening 40 or so years, whilst 
technological advancement has drastically reduced the 
time factor in most fields of endeavour, the time taken 
to diagnose faults on electrical equipment has steadily 
risen and unless an effort is made to introduce more 
technology into the field of maintenance, the time 
expended is likely to increase still further. 

If it is agreed that the test equipment today has to a 
large extent kept abreast of the task of stimulation and 
measurement, we are left with the following reasons for 
this steady increase in the time needed for diagnosis: 
1 The greatly increased length of the circuit to be 

traversed In order to arrive at the faulty stage. 
2 The vast increase in the number of points and their 

interdependability which must be checked in order to 
arrive at the faulty component. 

Between 1948 and the present day, VHF and UHF 
transmitting and receiving equipment, for which the 
Home Office has maintenance responsibility, has 
increased from some 500 units to around 80,000, in 
addition to which there is a vast array of control and 

ancillary equipment, special to type equipment, closed 
circuit television etc. 

Statistical evidence over this period shows that In this 
equipment the following significant changes have taken 
place: 
3 The number of components has increased by a factor 

of 10. 
4 The component density has increased by a factor 

of 50 
5 The reliability expressed in terms of mean time 

between failure is down by a factor of something 
like 3. 

It is significant to note the decrease in overall reliability 
which has taken place in spite of a fairly substantial 
increase in component reliability. This has been brought 
about by increases in the number of components per 
package, and in the greater stringency of operational 
requirement 

THE HUMAN ELEMENT 

The end product of all this maintenance effort is to 
ensure that 'A' can communicate with 'B', and this 
requirement has not changed significantly over the 
years. The increase in time spent on maintenance 
represents a decrease in the cost effectiveness of the 
system. 

Although this in itself is a valid reason for seeking new 
methods, the most disturbing aspect of maintenance 
problems is, in my view, the human element 

Resulting from increasing circuit complexity and 
component density and decreasing component size, the 
technician engaged upon equipment diagnosis and repair 
requires ever-increasing technical skills and manual 
dexterity. 

This requirement immediately produces two problems: 
1 There are less suitably skilled people available. 
2 It is rare to find that the higher technical and 

diagnostic skills are matched by increased practical 
ability and manual dexterity. 

Thus, the ideal solution would be a division of 
responsibility between say a skilled technician and a 
female assembler. 

This situation does not lead to smooth work flow and 
productivity in a small establishment and cannot be used 
under these conditions. It can, however, be used to 
advantage in large servicing establishments. 
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Fig. 1 —Block schematic diagram of the 
Fireman's Alert Receiver which consists of 
19 modules mounted on a mother board. The 
Unit is powered by a 9-volt MAH Nickel 
Cadmium battery. 



In these larger establishments, then, we are left with a 
skilled technician who is carrying out the diagnostic 
work on large numbers of similar units. This leads 
initially to high productivity brought about by 
familiarity, but later leads to a severe fall in productivity 
due to boredom. 

The three solutions which suggest themselves are: 
1 TO CHANGE STAFF ON TO ALTERNATIVE 

WORK 
To be effective, this change must involve a move to 
another work location, say to a depot or outstation. 
This is in itself domestically disruptive and expensive 
and leads to a need for retraining both outgoing and 
incoming staff and consequent loss of productivity. 

2 TO PAY PRODUCTIVITY BONUSES 

This would be difficult to implement in respect of 
this work, could well result in a lower standard of 
work (intermittent faults would be skipped) and it 
would not be completely effective. 

3 TO DISMISS STAFF ON GROUNDS OF 
INEFFICIENCY 
This is a poor tool, as it probably eliminates the most 
able brains and leads to undesirable staff relations. 

CONCLUSIONS ON ACTIONS TO BE TAKEN 

A study of this situation has led to the conclusion that 
present methods are incapable of further development 
and that, unless energetic steps are taken to develop 
entirely new methods, the maintenance of operational 
equipment (an activity upon which a major part of the 
manpower of these organisations is expended) will 
deteriorate and grind to a halt, or will demand such 
increases in skilled manpower that the whole process will 
become uneconomic. 

There have been unfortunate delays in the serious search 
for alternative methods, which were probably 
brought about by the notion that the arrival of solid 
state devices and their undoubted development would 
lead to equipment which would need no maintenance. 

Such equipment has for many years been 'just around 
the corner', but for reasons set out above, it has never 
arrived and, statistically, it never will. 

The situation has been eased so far as the need for 
detailed diagnosis Is concerned by the production of 
more 'throw away' units, but unless these are to be large, 
and therefore expensive; the diagnostic requirement is 
still too detailed to be dismissed. 

Some W years ago, automatic testing was introduced 
into the aircraft industry because of the complexity of 
modern machines, and because the consequent number of 
tests required before each flight could not be carried out 

with absolute certainty or in an acceptable time-scale by 
an inadequate number of human agencies. 

The fact that these systems were capable of ensuring 
that an aircraft was safe to fly might have been expected 
to be applied also to the aircraft radio equipment This 
was in fact not so, although tests extended to the 
aircraft wiring, auto pilots, weapon systems 
etc-anything and everything except the radio. 

By about 1968, test systems aimed at testing radio 
equipment were emerging, based on aircraft systems, and 
in many instances produced by manufacturers who were 
engaged in the aircraft industry. 

After studying these systems for a year or so, the 
Directorate of Telecommunications decided to 
investigate the possibility of carrying out diagnostic 
routines which included the interfacing of radio 
frequencies directly with printed circuit boards. 

The equipment chosen was a Fireman's Alert receiver, 
operating In the 150 MHZ region, and consisting of 
approximately one half normal radio receiver, and one 
half logic. Several manufacturers expressed interest in 
the project and after a study lasting about a year in 
which many excellent control systems were seen, it 
became apparent that the major problem would 
undoubtedly be interfacing at radio frequencies. 

No existing examples of this were found, so, after 
further deliberation, it was decided to entrust the 
building of a system to Messrs Marconi Instruments 
Autotest Division, because of their long experience in 
the field of Radio Frequency test equipment 

THE UNIT UNDER TEST 

The unit chosen for this exercise in automated diagnosis 
was the Fireman's Alerter which was selected for the 
following reasons: 
1 Its entry into operational service coincided with the 

study of automated test equipment. 
2 There were likely to be 15,000 in service. 
3 There was no existing maintenance system for this 

equipment 
4 It was constructed on modular principles and 

diagnosis down to individual modules was considered 
adequate, as all but one module could if necessary be 
discarded. 

5 It operated on a single RF frequency in the upper 
VHF band which had the merit of simplifying RF 
stimulation whilst at the same time providing 
experience In RF interfacing with a printed circuit 
board. 

6 The front half of the equipment was a conventional 
double superheterodyne receiver, whilst the remainder 
consisted mainly of logic, which is not particularly 
acceptable to communication technicians, but forms 
the ideal basis for automated testing. 
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The alerter system consists of a battery-operated base 
transmitter which can be triggered either locally or via a 
telephone line. The transmitter is frequently modulated 
by a single coded precise tone (the test signal) or by two 
precise tones, one coded, applied sequentially to provide 
the fire call. This modulated carrier received and 
decoded by the alerter causes a locally-generated tone to 
be produced by the alerter speaker, the test tone being 
continuousand the fire call interrupted. 

Fig. 1 shows the block schematic of the Alert receiver 
which consists of 19 modules mounted on a mother 
board, the unit being powered by a 9 Volt 70 MAH 
Nickel Cadmium battery. 

THE AUTOMATIC TEST EQUIPMENT (ATE) 

GENERAL 

It is not intended that this article should be a manual on 
Automatic Test Systems, detailed information and 
excellent descriptions are available from the 
manufacturers on request 

These systems provide programmable test instruments 
for stimulation and measurement, a means of controlling 
these instruments and their application to the unit under 
test, an interface between instrumentation and (JUTlimits 
comparators, and a print-out of results. 

Fig. 2 shows the Marconi Instruments Autotest 
Equipment installed at Bishops Cleeve. Units fitted are 
listed as follows: 

LEFT HAND RACK FROM TOP 
1 Modulation Meter TF2301 
2 Ohms to DC Converter TM 9771 
3 Digital Voltmeter Solartron LM1604 
4 Frequency Counter/Timer 7007 
5 LF Signal Source Wavetek 157 
6 Printer Kienzle 
7 Limits Comparator TF2412 
8 One Word Store 9782 
9 Peripheral L ogic Unit 9765/2 

RIGHT HAND RACK FROM TOP 
1 RMS AC/DC Voltmeter TF2607 
2 At present a special signal source for the Alerter in 

final form Frequency Synthesiser Racal. 
3 UHF attenuator TF2168 
4 RF Power meter TK7056 
5 Access Panel TK7022/1 
6 Dual in terface Jigs 
7 Random Access Switch 1 7051 
8 Random Access Switch 2 7051 
9 Programmable Power Supply 9781 

10 Power Supply Programmer 9774 

CABINET 

1 Control panel 
2 Tape reader 
3 Store (400 bits) 

Fig. 3 shows a close-up of the two interface Jigs, 
left-hand one closed in operating position, right-hand 
one open, showing the Alerter in its test position (centre 
far side). 

Some of the complexity of this interface can be seen, 
the accuracy of the 'bed of nails' surface and freedom of 
the alerter housing to slide without tilt is ensured by the 
use of linear ballraces on the four steel pillars seen 
around the Alerter. 

It is only by the attention to such detail, both electrical 
and mechanical, that some 60,000 to 100,000 
operations per annum may be assured. 

THE CONTROL 

Two methods of control are available: 
1 Computer control 
2 Punched paper tape or punched cards 
It is necessary here to differentiate between a computer 
controlled system and a computer maintained system. 
The former refers to computer control of conventional 
peripheral or test instruments and their application, 
while the latter refers to an advanced study of the use of 
computer not only to control, but to replace 
conventional test instruments. This advanced study 
undertaken by industry on behalf of the Ministry of 
Defence has after two years produced a report on results 
achieved so far 

Related to the analogue of communications equipment, 
these techniques have not yet reached an operational 
stage, we are, therefore, concerned with COMPUTER 
CONTROL only. 

The advantages of a computer controlled system are: 
1 Its potential speed of operation 
2 I ts compu ta tional facilities 
3 Its programme storage and rapid random access to 

sub-routines. 

Due to the comparatively long setting time of the unit 
under test and peripheral instruments, it is not possible 
to take advantage of 1. As existing equipment in service 
is not built to facilitate complex diagnostic routines, it is 
not possible to take advantage of 2 and 3. It was, 
therefore, decided to opt for a punched tape control 
system. 

THE DA TA STORE can be used in one of two ways: 
1 By associating a portion of the store with each 

peripheral instrument 
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2 By making a central store available to peripheral 
equipment as required. 

The latter system is more economical, as only the 
requisite amount of store is committed to control 
equipment in use, whereas if the store were associated 
with each instrument, redundant instruments (eg RF 
power meter when testing receivers) would have 
associa ted redundant store capacity. 

On the other hand, a central store requires more 
complex interconnection wiring. 

The Marconi Autotest System uses a central data store, 
available in increments of 200 bits. 

Finally, the Autotest System, at present in use within 
the Directorate, is currently being demonstrated directly 
controlled by a Digital Equipment Corporation PDP11 
Computer and there is no reason why, if required, the 
present punched-tape controlled system should not have 
compu ter con troladded la ter. 

THE PERIPHERAL EQUIPMENT 

The Automatic Test System is capable of being supplied 
to carry out the following tests: 

RECEIVER MEASUREMENTS 
Signal to Noise Ratio 
Adjacent Channel Suppression 
Image Rejection 
Sensitivity 
Selectivity 
Channel Setting Accuracy 
Voltage Regulation 

INDIVIDUAL PARAMETERS 
RF Voltage; A F Voltage 
RF Current; AF Current 
RF Power; A F Frequency 
DC Voltage; DC Power 
DC Current, Resistance ' 

TRANSMITTER MEASUREMENTS 
Deviation 
Modulation Depth 
Distortion 
Output Power 
Intermodulation Products 
Spurious Signals. 

The instruments fitted into any particular system will 
naturally depend upon the range of tests required for 
units to be tested. The Autotest System, at present in 
use at Bishops Cleeve, is capable of carrying out all these 
measurements, although, had the requirement been 
limited to testing the Alerter only, fewer instruments 
would have been required. 

The increased capability was asked for as there Is every 
intention of expanding the system to include other types 
of equipment, including transmitters. 

THE INTERFACE 

It was recognised from the start that the interface 
between the unit under test and the automatic test 
equipment would present the most formidable hardware 
problem, as the technique of feeding in, and carrying out 
measurement at radio frequencies directly with a printed 
circuit board, not specifically designed for automatic 
testing, had not been attempted before. The repeat
ability of this interface is important, as it sets the 
absolute go/no go limits to which the unit can be tested. 

The aerial system of the Alerter consists of a VHF 
ferrite, the test signal is therefore introduced into the 
first stage by means of a loop electromagnetically 
coupled to the ferrite. All other connectors both in and 
out are by means of a 'bed of nails'. This consists of a 
bed of insulating material into which high grade 
miniature sockets are pressed, sewing needles slide in, 
and make contact with these sockets, and spring loading 
of the needles is accomplished by means of a tension 
spring which is anchored at one end in the eye of the 
needle and at the other in the socket or outer housing. 

A life test on these contact pins indicates that they are 
good for some 70,000 applications, about one year's 
work, before needing replacement. Contact with the pin 
is taken via the outer housing at a point as close to the 
insulating bed as possible, then via the sliding contact 
between the needle and socket, thus the distance between 
the connection and the point of the pin is kept to a 
minimum. 

Pins sensitive to stray pickup, and in particular those 
carrying radio frequencies, are fitted with a screen, 
which, in the case of RF connections simulates a co-axial 
feed. The jig or interface carries a number of 
logic-operated reed switches which, in the case of radio 
frequencies, are mounted very close to the actual 
contact pins. This reduces complications caused by high 
frequency radiation, capacitative and inductive effects 
which could vary with the unit under test and make it 
difficult to predict limit settings. 

The pins must be located with extreme accuracy so that 
contact can be made with closely-spaced lands on the 
printed circuit board. Although the contact pressure on 
each pin is kept as low as possible, the total pressure of 
some 40 pins is considerable and this calls for a 
well-engineered framework or housing. In fact, the 
engineering of this jig represents a demanding tech
nology, both mechanical and electrical, and the 
manufacturers have matched this requirement with vast 
experience and skill in these fields. The jig is built to 
accept one type of equipment only, so it will be 
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Fig. 2-Marconi 
Instruments' Autotest 
equipment installed at 
Bishops Cleeve, Home 
Office Maintenance Unit, 
Cheltenham, Gloucester. 

necessary to create other Jigs as the uses of the A TE are 
expanded. 

Lessons learned to date will enable the design 
specification of future equipment to include features 
which will simplify the manufacture of these jigs. This in 
turn will decrease costs and enable smaller batches of 
units to become economically viable for Automatic 
Testing. These design features will be listed and 
discussed in a later section. 

PRINTER 

The printer will print test results as follows: 
1 Test numbers (3 digits) 
2 + or — sign unless suppressed by peripheral unit. 
3 Reading (5 or 7 digits) 
4 Power of 10 
5 Result 'H'for high, 'L'for low, IN'or 'X'for 

the limits 
The printer will print all results 'in'limits in black, 'out' 
limits in red or only 'out of limits' results as selected. 
The printer will also print information such as set 
number, date, etc. put in manually. 

THE TEST PROGRAM 

The test program is to the A TE what a repair manual 
should be to a technician. In every case, however, 
ever-increasing use has been made of the technician's 
knowledge, experience and power of reasoning to 
supplant information which should be in the test 
manual, thus test specifications and other relevant facts 
remain sketchy and inaccurate. 

Since an ATE System cannot think for itself, and most 
systems cannot yet learn from experience, the ATE 
program must be extremely detailed and specific. It 
must anticipate beforehand all the eventualities which 
the technician will encounter The preparation of such a 
program requires information from two sources: 
1 A test specification far more detailed than any 

considered necessary when manual test methods are 
used. This information is most readily, and probably 
only, available from the design team. 

2 The information related to modification of the test 
specification under fault conditions. 

Because of the complex interactions which can result 
from a faulty component in a modern circuit, this 
information can only be assessed with sufficient 
accuracy either by deliberately introducing faults or by 
collating information as a result of experience in manual 
diagnostic procedures. Thus, it can be seen that a team 
of maintenance technicians provided with the requisite 
detailed test specifications are able to acquire further 
information as a result of experience and should also be 
in a position to produce a machine test program. In this 
respect, the potential capability of maintenance 
technicians to undertake satisfactorily the planning and 
production of test programs is often under-rated. 

Along with the difficulties associated with the 
production of machine test programs, there is the 
possible advantage that the programmer need be under 
no illusion about the capability of the machine to carry 
out the tests required of it. Machine programs 
(software), particularly in association with computers 
have acquired a certain mystique, which is in part 
responsible for the general lack of interest in, and 
reluctance to accept, automated test systems. It is true 
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to say that certain computer software can be expensive 
and amount to some 60 per cent of the overall cost, but 
it is equally true that many automatic test programs can 
be simple and inexpensive. 

The codes used in preparation of a test program for the 
Autotest System are quite simple and easy to apply, as 
follows: 
Each test instruction is prefixed by its exclusive alpha 
numeric code address which identifies it precisely and 
routes it into its correct section of storage in the 
controller. If we assume that we have a receiver to test 
and, for the purposes of this example have allocated 'A V 
to the frequency setting, 'A2' to the attenuator setting, 
and 'A3' to the co-axial routing relay switching and, if 
we wish then to apply a signal of frequency 10,700,000 
Hz, via 100 dB of attenuation to switching relay 2, we 
should type out on the keyboardpunch-

A 1 10,700,000 
A2 120 
A32 

It is then necessary to type in the upper and low limits 
of the measurement expected. These are identified by 
'CV upper limit, 'C2' lower limit; thus we would type 
out-

C1 upper limit 
C2 lower limit 

The measurement instrument, possibly a Digital 
Voltmeter, is set to range and routed to the 
measurement point by a similar means. The command 
'digitise', denoted by Code Z5 is then set; this triggers 
the reading, comparing and recording processes. 

INTERMEDIATE LANGUAGE 

This information and the instructions must be presented 
to the machine in precise and unambiguous terms. The 
ease with which the original information can be 
transposed into machine code depends largely on how 
big the step is, and, consequently, upon how much 
thought has to be applied in order to ensure that every 
detail which the machine needs to know is written into 
the program. For example, the statement 'measure AC 
voltage' seems to be simple enough, as does 'measure 
frequency', but both are intimately related to each 
other. If a technician were asked to 'measure AC 
voltage', he would need to know the frequency so that 
the correct instrument could be used, the test would in 
all probability not tell him this, but it would be assumed 
that he knew because of his experience in the work he 
was doing. 

In the same way, if he were asked to 'measure 
frequency', he would need to know the voltage, 
ignorance of which would provide a nasty shock. Once 
again, the test would probably not give this information, 
for it would be assumed that he knew or would 

automatically reason it out almost without thought. In 
the case of an instruction to a machine, however, failure 
to impart this information would lead to a meaningless 
reading or of something approaching disaster 

It will be seen from these simple examples that, if the 
programmer has to think of all the probabilities and 
possibilities each time an instruction is given, the mental 
gymnastics involved would be bound to result in many 
programming errors. To obviate this problem, languages 
have been produced which fall between the high level 
language of ordinary speech and low level machine 
language. They bridge the gap, as it were. One of the 
most popular of these is ATLAS—'Abbreviated Test 
Language for Avionic Systems', devised between 1967 
and 1968 by a consortium of airlines, aircraft 
manufacturers and test equipment manufacturers. It 
provides a compromise between readability and 
minimisation of storage required in a computer. It also 
provides information which is complete and precise, can 
be used for manual testing or be converted into low level 
language by a computer The answer, therefore, is either 
to persuade the design team to write the test 
specification in ATLAS or to convert the high level 
English language into ATLAS as an intermediate process 
in program compilation. 

THE ORGANISATION OF AN AUTOMATIC TEST 
SYSTEM 

The automatic test system described here is, of necessity, 
relatively costly, but the potential throughput 
is large—hence, centralisation is necessary to make it 
cost-effective. The Directorate's maintenance organi
sation is based upon 10 regional depots, two centralised 
maintenance units and some 60 outstations, staffed by 
technicians and wireless mechanics and distributed 
throughout England and Wales. This organisation has 
been built up over the years in order to place the staff in 
close proximity to their work and thus reduce the 
necessity for travel. The advent of ATE and need for 
centralisation would seem to contradict this staff 
distribution. However, the many benefits of decentrali
sation in respect of main station networks, control 
systems, the ability to handle emergency requirements 
etc, make a return to centralisation undesirable. So it has 
been necessary to seek ways in which the advantages of 
both arrangements can be realised. 

It is evident that the problem is mainly one of 
transportation and ensuring that only equipment which 
is proven faulty finds its way to the central repair 
organisation. The transportation of small units, such as 
personal radios and firemen's alerters, need present no 
difficulty, as they can be sent in multi-unit containers 
either by a 'round robin' vehicle service, giving a one for 
one replacement, or sent by such an agency as a 
passenger train service, by which means transit time 
could be reduced to a few hours. This system was used 
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for pocket set repairs before Automatic Testing was 
decided upon. For tfiis purpose, the technician in the 
field needs to have available a means of go/no go testing, 
the provision of which can be economic and simple. 

THE EXTENSION OF AUTOMATIC TESTING TO 
CAR AND F IXED STATION EQUIPMENT 

Car and fixed station equipment, to name but two, are 
unlikely to be reduced in size to the point where one 
could classify them as easily transportable. There is a 
necessity, therefore, to be able to break this equipment 
down into smaller units or sub-assemblies and to 
diagnose faults down to these levels. 

Steps are now being taken in respect of new future 
equipment to write this requirement into the design 
specification, and one would hope in time to encourage 
the universal adoption of this philosophy, so that the 
advantages could be made available in equipment 
supplied in smaller quantities and not only in respect of 
special design specifications. 

As the next step to centralised automated systems, one 
thinks in terms of extending the benefits of some form 
of automation into outstation workshops where main 
equipment needs to be broken down into sub-assemblies. 
If we assume that test facilities are to be built into the 
input and output of each sub-assembly, the need is for a 
test system capable of carrying out a limited number of 
tests in order to isolate the faulty sub-assembly. 

A TEST SYSTEM 

Over the past 20 years or so combined 'test sets' of 
various kinds have been designed and used in the 
Directorate in an endeavour to save time and effort and 
to reduce the cost of test equipment. Some 15 years ago 
a test set was designed which was capable of providing 
all the stimulus and measurements necessary to test 
mobile equipment with the exception of the RF Signal 
Source. These units have been made under contract since 
this time and, being provided with a replaceable 
interface, have been able to cope with a succession of 
different types of equipment 

We have, over the past two years, given thought to a 
successor to this unit which would be more sophisticated 
and provide go/no go indication with or without the 
necessity for making precise meter readings. The outline 
specification of a test system to provide for these 
requirements has recently been produced and distributed 
to industry, and it is hoped that by the time this article 
is in print it will be well on the way to production. 

In order to spread the cost of such a system and to 
provide for future requirements, modular construction 
has been specified and individual units made expandable. 

As the instruments will be programmable each test can 
be implemented via a single switch, thus a 10-position 
switch would allow go/no go tests to be applied to a unit 
which consists of 10 sub-assemblies. If one wished to 
become more sophisticated the operation could be tape 
controlled. As precise measurement will also be possible, 
the test set can be used for normal manual testing and 
diagnosis. 

AUTOMATION APPLIED TO BATTERIES 

The Directorate has the responsibility for some 200,000 
operational nickel cadmium batteries. We have been 
unable to find another organisation in the world with 
this particular problem, hence the development of 
techniques has been a pioneering effort. 

As far as the operational user is concerned, we are about 
to introduce automatic battery processing units which 
will remove all guesswork from battery charging. When 
batteries become suspect there is a need to measure their 
capacity so that faulty batteries can be removed from 
service. Automatic battery processors and capacity 
testers have been designed and produced for this 
purpose. 

Because batteries which have been used over only a part 
of their 'capacity' (eg say from 60 per cent to full 
charge) develop a 'memory' which restricts their 
capacity to some 40 per cent, the unit charges and 
discharges the battery completely three times (this will 
usually restore an otherwise good battery to full 
serviceability) and on the third discharge measures the 
battery capacity. These units which need only to be 
loaded and unloaded can each deal with some 18,000 
batteries a year, an unusual but necessary use of 
automat/on. 

A COMPUTER MAINTAINED AUTOMATIC TEST 
SYSTEM 

The Directorate has recently assumed responsibility for 
the maintenance of a large number of visual display 
units, being used to terminate the communications to 
the Police National Computer. These visual display units 
produce binary coded information from a keyboard. 
This information is transmitted on line and is also 
converted into an analogue vldio signal which reproduces 
keyboard characters on a CRT screen. In the same way 
incoming binary coded information is made to produce 
appropriate characters on the CRT screen. 

Operational testing of these units involves carrying out 
tests to ensure that the keyboard operation is correctly 
interpreted both in respect of information transmitted 
and also the display on the screen. It is also necessary to 
feed binary coded information into the unit to test its 
interpretation on the screen. 
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A Digital Equipment Corporation PDP11 computer is 
being purchased to enable these tests to be carried out 
independently of the main police computer. With 
appropriate software the computer will enable: 
1 A full range of operational tests to be carried out on 

the VDU. 
2 Faults to be diagnosed down to Printed Circuit Board 

(PCB) level. 
3 With additional adaptors and software, diagnosis of 

faults to i/c and Component level. 

When the computer goes into service, further investi
gation will be carried out aimed at extending facilities 
(1) and (2) to maintenance units throughout the 
country. This will enable 1st line maintenance to be 
extended to include fault location to PCB level and will 
thus: 
(a) Enable PCBs to be returned to the central 

maintenance depot instead of complete VDUs, a great 
saving in transportation problems. 

(b) Reduce the cost of spares holding because separate 
PCBs only, and not complete VDUs, will be in transit 
and thus non-effective. 

In addition to its use in connection with VDUs, the 
PDP11 computer will also be used to produce and edit 
test programmes for the automatic test equipment 
described earlier. 

DESIGNING FOR AUTOMATIC TESTING 

General 

When one begins to study the prerequisite for success In 

Automated testing, it soon becomes apparent that 
equipment for testing must be designed with this 
objective in mind. As this involves additional cost there 
is a need to convince the manufacturing industry that 
A TE is what the customer of the future requires, and that 
the facilities and advantages of automatic testing will 
outweigh additional cost and make the product viable. 

The automatic testing requirement can be divided Into 
two sections: 
(a)The physical layout and provision of facilities to 

enable interfacing with the ATE to be achieved with 
the necessary repeatability. 

(bjThe provision of a sufficiently detailed specification, 
and the stipulation of 'go'/'no go' limits for 
sub-assemblies and modules. 

Throughout this exercise It has been our experience that 
very little information is available on this subject, 
certainly in respect of RF interfacing and diagnostic test 
specifications. Many of those charged with the task of 
producing design specifications and playing for safety in 
an uncertain future, have been hopefully including such 
phrases as 'must be suitable for automatic testing' 
without very much idea of what this involves and, 
therefore, make very little progress in the provision of 
such facilities. 

In the same way that one cannot learn to swim without 
getting into the water, it became the view of the 
Directorate that the only way to gain experience of what 
was needed was to become involved as a user of an 
automated system. The amount of information gained as 
a result of the exercise to date is ample proof of the 
wisdom of this decision. 

Fig. 3—A close-up of 
the two interface jigs. 
The left-hand one is 
closed in the 
operating position; the 
right-hand one is open, 
showing the Alerter in 
its test position (centre 
far side). 

(Photos: Studio Cole Ltd 
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The Physical Layout 

The best way of tackUng this problem is to start with 
equipment in which a complete unit consists of one 
printed circuit board (the pocket set and Firemens' 
Alerter are examples of this), and then to treat 
sub-assemblies of larger and more complex units in the 
same way. 

Interfacing is accomplished by the use of: 
(a) A 'Bed of Nails'. 
(b) Bdge connectors and RF connectors where provided 

for operational needs. 
(c) A combination of both. 
The requirement is to: 
1 Apply lower supplies. 
2 Apply stimuli (DC, low frequency AC, and RF). 
3 Extract DC, low frequency AC, and RF voltages for 

measurement. 

The 'Bed of Nails' described earlier makes contact with 
either the lands of the printed circuit board or with 
specially provided test pads. It is obvious that the 
constructional accuracy of the unit under test and of the 
interface must be a function of the area of the land or 
test pad, and that components must be mounted on only 
one side of the board. In practical terms, it is found that 
a flat area less than one-tenth of an inch or 3mm square 
introduces engineering and constructional difficulties 
which increase costs substantially. As lands are normally 
much less than one-tenth of an inch in width, test pads 
of appropriate size should be provided, either by 
increasing the width when possible or by the provision 
of test pads as offsets. A square section is suggested for 
these test points in order to indicate to those who may 
wish to incorporate circuit modifications later, that 
these are not to be drilled for use as component 
anchorages. 

The location of these test points will depend upon the 
detail of the testing requirement. Where this is to 
individual component level, every component /unction 
must have a test access point. Where module 
replacement only is required, test points will be 
necessary where connections are made between the 
mother board and the module. Where modules are to be 
repaired as a separate function, further test points will 
be required on the module. 

The application of RF stimuli to printed circuit boards 
requires the connection to be co-axial right up to the 
point of application on the board. This connection point 
on the board should be close to the component 
concerned. Where this is not possible, there is merit in 
providing this routing in the form of a slab or stripline. 
(Ref: S V Judd 'Co-axial Slab and Stripline Transmission 
Lines'; lEE Vacation School on RF Measurement 
Practice'). 

The extraction of RF voltages for measurement (and in 
many instances even LF voltages), is best accomplished 

by building into the equipment a rectifier diode and 
routing the resulting DC to a test pad. This not only 
avoids errors In interfacing repeatability, but combined 
with the use of a high input resistance measuring 
instrument, prevents contact with the circuit having an 
adverse effect on performance. 

Where the printed circuit board is a sub-assembly of a 
larger unit, the input stimulus will normally be applied 
at the front end of the main assembly (the aerial 
terminal in the case of a receiver). It will therefore only 
be necessary to provide measurement access at the outlet 
of each sub-assembly. This is best provided by building 
in a rectifier circuit as above and routing DC voltages to 
a group test socket on the main assembly. Difficulties 
will be encountered where boards are coated with 
lacquer. As far as is known no satisfactory solution to 
this problem has been proposed. 

The Design Test Specification 

As stated earlier, the test specification for the unit to be 
tested must be sufficiently detailed and presented in the 
right format to enable a machine test program to be 
prepared. The detail requirement will depend upon the 
test requirement and can be broadly divided into two 
types. 
1 Details of the performance of each stage or groups of 

stages. 
2 De tails o f in ter-rela ted componen t values. 

a Performance Tests 
In order to save testing time one would carry out a 
series of 'jump' tests, that is to say, test the 
performance of the whole unit, then possibly the two 
halves and finally end up with a small number of 
individual modules or stages to test. One has to be 
careful, however, in specifying acceptable upper and 
lower performance figures for a group of stages in 
relation to those for individual stages as the following 
example will show: 

Let it be assumed that we are dealing with a group of 
3 IF Stages 1, 2, and 3. 

The overall gain of 3 Stages is given as: Nominal 30 
dB, Acceptable 27 to 33 dB. 

Individual stage gain is given as: Nominal 10 dB per 
stage. Acceptable 8 to 12 dB. We could therefore 
have an acceptable assembly of stages as follows: 

Stage 1-gain 8 dB 
Stage 2-gain 8 dB To tal 27 dB 
StageS-gainll dB 

Let it now be assumed that Stage 3 becomes faulty 
and is diagnosed as being 'out of limits' by the A TE 
System. The defective stage would then be replaced 
and the replacement might well have a gain of 
anything between 8 and 12 dB. Assuming that it is 9 
dB the group of 3 stages is now out of limits. 
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One could of course categorise spares, but one would 
not know that the faulty stage once had a gain of 11 
dB or that the remaining two stages had gain figures 
of 8 dB, unless the test program called for precise 
measurement and print out of performance figures 
instead of, or in addition to, the results of the limits 
comparator. These alternatives would complicate the 
whole process and would not be acceptable except 
under duress. 

If, however, the limits of individual stages were set at 
9 to II dB there would be no problem, and whilst 
this would add to the initial cost this might well be 
the most economical in the long term. One could go 
on citing examples of this kind which only serve to 
prove the care necessary if one is to avoid later 
complications. 

b Inter-related Component and Circuit Tests 
These tests would aim at checking components for 
correct value and their connections with one another 
and with the lands of the printed circuit board. The 
test specification must give values to be expected 
across each component, and across adjacent pairs of 
components. Setting the upper and lower limits 
becomes complex because of the inter-dependence of 
each component's limits with others. 

The test is of great value on newly assembled units 
where the very large number of components fitted 
leads to the probability that, initially, none will work. 

It can also be of value in fault diagnosis In the 
maintenance field, as a very high percentage of faults 
can be pinpointed by this means, at high speed and 
with a minimum of peripheral equipment 

CONCLUSION 

The ability to communicate is one of the most widely 
used and vitally important facilities which exist today. 
No person or organisation, with the probable exception 
of a hermit, can function efficiently without it The art 
of communicating has existed since life first began and 
has gone on increasing in sophistication ever since. The 
electronic era harnessed to communications, has 
produced progress in almost every facet except 
transmission time (compare smoke signals to wireless 
waves), and maintenance, which now calls for an ever 
increasing effort 

The escalating cost of maintenance is inhibiting 
expansion in the use of communications and this, in 
turn, results in reduced efficiency in many areas. Far too 
little thought is given to maintenance which is all too 
often written off as a 'necessary evil'. The object of this 
article is to highlight its importance and many problems, 
and to suggest a course of action which, if accepted by 
the equipment manufacturer, will enable the small and 
large user to introduce essential changes into his 
maintenance system. 

TRANSPORTABLE TELEPHONE 
COMMUNICATIONS 

G T H Drinkwater 

Chief Inspector Drinkwater is Force Communications Officer to 

the West Mercia Constabulary. 

On the face of it, one considers that personal radio is the 
only means of communication needed at a major 
incident or indeed, any incident That is true enough in 
incidents of short duration—but what about the incident 
which is likely to be protracted? This is where a line 
communication facility may be required. 

The first equipment that comes to mind is the field 
telephone, but this is somewhat outdated and it is 
unlikely to be compatible with the Post Office telephone 
system. If a telephone system is required, why should it 
not be a Post Office system, easily installed and 
transportable? 

A need for line communication was apparent during 
major incident exercises held by West Mercia 
Constabulary, when it was found that the temporary 
personal radio scheme became overloaded, especially 
when communication was required with other services. 

The West Midlands Telephone Manager's Staff were 
approached and asked to approve the use of a telephone 
exchange, instruments and line, easily transportable and 
quick to set up. The basic requirement of the equipment 
was that it should be uncomplicated and that the 
minimum of skill would be necessary to instal and 
operate on the recognised maxim that communications 
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systems are successful only if tfiey are readily useable by 
all ranks in the service and that all systems are easy to 
handle. 

Therefore, a standard manually-operated PBX was asked 
for which could be easily carried and so adapted that no 
tools were required for connections to the exchange, the 
power unit, the lines and the extension telephones. 

The Post Office engineers responded by providing a 
PMBX 2 + 6 switchboard which had the capacity of two 
exchange lines and six extensions. The control cable for 
this was terminated on a standard Post Office multi-plug. 
The power unit, which is AC mains-operated, is fitted to 
a standard Post Office board. Also on the board are 
block terminals for the exchange line connections and 
six sockets for the extensions wired into the block 
terminal. 

The cabling for the extension consists of six drums of 
cable complete with a jack at one end and a socket on 
the other. It has been found necessary to wind this cable 
on to wooden cable drums. There are approximately 
WOm of cable on each drum. The sockets have been 

The DC and A C inverter, the six extension 
telephones, the PMBX 2 + 6 and operator's 
telephone in the carrying cases. 

permanently screwed on to the drums. Six modern 
telephones have been supplied for the extensions, the 
cable ends terminated on jacks. 

For convenience, two boxes were made to carry: 
a the PBX and operator's telephone, and 
b the six telephones. 
A carrying handle was fixed to the terminal board and a 
folding metal bracket to support it 

To enable the unit to be powered from a mains source, a 
male three pin 'Duraplug' is wired to the input of the 
power unit—a standard Post Office requirement As AC 
mains power is not always available, a portable 
petrol-driven generator producing 220/240 volts is 
required, or a DC to AC invertor. Because of its bulk, a 
generator was decided against and an invertor had to be 
developed which would run from a standard vehicle 
battery. A commercial unit was tried, but it would only 
provide speech current; signalling was not possible. 

A simple invertor was built and an attempt to obtain a 
ringing current was made. This was unsuccessful and the 

The equipment set up for demonstration of the 
switchboard, power supply from 12-volt battery via 
the inverter, the standard post board with jack 
sockets and lines plugged in. The extension 
telephone is plugged into the jack on the cable 
drum. 

problem was taken to Skot Transformers Ltd of Cross 
Road Works, Hanley Swan, Worcestershire, and an 
invertor was designed which produced a wave form 
suitable to produce a ringing current The input leads are 
terminated on crocodile clips which are clearly marked 
'positive' and 'negative'. A protection is built into the 
system against accidental reversal of the polarity of the 
input The output is through a female three-pin 
'Duraplug'. 

The entire system is transportable and can be plugged 
into any convenient AC mains outlet, to the output of a 
petrol-driven generator or via the DC to AC invertor 
from any 12-volt vehicle battery. It is in transportable 
units and can be carried in the boot of a car. 

It has been found that less than 30 minutes is required 
to demonstrate and instruct police personnel in the 
installation and use of the equipment and that suitable 
simple written instructions are sufficient to guide 
anyone setting up a system. 

All the telephone equipment is rented from and 
maintained by the Post Office and, in an emergency, the 
Post Office engineers will simply connect the emergency 
exchange line direct to the switchboard block terminal. 
They will, of course, run the extensions if required. 

The advantage in having the equipment available is that 
it can be fitted in any convenient Village Hall, or 
building used as an Incident Post, with telephone 
extensions where needed. At major incidents the 
extensions can be run from the police control to the 
controls of other services. 
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Transportable Telephone Communications—West 
Mercia Constabulary. The complete equipment 
ready for stowage in the boot of a car. 

Editor: Ttie Telepiione Manager, West Midlands 
Telephone Area, Post Office, had kindly given 
permission for the publication of these details, but asks 
us to point out that the equipment described is a 
non-standard item on trial for the West Mercia 
Constabulary, but that it is, in his view, a satisfactory 
item. 

De 

Chief Superintendent D. Corbett is officer in charge of 
Operations in the Kent County Constabulary. 

Recently, when the present writer happened to be in an 
area traffic garage at about the time the night shift was 
parading for duty, he overheard (and was possibly meant 
to overhear) a low groan from one of the patrols: 'Oh, 
not her again!' I was left in no doubt that that particular 
patrol found something about the wireless operator's 
voice that irritated him. 

An interesting view of the voice-shaping 
component installed in the Kent Constabulary 
control room. By switch adjustment, the best 
voice tones of the female operators may be 
produced. 

We have always tried to employ operators whose voices 
are satisfactory by listening to them over a microphone 
and amplifier prior to interviewing them. Apparently, 
this was not good enough and we had failed in our 
purpose. 

When it came to analysing what qualities a particular 
voice possessed that upset some people, it was found 
that various voice characteristics were responsible. In 
some cases, speech produced a whistle, in others the 
sibilants were marked. In one case, the voice was very 
high-pitched. It was not difficult to sympathise with the 
complaints of the listeners. 

The solution to the problem was found by the 
introduction, into the audio circuit, of voice-shaping 
components. The illustration shows the arrangement 
which comprises simply of a twelve-position switch 
marked A to L together with the Jack socket Into which 
the headset is plugged. The circuitry is a straightforward 
capacitor/resistance network switched to give different 
cut off frequencies. Each of the sixteen wireless 
operators was tested to find the position which best 
suited her voice. When she comes on duty, she has 
merely to turn to the letter appropriate to the position 
of the switch. 

By this means, it is hoped that the morale of the Kent 
police patrols may have been improved, for, after all, 
eight hours is a long time if the voice of the operator 
irritates you. 

MINOR MODIFICATIONS 
Female (Voice) Shapes in Kent 

The Home Office Regional Wireless Depot staff are usually 
willing to undertake small alterations that do not involve 
engineers in a lot of time to help to improve efficiency. 
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CURRENT AFFAIRS 
A Hulme, CWT, Forward Planning & Research 

In this electronic age when the use of electrical devices 
and circuits are such an integral part of every aspect of 
our daily life, the apparent lack of knowledge displayed 
by users and the often complete disregard of the 
inherent dangers which exist are a continual source of 
dismay. It is felt that every opportunity should be taken 
to point out the dangers, the physical effects of electric 
shocks and the immediate treatment of such cases. 

It is sometimes reported in the press that 'Mr X' is in 
hospital recovering from shock after accidentally 
touching a high voltage cable, or that 'Mrs Y' was killed 
when she touched a faulty electrical domestic appliance. 
Considering the difference in voltage levels involved, ie 
thousands of volts in the case of Mr X and a few 
hundred volts in the case of Mrs Y, why should the low 
voltage be lethal and the high voltage not? It is a medical 
fact that it is electric CURFiENT which caused 
injury—the voltage only determines the level of current 
as through any resistive circuit. 

The human frame can be considered as a resistance 
which varies from person to person and point to point 
contact. Some typical body resistances are given below. 

Dry Skin 100,000-600,000 ohms 
Wet Skin 1,000 ohms 
Internal hand-foot 400-600 ohms 
Internal ear-ear 100 ohms 

A person with wet hands who touches a 'live' chassis at 
250 volts would pass a current of 180 mA from hand to 
foot, assuming a skin resistance of 1,000 ohms and an 
internal resistance of 400 ohms (total 1,400 ohms), 
whereas another person with rough dry hands may need 
a much higher voltage to pass the same current. 

The following summary show the effects of various 
currents passing through the body. 

1 mA: No sensation. 
1-8 mA: Sensation of shock but not painful. 
Muscular control is not lost. 
8—15 mA: Painful shock but control not lost. 
10-20 mA: Painful shock, muscular control is lost 
and patient cannot let go. 
20-75 mA: Painful shock, severe muscular 
contractions and breathing becomes difficult. 
100-200 mA: Painful shock causing 
VENTRICULAR FIBRILLATION of the heart. This 

is an irregular twitching of the wall of the ventrical 
and is a fatal condition. Resuscitation is ineffective. 
200 mA and above: Severe burns, severe muscular 
contraction of chest causing heart to stop. This 
condition prevents VENTRICULAR FIBRILLATION 
and if resuscitation is applied immediately the patient 
may be revived. 

It is, therefore, important that, when working with 
electricity, precautions should be taken to ensure that 
hands are dry, an insulating material, eg a dry rubber 
mat or dry wood is placed under the feet and that 
wherever possible only one hand is in contact with the 
appliance at any one time. 

Many modern appliances have insulated frames so that, 
if a live connection accidentally touches the frame, the 
operator will not receive a shock. In other cases where 
metal frames are used, it is essential that the frame is 
earthed so that the fuse will blow if a fault occurs. 

In cases of electric shock, it is important that first aid is 
administered immediately, but first switch off the 
supply. If resuscitation is not required the patient should 
be kept under observation, as shock may develop later. 
In some cases burns may appear. These are not always 
obvious at first, but may develop over a period of a few 
days. It is necessary therefore to treat all cases of electric 
shock as potentially dangerous and to keep the patients 
under observation even if no ill-effects are immediately 
apparent. 

Treatment for burns (Minor injuries). Lessen the spread 
of heat in the tissues and alleviate pain by immersing the 
part in cold water, if possible, then keep the part dry 
and clean. Do not apply any lotions, ointment or oil 
dressings. Do not prick blisters. To forestall interference 
with the local blood supply, promptly remove anything 
of a constricting nature, ie rings, belts, watches etc. Give 
small frequent cold drinks. (NO ALCOHOL). Remove 
patient to hospital. 

In the case of severe burns, cover wound with dry sterile 
dressing, do not immerse in water as this may add to the 
state of shock. Remove patient to hospital. 

If in the slightest doubt, seek medical advice. 
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CRANKS' CORNER 

James Luxton 

The author takes a few enthusiastic glances at the past. 

Recently looking through an old copy of the 'Amateur 
Mechanic', undated, but almost certainly pre-1914, I 
became fascinated by a chapter headed 'Wireless 
Telegraphy'. 11 was in two parts, the first a brief account 
of the development of radio from the experiments of 
Hertz in 1888 to the then state of the art; the second, 
the circuit of a complete transmitting station complete 
with key, transformer, spark gap condenser, 'jigger coil' 
and aerial. For some obscure reason, the aerial tuning 
coil, though referred to in the text, was not shown in the 
circuit diagram. I learned that the oscillator transformer 
was commonly referred to as a 'jigger', but did not dwell 
upon it, for my attention was wholly taken by the 
priceless gem of the article which shone under the 
heading 'Making a Long-Distance Receiving Apparatus'. 

No trouble is experienced today in obtaining 
components for the construction of wireless receivers, 
but it must be remembered that some fifty years ago 
they were non-existent so far as the public was 
concerned and if one wanted to construct a receiver, the 
components had to be home-brewed, as it were. 

This particular receiver was divided into six parts: 
1 The tuner 
2 Tubular condenser 
3 Blocking condenser 
4 Variable condenser 
5 Detector 
6 An earphone obtained at Gamages. 

It is beyond the scope of this small article to describe in 
detail the complete shopping details of the assembly and 

the final testing, but I cannot resist offering you some of 
the following inventory. 

THE TUNER 

The total cost of this component was five shillings and 
tenpence. It was basically a coil nine inches long, four 
inches in diameter with 31 tapping points brought out to 
31 studs with a 'slider' and knob used to vary the 
inductance. 
1 piece of teak 12 in x 7/2 in x % in 
2 wooden discs 5% in diameter x % in 
4 doz round-head brass wood screws % in long 
1 box of small tacks ^^in long 
1 foot of springy brass strip 72 in wide 
Shellac varnish (say about 1 gill} 

5d 
3d 
5d 
2d 
2d 
5d 

Plus a dozen sundry items. 

THE TUBULAR CONDENSER 

Half-a-dozen items-total cost Is 
and amongst the half-dozen items were 

1 wooden knob or handle Id 
1 piece of brass tube 13 in x % in 4d 
1 piece of brass tube 7 in x % in 2d 
2-3 yd of sticky insulating tape Id 

THE BLOCKING CONDENSER 

Five items costing 9d, including: 
1 sq ft of thin sheet zinc 
6 sq in of teak Va in thick 

2d 
3d 

Police 'pedal-bicycle receiver, showing the 
loud-speaker earphone clipped on the handlebars 
and the bag in which the receiver is carried'. 
So says the old caption, thought to have been 
in the mid-1930s. (By courtesy of the Police 
Journal and with the aid of the Manchester and 
Salford Constabulary). 
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THE V A R I A B L E CONDENSER 

Twelve items costing Is 3d including 
Another 1 sq ft of thin sheet zinc 
1 knob off rubber stamp 
6 old quarter-plate negatives 

THE DETECTOR 

Fifteen items costing 2s 3d including: 
1 small glass tumbler 
1 piece of zinc crystal 
1 piece of bornite crystal 

2d 

Id 
Gd 
€d 

For 11s 2d plus the earphones, the constructor 
could have made the 'Long Distane Receiving 
Apparatus' and the teak fronted box would look like the 
illustration. 

The reward for the effort and after learning the Morse 
Code Is shown in the following typical evenings 
entertainment: 

Approx 
Time Station Wavelength 

(metres) 
r 

8 pm Paris 1,900 
8.30 pm Cleethorpes 4,000 
9 pm Cleethorpes 4,000 
Wpm Cleethorpes '• 4,000 
10.20 pm Paris 4,000 
11.30 pm Poldhu 3,000 

(Cornwall) 

Press news, shipping messages and time-signals were the 
programme content. 

These were indeed the pioneers of the vast listening 
audience which were destined to follow after the war 
into the 1920s and 30s. 

The 1914-18 war gave impetus to the new medium, 
thermionic valves made their appearance and there was 
even some 'war surplus' which enthusiasts could 

Clee 
Poldhu_ 
Paris 

Seaforth 
Heysham 

Clifden 

A typical tuning dial of the early domestic 
wireless receivers. 

purchase and so follow the trend. Due largely to these 
constructor/listener and also amateur transmitters, the 
broadcasting of speech and music took place early in 
1920 from the Marconi transmitter at Chelmsford. This 
was followed by twice-weekly concert broadcasts from a 
Dutch station. Great interest was aroused in the general 
public and the Press by a broadcast from Marconi's in 
the early summer of 1920 of a concert in which the 
famous singer Dame Nellie Melba sang a number of 
songs. 

A snowballing of requests for more licences followed 
this and many were issued. More transmitting stations 
appeared early in 1921 and the Wireless Society of 
London was very much to the fore in the campaign for 
regular broadcasts and the organising of amateurs. 

From February 1922 until January 1923, the Marconi 
Experimental Station (2MT} which was designed and 
built by Captain P P Eckersly, who later became chief 
engineer to the BBC, paved the way for the National 
Broadcasting Service. The formation of the British 
Broadcasting Company and the station 2L0 followed. 

SERENDIPITY 

The word means (in case you do not know and I did not 
until I stumbled on it in the dictionary) the finding of 
valuable objects in unexpected places by luck. There 
could be no more apt title for this section. 

A part of my interest in the history of radio and in old 
equipment has been the tracing of early developments in 
police wireless, and, in this, I have been rewarded with 
some success in gathering quite considerable data, which 
includes photographs of what I believe is some of the 
first radio apparatus used in the service. As yet, because 
of the sporadic nature of the development of the art, 
this data is not chronologically related and some 
considerable gaps exist. There has also been great 
difficulty in locating original equipment of the early 
period of police radio. During the search for this, I have 
become aware also of the acute scarcity of all early 
domestic receivers, particularly those made during the 
1920s. 

It was during my search for an example from this period 
that I first became conscious of the intensity of my 
interest. In fact, until I saw that first set, I was blissfully 
unaware that I was a crank. The enthusiasm had been 
there for years, an interest in the history of my craft had 
been in me since I first decided that ohms and watts 
were a part of my language, but when the possibility of 
the existence of that ancient wireless set was mooted by 
my uncle while I was holidaying In the West Country, I 
knew that I would have to watch myself. 

One day, with much hand and arm waving, I was 
describing to my uncle who was trying hard to follow 
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A peep into the past. The receiver as it was 
found, needing no nnore than a touch here and 
there to restore it to its fornner efficiency. 

me, the kind of set that would be nice to have, when he 
said: 'Do you mean one of those old things. . . the lid 
used to lift up on a hinge and It had a great horn like the 
ones that used to be on the old His Master's Voice 
gramophones?' 

Yes, I told him, that was exactly what I meant. 

He seemed surprised. 

'I've got one,' he said. I started to tremble slightly. The 
first sign of being hooked. My heart which had started to 
thump wildly nearly stopped when he added: 'Well, I 
think I have! 

It appeared that a local man had made the set back in 
the 1920s. He had been an employee of Dunster Castle 
and was also the local village wireless 
enthusiast-cum-expert and, I believe, he had made 
several such receivers for people who required them. My 
uncle recollected that his own set had been in use from 
about 1927 to 1933 and he thought that he had stored it 
away in what he called his 'out-house'. Of course, he 
said, he might equally have thrown it away. No, 
screamed a voice inside me. I supposed the out-house 
was in his garden, but it transpired that it stood in the 
garden of a disused house he owned some eight miles 
away and dusk was approaching. 

The following day, enlisting the aid of my father, I drove 
in a kind of frenzy to X marks the spot where the 
hidden treasure might lie. Its appearance was 
depressing—an old ramshackle brick building, one 
window, one door to reach which I had to fight my way 
through nettles shoulder-high. After batding rusty key 
against rusty lock for five minutes, entry was gained. 
Inside were spider's webs, chaos and a dank atmosphere 
that reminded me of a dungeon, which was not 
surprising for the door had not been opened for many 
years. In the centre, which was reached after clearing a 
way through vintage lawn-mowers, mildewed boxes and 
rotting cardboard that represented all the things a man 

cannot bring himself to throw away, but which he 
knows in his heart he will never use again. 

And there on that table, spider-webs brushing my face, I 
saw it The finding of the Holy Grail could not have had 
a more profound effect on a man. But of course, it 
could not be in working order It was no more than a 
museum piece. I found a tribe of spiders which were, 
understandably, indignant at being disturbed after so 
long a tenure. One fellow, as big as as a man's hand, 
positively blinked at the abrupt attack of light Believing 
in goodwill to all men-and spiders, too-l carried the 
poor fellow outside and returned to my treasure, seeing 
now that all the valves were in place. The horn, however, 
lay on its side as though in drunken despair, with a ball 
of pink string down its throat After gazing at it 
hypnotised, knowing no sense of time, I lifted it in 
reverent hands and carried it to my car There were two 
more days of holiday to go and they were the longest 
two days of my life. 

The ancient receiver on the sideboard, restored 
to its former glory and working as good as new. 

When a detailed examination of the set was possible and 
it had been given a good clean, I replaced one intervalve 
transformer (open circuit secondary), removed the 9-volt 
grid bias battery (which still showed 0.1 volts) and 
connected the necessary supplies. To my astonishment 
and joy, it worked. Not perfectly, but it worked. Since 
then I have replaced one valve, rewound part of the 
aerial coil and the receiver is now in daily use and part of 
the household effects. 

Thus, my quest started in earnest. I could not help 
wondering how many men there were in the 1920s who, 
like the man from Dunster Castle, made such sets for 
local sale, men who helped create the further public 
demand for domestic receivers and who, in their way, 
helped push forward the use of radio generally. 

I am sure that I have not deceived readers in the slightest 
and that it will be perfectly plain by now that I am 
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The famous old 'bedstead' aerials. The 
Metropolitan Police used them and their 
associated equipment experimentally in the 1920s 
with great success for a number of years, 
particularly at the Epsom races. The equipment 
worked on the top end of the medium wave-band. 
See also below. {By courtesy of the Metropolitan 
Police). 

soliciting help in the unearthing of information about 
early radio, particularly equipment used by the police 
and fire services. Any information. In printed or 
photographic form, which you may have to spare will be 
welcomed by myself and the editor to add to our 
growing information about the past. 

Since I was first invited to write these lines for Intercom, 
quite a considerable amount of historical information 
has come to hand, both in the form of technical articles 
yellow with age and photographs which, one feels, 
belong to the Buster Keaton era. But, like the old 
movies, while they make us smile, they also fill us with 
admiration. For those like myself who are interested in 
looking back at the early achievements of men who 
worked with little knowledge and equipment, but with a 
wealth of imagination, intuition, enthusiasm and the 
ability to extemporise, I shall venture a few more lines 
and a picture or two In the next Issue of Intercom which 
I hope will be of interest. 

s 
• A. 

This picture puzzles us on a number of counts. 
We know that it is a Metropolitan Police mobile 
probably of the late 1920s or early 1930s. But 
what happened to the door pillar? How did the 
doors stay securely closed? Does any serving 
officer recognise the occupants or remember the 
equipment? (Photo by courtesy of the Metropolitan 
Police). 
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