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COMMUNICATIONS 74 

COMMUNICA TIONS 74-Brighton. The Home Office 
stand, showing some distinguished visitors and 
the legend Public Safety Communications above 
their heads. 

The Metropole Convention Centre, Brighton, 
4-7 June, was the scene of the international 
communications conference and exhibi t ion which is 
now a commendable two-yearly habit in the tele
communications wor ld . 

As before, conferences, exhibi t ion, inward missions and 
social events created the right atmosphere for easy 

exchanges of information and ideas, providing the so 
very necessary contacts on a personal level. The whole 
affair had the backing of government departments and 
the Electronic Engineering Association. 

The exhibi t ion was officially opened by the Right 

Honourable the Lord Beswick, MP, Minister of State at 

the Department of Industry. While the conference was 

COMMUNICATIONS 74-Mr Theobald 
busy on the telephone, Mr Stoodley 
looking pensive. Lord Beswick 
looking absorbed and Mr Holdstock 
doing the explaining. 
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Mr WP Nicol, Director of Telecommunications, 
emphasising a point to Lord Beswick. 

organised by Electronics Weekly and Wireless World, the 
exhibit ion was organised by E T V Cybernetics Limited. 

The Home Office presented a combined show, using the 
theme of P U B L I C S A F E T Y T E L E C O M M U N I C A T I O N S 
for Fire and Police, bringing together wi th the Direct
orate of Telecommunications exhibits a Police National 
Computer Demonstration and a computerised police 
command and control by the Police Scientific Develop
ment Branch. 

Wi th the show starting on the Tuesday, the installation 
at Brighton was carried out during the previous 
weekend, two busy days in which the plans of the 
Directorate, Home Office Public Relations and the 
Central Office of Information were carried out. As 
somebody remarked to us: ' I t takes a year to organise, 
two or three days to put up and about three hours to 
take down. ' 

Judging by the constant attendance by members of the 
electronics world at the Home Office stand, it was all 
worth it. The stand was well staffed, but, even so, those 
on duty were hard at it for all of the four days. They 
answered hundreds of personal enquiries and arranged 
for a large number of follow-ups to be made. The four 
days were made to seem all the more worthwhi le by the 
enthusiastic praise offered to the Home Office for their 
stand. Our thanks must go, of course, to the Public 

Relations Branch and the Central Office of Information 
for their never-failing help. 

This year, I N T E R C O M took part to the extent of 
publishing the Home Office catalogue not only as a 
separate publication, but also as a supplement to its 
Number 5 issue. This being so, we won ' t go into detail 
here of the equipment and systems on exhibi t ion at 
Brighton. 

So far as members of the Directorate were concerned. 
Day 2, Wednesday, 5 June, was the busiest of a l l - so 
reports our man at Brighton. This was Mobile Com
munications Day when Lord Harris, Minister of State at 
the Home Office was chief guest and given a tour of 
inspection by our Director. 

in his speech, Lord Harris emphasised the close 
collaboration between the Directorate and industry in 
research and planning. He recognised the consultancy 
service given to other public services using mobile 
telecommunications and increasing help given by the 
Directorate to overseas administrations in collaboration 
wi th the Department of Trade and the Foreign and 
Commonwealth Office. 

The keynote of his speech was the collaboration 
between all parties connected w i th advanced systems of 
public safety communications. The exhibi t ion itself, he 
said, was an excellent example of civil servants and 
industrialists collaborating effectively. The police and 
fire services, he stated, were not alone in taking 

Mr R Stoodley explaining the niceties of Fire 
Service equipment to Lord Beswick at Brighton. 
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Mr Archer being congratulated by Lord Harris 
for being clever and Mrs Archer for having such a 
clever husband. We think we should congratulate 
Mr Archer on having a wife pretty enough to 
decorate these pages. 

advantage of technical aids In the electronics field. The 
number of organisations needing to handle large 
quantities of operational intelligence was increasing. 

The pressure of this demand had resulted in techniques 

of mobile and personal radio communications being at 
the threshold of a dramatic change. Certain areas of this 
change were regarded w i th reservations in some quarters. 

For example, the development of the Police National 
Computer and its implications had caused some un
easiness. But, he pointed out, there would be no 
information retrievable f rom the computer that is not 
already to be had from manual systems. On the other 
hand, it would save hours of indexing and searching, and 
would speed up greatly the provision of information and 
police reaction t ime. 

A t the end of his speech, the Minister performed a 
pleasant duty which gratified all of us, presenting awards 
to two of our technical men who have shown initiative 
and inventiveness. £500 to our Mr E F Dunford of 
Shapwick Depot for the development of a U H F 
spectrum analyser which, as the Minister said, 'apart 
f rom its inventive merit saves public money on testing 
pocket-phones.' He also presented £250 to Mr P Archer 
for his development work in the design of a test 
instrument for alert receivers used by f iremen on 
standby duty . 

Lord Harris says some more congratulatory words to Mr Archer and this time includes Mr Dunford (the major award winner} and his 
lady and thus we have our pages made even brighter. 
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MAIN RADIO STATION EQUIPMENT 
Radio for Fire Service and Police 

F W Foster 

Bill Foster, C Eng Ml EE, is a Senior Wireless Engineer dealing 
with Fire Service matters in the Directorate of 

Telecommun ica tions. 

In I N T E R C O M No 4, published in November 1973, 
H Woodmansey wrote a t imely piece entitled 'Radio 
Links Assembly System' which evoked much interest 
inside and outside the Directorate. 

Now that the new main station and control equipments 
are being purchased by the Directorate for delivery in 
1975/76, some further information on the subject may 
be useful. 

In addition to being ^2V:2 kHz channel, fu l ly duplicated, 
all solid-state equipment wi th a high degree of rel iabi l i ty, 
the new radio l ink assemblies provide the fol lowing 
facilities: 
(1) The l ink carriers operate continuously. This 

arrangement considerably reduces the possibility of 
interference f rom other schemes that share the same 
l ink channel, because the l ink receivers are 
'captured' continuously by the wanted transmitter 
signal. (I t is becoming increasingly necessary for 
more schemes to share the same link channels and 
this method of operation must be mandatory for all 
new or replacement schemes.) The arrangement also 
enables l ink operation to be monitored and for an 
alarm to be given under failure conditions (see 6(b) 
below). Local talk-through Is only switched in at 
individual main transmitters when the l ink has 
failed. 

(2) Because the l ink carriers are operated continuously, 
the remote transmitters must be tone-triggered. 
Out-of-band tones are used, one per transmitter, for 
this purpose. This enables transmitters to be 
operated individually. Experience has shown this 
facil i ty to be necessary if a high standard of scheme 
maintenance is to be achieved. 

(3) Where a signal f rom a mobile is received 
simultaneously at two or more main stations the 
equipment automatically selects the best signal and 
presents that only to the control operator. Simi lar ly, 
when the scheme is switched to ' ta lk-through', the 
best signal only {rather than a mix of the two or 
more signals of differing quali ty and noise content) 
is re-broadcast. This facility generally results in a 
considerable improvement to incoming and talk-
through speech qual i ty. 

(4) Main receivers at any main transmitter site may be 
muted f rom control. This facil ity is most useful 
during periods of intense rain static or other 

interference. On previous equipment In service this 
facil i ty has not been possible for stations whose 
links return via 'master' stations. 

(5) The bay change involves main and link transmitters 
only and, on this equipment, is an immediate 
positive function. 

(6) The main operational functions of the system are 
continuously monitored and alarm indication given 

,. in control under fault conditions. 
The arrangement adopted is briefly as follows: 
(a) Main and link receivers. Both main and standby 

,^ units are operated simultaneously and their 
operation checked one against the other. When 
one unit of a pair fails a non-urgent alarm 
indication is returned to control. 

(b) Failure of a link transmitter or carrier is 
signalled as an urgent alarm to control. 

(c) The main transmitter is monitored by checking 
the presence of radio frequency output each 
t ime the transmitter trigger function is applied. 
A n urgent alarm signal is returned to control 
under failure conditions. 

It wi l l be realised that this arrangement does not provide 
complete monitoring of all possible failures, but it is 
thought to be the right compromise when cost and the 
rel iabi l i ty of any additional equipment necessary to 
monitor fu l ly the scheme are considered. 

It is felt that continuous monitoring w i th remote alarm 
facility should be of considerable value to fire brigades, 
the majori ty of which have minimal personnel moving 
about the county during quiet periods who are able, as 
in the case of a police force, to provide continuous 
routine checks on the performance of the radio scheme. 
Without such monitoring facilities, it is easily possible 
for a fault occurring on a main radio station to go 
undetected unti l an incident arises in an area which 
depends on that station for satisfactory radio 
communication. In such circumstances, control room 
staff must endeavour to restore service by carrying out 
'bay changes' under pressure and some delay may ensue. 

It Is realised that additional operational facilities, eg 
paging etc, wil l need to be added to many schemes in the 
future. Considerable care has been exercised In the 
choice of tone functions used for control of the new 
equipments so that the addition of such facilities wi l l 
not be inhibited. 
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MESSAGE SWITCHING 
P P H Smith 

This regular contributor to INTERCOM provides another guide to a subject about which questions are 
currently being asked. The subject is timely now that the Tunbridge Wells message switch is nearing 
completion. 

Paul Smith, C Eng Ml EE is a Chief Wireless Engineer in the Forward Planning and Research Section of the 
Directorate of Telecommunications. 

General interest in automatic operation of teleprinter 
networks has resulted in a number of enquiries of the 
nature of 'What's it all about?' This article provides 
background information which w i l l , it is hoped, assist 
discussion of automation as applied in particular 
circumstances. 

I N T R O D U C T I O N 
t 

Automatic operation of teleprinter networks Is generally 
referred to as 'message switching', of which there are 
two methods of major importance-circui t switching and 
store-and-forward switching. 

The simpler method, circuit switching, is akin to that 
used for telephone conversation. Two terminal points 
between which It Is desired to pass teleprinter traffic are 
connected to each other by a circuit made up of lines or 
radio channels and one or more switches. The lines 
connecting each terminal to its adjacent switch are for 
the exclusive use of each terminal , but the switching 
equipment is shared by all connected terminals. So each 
pair of terminals, when connected, has exclusive use of 
the through-circuit for as long as necessary to complete 
their business. Any other terminal requiring to pass 
traffic to either of the two connected terminals must 
wait until they have finished and are free. The number 
of simultaneous through-connections or conversations is 
dependent on the size and complexity of the switch. 

A Private Automat ic Teleprinter Exchange (PATX) 
functions in a similar manner to a Private Automat ic 
Branch Exchange (PABX) , providing similar facilities for 
teleprinter operation as the latter does for telephones 
wi th in a large organisation or business. The teleprinter 
equivalent of the telephone's Public Switched Network 
in the United Kingdom is Telex. 

Store-and-forward switching is the automatic equivalent 
of the manual torn-tape relay. Each terminal has an 
exclusive connection to its local message switch and any 
terminal having a message to send to another terminal 
sends It to this switch. 

The message switch accepts the message and stores it 
electronically. Af ter examining the address of the 
receiving terminal given at the start of the message, the 
switch despatches it, either direct to the required 
terminal or via another switch, as soon as the necessary 
line is free. There is thus no direct contact between 
sending and receiving terminals and the sending operator 
never receives the 'engaged' signal. The cross-office or 
handling t ime of an automatic message switch is of the 
order of a few seconds when passing norma! teleprinter 
signals and this handling t ime is mostly conditioned by 
the signalling speed of the teleprinter. The facil ity to 
'broadcast', ie send the same message to all connected 
terminals, and to send the same message to any number 
of selected terminals is normally provided and is 
accomplished wi thout further action by the sending 
operator. These switches are now computer-based wi th 
electronic storage of messages. Serial numbering, t ime 
injection, continuous monitoring of signalling qual i ty, 
repetition of messages if required and various levels of 
pr ior i ty either on a message or terminal basis can be 
provided. The size and complexity of a store-and-
forward switch is determined by the number of facilities 
incorporated and the total peak traffic load. Store-and-
forward can be regarded as analogous w i th the letter 
post or the rail freight marshalling ya rds -max imum 
utilisation of common carrier facilities, mail vans or 
railway lines, though, we hope, w i th a very much faster 
transit t ime. 

The first electronic store-and-forward message switches 
were 'wired programme' devices, any changes in facilities 
or terminals required a wir ing change and a technician. 
The first application of modern computers in tele
communications switching was in the store-and-forward 
area. They are now used for teleprinter circuit switching 
and, under the description of Stored Programme Control 
(SPC), for telephone PABXs. Similar use is now being 
made of them in public telephones networks. 
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C I R C U I T SWITCHING 

A block diagram of a typical circuit switch for 
teleprinters is shown at Figure 1 . Current ly available 
switches wi l l handle up to about 20 terminals and can be 
extended by tandem t runk connection to similar 
switches at local or remote sites. They provide automatic 
switching for teleprinters in its simplest fo rm. 

To set up a connection, the originating operator either 
dials a two/three digit number or types two or three 
characters on the teleprinter keyboard, depending on the 
actual type of switch f i t ted. The switch examines the 
line connecting the desired receiving terminal. If the line 
is free, it causes the remote teleprinter to send its 
answer-back code which is then printed by the 
originating printer confirming that the through con
nection is made and traffic may then be passed in either 
direction unti l the operators release. Should the switch 
be unable to provide the required circuit, it causes the 
originating teleprinter to print an indication such as 
BUSY or O U T OF S E R V I C E . 

The broadcast facility is provided by keying or dialling a 
special code by the originating operator. He must then 
await the print-out of all the answer-back signals of the 
terminals which are free before sending his message. 

Those terminals which are engaged must be noted and 
called later. More recent switches have a prior i ty or 
pre-empt facility whereby connections existing when a 
broadcast is required are interrupted. The affected 
terminals have to re-dial after the reception of the 
broadcast message to complete the interrupted exchange 
of traffic. 

To determine whether a switch of this type wi l l benefit 
any organisation, it is necessary to analyse the traffic 
pattern and the loading of individual terminals and of 
the complete system. Where this has been done in the 
past, results have shown that in some cases the use of 
P A T X would not be advantageous, whereas most studies 
showed that it would be. 

P A T X equipments are available on rental f rom the 
British Post Office and by purchase or rental f rom 
industry. 

S T O R E - A N D - F O R W A R D SWITCHING 

A simplified block diagram of a typical store-and-
forward switch is shown at Figure 2. The terminal 
handling capacity ranges from about 16 for the smallest 
switches to 1,000 or more for the largest machines. 

Fig. 1. Illustration of the principle of operation of a PA TX. Only one channel shown for clarity. 



T o send a message, the originating operator must present 
it to the switch in a strictly defined manner. The 
complete message must not only contain the 
information required to be sent to the addressee, but 
also the instructions required by the switch to enable it 
to deal wi th the message. Once the originating operator 
has sent it to the switch he takes no further action and it 
is essential that the instructions to the machine are 
adequate and accurate. 

The complete message is thus made up of the heading 
{address and other instructions), the text , which the 
switch merely passes on, and a closing signal to indicate 
to the switch that the message is complete and it may 
now deal wi th a new message. 

Various organisations have their own formats for these 
messages. A l l are similar, differing in detail depending on 
operational needs and size of network. A typical message 
would be: 

ZCZC LPA 129 
PP S A D S B D 

I M M E D I A T E 100830 
F R O M 

T O 
T E X T 

N N N N 

I Machine instructions. Start of 
J message pr ior i ty and addresses. 

Message relayed by the switch 
unaltered. 

Machine instruct ion-end of 
message. 

*The input number and serial number for checking 
that messages are not lost and for subsequent tracer 
action or repetition wi thout further action by the 
originating operator. 

*The importance or pr ior i ty of the message-that is, 
whether it is to be treated on the first-in first-out 
principle or it is to jump the queue. 

*The address or addresses to which it should be sent. 

It follows that this part of the message must be accurate 
or the message wi l l not be handled correctly. The rest of 
the message which follows the address indicators or 
codes is treated by the switch as text and passed wi thout 
modification or other action by the switch. During the 
passage of text , the switch is looking only for the 
end-of-message signal, on receipt of which it awaits the 
heading of the next message. 

To reduce the load on the originating operator 
automatic message heading generators are available. 
These devices can insert the start of message signal, 
channel identifcation code and serial number. In the case 
of the more complex and expensive designs, t ime 
injection and a selection of the most-used address 
indications are provided. •....•.'^ 

Where the message is required to be broadcast (all 
stations), contains a group address (selected stations) or 
several single addresses, it wi l l be sent to the desired 
addresses as each line becomes free and it reaches the 

Control 

Programme 
& 

Working 
Store 
(Core) 

Processor 

Input 
Store 

Output Queues 

{Disc Store) 

Fig. 2. Illustration of the principle of operation of a store and forward message switch. 

The format in this case is that produced by the 
Directorate of Telecommunications for use in the first 
application by terminals connected to the Tunbridge 
Wells Automatic Telegraph Message Switch; it wi l l also 
be used for future message switching systems which may 
need to be compatible with this switch and so enable the 
passing of traffic between them wi thout the need for 
operator intervention. 

From this format, it can be seen that the heading or 
machine instruction part of the message is short and tells 
the switch: 

head of the queue for that line, wi thout further action 
from the originator. 

Priority levels can be accommodated as required to suit 
the organisation. In the Tunbridge Wells switch there are 
three: > -^--^ r.-̂ -.'̂ ^ :• -

* Routine—first-in first-out queue. 
* P r i o r i t y - a separate queue, also first-in first-out, 

•• which must be cleared before any routine message is 
sent. The first in i l ie queue is despatched 
immediately transmission of a message currently 
taking place to the addressee has been completed. 
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I *F l ash -a flash pr ior i ty level message is sent 
immediately on receipt by the switch. Any message 
transmission already taking place on the addressee's 
line is terminated artif icial ly, the broken message 
being re-transmitted after the flash has been sent. 

Specifying and planning for a store-and-forward 
switching system requires much t ime and effort. Traff ic 
analysis and traffic growth estimates are an essential part 
of this process. Other operational matters to be 
considered are the routeing philosophy; max imum 
acceptable delays on various prior i ty levels of message, ie 
queue length; max imum time messages are to be stored 
for retransmission on request, supervisory and 
monitoring facilities, traffic statistics to be produced by 
the switch and, most important of all aspects, standards 
of rel iabil i ty. A l l these operating requirements directly 
affect the technical specifications and accommodation 
requirements. 

Store-and-forward switching systems are available for 
purchase or rental f rom industry. ... . 

Recent designs of switching equipment provide both 
circuit and store-and-forward switching in the same 
switch. 

P A C K E T SWITCHING 

A system of the store-and-forward type known as packet 
switching has been developed for high-capacity, 
high-speed data transmission networks to interconnect 
computers and also computers wi th high traffic density 
terminals. A t present this method is used for 
international research computer connections and wi l l be 
used by the Post Office Experimental Packet Switching 
System (EPSS) planned to be available in the future. 
Where such a system is available it can carry teleprinter 
traffic at negligible additional cost, but would not be 
economically justified for this traffic alone. In 
store-and-forward systems previously mentioned, the 
heading and the text , although of a strictly designed 
format, are of variable length, determined by the 
originator of the message. 

In a packet switched system, the information or data 
(text) is bundled into a (usually) fixed number of binary 
elements or bits together w i th a predetermined number 
of bits ahead and after the data comprising a packet or 
packets. These additional bits are used to indicate the 
originating and receiving addresses, speed and code of 
terminal equipment, number of packets making up a 
complete message and for error checking together wi th a 
number of instructions concerned w i th the system. If 
the amount of information in a message is not sufficient 
to fil l a standard length packet, spare or padding bits are 
inserted which are removed before delivery to the 
destination. The transmission of packets w i th in the 
system takes place at a common high speed, regardless of 
the signalling speed input f rom or output to the terminal 

devices, making the most efficient use possible of 
common equipment and channels by t ime sharing, only 
converting to and f rom the terminal speed at the final 
interface. > 

T H E F U T U R E 

Other facilities which are or are l ikely to be useful are 
code and speed conversion, used for medium and 
high-speed data transmission in addition to teleprinters. 

P A T X equipments are l ikely to provide a pre-empt 
facil ity for designated terminals and direct access to the 
Telex system. The latter is already an option on 
store-and-forward systems. 

The provision of a small amount of electronic storage on 
P A T X systems would enable broadcasts to be effected as 
terminals became disengaged and so relieve the 
originating operator of the need to send his message 
more than once. This indicates that future systems are 
l ikely to be mixed in their mode of operation and not 
clearly defined as being of either main type. 

The sharing of equipment and communications channels 
between administrative and operational traffic (justified 
in the first Instance on operational rather than financial 
grounds) is feasible and can be shown to be 
cost-effective. This can be done wi th no loss to the 
operational side by utilising idle t ime between 
operational uses for the less urgent traffic. 

R E L I A B I L I T Y 

No excuses are offered for concluding w i th a note on 
rel iabi l i ty, for this must be considered and specified for 
any automated communications system. 

The form in which the reliabil i ty standards are wr i t ten is 
also important. This calls to mind the two men at a 
bar—one, a salesman, said that his glass was already 
half-empty (he was thirsty and thinking of the next 
one). The other, an engineer, said that It wasn't—It was 
still half-full (it was his turn to pay). It should be noted 
that a statement such as 'availabil ity Is 98 per cent' can 
also be stated as 'not available for three hours a week or 
12 hours a month ' . It is necessary to state the maximum 
acceptable period of non-availability at any one event, 
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FIRE SERVICE 
OPERATIONAL CONSIDERATIONa 

CONSTRAINTS AND REQUIREMENTS 
J L Brock \ i . 

Assistant inspector of Fire Services, f-iome Office. 

Jofin Broc/< is the Fire Service Liaison Officer with the Forward Planning and Research Section, Directorate 
of Telecommunications. He used the following as the basis of his address to the Fire Service Command and 
Control Seminar held at Manchester under the aegis of Ferranti Ltd on 20 June 1974. A number of fire 
officers will already have heard or read the contents before, but we consider Mr Brock's statement to be 
important enough to warrant as wide a publication as possible. 

The Home Office is well aware of the widespread fire 
service interest in the possible application of electronic 
computers to fire brigade activities and it is widely 
known that various aspects of this question are being 
considered by the Central Fire Brigades Advisory 
Counci ls 'Joint Committee on Fire Research. 

In particular, a number of relevant studies are being 
conducted under the auspices of this committee as part 
of the current Home Office Fire Research Programme, 
and these include a Study on Systems of Control in the 
Fire Service which involves the modelling and simulation 
of Control System Designs based on data collection w i th 
the object of producing detailed operational speci
fications, for translation into technical specifications, of 
a comprehensive range of control room installations 
suitable for manual, semi-automated or fu l ly automated 
operation. 

As part of this work , it wi l l also be possible to simulate 
computerisation of the centralised mobilising require
ment wi th a view to producing a definitive assessment of 
the relative merits of this type of installation in meeting 
fire brigade control room requirements. 

Pending the outcome of this particular study, the 
provisional view, based on research to date, is that there 
is no objective evidence to indicate that computers 
would at present improve operational efficiency or 
produce manpower savings to an extent which would 
justify the cost of computers when compared wi th other 
systematic methods of handling control room data and 
responsibilities. 

A separate study is being made into the administrative 
use of computers by fire brigades wi th the object of 
producing a detailed account of the ways in which a fire 
brigade can make use of an existing local authori ty 
computer for administrative purposes. 

A case study is also being made, w i th the agreement of 
Scottish Home and Health Department and the col
laboration of the fire author i ty , of the Glasgow Fire 
Brigade computer installation which has been provided 
for operational data retrieval purposes, the object being 
to record and measure any consequent advantages and 
derive any information which might be of value to the 
fire service as a whole. 

There are also other research studies wi th in the same 
broad field which, however, are of no direct concern to 
us today at this seminar on the subject of command and 
control systems, and the remainder of my talk is about 
the operational requirements, constraints and safeguards 
which must be kept constantly in mind when consider
ing any new fire service mobilising system. 

Unfortunately it happens all too frequently that new 
systems are investigated wi thout obtaining, or having 
available at the outset, a clearly stated operational 
requirement indicating the facilities, safeguards and 
standards of efficiency which are regarded as essential to 
the operational efficiency of the service, and the 
fol lowing are some of the most important factors which 
should influence the design of any new mobilising 
system. 

Because of the emergency life-saving nature of the fire 
service, the importance of centralised mobilising systems 
to the operational efficiency of the service cannot be 
over-emphasised for the simple reason that the fire 
service cannot move into action unti l a call has been 
received, the incident location accurately identified and 
the appropriate resources identified, alerted and 
despatched. 

Because the saving of life and property is the pr ior i ty 
fire service task, handling t ime constraints and unbroken 
continuity of service are of paramount importance in 
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centralised mobilising arrangements. Furthermore the 
performance and reliabil i ty of any new system must at 
least equal the already high standards achieved by the 
best of our existing manual mobilising systems in large 
centralised schemes. 

It therefore follows that the starting point for con
sideration of any new system must be acceptance of 
present-day standards and safeguards as the minimum 
essential requirements for any new system. If a new 
system fails in any way to meet this first basic 
requirement, it is unl ikely to be acceptable. 

The pr imary essential requirements for fire service 

centralised mobilising systems are as fol lows: 

l-landling Times. The normal mobilising sequence for a 
straightforward call includes accepting the call, pro
cessing it to determine the correct pre-determined first 
attendance, alerting that attendance and transmitt ing the 
turnout instruction, and this sequence is normal ly 
achieved by existing centralised systems in one minute 
or less. 

Apart f rom the fact that a minute or so saved can and 
often does make the difference between saving or losing 
life, fire brigades have a statutory obligation to attend 
incidents wi th in the times specified by standards of 
cover laid down for various risk categories and are 
answerable as a Public Service at post-incident inquiries 
such as coroners' inquests. Therefore this handling t ime 
standard must at all costs be maintained by systems of 
the future. 

Simultaneous Handling of Calls during Peak Periods. It is 
essential for a centralised mobilising system to be 
capable of dealing simultaneously w i th a number of calls 
(to different incidents) which quite frequently occur 
during the brief and unpredictable peak periods of 
activity common to all brigades. These peaks are 
regarded as normal—not exceptional—and existing cen
tralised control systems, which are designed to meet this 
particular requirement, are normal ly equipped and 
Staffed to handle a number of different calls and 
despatch resources simultaneously. This capability varies 
wi th the size of scheme from two or three positions in 
the smallest to as many as six in the largest. 

Whilst there are exceptional periods {eg flooding, Guy 
Fawkes' night, civil disasters, etc) where congestion is 
unavoidable, the planning aim should be to achieve the 
stated handling t ime for all calls received during what I 
have described as 'normal ' peak periods. 

Continuity of Service. Whilst one must accept the 
possibility of a breakdown w i th any system, no matter 
how well planned, the baste aim must be to avoid 
inherent characteristics in any part of a system which, 
under breakdown conditions, could simultaneously 
affect the mobilising of all or a large number of stations 
in a centralised scheme. 

Existing centralised systems are safeguarded to the 
maximum possible extent against the effects of equip
ment and communications network failure and any new 
system must be safeguarded at least to a similar extent 
w i th the object of achieving unbroken cont inui ty of 
service for 365 days of the year. 

Remote control and other communications systems are 
arranged in groups so that failure of one does not affect 
others and, wi th V F System A (used by most brigades) 
each group has a reserve path for immediate use if and 
when the primary fails. 

A l l essential systems which depend upon a supply of 
electricity either work off float-charged batteries or are 
covered by a simple standby power plant. 

A t present, other facilities essential to the function of 
mobilising such as predetermined information for initial 
and subsequent attendances and other purposes, and 
resource availability displays, are in the form of simple 
manual systems which, primit ive though they may 
perhaps be, have the big advantage that they never suffer 
f rom technical or mechanical failure. A n y new and more 
sophisticated systems to replace them must somehow 
meet the unbroken continuity of service requirement, 
for complete failure of any one of them could have 
serious results in a large centralised mobilising scheme. 

The view, often expressed, that if fu l ly automated 
facilities fail you can easily revert to manual operation is 
not easily substantiated because, for a number of 
reasons, it is unl ikely to prove practicable for centralised 
mobilising purposes. For example, once a system is 
automated, manual expertise rapidly deteriorates and, 
furthermore, unless the system were capable of retaining 
status information as at the t ime of breakdown in a form 
suitable for speedy manual operation, it would be 
necessary also to maintain, and regularly update, 
separate manual standby facilities. 

So far as existing centralised mobilising systems are 
concerned, there is no doubt—in spite of the high 
standards at present achieved—that improvements can be 
made to certain aspects of them, and the Joint Fire 
Research Study mentioned earlier is paying particular 
attention to this approach. To mention two possibilities: 
methods of storage and retrieval of first attendance and 
other essential information, and methods of displaying 
and updating resource availabil i ty, are two areas where 
wor thwhi le improvements could be made wi th the aid of 
modern techniques-but not necessarily by computeris
ing the whole system. 

The Home Office is concerned that the computer should 
not automatically be regarded as a unique and ready-
made answer to the problems of centralised mobilising— 
or of any other problem—and there is a need to 
recognise and consider carefully all aspects of the 
problems as well as the range of possible solutions before 
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one can be satisfied that the use of a computer would be 
justified. 

Since it seems unl ikely that a total ly computerised 
mobilising system could significantly reduce existing 
handling times or improve existing standards of re
l iabi l i ty, one must look elsewhere for possible advant
ages which might be achieved. 

If some saving in manpower were a possibility, it could 
only be minimal bearing in mind the comparatively small 
numbers of staff involved in present centralised schemes 
and the need for continued functioning under break
down conditions. 

There would still be the need for a fair ly sophisticated 
and well-safeguarded communications network to all 
stations as is required now, and in view of this—and the 
added cost of the computer insta l la t ion- i t seems 
doubtful whether any significant financial saving is 
l ikely. 

As I int imated earlier, the Home Office is keenly 
interested in supporting the investigation of new systems 
to improve operational efficiency, but so far as the 
operational arrangements for the mobilising of resources 
are concerned, it is perhaps even more concerned in 
preserving existing standards of operational efficiency 
which must not be permitted to deteriorate. 

Computers are elaborate and versatile tools which 
provided they can be shown to offer measurable 
advantages over other methods of automation, wi l l 
undoubtedly have a place in the fire service of the 
future, but they should not be considered in isolation 
f rom communications and other facilities which form 
equally essential parts of any ult imate mobilising system. 

The Home Office is greatly appreciative of ail the effort 
which has been put into this particular seminar, for it 
wil l undoubtedly greatly assist current research and 
enable reasoned judgements to be made about the extent 
to which computers offer the most effective solution 
compared wi th other techniques. 

Sam Young 

In June last year, Sam Young died. 

Sam, as a founder member of the Directorate, was a part 
of its history. Those of us who have known him for so 
many years are saddened and now pay a small tr ibute to 
h im wi th these lines. 

In 1943, during World War I I , the communications 
section of the Home Office conducted field tests in the 
use of V H F radio wi th a view to the formation of a 
self-contained mobile radio system. Its purpose was to 
establish communications in any area (particularly in 
south-east England) at the t ime of the invasion of 
Europe in 1944, in case communications should be 
knocked out by enemy action in any area important to 
the invasion effort. 

Sam Young, w i th other members of the National Fire 
Service, was seconded to the Home Office for these 
tests. He stayed wi th the department as the turntable 
ladder operator and driver, for the fire brigade vehicles 
were those most suitable for easy and quick elevation of 
the base station aerials. 

After the war, when area coverage tests were started to 
find suitable main station sites for all police forces in 
England and Wales, Sam played a large part in the work 

in the f ield. Because the implementation of the new 
system for police forces entailed a considerable amount 
of aerial installation work , Sam was appointed to 
supervise aerial rigging teams. He was actively engaged in 
mast-climbing and aerial installation work. 

He was a fine and nerveless climber. More than once I 
heard h im say: ' I f it's there, I'll cl imb it. ' In the first 
issue of I N T E R C O M we wrote: 'Legend has it that Sam 
Young has assailed at one t ime or another every kind of 
structure made by man that thrusts towards the clouds 
and still climbs a thousand feet of lattice w i th the same 
verve he exhibited 20 years ago.' In an emergency he 
would climb in all weathers and conditions. 

He was a man who liked to use his hands. For the 
Leicester Exhib i t ion in 1971 , you wi l l remember that he 
made a beautiful scale model of an equipment house and 
a lattice mast 30ft tall and showed it in the forecourt of 
the University. 

In later years, his wide experience in his work enabled 
h im to give good advice on mast and aerial problems up 
to his unt imely death. In tr ibute to h im , we can say that 
he was a man who did his job, who took infinite pains 
wi th good humour. Final ly, he wi l l be greatly missed by 
his very many friends in the Directorate. 
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PORTABLE 
TELEPRINTER 
TERMINAL 
P P H Smith 

To meet a requirement for a 'hard copy' communi
cations facility at very short notice at scenes of 
incidents, enquiries and on other occasions when 
printers are not immediately available, a prototype 
teleprinter terminal is at present being evaluated. 

The terminal consists of a thermal printer, power unit 
and acoustic coupler (modem) mounted in a brief style 
case. The printer uses the 5-unit I T A No 2 code at 50 
bauds and is therefore compatible w i th the normal 
teleprinter types 7 and 15 at present used in the police 
networks. 

The fixed terminal at headquarters can either be a 
similar machine, which is of l imited use, or consist of a 
D A T E L 200 terminat ion provided by the Post Office 
together wi th a Unit Telegraph 4 3 A which is connected 
to the network jackfield or concentrator. This enables 
the portable terminal to be treated in the same manner 
as any other terminal on the network and avoids the 
need for retyping messages for onward transmission. 

Portable teleprinter terminal in action with the 
Essex Police in a control van during the trials. 
(Photo by courtesy of NCR Ltd.) 

lEE Representative 
The Institution of Electrical Engineers has ap
pointed Mr J N Hallett to be an /EE Representa
tive. As such, he is provided wi th the information 
necessary to advise people on membership appli
cations and like matters. His telephone extension 
at Rochester Row (01-828 9848) is 315. 

To use the portable terminal , it is necessary to provide a 
2 4 0 V , 50Hz supply f rom either the public mains or 
portable generator and a PO telephone. Contact is made 
wi th the D A T E L 200 terminal at headquarters by 
telephone and, when ready for telegraph working, the 
telephone handset is placed in the acoustic coupler. The 
operator then uses the teleprinter in the usual way. 
When the traffic has been passed, the telephone handset 
is removed from the coupler and replaced on its cradle. 

The photograph shows one of the prototype terminals 
being used in Essex Police control van during trials. 
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THE TYNE AND WEAR 
METROPOLITAN FIRE BRIGADE 

CONTROL ROOM 
ERGONOMIC CONSIDERATIONS 

The following article describes one brigade's solution to the problem of providing centralised mobilising 
with a metropolitan area created by the reorganisation of local government. Although the facilities were not 
provided by the Home Office, Directorate staff were nevertheless directly involved during planning stages 
on lines systems planning and various important aspects of the control room design and layout. In addition 
to its better known function of providing communications systems, the Directorate fulfills an important 
role in advising fire brigades about the many technical aspects of control system planning, and this article 
deals with one of the first centralised mobilising control rooms recently introduced after local government 
reorganisation. The VF System A remote control system referred to is described in INTERCOM 1 

The new control room of the Tyne and Wear Metropolitan Fire Brigade which was developed from the old control room and part of the 
adjacent rest room of the former Newcastle and Gateshead Fire Service. 
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Tyne and Wear Metropolitan Fire Brigade control 
room. Three consoles were installed. The front 
console has three operating positions for the 
reception and transmission of emergency calls and 
the mobilising of appliances. The centre console 
has two radio positions plus updating facilities. 
The officer in charge's position is at the rear 
console with a spare position for the reception 
of emergency calls. 

Two types of recording have been installed in the 
control room. An 8-track tape-recorder, with a 
duration of 25 hours, positioned in the adjacent 
equipment room is remotely controlled from the 
mobiliser's position. One track is dedicated to 
each operating position and the other is used for 
automatic time injection. There are two recording 
tapes, one for a permanent record, the other for 
playback purposes. 

When, for technical reasons, the decision was made that 
the Tyne and Wear Control Room was to be situated in 
Newcastle, the only premises which were suitable and 
could be converted in t ime for the appointed day were 
the Control Room and adjacent Rest Room of the then 
Newcastle and Gateshead Fire Service. 

When structural alterations were completed, the 
dimensions of the new Control Room were 32 feet by 
15 feet into which had to be fitted the equipment and 
consoles for handling upwards of 16,000 calls each year. 

The systems to be introduced into the new Control 
Room were simple and fast in operation, and were 

designed to eliminate the movement of staff about the 
Control Room, and to reduce the workload as much as 
possible. 

Matters for consideration included: 

(a) Height and area of horizontal writing surface of 
consoles 

The wri t ing surface of the Newcastle and Gateshead 
console was 31 inches high, and the incorporation of 
drawers, dial units, etc, reduced the clearance under to 
about 23 inches. These features had caused problems. 
Chairs had to be adjusted to maximum height in some 
cases, and breakages occurred often, while smaller 
members of the staff were unable to find a comfortable 
working position. 

An experimental console was buil t w i th the height of the 
writ ing surface adjustable. It was found that wi th a 
height of 28 inches, the writ ing position for most 
members of the staff was comfortable and least 
fatiguing. It was also found, however, that the clearance 
under had to be at least 27 inches, and the thickness of 

To supplement the master recorder, a small tape 
recorder is used at each emergency position, 
permitting the simultaneous playback of emergency 
calls. 
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Radio control facilities—Tlie mobiliser and all 
emergency positions have access to both brigade 
radio channels, but the radio scheme is normally 
controlled from the two operating positions at 
the radio console, which incorporates updating 
and tone calling facilities. An information 
retrieval unit and the appliance updating panel are 
located in the centre of the console, permitting 
easy and immediate access to both operators. 

the wri t ing surface was therefore restricted to 1 inch. To 
maintain the clearance under, the tradit ional method of 
putting dials, sockets, drawers, etc under the wri t ing 
surface, was now undesirable. ' 

One of the noticeable features of most Control Rooms is 
the tendency for notes, lists, etc to accumulate on 
writ ing surfaces. The recording and information display 
systems had been designed to eliminate the need for this, 
and i t was decided that the depth of the wri t ing surface 
would be restricted to discourage the accumulation of 
unwanted material. , . , 

A depth of 8 inches was first tried on the experimental 
console, but operators found that the lack of support for 
the forearm when wri t ing details on the incident sheet 
was very t i r ing, after only a short t ime. It was not unti l 
the adjustable shelf was extended to 1072 inches that a 
comfortable working position was found. 

The officer in charge of the control room watch 
has facilities at the mobiliser position to 
monitor all incoming emergency calls, to display 
information on the microfiche unit, and in common 
with the emergency position operators, to access 
the radio scheme when required. The officer in 
charge also ensures that the manual availability 
board is updated, exercises general supervision 
over all control room procedures, and ensures 
that adequate fire cover is maintained throughout 

area. 

(b) Ease of Access to Operating Panefs 

It was essential that each operator could easily reach, 
wi thout undue movement, all the operating panels 
necessary to the functions of the position. The problem 
was most acute at the console where 999 calls would be 
handled and appliances mobilised. 

Once again, the experimental console was used to solve 
the problem. The angle of the sloping panels of the 
console was adjustable, as was the lateral positioning of 
the microfiche information retrieval units. The maxi
mum height of the consoles had already been decided to 
ensure that all operators had a clear view of the 
appliance availability display. 

Cut-outs were made of V F ' A ' panels, key and lamp 
units, updating panels and information retrieval unit 
keyboards, and models of recorders and information 
units were constructed. Temporary fastenings were used 

Stat ion 
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All emergency calls are handled normally at the 
front console. Eight private wires from the Post 
Office auto-manual exchange are accessible at each 
of the three operating positions, but the 999 
lines associated with each division are 
distinctively marked at the operating position 
adjacent to the relevant VF 'A'panel. When an 
emergency call is answered, the operator obtains 
details of the appropriate attendance from the 
microfiche information retrieval unit—this is 
achieved in about four seconds by keying the first 
few letters of the address and then by keying a 
further single digit. The same operator can then 
mobilise the nearest available appliances, update 
the availability display, and playback the 
emergency call for verification if necessary. Only 
essential information on the abbreviated incident 
sheet, which is then passed to the radio position 
immediately behind the emergency position 
operators. The wiring arrangements also allow the 
mobilising of appliances simultaneously with the 
reception of an emergency call at the same 
operating position. There the operators require only 
the information on the availability display board, 
which shows appliances which are immediately 
available, whether at home stations, on radio 
contact, or standing by at other fire stations. 
After turnout, the responding appliances are 
controlled for the duration of the incident by 
the radio operators, who update the availability 
display and complete the incident sheet. 

reir 
console 

dvdilabilitu 

to hold the cut-outs in position, and Control Room 

Operators assisted in the experiments. After much 

experimenting and interchanging the position of the 

panels, it was found necessary to mount the updating 

panel and information unit keyboards on sloping panels 

extended down from the base of the information units, 

and the telephone dials and sockets were also mounted 

in these sections of the console. This resulted in the 

underside of the writ ing surface being unobstructed and 

having the desired clearance, and even the smallest 

operator, whi le seated, had easy access to incoming calls, 

turnout panels, recording and playback units, in

formation retrieval and updating panels. 

The principle employed was one where each operator 

had no 'stretch' when carrying out her or his function 

and where comfort and convenience was the keynote to 

efficient operation. 



"Ta i lor 's d u m m y " for optimising console design. 

Conclusion 
The new Control Room was to differ in many aspects 
f rom the tradit ional types of Controls, and the solution 
to many problems which arose could not be found in 
existing Control Rooms. Experimentation was therefore 
necessary, and the result has justified the experiments, 
particularly those w i th the adjustable console. 

The Control Room staff were unfamil iar w i th the new 
layout and equipment, but adjusted to the new methods 
very quickly. There is l i t t le doubt that a major factor in 
the rapid adjustment was the thought given to the 
el imination of unnecessary movement, the simplicity 
and accessibility of operating panels, and the comfort of 
the staff. r . 

The immediate availability of fire appliances is shown on a wall display with indicating 
lamps for all appliances. Red and blue lamps indicate front line appliances, with amber 
lamps for special appliances. Green lamps are used to show standby appliances at stations. 
Each lamp has an associated yellow lamp to denote radio contact. The availability lamps 
can be updated from the front consoles, where the operating buttons are located 
adjacent to the corresponding station turnout positions, and from the panel in the 
centre of the radio console. The use of integrated circuit boards permits the updating 
panels to be multiplied as often as required. 
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JACK NELSON 

On 14 November 1974, another of the Directorate of Telecommunications' Old Guard retired. Jack Nelson said 
his farewells at a dinner held in his honour at the Sherlock Holmes in Northumberland Avenue, London. Jack has 
seen a great many changes and made many friends in his twenty-eight years w i th the Home Office. We all wish 
him wel l . In the picture above {left to right) are Wyn Crompton, Jack Nelson, John Harris and Peter May. (Photo 
by Joe). 

STOP PRESS 
Evaluation trials of prototype 'Figaro' equipment have begun in London Fire 
Brigade, soon to be followed by trials in West Midlands, Greater Manchester, 
Merseyside and Glasgow. A recent Directorate of Telecommunications' test held at 
Neatishead in Norfolk in co-operation wi th the Norfolk Fire Brigade, gave very 
encouraging results. This test included operations wi th in high expansion foam. 
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RANGE R O V E R - P O L I C E VERSION 1974 
E M Morgan 

Whenever a new type of vehicle enters service, there is 
always the problem of how the radio should be f i t ted. 

As far as it is known, never since the days of the 
Wolseley 18 and the Ford V 8 Pilot has a standard f i t to a 
vehicle been arranged. 

When recently the Rover company wanted to introduce 
their Range Rover Police Version 1974, the department 
was approached by the company, wi th the aim of 
producing a standard f i t . The Directorate co-operated in 
producing the vehicle shown in the accompanying 
photographs. 

The vehicle based on the standard Range Rover is 
considerably modified by the special installation section 
of the company to provide a vehicle specially tailored to 
police requirements. This fundamental ly provides 
stowage for signs and accident equipment and carries 
externally police signs, spot lights and an extended mast 
to carry the police warning light. 

The radio installation was arranged to provide for ease of 
installation, protection of equipment and convenient 
operation. 

As can be seen from the photographs, the set cradles are 

fitted vertically on a mounting board that is attached to 

the steel frame provided to carry the police equipment. 

The sets f i t ted forward of the board, and behind the rear 

seat squab. 
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To further protect the sets, they are fitted w i th a metal 
cover that is separately secured to the mount ing board. 

It has long been a complaint w i th sets fitted in this type 
of vehicle, say at the scene of an accident in inclement 
weather where the rear doors are left open, that moisture 
can gain access to the sets w i th the subsequent possibility 
of increasing the failure rate. 

In this vehicle the sets as stated are covered w i th a metal 
cover, but additionally this cover is sprayed internally 
wi th an anti-condensation paint known as Corkon. 

Between the driver and passenger's seat, the company 
provide a metal bracket assembly which, in this vehicle, 
supports the repeater control box, but would also 
accommodate any type of control box used by the 
Directorate. Either side and to the rear of the mounting 
plate the loudspeakers are f i t ted and the H M T rest is 
secured to the inner side of the passenger's seat. 

The electrical control box on the f loor, behind the radio 
control box mounting, is the item used to operate the 
lamp mast. 

This fine installation is the result of co-operation 
between Rover/Midland Region Headquarters/Romsley 
and Central Communications Establishment. 

This vehicle wi l l be on loan throughout the coming year. 

Force officers should contact: 

Mr Dunn 
Fleet Sales 
Rover Tr iumph 
Fletchamstead Highway 
C O V E N T R Y C V 4 9 D B 

It is hoped that very soon similar operations can be 
carried out wi th other vehicle manufacturers. 

A l l cables are carried internally, concealed and protected 
against accidental damage. The feeders are inside the 
roof lining to the three aerials, the two UHF types being 
to the rear of the vehicle wi th the V H F aerial centrally 

f i t ted forward of the roof signs. T w o standard HO 
fuseholders are f i t ted adjacent to the battery under the 
bonnet and separate leads taken as normal to the sets. 

A normal PA installation is made. 

. Mr E W F Yirrell 
The Directorate was shocked and saddened by news of 
the death on 1 September of Mr E W F Y i r re l l . 
Mr Yir re l l joined the Home Office f rom the Ministry of 
Defence about five years ago as Deputy Director 
(Engineering), which position he filled unti l taken ill just 

before Christmas 1973. Under Directorate reorganisation 
he had been appointed to the newly created post of 
Deputy Director (Field Service) but his illness prevented 
h im f rom taking up the position or returning to the 
office at all. 

Like many other engineers, Mr Yirre l l started his career 
with the Post Office and spent a great deal of it working 
for the A i r Ministry in the long-range, point-to-point 
telecommunications field, in which he was widely 
known and respected. During that period he took part in 
many major Services projects in the United Kingdom 
and overseas. 

During the whole of the t ime he spent in the 
Directorate, Mr Yirre l l was far f rom being a f i t man, but 
he suffered wi th great fort i tude and wi l l be remembered 
not least for the retention of a sense of humour and his 
humourous references to the medications upon which he 
was dependent. Those of us who knew h im in happier 
years wi l l also remember many kindnesses such as loans 
of tools and gifts of plants f rom his greenhouse. 

The funeral service at Marlow on 6 September was 
attended by the Director and a good representation of 
all parts of the Directorate. Our sincere sympathy goes 
to Mrs Yirre l l and their two daughters. 
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THE GOTH WITHIN THE GATE? 
Direct Industrial Participation in University Research 

W Gosling 

Professor William Gosling is Head of Electronics Group in the School of Electrical Engineering at the 
University of Bath. For a number of years while at the University College, Swansea, he headed a team 
researching double-sideband, diminished-carrier modulation for the Home Office. Now, at Bath, he is 
working on Voice-plus-Data Bearer for the Directorate of Telecommunications. This article is based on a 
paper entitled 'The Electronics Industry and Higher Education' which he read in March this year at the 
Joint lERE-IEE Conference at the Royal Holloway College, Egham, Surrey. 

A criticism often levied against university research is that 
it is quite divorced from the realities of industrial life 
and consequently is not able to make the contribution 
to our industrial well-being which, at least superficially, 
seems to be its purpose. No doubt l ike most general
isations this one is too sweeping, and indeed many 
examples of university research which ul t imately bore 
f ru i t in commercial exploitat ion could be put forward. 
Even so, it must be admitted that a good deal of 
university research is open to this criticism. 

It is also very noticeable that even most promising 
scientific ideas which originate in the university can only 
be used in industry after a painful period of adaptation, 
principally because their implications wi l l not have been 
worked out fu l ly in the context of the commercial 
wor ld . 

Higher productivity in university research, therefore, 
might well be better served by improving the carryover 
of university ideas into industry than by any other single 
advance that could be made. If some guarantee could be 
given that the general path of research would be in 
accordance wi th industrial needs, still greater advantages 
would result. The fol lowing wi l l describe a collaborative 
effort between a government department, a university 
and industry which sought to achieve these desirable 
ends. , 

The field of research concerned was mobile radio and 
the programme arose out of informal conversations held 
between the author and members of the Home Office 
Directorate of Telecommunications beginning in 1967 
and continuing in 1968. The Directorate of Tele
communications is concerned w i th the development of 
mobile radio equipment for use by the emergency 
services (Police and Fire). Al though clearly there are 
many outstanding scientific problems in mobile radio, 
fundamental research in this field in the universities has 
not unti l now been commonplace. The Directorate 
therefore considered the possibility of placing a contract 
wi th a university department for research aimed at 
developing a new mobile radio system which it was 
hoped would give improved service for speech com
munication to vehicles. 

This prospect turned on the evaluation of the properties 
of the double-sideband, diminished-carrier system of 
modulat ion, and the research programme started in 
March 1969 at University College of Swansea. 

A t the very beginning of the programme it was realised 
that communication of the results in an effective way to 
industry, and indeed participation by industry in the 
programme in a way which would help to guide its 
direction, was of the utmost importance. As a result of 
discussions between the university and the Directorate, 
it was determined to attempt a radical experiment in 
three-way research co-operation by inviting industrial 
participation in the university programme which the 
Directorate were sponsoring. It was envisaged that 
companies interested in the research programme would 
actually second staff to the university for periods of not 
less than six months as members of the research team. It 
was decided that rough parity would be established 
between the number of university participants and the 
number seconded from industry, at the professional 
engineer level (all technician and assistant staff being 
university-based). 

So far as one can te l l , this approach to the staffing of a 
university research project is quite new. Al though a 
parallel might be seen for example, in the collaboration 
between the University of Manchester and Ferranti 
Limited (later ICL ) , in a number of very significant 
computer developments, the Swansea situation was 
different in a number of respects. Most important of ail 
was that the collaboration was three-way between 
government, university and industry. A t all stages the 
Directorate of Telecommunications was prepared to 
collaborate through technical discussions and even direct 
participation by Home Office personnel, in the various 
phases of the research programme, and by no means 
simply acted as a funding agency. Thus all partners 
involved in this attempt to advance the technique of 
mobile radio were fu l ly participating and on a com
parable footing. Another important feature of this 
programme was that not one but a number of major 
companies were involved-Cossor, GEC/Marconi , I T T , 
Plessey, Pye Telecommunications. 
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A matter to be settled early in the planning of this 
arrangement was the relative financial burdens to be 
carried by the Home Office and industry. The research 
programme was commissioned by the Directorate of 
Telecommunications and was aimed at targets selected 
by them, after consultation w i th the university. Thus it 
might be expected that a major part of the cost of the 
programme would be carried by the Directorate. In 
support of this, it has to be admitted that there was no 
positive guarantee that the companies involving them
selves would gain any immediate positive advantage f rom 
the programme, since this was speculative to some 
degree, as all basic research must be. On the other hand, 
should the programme prove successful, as it ul t imately 
did, having participated might well later prove to be of 
considerable advantage since the company would then 
have a background of experience in the new field 
and could hope to exploit it commercially relatively 
quickly. 

After much consideration, a compromise was reached in 
that the university contract paid the basic salary of 
participating staff f rom the companies, but nothing else. 
It wi l l be appreciated that the cost of an employee to a 
company is very substantially more than his salary alone, 
and particularly so when he is required to work for some 
time away from his normal base. Thus significant costs 
fell on the companies concerned and this contribution 
they made in support of the research programme. In the 
university we were very grateful both to the Directorate 
for their wise and sophisticated approach to the 
application of research funds, and also to the companies 
involving themselves, for their willingness to risk an 
investment on our research programme. 

This unusual approach to research had advantages for all 
the parties. As it affected the sponsoring government 
department, it was a practical way of utilising the 
research resources of the university whilst at the same 
t ime ensuring that the investment made would be l ikely 
to contribute to practical solutions of pressing com
munication problems. Indeed, f rom one point of view 
the research programme can be seen as an example of 
the consumer-contractor relationship between a govern
ment department and a university research group of the 
type proposed in the Rothschild Report on the 
organisation of government-sponsored research. So far as 
the industrial participants were concerned, the engineers 
in the programme feel that the change from an industrial 
to a university environment helped them to gain 
perspective on their work and new insights into it. Their 
employers, although losing valued men for a t ime, gained 
experience in areas of research outside those normal ly 
pursued in their companies w i thout the need for heavy 
capital investment or space allocation. The university 
gained as much as the other partners in having employed 
on this research programme men of very considerable 
abil i ty w i th a broader and deeper experience of 
industrial practice than is normal in most university 
research teams. 

Various difficulties were anticipated. One of the most 
significant of these was the possible consequence of 
divided loyalties. It was agreed, of course, that members 
of companies who were seconded to the research 
programme be free to communicate what they saw and 
heard back to their parent companies. Obviously any 
other arrangement would have been quite impracticable. 
This is in tine wi th the normal open character of 
university research. It was thought that since employees 
f rom different companies might be on the project 
together, reticence about current practice in the com
panies might be a problem. In fact this did not impede 
the work in hand, part ly because the area of research 
was removed from current areas of commercial work , 
and partly because it turned out that all the engineers 
working in the mobile communications industry had a 
very good knowledge of the equipment and design 
practices of competing companies. 

A possible hazard was that some engineers would come 
from their companies w i th the intention of acting as 
advocates for the approaches to solutions of outstanding 
problems which their own particular company favoured. 
To some extent, this was true, but its effect on the 
research programme was positive. For example, one 
engineer joined us f rom a company which is at present 
manufacturing a large quant i ty of mobile radio equip
ment using frequency modulat ion. As was natural, he 
evidently thought that the case for frequency modu
lation was strong, and contributed a most interesting 
comparative study of the properties of frequency and 
double-sideband, diminished-carrier modulat ion. The 
challenge which this crit ique presented, suggesting that 
frequency modulation would in fact give superior 
results, stimulated the research team to investigate a 
number of critical questions in the comparison of the 
systems which they had not previously studied. The 
effect was whol ly beneficial and made it possible to 
demonstrate that the advantages were quite other than 
this engineer had supposed. Other similar examples 
could be quoted. Indeed if one could speak of a single 
advantage more important than any other in this 
particular approach to university research it might be 
that the continued introduction of new faces from 
industry made any kind of complacency about a 
received approach to problems quite impossible and thus 
stimulated a more rapid rate of development in the 
programme than might otherwise have been seen. 

The differences actually encountered between this 
programme and others wi thout industrial participation 
were quite striking. Discussions on the progress of the 
programme were often very vigorous, not to say 
boisterous, and there was a general atmosphere of 
challenge and liveliness which is not always otherwise 
encountered and which the wri ter, for one, found most 
stimulating. 

Problems did not arise f rom the nature of the 
programme but much more f rom its logistics. In practice 
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it proved diff icult for companies to find engineers who 

were prepared to move away f rom base for periods of six 

months or more and participate in a programme of 

university research. Often this arose f rom family 

commitments, and one suspects that there may have 

been a certain reluctance to make a move which could 

quite natural ly be seen as leaving the heart of things for 

a peripheral activity. This often led to delay in a suitable 

engineer being found, although it must be said that the 

quali ty of men whom we were f inal ly able to welcome 

to the programme was very high indeed, and there can 

have been no suggestion of scraping the barrel. 

The programme was relatively modest in scale- i t lasted 
from 1969 to 1972 and involved only six engineers f rom 
industry in all. It came to an end so recently that it is 
not easy to be sure of its final significance. The industrial 
participants undoubtedly valued the opportuni ty to 
work , for a t ime, in a university environment. The 
government department concerned followed up the 
research contract concerned w i th another, which is still 
in progress, and therefore, it must be assumed, felt some 
degree of satisfaction wi th the results achieved. For 
myself, looking at matters f rom the university side, I can 
see no disadvantages and many advantages. Certainly this 
is an experiment which I have every intention of 
repeating, i f circumstances permit. 

COAXIAL POWER DIVISION AND 
COMBINING NETWORKS IN ANTENNA 

SYSTEMS -
R J Hasler* 

Home Office radio schemes maf<e wide use of multiple 
aerial systems. In the following article a representative of 
one of the principal suppliers of aerial equipment in the 
UK gives a simple explanation of the principles involved 
in the connection of a number of individual aerial units 
to form a practical array. 

1. INTRODUCTION 

The communication systems designer is often faced w i th 
a situation where increasing antenna gain is the only 
solution available that wi l l increase the system per
formance to acceptable standards. 

In the case of directional Yagi type antennas, this could 
be accomplished by increasing the number of elements, 
which in turn results in increased length. This can lead to 
antennas w i th overall lengths that are almost impossible 
to mount on conventional masts; or non-standard 
antennas which incur extra manufacturing costs. Where 
omnidirectional coverage is required, the simplest way of 
increasing antenna gain is to stack similar antennas w i th 
omnidirectional radiating characteristics. Hence the 
systems engineer often combines two or four standard 
antennas to increase gain. 

The basis of antenna gain in mult iple arrays is 
improvement of directivity. Thus by having n sources of 
radiation, wave interference creates reinforcement of the 
radiated power in the desired direction whi le suppressing 
it in others. 

Regardless of the value of n (most commonly 2 and 4 
for Home Office radio telephone communication appli
cations) a fo rm of power dividing network (on transmit) 
or power combining network (on receive) wi l l be 
required. 

These devices are marketed by different manufacturers 
under a variety of descriptions, eg matching units, 
phasing harness, antenna couplers or 3 d B splitters. 
However, they all perform the same functions. 

2. E L E C T R I C A L R E Q U I R E M E N T S 

The network must fulf i l the fol lowing: 

T R A N S M I T or R E C E I V E 

(1) Divide the input power equally between output 
ports in the T R A N S M I T case or combine input 
powers at the output port in the R E C E I V E case. 

* M r Hasler is Techntcal Director of Jaybeam Telecommunications Division, Nor thampton. 

23 



FIG 1 (g) 

i n - > = 

resonant 
I 

A/A 

1<-Zl load 
' impedance 

FIG Kb) when Z l = o/c then Zin = s/c 

resonant 
I 

very 
high 

R 

1 
1 
T 

A/4 

Fig. Ua) and (b). Quarter wave lines and 
equivalent circuits. 

Z|_ load 
impedance 

when = s/c then o/c 

(21 Maintain the required phase relationships at each 
output or input port. This wi l l normal ly be ' in 
phase' for applications involving stacking, or stack
ing and baying of similar antennas to increase gain. 

(3) Maintain an impedance matched condition through
out the system when all ports are correctly 
terminated. 

(4) When used as a power divider on T R A N S M I T , the 
network must be capable of passing the peak power 
generated by the transmitter w i thout arcing or 
burn-out. 

(5) Cause the min imum insertion loss possible when 
included in the system. 

(6) Maintain conditions 1 to 5 inclusive over the 
frequency bandwidth required by the system. 

not connect them in a simple T-junction? Because to do 
so would present the transceiver feeder wi th a load 
consisting of the two antenna feeder impedances 
connected in parallel—resulting in serious mismatching. 

The resultant impedance Z* of the two impedances in 
parallel is given by : 

Z=ZiZ2 /Zi +Z2 -

and for more than 2 impedances by : 

l /Z = l /Z i + I/Z2 + I/Z3 + I/Z4 . . . etc. 

ie \/Z=Z l /Zn 

:i 

(21 

Therefore the resultant impedance at the junction of the 
two 5 0 ^ Z antennas is f rom (1) = 25^2 . . . 

Conditions 1 to 3 can be met by a wideband resistive 
network, but to maintain matched conditions unaccept-
ably high losses in terms of dissipated power occur in the 
resistors used. Such networks are normal ly only used for 
receiving applications where the high losses can be 
tolerated, or for low power applications. 

3. IMPEDANCE MATCHING 

When a main transceiver feeder cable and two antenna 
feeders are all of the same impedance, eg 50 ohms, why 

If the main feeder f rom the transceiver also has an 
impedance of 5 0 n , we shall, by joining into the T 
junct ion, be terminating a BOH transmission line w i th 
25^2. This wi l l result in a standing wave ratio (SWR) : 

S W R = Z O / Z L if Z L < Z O 

or Z L / Z O if Z L > Z O (3) 

*2 generally describes a complex impedance, compounded of a 
positive quant i ty called a.c. resistance and reactance, the latter 
arising f rom the presence of capacitance or inductance, or both. 
Complex quantities must be added or subtracted vectorially by 
resolving them into their real and imaginary parts. For the sake 
of simplicity we wi l l assume that all impedances in the text are 
purely resistive, and that the transmission lines are loss free. In 
practice, performance tests on power dividing networks are 
nearly always carried out using purely resistive terminations. 
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where ZQ is the characteristic Z of the transmission line 
and Z L is the load Z. 

for Zo - 5 0 n and Z L - 2 5 n 

S\NR = 2 : 1 f rom ( 3 ) . • -

If four antennas were joined at a common point the 
resultant Z f rom ( 2 ) is 1 2 . 5 ^ and S W R from (3} = 4 : 1 if 5 

connected to a 5 0 ^ transmission line. Mismatching wi l l ^ 
cause varying problems depending upon its extent. In p 
the case of a mismatch of 2 : 1 , approximately 1 1 per 
cent of the transmitter power wi l l not be transferred to 
the antennas but wi l l be reflected back to the 
transmitter. For a transmitter generating 3 0 0 watts of 
R F power, this means that 3 3 watts are lost in the 
transmission system. Should the S W R on a system reach 
the awesome ratio of 4 : 1 then 3 6 per cent of the power 
wi l l be reflected—in the case of the 3 0 0 W transmitter, 
1 0 8 W I Under such conditions either the R F output 
stages wi l l suffer premature failure or built- in protection 
circuits wi l l render the transmitter inoperative. The 
combination of antennas by simple parallel connection is 
clearly impractical. Practical coaxial power dividing or 
combining networks used in R F engineering mostly 
utilise the characteristics associated wi th quarter wave
length lines. A brief description of these wi l l be helpful 
in understanding how a complete network operates. 

FIG 2 
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Fig. 2. Threequarter wavelength) line. 

3.1 I M P E D A N C E T R A N S F O R M A T I O N 
Q U A R T E R W A V E L I N E S 

US ING 

A transmission line which is a quarter wavelength long 
(X /4 ) and acts like a resonant circuit has the useful 
abil i ty of being able to ' invert ' impedance. Consider the 
two extremes of Z; short circuit and open circuit. (See 
Figure lb . ) When we terminate a X / 4 line wi th a short 
circuit, the impedance seen at the input of the line is an 
open circuit. Conversely, if we terminate wi th an open 
circuit then we see a short circuit at the input (Figure 
la ) . This important characteristic is known as quarter 
wave transforming. 
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Fig. 3. SWR V frequency for single quarter 
wave section. 

The input impedance Zjn of a lossless coaxial trans
mission line which is electrically (see section on velocity 
ratios) a quarter wavelength, or an odd mult iple of a 
quarter wavelength long is given by : 

Zin - Z O V Z L . .~ ( 4 ) 

where ZQ = the characteristic impedance of the line 
and Z\_ ^ the load impedance. 
When Z\_ is a pure resistance, Zjp wi l l also be purely 
resistive. 

If, as in the case of our two antennas and 5 0 ^ feeder 
f rom the transmitter, we know the load impedance Z L 
and the input impedance Zip, re-arranging the equation 
( 4 ) wi l l give us the characteristic impedance ZQ of the 
X /4 section required to match the Zjn to Z\_. 

Zo = ^/z~^^_ ( 5 ) 

3.2 H A L F W A V E L E N G T H L I N E S 

When a transmission line has an electrical length of X / 2 
or multiples of X / 2 then the input impedance Zjp is 
exactly the same as its load impedance regardless of 
whether the load impedance is resistive, reactive or a 
combination of both. , : 

This property explains why a X / 4 length line functions in 
the same manner if it is made of any odd mult iple of 
X / 4 , eg it can be considered as a quarter wave section 
added to a X / 2 line or I X , iy2X etc, eg if the odd mult iple 
were 3X/4 (see Figure 2 ) . 

This means that if we have two known impedances 
which must be 'matched' for maximum power transfer, 
then we can do so by connecting them via a quarter 
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wave transmission line having a characteristic impedance 
equal to the square root of their product. If the X/4 
lengths are inconveniently short then we may add a 
mult iple of X/2 lengths to our line as required. •• 

By using a X/4 impedance transformer of coaxial cable 
conditions 1 , 2 and 3 of Section 2 can be fulf i l led 
satisfactorily. 4 wi l l be dependent on the power rating of 
the cable used. 5 can be in fractions of dB. 

Because the coxial quarter wave transformer is con
structed from a line w i th a fixed resonant length, its 
performance wi l l deteriorate over a given bandwidth as 
the frequency shifts above or below its designed 
operating point. Also the greater the deviation of 
impedance between Zjn and Z\_, the narrower the 
bandwidth wi l l become. 

Figure 3 shows two curves for the two cases mentioned 
previously 

(a) where Z Q / Z L = 2 and 

(b) where Z Q / Z L = 4 . 

By reading off the normalised frequency {f) scale we can 
see that for a f ^ 1 00 MHz and a maximum SWR ratio of 
1 . 22 : 1 Zo/Z|_ = 2 gives appropriate bandwidths of 84 
to 116 MHz, but for Z Q / Z L = 4 a reduction to 93 to 

107 MHz. 

These f sensitive variations place certain l imits on 
condition 6, and must be taken into consideration in the 
final design. 

FIG A 
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Fig, 4, Two antennas matched via quarter wave 
transformer section. 
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Fig. 5. l\/!atching two antenna using 75n 
impedance cable. 

4. V E L O C I T Y RATIO 

When air forms the dielectric surrounding the centre 
conductor of a coaxial transmission line, the radio wave 
wi l l travel wi th a velocity equal to that of free space 
propagation. 

A i r has a dielectric constant, e, of 1. However dielectric 
materials in coaxial transmission lines are constructed 
f rom plastics, which can exhibit dielectric constants 
(where is the dielectric constant relative to air) 
varying f rom 2.1 to 6. 

As the dielectric constant increases, the wave velocity is 
decreased according to : 

V = V o / \  -

where V Q is velocity of free space propagation 

3X10^ m/sec ^. ...^ 

and f r ' the dielectric constant relative to air. 

This means that to cut a coaxial line to a selected 
electrical length, we must know the value of V or the 
velocity rat io: 

1 

Very few cable manufacturers quote figures for er in 
their l iterature but invariably the velocity ratio is given. 
For example polythene dielectric BlCC cable UR67 has 
a velocity ratio given as 0.666, which implies an €r of 
2.25. Given the velocity rat io, all that is necessary to 
find the length of cable electrically equal to X is to 
mul t ip ly the free space wavelength dimension by the 
velocity factor, eg: 

X in cm = 
30,000 X Ve l . ratio 

where f is in MH-
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FIG 6 
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F/'sr. 5. Four son antennas matched to a 50il 
feeder- Two 50n loads at (e) and (b) or 
(c) and (d) are transformed and combined to give 
56.25n impedance at (a). This forms two 700U 
impedances at (h) which can then be again 
combined to give 50n. Impedance. 

5. PRACTICAL NETWORKS 

Figure 4 shows two antennas of 5 0 n z which are to be 
combined to a 5 0 ^ Z feeder f rom a transceiver. 
Combining both antenna feed Mnes of exactly the same 
length and same type of cable wi l l preserve the same 
phase relationship for each antenna at its feed point. 

The transceiver feeder is connected to the combined 
antenna feeders by a A/4 transformer w i th a character
istic impedance: 

Zo = V Z i n • Z L - 3 5 . 3 5 ^ f rom (5) 

and checking w i th (4) gives 4 9 . 9 8 ^ . 

Result: System matched, max imum power transfer wi l l 
occur and the input power, for 2 equal load impedances, 
wi l l be equally divided between each load. 

However, a t r ip to the stores reveals no existing stocks of 
35.35^2 impedance coaxial cable (a non-preferred value}. 
Repeated memos to purchasing followed by numerous 

telephone calls result in a reply along the lines of: 'We l l , 
Yes! We can buy 3 5 . 3 5 n z cable but you must have 
50,000 metres at a cost of £ 2 4 , 0 0 0 ! ! ! ' {Probably 
payable in advance in today's economic climate.) 

A sudden drastic reappraisal of our matching techniques 
results in a trade off between economics and per
formance. Thus by using a X/4 transformer of 7 5 ^ 
cable, a readily available impedance, we have: 

f rom (4) 1 1 2 . 5 ^ 
f rom (1) the 2 impedances in parallel = 56.2512 

f rom (3) the SWR = 1.125 : 1 . 

Whilst this is not a perfect match, approximately a 99.65 
per cent power transfer wi l l occur and we must accept 
the 0.35 per cent loss in favour of economics. 

The final unit for 2 antennas is shown in Figure 5 below. 
Where we require to combine 4 antennas, calculations of 
(2) and (5) give 2S^Z as being the required X /4 section 
Zo- This is again a non-preferred value of cable. Also 
Figure 3 shows that restricted bandwidth wi l l occur as 
Z Q / Z L equals a high rat io. 

FIG 7 

Fig. 7. All 5Qi1 cable network—Transformation 
by the two quarter wave lines results in 
two won impedances being combined to form 50n 
at (h). 
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FIG 8 
(a) (b) 
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as shown in Figure 8. By using combinations of power 
dividers i t is easily possible to feed 2, 3, 4, 6, 8, 12 etc. 
antennas f rom a single source. 

3 A/4 125.a 
sections 

A/4 75.n-
section 

- — ( e ) 50.n. feeder 
'to transceiver 

Fig. 8. Three 50n antennas to one 50n 
feeder—Three SOn impedances at (a) and 
(c) become 104.16^. when combined. This is then 
transformed to 54i,l impedance at (e). 

Two possible ways of feeding four antennas are shown 
in Figures 6 and 7, the second solution being useful 
where large spacings occur. The coaxial transmission 
lines are comprised completely of cable in this 

latter case. 

Occasionally it is required to feed three antennas from 
one source. Here again economics force the use of stock 
coaxial cable to fabricate the network, eg UR64 Cable 
wi th an impedance of 1 2 5 ^ plus a section of 7bil cable. 

6. CONCLUSION ' 

Networks such as those described represent but a few of 
such devices frequently encountered in radio engineer
ing. Some designs, used for sidelobe suppression in 
antenna arrays, divide the power unequally. Others may 
give equal power division wi th 90 of phase shift at one 
output port, eg where circular polarisation is required. 

Thus by the use of simple formulae and calculations, it is 
possible to identify, design or modify the majori ty of 
coaxial power dividing or combining networks used in 
or required for V H F , U H F radio-telephone systems, 
provided due attention is paid to the l imitations of 
bandwidth which may be introduced. 
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All eyes and three lenses on Mr W A Birkett who served the Home Office from 1946 to 26 July 1973. On 21 June 1974, Mr W Nicol, 
Director of Telecommunications, presented him with the Imperial Service Medal for long and loyal service. Here he is with the director 
and his former colleagues at our Stanton-on-the-Wolds depot on presentation day. 
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INTERCOM 6 CROSSWORD PUZZLE No. 4 

(Chambers D ic t i onary - i f any is needed!) 

3 Said to have big eyes but actually a chemical compound (5) 
4 Express approval of (7) 
5 Men involved in a crooked act but ul t imately set to rights (7) 
7 An architectural protuberance of which at least one example 

may be found in Oxford (5) 
8 Carry out an unnatural process-proper form (10) 
9 Victor ian ladies took precautions against it (8) 

14 Eve oils t in (anag) (10) 
16 Means what it says (8) 
18 Nearly everyone in Austria went to this place (9) 
20 A source of noise in the mobile environment (7) -.r-:- •• 
21 Champion of the ale pots (7) .̂ 
23 An ingredient of home-made potted meat (5) 
25 An old card (5) 
26 See 10 across 

7. Entries to be submitted either on the blanl< cross

word form or as a fist of the clue numbers and solution. 

Remember to add name and address. 

2. Entries must be sent in non-official envelopes marked 

CROSSWORD in the top left-hand corner and addressed 

to: Editor of Intercom, Directorate of Telecommuni

cations, Home Office, 60 Rochester Row, London SW1, 

England. 

ACROSS " • 

1 A ratefixer, in a sense (10) 
6 Backstop (4) 

10, 26 Poor old Crichton! Disabled, confused, and given a bundle 
of rags—hardly suitable, one would have thought, for a 
feast! (5, 4) 

11 'Dana ailed', as well she might in such a perplexing 
condit ion! (9) 

12 Did the referee give a bad decision? It could be this to 
the F A (8) 

13 God of the tea-boy in 22 (5) 
15 Derive f rom a confused sirenian (7) 
17 A harmonious accompaniment (7) 
19 Fire or water, perhaps (7) 
21 A traffic policeman frequently does this to vehicles, and 

sometimes to their drivers (7) 
22 Where many ex-Servicemen first got their knees brown (5) 
24 Computer graphic peripherals in an LPT store (8) 
27 Instrument, or carry out (9) 
28 Instrumentally straight, terr i tor ial ly not always so (5) 
29 Basic (41 
30 Salt is seen to be one or all of these (10) 

DOWN 

1 In this a unit of needlework might obviate several more (4) 
2 Al ter core and the computer might do this for you (9) 
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POLICE HEADQUARTERS 
Effects of growth and change upon 

1 Design and Telecommunications 

J E Sargent 

It may come as a surprise to some readers to know just 
how concerned telecommunications engineers are w i th 
the bricks and mortar of headquarters design and 
construction. The control room of a police headquarters 
may occupy only a small percentage of the total , but its 
design and its relationship to the whole is of the utmost 
importance to the design of the telecommunications 
systems and to the police communications officers 
concerned w i th it. I : ' > 

The activities carried out in a police headquarters are 
complex. They require sophisticated services (especially 
in the control room) wi th the abil i ty to change wi th ease 
and speed wi thout adverse effects upon the efficiency of 
the organisation. This article deals wi th the problem 
facing the architect in establishing the causes and 
predicting the effects of growth and change, and puts 
forward proposals for its accommodation. 

CAUSES OF GROWTH AND CHANGE 

Growth and change are dependent upon each other and 
must be treated together. The Police Force in England 
and Wales has changed and grown in just over a century 
f rom simple local constabularies of minuscule propor
tions into the 43 independent police forces of today, 
each possessing its own identity and local variants in 
operational and administrative method, though there is a 
degree of governmental control through the Home 
Office. 

Each force has its own headquarters which appear in a 
number of different forms, either for historic reasons or 
through local choice. Some were originally converted 
from constables' houses or village police stations; some 
are of more modern design and construction. But all 
have grown in unforeseen directions as a result of 
numerous pressures acting upon them. , 

P R E S S U R E S 

The comparatively hopeful social climate of the 1950s 
allowed what could be called an 'open aspect' of design 
which in some cases still remains wi th us and which 
cannot be regarded as ideal in the present climate of 
anti-social political activity, where increased security is 
needed. 

To this one must add the organisational pressure which 
is brought about by changes in constabulary formation 
which may range f rom a simple staff expansion, due to 
an increased work-load, or to the introduction of an 
entirely new group. 

There are, of course, also operational pressures. Working 
methods may alter in the very short t e rm-eg during 
periods of min imum manning at night, which can create 
quite different demands upon a building f rom the ful l 
dayt ime staffing. 

Physical changes to a building may occasionally be 
required as a result of its structural deterioration. 

Technological pressures present a far more drastic 
problem as technology plays an ever-increasing part in 
crime-detection and prevention. Because mechanical and 
electronic equipment does not have the life-expectancy 
of the structure, buildings are constantly being gutted to 
enable the installation of modern and more efficient 
equipment and services. 

Spatial and other requirements may also decrease 
occasionally due to people or pieces of equipment no 
longer being required. 

In addition to these direct pressures on the premises 
themselves, there are pressures of growth and change 
acting upon the force as a whole. 

The operational problems thrown up by the ever-
changing nature of crime and traffic control demand 
that the nature of police work wi l l continue to grow and 
change to accommodate current or estimated future 
trends. New acts of Parliament are affecting the work of 
the police wi th an ever-increasing frequency and the part 
played by the police in society is showing a marked 
change in its relation to society in general. The range of 
duties they undertake is widening to take in aspects of 
public responsibility which in the past have been 
considered to belong to social welfare. Overall, the direct 
and indirect pressures and the changing role of the police 
place formidable strains on their headquarters and, if the 
police are to maintain their present efficiency or, better 
sti l l , improve upon it, their headquarters must be 
designed to accommodate this growth and change. 
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PREDICTION OF GROWTH AND CHANGE 

Although the present pressures acting upon police 
headquarters are largely known, it is the accurate 
prediction of the nature of its growth and change upon 
which the success of a new headquarters or control room 
lies. Obviously, if their extent can be foreseen the 
building can be designed to accommodate it. 

The human actions affecting growth and change are used 
by the Home Office as a basis for assessing the opt imum 
size of a force, its predictable future use and, hence, the 
necessary size of its headquarters. 

These actions have been narrowed down to five variables 
and, if any of them grows or changes, so a headquarters 
may have to grow and change to accommodate the 
administrative and operational procedures. These are: 
(1) Population. 
(2) Crime. 
(3) Acreage. 
(4) Road mileage. 
(5) Working hours. 

P O P U L A T I O N 

Available information makes it quite clear that, as 
population increases, crime increases in a greater 
proportion. Consequently, expansion of the police force 
is called for and this, in t u rn , necessitates an increase in 
headquarters control in almost all departments. 

C R I M E 

In recent years crime has not only increased, but it has 
become more violent and technologically aided. To 
combat this, the police have increased their detective 
strength by introducing specialised squads who make full 
use of available modern technology. Expenditure on 
telecommunications has taken a dramatic upward trend 
in the last decade, not only to increase the efficiency of 
existing officers, but to compensate to some extent for 
undermanning. 

A C R E A G E A N D R O A D M I L E A G E 

It follows that, as the acreage and road mileage patrolled 
by a force grows and changes, so must the size of the 
force and the field of operations of the control room. 
Technological aids, such as personal radio, radar etc, not 
only put strains upon the facilities at the headquarters, 
but must also be supported by additional officers. 

W O R K I N G H O U R S 

In most forms of industry and commerce there is 
pressure f rom trade unions and staff to reduce the 

working week in order to cut redundancy, but in police 
work there is, unfortunately, no redundancy and any 
reduction in the working week greatly reduces the 
effective strength of the force, which has to be made up 
by recruitment or by overtime. The increasing need for 
lengthier periods of training is a further strain on 
manpower. 

With such pressures acting upon a police force and 
variables affecting its establishment, f lexibi l i ty is the 
keyword to the design of any new headquarters. The 
Home Office is fu l ly aware of this situation and lays 
down that any new headquarters must be designed to 
accommodate the forecast growth over the next 15 
years. 

The 'sausage' or 'linear' plar). 

E F F E C T S O F GROWTH AND CHANGE 

Having established that growth and change wi l l occur in 
a headquarters as a result of pressures acting upon it, and 
that its prediction of growth and change depends upon 
many variables, we must examine how these affect its 
administration and the operational functions carried out 
within the various elements. 

Although these elements are not identical in all forces, 
they are representative of the majori ty. What is common 
to most of them is that the efficiency of the bulk of 
them relies upon the efficiency of their communications. 

The command, administration, criminal intelligence and 
office service elements all have desk-based tasks which 
grow wi th increases in work and extension of 
organisational structure, and change wi th mechanisation. 

C O M M U N I C A T I O N S E L E M E N T 

This, containing the communications control room, is 
the self-contained hub of the force f rom which the 
available resources of the force are deployed as required. 
The control room is undoubtedly a major problem 
regarding growth and change. Al though at the t ime of 
building it is f i t ted wi th the most up-to-date equipment, 
it may have to be redesigned and extended a few years 
later to keep pace w i th the greater abil i ty of technology 
to meet operational demands and to enhance efficiency. 
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Indeed, it is technological response to operational needs 
which is causing most of the change. For example, the 
constant search for ways of improving responses to 
emergency calls has led to the use of sophisticated and 
computer-aided command and control systems. The 
introduction of a central computer system this year for 
criminal records wil l also have a major effect upon 
communications requirements. 

I I I I 1 I 

The grid or chessboard form of plan. 

C A T E R I N G A N D R E C R E A T I O N E L E M E N T 

As in many of the large organisations in the provinces, 
the police provide catering and recreational facilities at 
their headquarters. The latter have always had some 
effect upon recruitment and the police are continually 
alert to any possibility of improvement in this direction. 
So that an informal relationship may be fostered among 
officers of all ranks, dining rooms and bars are now 
being designed sympathetically. The attitude of police 
authorities to the needs of police officers' amenities is 
now far more liberal than in the past. It is l ikely that this 
trend wil l continue and that the space required for such 
places as sports halls and similar facilities should 
essentially be taken into consideration during the 
planning stage of a headquarters, so that, even if they are 
not actually constructed, there wi l l be sufficient space 
for them if they are demanded. 

B U I L D I N G S E R V I C E E L E M E N T 

The domestic services, deliveries and vehicle refuel and 
maintenance groups are contained wi th in this element. 
Outside the communications group, it is the mainte
nance garage that shows the greatest rate of growth. This 
is due to increased use of road vehicles. 

P O L I C E A N D P E R S O N N E L T R A I N I N G E L E M E N T 

Police and personnel training is one of the new elements 
being formed at headquarters to keep all police officers 
up to date on new laws and methods of crime and 
detection. The sophistication of police work has resulted 
in more t ime being spent on retraining and, as this is 
l ikely to increase, the training school wil l have to grow 
and change f rom a general teaching school to an 

advanced centre capable of offering specialised training. 
It is expected that television and video tape recording 
wi l l be introduced into police work and therefore even 
more specialisation wi l l take place to teach officers to 
use the equipment. Previously, the driving school and 
training school were separate, often in converted offices, 
but the way seems open to l ink these together so that 
they can make ful l use of the specialised lecture rooms. 

F U T U R E C H A N G E S 

The architect is not only faced w i th the possibility of 
growth in established elements of a headquarters. He 
must also consider the probabil i ty of there being fresh 
aids which may be introduced in the future, such as 
helicopters, computers and closed-circuit television. 

S U M M A R Y \ 

It follows that, if a new headquarters were designed too 
closely to the functions discussed for each element, it 
would become obsolescent sooner than one which allows 
for functional change. The physical substance of the 
headquarters and its functions wi l l vary over the course 
of t ime. During the design process, function determines 
the design and the building reciprocally influences the 
functions it contains. Once bui l t , outside influences 
continually affect not only function but, f rom t ime to 
t ime, physical substance. This is when alterations are 
made and these alterations, in turn, affect the function 
and so on unti l the whole building becomes obsolete. 

The star-shaped plan. 
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PLANNING FOR GROWTH AND CHANGE 

D E V E L O P M E N T P L A N S 

We know that the functions carried out at a force 
headquarters may take many different forms and these 
forms may grow and change at various rates. If we want 
to avoid confusion and disruption of the basic fo rm, the 
development plan for a new headquarters should allow 
for many forms of later development to take place. 

A great deal of research has been carried out by 
architects and planners for large building complexes such 
as hospitals, airports and universities. Their methods 
might be applicable to a police force headquarters. The 
development plans for these types of complexes take the 
form of two-dimensional geometric site patterns of 
which there appears to be three suitable types- the linear, 
the grid and the star plans. These are typif ied by the 
Essex University 'sausage', the Loughborough University 
'chessboard' and the Cypriot Police Headquarters ' Y ' 
plan. 

L I N E A R P L A N 

The 'l inear' or 'sausage' type plan used for Essex 
University is based on the assumption that all teaching 
accommodation, apart f rom one-off units such as lecture 
theatres, can be put into a single linear building of 
constant sections wi th no fixed vertical dimension. 
Growth and change wi l l take place by extending the 
length of the 'sausage' and by moving temporary 
boundaries between different departments when 
necessary. The 'sausage' is zigzagged back and forth to 
reduce overall distance wi th in the complex. 

T H E G R I D 

The grid or chessboard form of plan was used when 
designing Loughborough University of Technology. This 
grid is simply expanded across the whole site and, if the 
latter is extended, it would merely add to the grid. The 
discipline demands that buildings stay wi th in units of 
the grid or multiples of these so that, no matter which 
direction development takes, it wi l l always be capable of 
joining up wi th itself. Physical continuity is therefore 
always possible. 

T H E S T A R 

The star-shaped plan used for the Cypriot Police 
Headquarters was evolved for a site that had an 
unlimited acreage. 

Basically the three main groups of the headquarters 
(administration, criminal intelligence and traffic) were 
housed in each leg, wi th the office service element in the 
centre core so that it was close to each element. The 

communications element was sited in this central core 
and the command element incorporated wi th in the 
administration block. The other elements were placed in 
the spaces between the legs. This design allows unlimited 
expansion away f rom the core, but has the disadvantage 
of long communication routes between the extreme 
offices. 

U N L I M I T E D R E S O U R C E S 

Given unlimited resources, one answer to the problem of 
expansion might be to design a number of large, total ly 
serviced spaces in which anything could occur. Ideally, 
these spaces would be widely distributed wi th in the 
development plan so that there would be nothing to 
prevent them developing in any direction required. 

Unfortunately, since the spatial and service provision 
would have to be to the requirements of the most 
complex part of the organisation so that it really could 
occur and expand anywhere, it would result in an 
obvious over-provision of capacity everywhere else in the 
space and a waste of space resources. This being so, the 
nearest that we can reasonably expect to come to the 
ideal is the provision of average spatial and service 
requirements throughout, but w i th the possibility of 
easy upgrading of this to a much higher specification in 
areas where this may be required. 

F L E X I B I L I T Y 

Flexibi l i ty may be attained in different ways. A single 
room may be used for a number of purposes at different 
times. However, there are specialist rooms, such as an 
incident room, that are not readily used for other 
purposes. To make full use of long- and short-term 
f lexibi l i ty and multi-user spaces, we must identify those 
elements which should be adjacent and those which 
occupy a similar type of space. While most elements 
occupy accommodation which, at a pinch, might be used 
for other than the originally intended purpose, 
communications are an exception. Communications 
accommodation, once it is in use and equipped, is of a 
highly specialised and therefore unadaptable nature. 
Addit ional ly, it must be secure. 

Basically, we are concerned wi th related spaces and the 
readiness of communication between them, even after 
they may have grown in a physically unbalanced 
manner. We must ensure, as the groups wi th in the 
organisation change and grow, that the communications 
routes between and wi th in the groups also are capable of 
easy change. 

In situations where changes are frequent, the main 
communications routes might form a fixed framework 
around which these changes may occur. The routes 
should therefore not favour particular organisations or 
layouts that may have a l imited life. The parts of spaces 
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are then distributed about this skeleton framework; 
those parts which are most l ikely to expand in the future 
being arranged like beads on a string so that there are 
gaps between them. These 'gaps' are the softer buffer 
zones into which the expansion may occur. 

One could wri te a good deal about the individual needs 
of the different groups for growth and change, but here 
we wil l touch on the control room and communications 
problem. The principal need of a control room is a large 
unobstructed space possessing the capability of adapting 
to the introduction of new electronic systems and 
equipment at any t ime. 

The provision of the capacity to accommodate this 
equipment and its complicated wiring demands the 
provision of false floors and ceilings and vertical service 
ducts. To provide these requirements wi th in a large, 
open, but secure space which can be easily extended, is 
the major problem that does not appear to have been 
solved successfully in many of the present headquarters. 

A common fault has been to forecast growth and then to 
design a permanent structure to the size required. This 
results in the first instance in an under-used space or the 
more serious one that unforeseen expansion is 
impossible. Security is one of the problems which 
inhibits expansions as it is unwise to isolate the group, as 
could be done wi th the stores group. A control room 
being put out of commission would have a disastrous 
effect upon the working of a force. 

If the control room is enclosed wi th in other buildings, 
provision should be made so that it can expand into 
surrounding buildings. The functions carried out in the 
buildings adjacent to the control room should be of a 
kind that can be moved easily to other parts of the 
complex. The provision of expansion could also be 
achieved by forming open spaces between the control 
room and the surrounding buildings, which could be 
roofed over if expansion is necessary. 

Most of the remaining groups can be located in isolated 
or l inked groups of buildings that could be designed to 
extend both in the horizontal and the vertical. It is the 
separation of the specialised and unspecialised groups 
that assists the accommodation for growth and change. 

P H Y S I C A L A C C O M M O D A T I O N O F G R O W T H AND 
C H A N G E 

The prediction of the pattern of growth and change has 
been shown to be extremely diff icult even wi th in a site 
that physically facilitates expansion. It follows that the 
provision of f lexibi l i ty wi th in a given enclosure offers 
added difficulties. We must now consider this. - • 

B U I L T - I N - S L A C K 

One of the simplest methods of achieving adaptability is 
to build in slack to allow for varied use and increased 

density. This may look expensive in the first place but, 
over the whole life of the building, it wi l l almost always 
prove considerably cheaper than the cost of extending 
and rebuilding at a later date. 

Past philosophy in the design of force headquarters has 
seemed to be to make maximum use of min imum space 
so that the work may be carried out wi th in local 
authori ty budgets. A sudden expansion of a force could 
prove an embarrassment under these circumstances. 
Built-in over-capacity has to be carefully managed or 
space becomes occupied by immovable objects or people 
which may prevent its availability when required in the 
future. If this over-capacity means building spaces larger 
than required in the first instance, the building might 
become inefficient because of increased communication 
distances not warranted by the number of occupants. 

Another way to build-in over-capacity may be to zone 
low cost spaces adjacent to probable expanding ones, 
which can be converted to another use later on. 

B A S I C S H E L L , . 

Many designers recently have resorted to the basic shell 
building which can meet the requirements of all 
potential users. (If applied to a police headquarters, 
however, one must take care to l imit the number of 
functions carried out in each shell. If one does not, the 
cost could prove prohibit ive, as explained later.) 

With the basic shell, the enclosed space may be divided 
into areas allotted to particular groups, and serviced and 
fitted out to meet their particular needs as they arise or 
change. The total building can be regarded as a long-life 
generalised enclosure supplemented by short-life 
specialised divisions. 

A f i rm distinction has to be made between the basic 
parts and the supplementary parts of a headquarters—the 
former static, the latter open to variation. 

Parts of the structure may be classified as basic wi th a 
60-year life, services as supplementary wi th up to 20 
years. Other supplementary items are; space-dividers 
7-20 years; equipment wi th often only three years' life. 

One must know where to draw the line between the 
basic and unchanging on the one hand, and the 
supplementary and adaptable on the other. There is l itt le 
recorded experience to draw on and future thinking on 
police work may possibly null i fy what experience we 
have. . . . . . . . 

V E R T I C A L C I R C U L A T I O N ^-^^-i^ ^^0^- v -

It follows that vertical circulation cores, vertical service 
ducts and sanitation systems must be positioned 
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correctly in the initial design. These spaces should be 
grouped together and zoned, so that they do not restrict 
the f lexibi l i ty of usuable spaces. To avoid extreme 
variations in the present and future usage of buildings, 
areas of a headquarters which require complex servicing 
(such as control rooms and photographic studios) should 
be automatically isolated wi th in the development plan. 

S T R U C T U R E 

Ideally, structure and waterproof skin should be 
- independent of each other and of the enclosed space. 

The independence of the structure c^n be achieved by 
designs based upon a skeleton frame wi th maximum 
clear spans. Although the interior spaces need to be as 
clear as possible, the exterior wall could be of the 
loadbearing type that allows f lexibi l i ty in the position of 
internal divisions. 

D E M O U N T A B L E P A R T I T I O N S 

One might th ink that buildings wi th large clear spans 
divided only by demountable partitions would provide 
the degree of f lexibi l i ty required in a headquarters. But 
this is not always so. Once spaces are occupied, it may 
be as inconvenient to make alterations as in any other 
kind of construction. Demountabil i ty alone is not 
sufficient: adaptability is also required. The ideal 
partit ion is capable of being dismantled and reassembled 
in a new location and to a different layout wi th a 
min imum of damage to itself and its surroundings, and 
wi th the min imum of inconvenience. However, this level 
of adaptability is rarely required or economically 
justified. The constructional methods and the materials 
generally in use are too cumbersome to permit easy 
small-scale changes and instant adaptability of this sort. 
If the requirement for lightness in weight, for ease of 
movement, is achieved this may well be in conflict w i th 
requirements for sound insulation, particularly if the 
partit ion is in use in conjunction wi th a suspended 
ceiling wi th a similar insulation problem. 

S E R V I C E S 

Services must be increasingly taken into consideration in 
the design of buildings. In headquarters, as they are the 
elements which change and become obsolescent most 
rapidly, they should be independent of the structure, on 
a ring main rather than a spine, and designed so that 
they can be extended and used in a variety of ways. It is 
quite possible that the layout of the service runs and 
availability of the supplies at a particular point could 
dictate the future pattern of growth. 

E Q U I P M E N T 

Equipment generally deteriorates more quickly than any 
. other item in a building and in a police headquarters this 

Is usually the case. It is in the control room that the 
most frightening rate of obsolescence takes place. Often 
before most of the equipment is installed, new pieces are 
being designed that can do the job more efficiently. 

Modern technology makes ful l use of electronics and 
computers to provide the police wi th the most 
up-to-date equipment, which, though itself is very large, 
is nearly always associated wi th another electronic 'box 
of tr icks' to which it has to be connected w i th many 
cables. Apart f rom the control room, there could be 
other parts of the headquarters designed to 
accommodate future electronic equipment and its 
associated services. 

CONCLUSIONS 

Throughout the sections in this article on causes, effects 
and prediction of growth and change, there has been the 
underlying problem of co-ordinating the main factors 
which wi l l contribute to the accommodation of this 
growth and change in a force headquarters. 

Although I have studied information from police forces 
who have recently moved into new headquarters or have 
had major extensions to their existing premises, this 
information does not seem to form any particular 
pattern. The only common theme appears to be that 
expansion has occurred in the traffic and criminal 
intelligence elements and that change is expected in the 
field of communications. But this finding is by no means 
universally applicable and illustrates that no single aspect 
is sacrosanct and that all aspects should be studied 
thoroughly and applied to the force in question. 

The control room has been singled out as the one place 
where the greatest growth and change is l ikely to take 
place, but advances In communication techniques could 
affect the whole working of the police force and the 
suitability of the headquarters. In technically advanced 
countries the computerisation of controls increases our 
need to accept the possibility of the t i l l now unforeseen 
growth and change, and the rapid variation of the 
relationship of one space-need to another. Some guide to 
the need for growth is the increase in the indictable 
crimes rate over the last decade. 

It would be fallacious to produce a plan that claimed to 
meet exactly the possibilities of growth and change and 
it would be dangerous to attempt a definition of how 
they could be accommodated In a headquarters, but it is 
essential that a procedure should sustain f lu id i ty of 
accommodation arrangement w i th in given physical 
restraints. 

So, in each individual case, we must -i^^vyt-
* Establish the causes of growth and change. 
*Assess all known facts and attempt to predict 
growth and change so far as possible. 
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"Produce a development plan that allows for future 
growth and change. 

*Design individual buildings wi th built-in slack to 
accommodate growth and facilities for 
accommodating change. 

The diff iculty of architectural design is that the cost of 
building is such that buildings are expected to last, but if 
they are tailored too closely to their original functions 
they wi l l become obsolescent long before that state is 
economically acceptable. If the principles above are 
adhered to as closely as possible the risk of premature 
obsolescence is greatly reduced. 

The problem of adaptability could only be substantially 
reduced if the life-expectancy of a building could be 
reduced to something l ike that of a car. Unfortunately, 
those materials most suited to provide weather-proofing 
and structural safety required by current regulations are 
those which would normally last a considerable number 
of years and would therefore be only marginally cheaper 
than materials wi th a long life. The savings on the capital 
and maintenance cost of temporary or short-life 
buildings would have to be considerable if they were to 
offset the relatively high amortisation charges. Unti l 
methods of construction are found that wi l l provide a 
building w i th a life of f rom 10 to 15 years, at half the 
cost of long-life buildings, few police forces wi l l be able 
to afford a rapid turnover of their buildings. 

Cheap short-life buildings are diff icult to obtain because 
usually half the initial cost arises for fittings, furnishings, 
equipment and siteworks, which are necessary in much 
the same way whether the building is temporary or 
permanent. If the actual life of a building is very much 
longer than its designed life (which it may well be, due 
to the diff iculty of predicting requirements) then the 
conditions it provides are l ikely to be sub-standard and 
the maintenance costs to increase substantially. 

The ideal short-life building, so far as headquarters 
requirements are concerned, does not appear to exist, 
nor may it for some t ime, for it would be required to be 
easy to erect, cheap enough to be written-off over a 
short period and have a built-in capacity for 
self-destruction when its designed life is over. 

Many economical structural systems have been evolved 
in the past which through the factory mass-production 
method have been low cost. A modified school-type 
system has been tried by one force for most of the 
buildings, but it was not possible to use it fu l ly for the 
control room, stores and workshops. The success of the 
remaining buildings at this particular headquarters 
{especially evident now that extensions have been made 
to the training school and amenity block) indicates that 
further research would be worthwhi le into a structural 
system that could be applied to a large proportion of the 
building types at headquarters. 

I th ink, too, that research could be made into a new 
system of demountable partitions in the office areas to 
develop one that combines sound insulation w i th ease of 
repositioning. 

O R G A N I S A T I O N A L F L E X I B I L I T Y 

Most of the methods discussed in this article and in this 
conclusion have been related to the physical means by 
which growth and change could be accommodated in a 
force headquarters. However, I feel that, to reach the 
opt imum of accommodation standards there must be a 
close link between physical and administrative growth 
and change, and that one cannot reach its highest 
possible standard wi thout the other. In other words, the 
f lexibi l i ty of an architectural structure is closely tied 
wi th the f lexibi l i ty of the organisation using that 
structure. 
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E S U I N N Y 
INTERCOM CROSSWORD No 3 

The Winner of Last Issue's 

Crossword Puzzle 

Norman Lee of Headquarters does it again. In fact, his 
was the only correct solution sent in. Which either 
means that Mr Lee is knowledgeable beyond all human 
understanding or that our crossword puzzle setter has 
this t ime surpassed himself. So to the double-winner 
goes a small prize of a crossword puzzle d lc t ionary -
which, we realise, may be our undoing by being the 
means by which he wins even a third t ime. 
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PEDEX 
PEDEX—Readers may recall from the 
last issue of INTERCOM that the 
article entitled Project PEDEX 
showed a photograph of a space 
model of the probable format of 
the PEDEX encoder/transmitter. 
Manufacture of these units for 
the PEDEX experiment is 
now complete. Our illustration 
shows a final model which will 
be user-evaluated during the 
experimental period. The unit 
operates exactly as previously 
described. Weight is just under 
SOOgm. For the technically 
minded, the eight characters of 
a complete code transmission are 
encoded in 6-bit ASC11 code, 
using 2190H2 and 2250Hz as the 
two binary frequencies. Signalling 
speed is 100 bauds. (Photo by 
courtesy of Digital Systems Limited.) 

T 

I 

FIRSTS 
Jim Luxton's C R A N K S ' C O R N E R has started 
something, as they say. 

His mention in I N T E R C O M 5 of the Australian claim to 
being 'f irst', the note on the Brighton pocket receiver by 
Plessey in 1933, and the Marconi mobile radio for the 
London Fire Brigade at Streatham in 1900 has created 
an interest in 'radio firsts'. We mentioned this in passing 
to Mrs B Hance, the Marconi historian, and the follov^/ing 
day the list you see below appeared on our desk. 

We feel sure that a look at this list, as well as the nearby 
account of early police radio in Australia, wi l l spur 
others to make counter or additional claims. Not 
unnatural ly, we shall be delighted to hear of your 

F I R S T S and to consider them for publication. All 
substantiated brags should be sent to the Editor at the 
address shown at the front of this issue. 

2- 6-1896. First British patent for wireless telegraphy 
No 12039 granted to Guglielmo Marconi, London. 

June 1896. First demonstration of wireless telegraphy 
before the Postmaster General. 

11- 5-1897. First transmission across water, 8.9 miles 
across the Bristol Channel {as distinct f rom 
conduction signals through water) . 

May 1897. First shore to ship transmissions over eight 
miles between A lum Bay, Isle of Wight and 
SS Mayflower. 

20-7-1897. World's first wireless manufacturing 
company formed—The Wireless Telegraph & Signal 
Company -w i t h premises at Hall Street, Chelmsford. 
In 1900 the name was changed to Marconi's Wireless 
Telegraph Co Ltd, and in 1963 the name became 
simply The Marconi Company. 

1-11-1897. First permanent Marconi radio station was 
erected at the Needles, A l u m Bay, Isle of Wight. 

July 1898. First to apply wireless to the service of the 
Press, {Kingstown Regatta). The Dublin Daily Express 
reported f rom the Flying Huntress. 

1898. First to apply wireless telegraphy wi th success for 
communication wi th lightships at sea. {East 
Goodwin.) 

3- 6-1898. First paid wireless message (Marconigram) 
f rom A lum Bay to Bournemouth. (Lord Kelvin.) 

27-3-1899. First international wireless message sent by 
Marconi system from Wimereux to South Foreland. 

1899. First war-t ime use of wireless in Boer War. 
1899. First to publish a newspaper aboard ship wi th 

news of the Boer War. {St Paul.) 
March 1899. First sea rescue by wireless. 

SS R F Matthews collided w i th the East Goodwin 
Lightship. The crew were rescued after sending a 
distress signal. 

3-11-1900. First merchant ship to be commercially 
fitted wi th wireless telegraphy was the Belgian 
steamer Princess Clementine. 

12- 7-1901. First wireless operators' school opened at 
Fr inton; now the Marconi College is situated at 
Arbour Lane, Chelmsford. 

12-12-1901. Marconi spanned the Atlantic Ocean by 
wireless for the first t ime. {Poldhu, Cornwall to 
St John's, Newfoundland.) 

1905. First horizontal directional aerial patented by 
Marconi. 

17-10-1907. Marconi Company opened first commercial 
transatlantic wireless service between Clifden, Ireland 
and Glace Bay, Nova Scotia. 

1918. First wireless messages direct to Australia f rom 
Marconi station at Caernarvon. 

1919. First commercial use of pilot-operated radio-
telephony f rom an aircraft. 

15-12-1920. First public broadcast of entertainment in 
Great Britain, when Dame Nellie Melba sang from the 
Marconi Works, Chelmsford. 
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1920. First engine ignition screening harness. 
14- 2-1922. Britain's first regular broadcast service began 

f rom Marconi Station 2 M T , at Wri t t le, near 
Chelmsford. 

15- 2-1922. First broadcast f rom Marconi London 
Station 2 L 0 , at Marconi House, Strand. 

1924. Marconi revealed discovery of short-wave beam 
system for long-distance communication. 

25- 10-1926. First Marconi-Frankl in short-wave beam 
system opened between Britain and Canada. 

1928. First V H F portable equipment. 
1929. First direction-finding installation in airport 

control tower. 
1932. Marconi installed world's first microwave 

radiotelephone link between Vatican City and Castel 
Gandolfo. 

1933. First demonstration of communication by 
tropospheric scatter by Marconi at Santa Margherita, 
Italy. 

2-11-1936. World's first public television service 
inaugurated by BBC using Marconi-EMI system. 

26- 3-1949. First scenes televised f rom a moving vehicle; 
the inter-varsity boat race was televised w i th Marconi 
cameras f rom the launch Consuta. 

6/7/8-7-1949. First hospital television demonstrations to 
International Gynaecological Congress at the 
University College Hospital when views of operations 
were relayed by Marconi cameras to separate lecture 
room over a closed circuit. 

30-9-1950. Marconi Image Orthicon camera used by the 
BBC for the first broadcast of an air to ground 
television transmission. , 

1954. Marconi Company gave first public demonstration 
of compatible colour television in Bri tain. 

1954. First doppler navigator in the world went into 
production, the Marconi AD2000 . 

1955. Britain's first commercial television station, 
Marconi-equipped, opened at Croydon. 

1966. Completion of Britain's first overseas satellite 
communication earth station, built on Ascension 
Island by Marconi's for Cable & Wireless. 

1968. First marine radar in the world to provide fu l ly 
automatic plotting of all targets on radar screen-
Marconi Predictor. 

18-8-1970. Marconi's introduced world's first automatic 
colour television camera. 

A FIRST FOR VICTORIA, AUSTRALIA? 

The magnificent picture above comes to us from the With the picture comes an impressive claim: 'Inspector 
Victorian Police, Australia, who, at the same t ime, sent F W Downie—in 1922, the Victoria Police introduced 
us a heap of fascinating journalistic material f rom the the world's first wireless patrol car. The idea originated 
1920s. For this our thanks to our Australian colleagues. f rom the then Constable Downie, a member of the 
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Plain-clothes Branch.' He stands on the far right of the 
picture. 

The story behind our photograph is that Victoria's first 
crime car, a Hotchkiss, carried a crew of six around 
Melbourne, their job being to watch for house- and 
shop-breakers. Every half-an-hour, they stopped to 
telephone headquarters for leads, but usually the 
information was too late. 

The crew had a bright idea as they patrolled past the 
Domain Wireless Station. Result: the Amalgamated 
Wireless Company of Australia built a receiver for the 
car, mounting an accumulator on the running board 

connected to the receiver by a flexible lead. The Chief 
Commissioner wanted the equipment to be incon
spicuous {in spite of the massive accumulator in ful l 
sight of the public) and a small frame antenna was 
installed in the roof. Our version here, however, shows 
that this was abandoned for something that looks l ike 
the mast of a small ship. 

The first experiment was in November 1922. A l l 
messages were received successfully. Mobile radio had 
been born. Police forces in New York , Chicago, London 
and Paris were quick to fol low. 

Has anyone the nerve to challenge this first? 

NEW SOUTH WALES, 
AUSTRALIA 

To J im Luxton of Cranks' Corner comes a note from 
Sergeant J R Howard of the New South Wales, Australia, 
police, who visited us last year. He writes: 

We do not claim to be the first users of police radio. 
Detroit was on the air at least eight years before us, 
using a local station and broadcasting entertainment 
between police calls. A new chief took over and stopped 
local talent coming into the studio and giving live 
performances. There was a protest f rom adjacent forces 
who threatened to no longer take their broadcasts. 

In 1924 the New South Wales Police Department 
operated a CW one-way service to one car. About a 
month before this the Victoria Police commenced their 
service. In 1927 the New South Wales fleet had 
expanded to two cars wi th CW receivers on about 
2200 kHz. 

In 1928 and 1930 an experimental point-to-point was 
set up wi th Melbourne 600 miles south. 

In 1933 U L T R A S H O R T W A V E S ! ! ! {32 MHz) were 
used for experiments and five miles contact achieved. 
This was used in 1934 during the visit of the Duke of 
Gloucester. 

In 1938, tests on FM in the 30-40 MHz band were 
conducted, but the system was set up wi th a base T X on 
1700 kHz and car reply on 32.6 MHz both A M . 

In 1959 the police system changed to 80 MHz FM 
simplex operation. 

The area covered by the Sydney control zone is 
approximately 2,000 square miles w i th 800 mobiles. The 
total area of the New South Wales police com
munications system is over 300,000 square miles (the 
whole state). In this are used 80 MHz systems, 470 MHz 
systems and HF mobile systems on 3, 4, 6 and 7 MHz 
for the distant areas where one man's patrol may be 
5,000 square miles. 
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CRANKS' CORNER was removed f rom a Shrewsbury Divisional Head
quarters; records indicate that it was installed in 1939. 

J Luxton 

Compiling these notes and lazily reclining on the bridge 
known as 'Annual Summer Leave', which spans half the 
work-year wi th another, I am indeed very grateful for 
the wealth of material, documentary and actual, which 
has travelled the path to Cranks' Corner. 

To all contributors who sent in, a very hearty thank you 
for the most excellent material received. 

From Superintendent G T H Drinkwater, Force Com
munications Officer, West Mercia Police, the following 
very interesting details of that force's comprehensive 
museum; the facsimiles of the 1924 catalogue referred to 
in the article were also k indly sent. (We regret we 
cannot reproduce facsimile, but the originals were not 
clear enough.) Mr Dr inkwater writes: 

When a fifteenth-century half-timbered cottage in the 
grounds of the West Mercia Constabulary Headquarters 
at Hindlip Hall became vacant, the Chief Constable, Sir 
John Wil l ison, decided that it would be an ideal setting 
for the Force Museum. This is a museum wi th a 
difference. Not only does it contain items of interest to 
the Force, but also up-to-date articles and information 
which allows it to perform a training function. 

One of the rooms is dedicated to communications. The 
exhibits, which are material, documentary and pictorial, 
fol low the theme of communication in the police up to 
the present day. 

A police whistle, circa 1839 and a wooden rattle used by 
the Parish Watch in 1800 are the oldest items. There is 
an early telephone made by the Stirl ing Telephone 
Electric Company about the year 1900, indicative of an 
historical fact that Worcester City Police had a telephone 
installed in 1890. The Western Counties and South Wales 
Telephone Company announced that they were wi l l ing 
to install telephones in the City Police and Fire Brigade 
Stations free of charge. 

In contrast, the telephonic communication of the 
museum is a tr imphone situated in the communications 
display. On show is a candlestick telephone wi th a 
wooden bell set, which was installed in the old Malvern 
Police Station and carried the number Malvern 1 . There 
is also a 2 + 4 switchboard which had been installed in 
Newport Police Station, Shropshire, since 1938. 

An item of interest is a private internal telephone 
switchboard, together w i th one of its extensions, which 

Among the radio exhibits is a Pye mobile radio 
telephone complete wi th controls and a GEC mobile 
V H F transmitter/receiver, both dated 1945/48. There is 
also an old Ultra motorcycle transmitter/receiver and a 
V H F personal radio which had been used by the 
Worcester City Police prior to U H F in 1960. More up to 
date is a pair of Pye PF Is . 

Documentary evidence of police involvement wi th 
communications is a letter f rom the Post Office 
Engineering Department dated 1921 , in which they were 
required to inform the Chief Constable that a licence 
had been granted to Marconi Wireless Telegraph Com
pany for a wireless sending and receiving equipment 
station to be installed on a site at Frankley in 
Worcestershire. In 1925, the BBC were informing the 
Chief Constable that they were prepared to broadcast 
messages to trace missing relatives and friends. 

In 1924, a local f i rm was wri t ing to the Chief Constable 
of Worcestershire enclosing a letter and catalogue from 
Marconi Wireless and Telegraph Company recommend
ing a Y B l 100-watt wireless telephone-telegraph set to 
be used in conjunction wi th 'wireless bel l ' transmitter 
and receiver at main points. They were offering 
'stationary', 'mobi le ' and 'pack' sets. A quotation for 
supply indicated the price for the main equipment as 
£457 and the transmitter as £50 and receivers at £150. 

A catalogue showing the technical characteristics is also 
on display. 

Apparently this was not taken up as various catalogues 
from companies such as Lissen Ltd, Henry Hollingbrake 
& Sons Ltd, Standard Radios and the Wireless Telephone 
Co Ltd were sent up to the year 1934. 

Police were also interested in radio because in 1938 a 
Police Constable applied to the Chief Constable for a 
'wireless radiating licence'. This was approved. Other 
items of interest are a letter from the Home Office 
Communications Branch, dated 1951 , suggesting that 
radio for motorcycles would not be possible for some 
t ime, but that the Metropoli tan Police were experi
menting; a telephone register dated 1931 showing that 
the rental for a direct exchange line was £1 7s 6d per 
quarter. In the 1940s, Shropshire Constabulary were 
involved in an HF radio scheme. Photographs show 
patrol car observers using earphones and vehicles wi th 
the long HF aerials lashed across the roof of the car. 

There are also photographs showing the control rooms 
dated about 1951 in comparison wi th the West Mercia 
Control Room in 1967. 

The whole is complemented by a one inch to the mile 
Ordnance Survey map of the Force area wi th i l lumi
nation operated by rotary switches, indicating the 
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in-Force communications as they build up through the 
area from Headquarters. 

The prices quoted and the delivery terms of 50 years ago 
certainly give food for thought. 

Next from Richard E Hill w i th the Public Relations 
Branch of the Home Office some lines which I feel must 
be entitled T H E S T O R Y B E H I N D T H E S T O R Y . 

The year is 1933 and the place is Brighton. We 
reproduce this material exactly as received, and we can 
marvel at the ingenuity, determination and skill em
ployed to solve a particularly awkward problem. 

The story of the 1933 Brighton Police Radio is even 
more interesting than the excellent article in the June 
1974 issue Cranks' Corner suggests. 

A one-valve receiver using a regenerative circuit was 
quite a practical proposition (perhaps hard on the ear at 
times) in the early 1930s, but the basic problem which 
the designer faced was to indicate to the user when the 
receiving station was being called. Of course, the 
policeman on the beat could have had an 'earphone' 
bui l t into his helmet or, alternatively, additional 
circuitry and resulting heavier battery drain might have 
been employed, but the obvious method was to use a 
relay to detect the drop in anode current on receipt of a 
signal and for the relay contacts to energise a call bell. 

On first examination it would appear that the problem 
had been solved. It was possible to produce a relay 
operating at a fraction of a mil l iamp, but relays of that 
sensitivity tended to be large, expensive, cumbersome, 
heavy and, above all, extremely sensitive to shock. How 
then, if you had such a suitable relay could it be 
mounted on a policeman in such a way that it did not 
constantly trigger the alarm bell, thereby producing a 
continuous string of false alarms? 

Undoubtedly various types of relays were examined, 
but all failed unti l the problem was given to 
Mr S V Passmore (a director of Clifford and Snell 
Limited and who died in June 1956) wi th whom, as a 
young man, I had the privilege of working. He, like Hugh 
Macadie of A V O M E T E R fame, was one of our greatest, 
yet, I believe, total ly academically unqualified, instru
ment engineers, men who have received too l i t t le 
recognition for what they achieved. Passmore had a 
feeling for making things work, for making machines do 
things that no other machine could do, for making 
gadgets, for making ingenious jigs and fixtures which 
turned a complicated job in the factory into one which 
could be done by an untrained girl, for making 
instruments which other people said could not be 
produced in a factory. 

Passmore told me that in recognising the obvious, 
namely that the basic problem was the 'chatter' which 

under vibration arose between the fixed and moving 
contacts of relays tried, he asked himself whether it 
might be possible to arrange both ' f ixed' and 'moving' 
contacts to vibrate in the same mode and thus cancel out 
vibration. This he managed to do by mounting two 
moving coil instruments in the same magnetic system, 
working in tandem, in mechanical opposition and wired 
in series in such a manner that the ful l anode current was 
sufficient to hold two contacts open, under any 
conditions of shock, the contacts being mounted on the 
moving coils and fed via auxil iary hairsprings. When the 
anode fell on receipt of a signal, no matter how the two 
coils vibrated, the collapse of the fields in the coils 
caused them to rotate, the contacts to touch and the bell 
to ring. 

Passmore gave me his first treasured experimental relay. 
I have it on my desk as I wri te. (A production version 
perhaps made by someone else is clearly shown in the 
photograph of the earphone unit in the I N T E R C O M 5 
article.) 

Some idea of the sensitivity of this l itt le device which 
does not even have shaped pole pieces (that shown in 
the il lustration has) can be gained when I tell you that it 
wil l operate wi th the few micro-amps generated by a 
sandwich made from oddments on my desk—a small 
piece of i ron, a little disc of aluminium and a piece of 
damp blotting paper. 

It all seems 'old hat' in these days of solid state. Of 
course, the story may not be correct, but it is set down 
for what it is wor th. 

Finally, f rom C D Anderson wi th the Marley Hill 
Wireless Depot, we have received a large cardboard box. 
When opened, a Marconi RB 42 Wireless Receiver was 
revealed in all its glory. 

We are very grateful to Doug Anderson for this treasure 
and also for the following details he supplies: - . ., 

MARCONI R P 4 2 F I X E D S T A T I O N R E C E I V E R -
F R E Q U E N C Y 2932 kcs 

This set was used as a fixed receiver or in conjunction 
wi th a Marconi transmitter Type TPS as a fixed two-way 
and was installed in a large number of borough and 
county police headquarters throughout the country 
during the period 1942-1948, including Middlesbrough 
where this one was recently found and saved f rom a 
scrapyard crusher. 

These sets were installed as part of the Police War 
Communications System set up in the early part of the 
war to operate between the various Police Authori t ies 
and the Regional Wireless Stations. ' ' ^ • 
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All-Stations messages were sent via direct GPO line f rom 
the local County Police Headquarters to the Wireless 
Stations and then broadcast to mobiles and local police 
forces in the particular region and at the same t ime to 
adjoining Regional Stations and it was possible to pass 
information by radio to most parts of the country 
working region to region on frequencies operating in the 
2332 kc and 2932 kc bands. 

The RB 42 wil l eventually take its place in the 
Directorate Museum. 

P O S T S C R I P T 

Let's end wi th an authentic l itt le tale. 

One day, back in '59, a certain Senior Wireless 
Technician was installing a V H F Monitor receiver in a 
certain Police Station, seeking a suitable site for the 
aerial. He was making his way precariously through a 
gloomy loft when he stumbled over an object. Recover
ing his balance, he sat down on that object to nurse his 
shins. Muttering suitable phrases to the darkness, he 
discovered that the object supporting him felt distinctly 
warm! 

Investigation revealed that it was—can you guess? A 
Marconi RB 42! long since forgotten by everyone. It was 
still connected to the mains supply, though not to 
anything else, and quite happily working away by itself. 

Can anybody beat that? , . 

Who Needs INTERCOM? 
Like everybody else these days, we at I N T E R C O M are , . 
watching costs. If you are not a member of the Home >:v-<, :• -
Office or its customer services and are receiving our 
journal regularly, we would be grateful if you could let ^ . 
us know as soon as possible if you wish to continue 
receiving it. 

TELL ME IF IT HERTZ 
' I 'm here to get the background on your new system— 
total ly integrated I th ink you call it . . .' - -

'Yes, that's terminologically exact. If you consider the 
basic cosmetically designed bricks from the peripherals 
inputting the information f low off-line wi th parallel 
processing via the jack-field at the aerial f rom your 
mult iplex modems for emergencies, then the down-time 
can really be amortised.' ^ ; . - ,, - -

'Amort ised?' p^.: - - . - w. l . , 4 , : :^ , - . . . 

'Of course! When you get to the grass-roots of the 
present state-of-the-art wi th rock-bottom basic funda
mentals such as in-house plug-in compatibles and 
off-shore assembly, it's bound to give you fast rise-time 
spin-offs. It stares you in the face.' 

'Wel l , if it's bound to, then . . .' . . .v -.liTr:::^--:, ^-^i ^-^^^ 

' A h , you're thinking that the real-time adaptability 
giving you single-shot digital-words wi th bipolar gated 
diversification via the random access memory is viable at 
this present moment in t ime and of course you're right, 
and if you fol low it w i th soft ware facsimile interface 
across the board then your hard copy is on-line 
alpha-numerically. Natural ly, it sticks out l ike a sore 
thumb and it's as plain as the nose on your face that 
wi th this air inputting from dedicated man-machine 
interfaces wi th mother and daughter board hardware, 
then it's no wonder up-time critical priorities w i th 
twinned market penetration due to the MTBF from the 
A Q L nerve ends has swung the media. But enough of 
this idle chat- let 's go round to 'The George'. I 'm thirsty 
and it's my time to buy you a pint. ' 

'Sure. I told the chief before I left I'd get the low-down 
from you in the end. Tell me about the bawdy mother 
and daughter again—he'll enjoy that. ' • ; 
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W A N T E D 
MESSAGE SWITCHING SYSTEM 

(TELEPRINTERS) 

SUPERVISORS 

required for the new message switching system to be provided in the early 
summer by the Home Office for the police forces of the South East. 

The equipment will be at Tunbridge Wells and remotely operated from 
the nearby police station. The Supervisors will be required to take charge of 
the network, usually alone, throughout the 24 hours. Duties will be 37 hours 
per week in 8-hour shifts, covering 7 days, and applicants must be able to 
get to Tunbridge Wells by their own transport. 

Previous experience of message switching systems would be an advantage, 
but competent teleprinter operators with the intelligence and education to 
assimilate computer techniques will be acceptable, as training will be given 
starting in April 1975. Salary in scale £2244-£2538 p.a. plus 20% and enhanced 
payment for weekends. Local Government Conditions of Service. 

A C H I E F SUPERVISOR 

is also required, where previous experience is essential, in scale £2607-£2880, 
plus shift allowance. 

Applications to reach Personnel Officer, Police Headquarters, Sutton Road, 
Maidstone, Kent, by 1st March 1975. 


