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You are reminded that the opinions expressed in 
Intercom, the Journal of the Directorate of 
Telecommunications, are not necessarily the official 
views of the Home Office. 

If this magazine has interested you and if you have 
material which you think would be suitable for inclusion 
in Intercom, please telephone or write to the Editor. If 
you have any information of historic interest or old 
photographs of vintage equipment, Jim Luxton of 
Crank's Corner will be very interested to hear from 
you. You can reach him through the Editor. 



THE DIRECTOR OF TELECOMMUNICATIONS, 
HOME OFFICE 

1 0 

C£ We are a large and scattered organisation. Intercom's 
original purpose was to be one of the means by which 
contact could be maintained between us and through which 
we could fruitfully exchange ideas. One of the dangers 
inherent in any large organisation is that its left hand 
should not know what its right hand is doing. Our magazine 
should be one of the means by which we can avoid this 
prospect. 

€1 

Our customer services and other interested parties also 
receive copies of Intercom so that they may, as it were, 
look over our shoulders to see what we are doing. This has 
led in numerous instances to services outside the United 
Kingdom showing interest in our equipment and systems 
and which has made Intercom something more than a 
house journal. It serves the double and not always either 
comfortable or easy role of being the magazine of a widely 
dispersed group of people with common interests and also 
a shop window for that part of the electronics industry 
producing communications equipment which has the stamp 
of approval not only of the Home Office, but is 
operationally proven by working firemen and policemen. 

The production of this magazine entails extra effort from a 
number of Directorate members who are already heavily 
engaged. I feel that every encouragement should be given 
to what one might call literary volunteers to offer their 
contributions to their own journal, so that its load may be 
spread and its scope widened. Many of us hesitate on the 
threshold of authorship, understandably somewhat 
unnerved by the possibility of appearing in print that will 
be read by the critical eyes not only of superiors and equals, 
but of juniors. (One might debate for ever the relative 
ability of each category to criticize). However, I know that 
anyone whose work has appeared in Intercom will assure 
you that authorship in this case has many of its terrors 
reduced, if not eliminated. If you have an idea for an 
interesting article, the editorial staff of Intercom is always 
ready to help you or to find someone who can. 

The part that Intercom has to play increases as the need for 
the Directorate to match changes and developments in 
technology increases. In the future, I hope that we shall see 
reflected in these pages the flexibility and adaptability of 
this organisation. It is up to all of us to ensure that any of 
the inevitable changes which must take place result in an 
improved service to our operational friends. . 

Finally, I would like to express my thanks to all those who 
have braved the dangers of print on our behalf, to hope that 
they will be joined by others eager to get into print and to 
wish all the readers of Intercom a Happy New Year. 

5 AtU-?? : 

J R Cubberley. 
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MORE DIVERS TALK 
John Maloney 

USER REQUIREMENT FOR POLICE SERVICE 

UNDERWATER COMMUNICATIONS 

The article, DIVERS TALK in Intercom-8 of June 1976, 
described how the Association of Chief Police Officers 
(ACPO) Sub-committee on Police Diving, asked the 
Directorate if the existing voice communication between 
diver and surface attendant could be improved. The article 
went on to outline the environmental difficulties faced by 
police Divers and to discuss various ways of 
communicating with a diver under water. 

Having established what the failings of the 
communications equipment held by the diving teams at the 
time were, eg "frequent breakages in the DUCS cable and 
increasing cost of repairs", a questionnaire was sent to each 
team to ask what they wished to do so far as 
communications were concerned. Their replies, after some 
refinement, led to the statement of a formal User 
Requirement. The most significant factor in the replies is a 
requirement for a "through the water" communications 
system as a safety factor if the lifeline should be severed or 
broken for any reason. 

E S S E N T I A L REQUIREMENTS ^ 

General 

1. To be able to work "through water". 
2. Have a range of at least 200 metres irrespective of 

water density. 
3. To be able to work at a depth of at least 40 metres 

irrespective of water density. 
4. Be able to work between Diver and Diver and Surface 

Attendant. 

Members of the ACPO Sub-Committee (Diving) try out the Subcom 
equipment before any modifications are made. Left. Chief 
Inspector D Smith, BEM. Lancashire: centre. Chief Superintendent 
C Cockayne QPM, West Midlands: right. Superintendent E Sanger. 
South Wales. 

5. Provide Simplex (one way at a time) operation as a 
minimum; see also item 4 under 'Desirable' below. 

Divers Equipment 

6. Be able to work with both "wet" and "dry" suits. 
7. Be able to be used with full face mask. 
8. To be mounted on the head, possibly as part of a mask 

or helmet. 
9. To be able to work with "Mouth Free" masks. 
10. To be able to be used with "Bone Conductors" and 

mask-mounted microphones. 
11. Be able to communicate without using hands. 
12. Weight must not exceed I kg in water. 
13. Battery to operate equipment in water for at least 2 

hours and to be quickly and easily replaced in the field. 
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Attendants Equipment 

14. Equipment able to be "body mounted" "or "free 
standing". When "free standing", it should be capable 
of operation from at least 5 metres. 

15. To have a loudspeaker or headphone option. 
16. Able to operate with one hand only. 
17. To have a battery the same model as that in Diver's 

equipment, but to have a variable capacity (eg by 
stacking batteries) to ensure at least 8 hours 
continuous average operation. 

Strathclyde team try out 
the unmodified Subcom 
diver's units. Note our 
early attempt to provide 
an oral/nasal cavity for 
the Admiralty pattern mask. 
On the right is a US 
diver's mask, bought for 
trials with the Subcom 
equipment. 

system as a whole. The oral/nasal mask cavity and the 
mounting of a microphone is at present a subject of 
liaison between MOD (Navy) and Home Office 
Directorate of Telecommunications. 

The first step in meeting the User Requirement was to send 
it to manufacturers in this country and abroad for their 
comments, suggestions and proposals. Suggestions for 
minor modifications to their existing range of products 
were received from a number of manufacturers, but none 
of them went significantly towards meeting the 

D E S I R A B L E REQUIREMENTS 

7. 

To be able to work through water and air. 
To have a range of 400 metres irrespective of water 
density. 
To be able to work in depths in excess of 60 metres 
irrespective of water density. 
To have a choice of Simplex or Duplex operation. 
Attendant to have "hands free" operation. 
To provide a "confidence tone" of about IKHz, 
transmitted from the Attendant to the Diver every 2 
seconds. (The purpose of this is to warn the Diver if he 
should move out of communication range). 
To provide a "continuous tone" facility, of about 1 
MHz, to be operated by the Diver in an emergency. 
(This might assist rescue divers in locating the Diver in 
trouble). 

Requirement. Two proposals were received from UK 
manufacturers for the design of new equipment to meet 
completely all the needs. Unfortunately, both these 
proposals were expensive and entailed at least two or three 
years development work. 

It was interesting to note the reply from one manufacturer 
who said: " i f you find an equipment that meets this 
requirement, you will have a world beater." As it happens, 
there is no equipment at present made, or that could be 
easily modified, which completely meets the Requirement. 
It was therefore a case of accepting a compromise, while 
not forgetting that the Requirement is the ideal and the 
aim. 

The list of possible ways and options on meeting the 
Requirement were presented to the ACPO 
Sub-Committee. These were as follows: r-- . , 

T E C H N I C A L 

1. It is desirable that the equipment should work in the 
"upper" frequency band, ie 30-40 KHz, to take 
advantage of an improved signal to noise ratio. 

2. It is desirable that the equipment should work at 
NATO frequency of 8.0875 KHz subject to workshop 
change of Transducer and crystals. 

3. The "mask-mounted microphone" can be considered 
as a separate development but be integrated into the 

(a) To settle for an existing equipment which, while not 
fully meeting the User Requirement, does go a 
significant distance towards meeting it. 

(b) To select an existing system and have it modified to 
meet more closely the User Requirement. 

(c) To undertake, by contract, development of a new 
equipment which would signicantly match the User 
Requirement. 
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The author with the prototype helmet before any 
communications equipment was added. 

(d) As a variation of (c), seek to join with a partner, such 
as Ministry of Defence (Navy) perhaps, in having a 
new system developed to meet an agreed User 
Requirement. 

The idea of presenting options to the Committee in the 
above fashion was to allow the Users the maximum 
flexibility in their decision, eg in option (a) it allowed 
police teams to take the Requirement and go round the 
market place to compare systems on offer, against the 
Requirement, and select an equipment which would meet 
their local needs and pockets. Option (b) involved the 
Directorate in the purchase of a system and the 
development of modifications. Hopefully, this would be 
the best system that could be quickly and easily obtained 
and put into service. Option (c) would, of course, involve 
considerable time and expense and the teams would 
probably have to wait for equipment for possibly three or 
four years. While option (d) would possibly take advantage 
of the expertise in MoD(Navy). 

The Directorate recommendations to the Sub-Committee 
were:-

1. To liaise with MoD(Navy) to establish their views on 
their needs and development work. 

2. For the Directorate to purchase a sample of the 
Subcom Systems 230D/S, this being the system, ready-
made which came closest to the Requirement before any 
additional modification. u> 

The ACPO Sub-Committee, after due consideration of all 
aspects of the project, guided the next stage of the work by 
choosing option (b) and by accepting the Directorate 
recommendation - 1 and 2 above. 

Liaison was established with Mod (Navy) at the Admiralty 
Experimental Diving Unit (AEDU), HMS Vernon, 

Portsmouth. It was not clear what requirements the Navy 
had for a new communications system for shallow water 
divers, but the Ducset hardwire system, as already used in 
the police service, is still widely used in the Navy. AEDU 
are studying the possibilities of a new system, but there did 
not seem to be any area of development in which we could 
join, except in the development of an oral/nasal cavity in a 
standard Admiralty Pattern (AP) Mask. This mask and 
associated equipment is used by many police teams at 
present and, as mentioned in the earlier article, an 
oral/nasal cavity in a mask is very necessary for good 
articulation and communication. We therefore agreed with 
A E D U to keep each other informed of progress and to co
operate in the development of a cavity for the AP Mask. 

Whenever a new piece of communications equipment is 
introduced, the User's views must always be taken into 
account. Ultimately, whatever wonderful, modern, small, 
fast/slow, cheap/expensive equipment is proposed, the aim 
must be to pass information from one person to another 
quickly and without mistakes. Engineers can often detect 
failings in communications systems that are not 
immediately obvious to users of equipment and we 
therefore conduct trials, after which we can pool our views 
with the user's before finalising on any one type. 

This trials process was carried out for the Subcon 
equipment. The problem arose of how the engineer could 
assess the diver's end of the communications system. The 
answer was for me, with the (amused?) co-operation of Mr 
Ashton (chairman of the Sub-Committee) and Inspector 
Bob McTaggart of the police diving school at Strathclyde, 
to take a short diving course. Much of this part of the 
process perhaps should be glossed over; although I will say 
that I didn't like the look on the face of the Civil Service 
doctor when he finished examining me, nor his remarking 
he couldn't find my pulse, even after making me stand up 
and down on the chair twenty times. After saying: "Blow in 

A member of the Sussex pohce diving team wearing the completed 
communications equipment mounted in the Aga helmet and mask. 
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this Httle machine here, please," he seemed reluctant to 
agree that I could dive to a sixty foot maximum. He 
appeared to think little of my argument that I carry two 
extra stone solely for the purpose of bing fit for my daily 
commuter battle to town each day. I will skip a tedious 
description of how I was pulled out of Loch Lomond and 
wheeled off to hospital. If you're only as young as you feel, 
I must have been the oldest man in Britain at that time. I 
must add that, thanks to Bob McTaggart, at no time during 
all the excitement did I feel unsafe. However, now 
knowing enough to try the equipment myself, albeit in 
warm water and a bevy of standby divers in attendance, the 
trials could proceed. 

Two members of the Sussex police diving team carrying out a 
user's familiarisation trial. Sergeant Mike Grisbrook is acting 
as attendant and is using the modified attendants set. 

The one point that came home to me strongly When I 
experienced diving was the dependence of the diver on the 
quality of the equipment he uses. As one officer put it: " I f 
you get a puncture with a Panda car, you pull into the side 
of the road and calmly make arrangements for repair; if 
you get a puncture with a diving set it's a rather different 
matter!" 

I think that much of the above statement holds good for any 
proposed underwater communications equipment. It is 
true that there are several relatively cheap systems 
available and that Subcom is not one of those. It has to be 
remembered that, if a diver gets into difficulties, (his safety 
line may be tangled or cut) his communications system 
must be an asset to him more than at any other time. Where 
a man's life could be at stake, I am sure nobody will 
begrudge the cost of saving it. 

Having purchased the standard Subcom System and 
confirmed the maker's claims, it remained to modify the 
system to meet the Requirement as closely as possible. Our 
photographs show the system before any changes were 

Mr F W Catterall. Regional Wireless Engineer. Cranbrook, 
watched John Maloney load Sergeant Grisbrook with the 
attendants communications equipment. Inspector Doug Harriet 
of the Sussex police communications looks on. 

made. It became obvious that one modification was 
urgently needed when a 230D (Diver's Unit) in its original 
form, became dislodged from a diver's head and was lost 
during a trial and demonstration by the south Wales team 
to the ACPO Sub-Committee. Credit must go to the team 
which persevered and searched for two weeks in a dock in 
filthy conditions to recover the unit. We were grateful to 
get our model back, oil and all. 

This exercise highlighted the need for mounting the diver's 
unit in a more secure way. The firm, Windak Ltd, were 
approached to produce a helmet from an agreed design 
(see photo). The 230D was then removed from its original 
headband and mounted on the helmet. Two similar designs 
of helmet were produced to take care of the two different 
masks in use in the police teams - AP and AGA. The main 
difference is the location of the cut-outs in the helmet to 
align with the straps of the mask. 

I had often wondered why police divers had not worn some 
kind of head protection in the form of a helmet before. 
Watching divers at work always brought home to me the 
sometimes awful conditions in which they operate, the 
hazards of zero visibility, the possibility of catching their 
heads on the sharp corner of a submerged car's door or the 
propellor of a weekender's motorboat. Hopefully, the 
communications helmet will offer some protection against 
such hazards. 

The other major part of meeting User Requirement was to 
design and develop a new package system for the surface 
attendant. Windak Ltd produced this and the resuh can be 
seen in the photograph. What cannot be seen are the 
changes which were made to the electrical circuits and 
battery supplies, battery chargers, new loudspeakers etc. 
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A complete diver s communication system for use with Aga 
equipment. Left of centre is the large battery charger, 
capable of recharging up to three divers' units. Lower right 
hand side is the unit for recharging the surface attendant's 
battery. 

Al l this development work proceeded in a fairly logical 
order until a final model was produced and shown to the 
ACPO Sub-Committee. They, of course, had seen all the 
development stages previously, but, nevertheless, it was a 
relief to get the User's formal approval. 

Arrangements have now been made to provide the 
improved communications system to the police service on 
the rental with maintenance basis which the Directorate 
provides for other equipment. When progress of a project 
is written down in a short article like this, one wonders how 
the development took so long. Then one remembers all 
those minor changes, the meetings and the trials that were 
needed. I must mention the most excellent co-operation 
received throughout all the work, both from Mr W G 

Ashton, MBE, Deputy Chief Constable of Cleveland and 
chairman of the ACPO Sub-Committee and his colleagues 
who have steered the progress so well. I am grateful also to 
Chief Inspector, now Superintendent Eric Franklin of 
Thames Valley for his unstinting help at every stage. I write 
of this with some mixed feelings, remembering how he and 
Vic Royal (Chief Superintendent and Police Liaison 
Officer) put moral pressure on me to dive into the Thames 
when I only went to look! I have.to thank Sergeant Bob 
Mitchell and Police Constable Donnie McLeod of 
Strathclyde who helped me in my first dog-paddle under 
water. I can only add that if my colleagues in the 
Directorate have the wonderful help and enthusiasm 
offered to me during this project, they will be fortunate 
indeed. 

MR A T DOBSON 
Dobby retired in 1976 and. due to internal changes in the ^ 
running of Intercom and the cancellation of an issue, notice 
of his retirement was not published. We hope that this 
belated notice will in some way compensate and serve as our 
sincere apology to Dobby for our neglect. The lime that has 
elapsed between his retirement and this notice, has shown us 
that we miss the man who was so well-liked in the service. 
Dobby joined the Home Office after six years in the RAF. 
Promoted Chief Wireless Technician in 1953. he went to our 
Billinge depot. In 1958, he opted for the seaside life and 
took over the sub-depot at Colwyn Bay. North Wales. Fittingly, 
the Director, Deputy-Director Robin Hughes and Chief Wireless 
Engineer Joe Chamberlain attended a splendid retirement 
party at the Metropole Hotel, Colwyn Bay. 
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FAULT FINDING PAGING SYSTEM 
Roy Eaton r.-i:-M;ST:?VOi^i^:\ /̂...̂ a>•i?^ '̂U•3'"»•'̂ :C -̂̂ S^U5î y '̂>:iisrV^• 

Mr Eaton is a Senior Wireless Engineer in The Post Office 
Services Section at headquarters of the Direcorate of 
Telecommunications. After entering the Home Office in 1965, 
he was initially posted to Cheveley Regional Wireless Depot. In 
1970, he transferred to the Fire Service Technical College at 
Morelon-in-the-Marsh where he started the Directorate 
outstation with responsibility for radio and CCTV equipment. 
He came to headquarters in 1975. 

For some years the London Fire Brigade has been using a 
sequential-tone paging system operating on a VHF radio 
channel. Five transmitters have been employed covering 
central London and parts of the surrounding area. 
Consideration was given to the extension of this scheme to 
cover the whole of Greater London, but this appeared 
impracticable. The reasons were relative insensitivity of 
the paging receiver in use, difficulties of phasing the line 
network over the audio band required, stability 
requirements of the simultaneously broadcast FM 

transmissions, and the large number of addresses required 
by the Brigade. 

Discussions were held within the Directorate to devise a 
solution and eventually a specification was drawn up 
calling for a digital paging system. This was seen as having 
the advantages of increased sensitivity receivers, simpler 
phasing (since modern techniques could be used on lines) 
and a greatly increased address capacity, with the possible 
ability to address the pager using the same alpha numeric 
call sign as the radio call sign of the officer. 

While tendering action was being carried out, surveys of 
possible transmitter sites were conducted. Cliff Wilson and 
myself driving around vast areas of London. The survey kit 
consisted of a Whitehall mobile with a meter taken off the 
a.m. i.f. strip, this being calibrated before each run. To find 
the necessary level of signal for paging inside buildings, 
several tests were made assessing call reliability with 
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known signal strengths in the street. (Or one occasion I 
was nearly arrested for having a suspect ticking' package 
in the hallowed halls of the National Gallery.) Twelve sites 
were eventually selected which gave good overall coverage 
with some overlap. 

Requests for paging calls or any other function are 
signalled as interupts to this basic routine, consequently 
the processor is always doing something. 

TRANSMITTER SITES 

In mid-1976 a contract was placed with Multitone Electric 
Company to design, supply, install and commission the 
complete system. A project team was set up and this met 
monthly until the system's completion. 

The twelve transmitters are landline controlled from a 
microprocessor based encoder, situated at the Lambeth 
Headquarters. Remote control unit keyboards at 
Stratford, Croydon, Wembley and Lambeth can gain 
access to the system. 

Keyboard Controller Type RCU23 

R E M O T E CONTROL UNIT 

Virtually all communications with the system is by means 
of a Remote Control Unit. Characters to form the call sign 
(eg. F231) are keyed in on the alphabetic and numeric 
keypads. This information is sent down the line and the call 
sign checked for validity by the processor, at the same time 
'echoing' back the call sign for display on the Remote 
Control Unit. Errors are signalled by audible bleep and the 
word ERR or INV depending on the type of error. When 
the operator has checked that the correct call sign has been 
set up, a send key is depressed. Three send keys are 
provided - one resulting in slow bleep on the receiver for 
administrative non-urgent calls, and a second in faster 
bleeps used for urgent operational call. A third key has 
rapid pips and is as yet undesignated in function. 

ENCODER PROCESSOR , , | 

Two processors are utilised, one on-line and the second as a 
hot spare. These are connected to a remotely operated 
changeover unit which also provides facilities for 
intercepting and monitoring all incoming and outgoing 
lines. ^ ^ ^ 

Each processor runs through a basic routine which is used 
to check correct operation. Failure of a processor causes an 
alarm condition to be signalled as a system fault. 

The transmitter sites receive signals from the processor via 
standard modems. These signals are fed into digital delay 
lines to ensure phase equalisation of the outputs from the 
transmitters. Each delay line forms part of a transmitter 
site interface which is responsible for two-way 
communication with the processor. I will say more about 
this below. The transmitter is a 25 Watt transmitter 
utilising pure FM transmission to achieve the deviation 
required at 250Hz and 500Hz, the frequencies chosen as 
Binary 0 and 1. 

F A U L T MONITORING - ^ ^ V V . M , ^ , 

From an engineering viewpoint the most interesting 
feature of the system is the built-in fault monitoring. 
Remote control units are scanned at 7 minute intervals and a 
fault status is returned. This checks the unit up to the 
display, but cannot check the keys. Transmitters are 
scanned sequentially on a 10 minute interval. Each 
transmitter site interface has a unique address and will 
switch on when commanded. The transmitter feeds back to 
the interface whether the modulation or VSWR are out of 
limits. The interface then signals the information back on 
the modem return path. 

At the processor and area of the erasable store is devoted 
to fault listing and all faults are listed with an equipment 
type and number designation, and a fault type. 

I 
When a new fault occurs an alarm sounds on the Lambeth 
keyboard. This cannot be cancelled until the fauh store has 
been examined. A fault lamp is illuminated at all controls, 
which will only be extinguished when the fault store is 
empty. 

I i M I 
It is possible to interrogate an individual transmitter to 
obtain more detail. The display will then show previous 
faults and existing faults. Also a transmitter can be 
individually put onto transmit with or without 
modulation. 

CHANGE NUMBER F A C I L I T Y 

It is possible to arrange that an off duty officer has his calls 
automatically transfered to a second number. 

The installation of the equipment was completed at the end 
of August and tests conducted since that date tend to 
indicate that the performance of the system meets the 
original operational requirement. 
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INTERMODULATION INTERFERENCE 
IN HOME OFFICE SCHEMES 

Peter Bridgeman 

A/r Bridgeman is a Chief Wireless Technician at present 
serving in the Research and Development Section of the 

Home Office technical staff often spend a good deal of time 
chasing interference. It is hoped that this article on 
intermodulation interference in particular will be of benefit 
to staff engaged to this end. s 

Intermodulation products are caused when two or more 
transmitter frequencies are mixed by non-hnear elements 
in some part of the radio system. Although present to some 
extent on all Home Office sites employing more than one 
channel, intermodulation usually remains undetected 
except when it causes significant interference. 

Broadly, intermodulation products result from three 
sources: 

1. Emissions generated in the non-linear output stages 
of working transmitters, caused by energy transfer 
between aerials. 

2. Emissions generated by non-linearities external to 
the radio equipment (eg. corrosion on surrounding 
structures). 

3. Products generated in the RF amplifier and mixer 
stages of receivers. 

The mixing process generates a wide range of spurious 
products whose frequencies are related to the frequency 
separation of the original channels. 

An example of intermodulation products considering two 
signals A & B is given in the appendix. 

It can be seen that even in the simplest case a large number 
of products are developed. The number increases 
dramatically as more signals are added. 

Although some of the spurious signals fall well clear of the 
frequency band in use, others fall on adjacent channels and 
depending on local conditions may cause interference. 

The spurious signals carry the combined distortion 
modulation of all channels irrespective of modulation 
method. ' - -^ r'*--

TRANSMITTER INTERMODULATION -
by Aerial Coupling 

F l F2 
T x B 

In the simple sketch above, coupling occurs between 
transmitters A and B via the aerials. The level of signals 
arriving at the aerial terminals of each opposing 
transmitter will depend on:- ns?•.'«<>.•? <:>yi 

a) Coupling between aerials 
b) Feeder losses for each transmitter f-̂ b̂ V 
c) Power of each transmitter. 

In this situation, interrnodulation products are generated 
in the power amplifier stages of each transmitter. 
Transmitter output stages vary in design, the amount of 
non-linearity present depends on the type of amplifier 
device, the class of operation and the type of matching 
networks employed. 

In assessing the intermodulation performance of 
transmitters, it is common to regard the P.A. as a mixer 
offering a conversion loss to intermodulation products. 

T R A N S M I T T E R • „ , - . i -
P O W E R M A T C H I N G ^ f t O ^ J M . t . , t . 

A M P L I F I E R C I R C U I T S 

fa > 
fB 

fa > ( o + b ( a - b etc T O / F R O M > A E R I A L > 
B A N D 
P A S S 
F I L T E R 

••} 

M I X E R V % 
f a + b f a - b etc 

A % O U T P U T 

t 

S K E T C H SHOWING HOW TRANSMITTER 
P.A. STAGE MAY BE REGARDED AS A M I X E R . 
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Photograph taken from a HP 8554 spectrum 
; analyser showing a typical result of four 

transmitters each feeding an individual 
dipole on a common mast. Figure shows 

• 3rd and 5th order products. Vertical scale 
10 dB per division. Horizontal scale 200 { 
kHz per division. \ 

.mt, .-^ i I » 

Amplifiers change the effective conversion loss with 
frequency. Hence, the conversion loss is different for each 
product and will change with the level of output coupling. 
Conversion loss is defined as the ratio of power levels 
between an external interfering signal and the resulting 
I.P., both measured at the transmitter output. (1) 

Typical values of conversion loss for 3rd order products 
are (1):-

a) Valve P.A. 10 - 30 dB (depending on class of 
operation). 

b) Transistor P.A. 5-20dB. 

(Note that it has been assumed that products fall within 
3 dB bandwidth of P.A. matching.) 

Knowing the conversion loss, it is possible to assess 
corresponding intermodulation levels from a site if the 
aerial coupling and feeder losses are known. 

E X A M P L E 

As an illustration of how levels may be estimated, consider 
the situation in Fig. 1. 

Suppose that:- • 
a) both transmitter output powers are 300 watts mean 
b) the conversion loss is 10 dB for 3rd order products 

(assuming products fall within the B.W. of Tx). 
c) Aerial coupling is 30 dB 
d) feeder losses 2 dB for each Tx 

power of interfering signal reaching output of each Tx 

Tx mean power less feeder losses and aerial coupling 
loss 300 watts less 34 dB - approx. 125 mW. 
Level of IMP = 125 mW less Conv loss 

;̂  =125 mW less 10 dB = 12.5 mW 

.-. Level of3rd order IMP is approx. 12.5 mW or 300 w 
less 44 dB. (Note that the level of this product will 
always be 44 dB down on the transmitter power.) 

Spurious signals with inherent power levels of 10 mW or 
more can be propagated over quite a distance. Some 3rd or 
5th order products inevitably fall into interforce 
monitoring channels in Home Office systems. Interference 
results when main transmitting sites are located in the same 
vicinity of divisional or force headquarters. 

INTERMODULATION CAUSED BY E X T E R N A L 
STRUCTURES E T C 

In general, this cause of intermodulation distortion occurs 
where rectifying junctions ('rusty bolts') have occurred in 
aerials, feeder connections, masts or buildings. 

Measurements of products produced by these means have 
not been attempted in R & D section as yet, but some 
investigations using simulated junctions at Bradford 
University suggests that levels may be in the range of 55-60 
dB below carriers. (2) 

R E C E I V E R INTERMODULATION 

The non-linearities of input/output characteristics of R.F. 
amplifier and mixer stages generate intermodulation 
products. Given an unfortunate frequency alignment, 
these products may fall within the IF passband of the 
receivers causing interference. The reduction of amplifier/ 
mixer generated products in receivers is the focus of much 
design effort at present. This effort is directed to two main 
areas:-

Log Periodic Aerial, one type of aerial used for receiving spurious 
emissions. 

1) excluding all unwanted transmissions from the 
receiver signal frequency stages by the use of either 
low-loss multi-section band pass filters or cavity 
resonators. Efforts are directed to achieving tight 
skirt responses with a stop band of 100 dB or more; 

2) by increasing the peak signal handling capacity of 
amplifiers and mixers, the level of intermodulation 
distortion is reduced. This requirement often 
conflicts with the low-noise performance necessary 
in VHF/UHF receivers. 

By way of an example; in a simple laboratory test, a Cossor 
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R109 receiver was fed with two unmodulated signals at a 
level of 300 mV p.d. 

Frequency 1 was approximately 92 mHz. 
Frequency 2 was approximately 102 mHz. 

The 3rd order product 2fii-f2 fell within the receiver 
passband resulting in an interfering signal equivalent to an 
external source of 7mV p.d. 

METHODS OF PREVENTION AND CURE 

At least some intermodulation interference can be 
prevented by careful frequency assignments, ensuring that 
3rd or 5th products do not fall on adjacent channels used 
by ourselves or other users, especially when stations are 
co-sited. 

However, the demand for greater service areas from 
existing sites with and increasing number of channels 
makes the work of selecting frequencies to suit 
geographical circumstances increasingly difficult. It can 
also be expensive to change frequencies to cure 
interference, not to mention the probability that the spurii 
are shifted on to somebody else's frequency. 

In Home Office schemes, we almost escape the effects of 
intermodulation from our own main transmitters at hill-top 
sites because of the frequency separation between our base 
receiver and transmit bands. This mean separation of 17.5 
MHz enables small filters to be effective in stopping 
receiver intermodulation and reduces to acceptable levels 
the effects of transmitter intermodulation (since only the 
9th or higher orders can fall in the receiver band). 
Unfortunately, the conventional whip aerial used on 
mobile installations has insufficient bandwidth to respond 
to such separation. It is usual practice to tune the whip to 
provide for the mobile transmitter and accept the resulting 
loss of around 6 dB or more on receive. 

Transmitter generated products, unlike receiver products, 
are actually broadcast from the aerials as spurious signals 
which can cause interference over a distance of 4-5 miles. 

It is obvious that, for the sake of good house-keeping, these 
spurious emissions should be kept as low as possible, 
whether interference is being caused or not. But 
completely effective elimination of these emissions may be 
beyond economic considerations if no interference is being 
caused. At present, there is no radio regulation which 
specifically deals with this situation and defines maximum 
spurious levels caused by interaction of two or more 
transmitters or recommends standard measurement 
procedures; nor is one expected until at least the 1979 
W.A.R.C. 

It is possible to keep spurious levels down on the average 
Home Office installation by observing, where possible, 
some simple everyday rules. , ^ ^ 

1) Main transmitters; as previously mentioned, the 
bandwidth of the matching circuits of main 
trasmitters can be employed to discriminate against 
intermodulation products. If the P.A. coupling is 
kept just on the loose side of optimum, the loaded O 
of the stage is maintained and will help reduce IMPs. 

Overcoupling for maximum outputs should be 
avoided. 

I 
2) Aerials: The smaller the coupling between 

transmitter aerials, the less energy there is available 
to create spurious products. Therefore, it is 
recommended thSt aerials should be fitted as wide 
apart as possible to keep coupling at a minimum. 
Where possible, aerials should be stacked vertically. 
Ideally, coupling loss should be 30 dB or greater. 

All transmission lines and aerials must be maintained in 
good order and kept free from corrosion, especially at 
joints or connectors. Rusty guy wires on poles etc. should 
be replaced. 

On sites where a large number of channels are in use, the 
transmitter aerials must inevitably be clustered together in 
the interests of area coverage and separate to receiver 
aerials. Hence, high aerial coupling and spurious radiation 
is unavoidable, especially on single-masted stations. 
Solutions appear in the form of additional filtering by 
cavities in the transmission lines or by the use of common 
aerial systems using combiners and sometimes receiving 
diplexers, the common aerial giving equal advantage to 
each channel due to its optimum mast positioning. 

Another source of interference is found in the multiplier 
and amplifier stages of transmitters, especially transistor 
stages. Self oscillation due to internal positive feedback 
generates spurious signals which usually lie close to the 
centre frequency of the stage tuning. 

Since the subsequent stages are non-linear usually being in 
Class C, a whole spectrum of intermodulation products is 
formed sometimes, only limited in spread by the 
bandwidth of the P.A. input/output circuits. 

With some current equipments it is relatively easy to cause 
the multiplier/driver stages to oscillate by simply 
mis-aligning a tuning core. Without a spectrum analyser or 
panoramic receiver, the operator may be unaware that any 
problem exists. Such a transmitter on an aerial is a menace! 

In this short note on intermodulation, I have not included 
any detail concerning the practical considerations of 
measuring products at site. Investigations are continuing 
into various methods. It is hoped to produce a further 
article at a later date. 
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Products - Combinations of two frequencies A and B 
excluding pure Harmonics. 

Let 
A = fa+ A f 
B = fa+ A f 

A + B = 2fa 
A - B - 2 A f 

2A + B - 3fa + A f 
* 2 A - B = fa + 3Af 
2B + A = 3fa - Af 

* 2 B - A - f a - 3 A f 

2A + 2B = 4fa 
2 A - 2 B = 4Af 
2 B - 2 A = - 4 A f 
3A + B = 4fa + 2Af 
3 A - B = 2 f a + 4Af 
3 B - A = 2fa4Af 
3B + A = 4 fa -2Af 

3A + 2B = 4fa + A f 
3B-t-2A = 4fa- A f 

* 3 A - 2 B = fa + 5Af 
*3B-2A = f a - 5 A f 
4B + A = 5 f - 3 A f 

A + B 
where fa = j 
andf - A - B 

2 

2ndOrder (Qty2) 

3rd Order (Oty4) 

4th Order {Qty7) 

'KA a 

5th Order (Qty8) 

4A + B = 5fa + 3Af . . r f a -1 r.-: m> î>^Mwv^rf>l-iA 

5A + B = 
5B + A = 
5 A - B = 
5 B - A -
4B + 2A 
4A+2B 
4 B - 2 A 
4 A - 2 B 
3A + 3B 
3 A - 3 B 
3 B - 3 A 

6fa+4Af 
6 fa -4Af 
4fa + 6Af 
4 f a -6Af 

- 6 f a - 2 A f 
-6fa + 2Af 
= 2 fa -6Af 
= 2fa + 6Af 
= 6fa 
= + 6 A f 
= - 6 A f 

4A + 3B - 7fa + A f 
4B + 3A = 7fa- A f 

*4A-3B = fa+7Af 
*4B-3A = f a - 7 A f 
5A + 2B = 7fa-i-3Af 
5B + 2 A = 7 f a - 3 A f 
5 A - 2 B = 3fa+7Af 
5 B - 2 A = 3 f a - 7 A f 
6A + B = 7fa-i-5Af 
6B + A = 7fa + 5Af 
6 A - B - 5 f a + 7Af 
6 B - A = 5 fa -7Af 

4 A - B = 3f+5Af 
4 B - A = 3 f - 5 A f 

5A + 3B 
5B + 3A 
5 A - 3 B 
5 B - 3 A 
6A + 2B 
6B + 2A 
6 A - 2 B 
6 B - 2 A 

. 0 >X! .. - i . . ! - -

,-i<. 
6th Order (Otyll) 

7th Order (Otyl2) 

8fa + 2Af 
8 fa -2Af 
2fa + 8Af 
2 fa -8Af 
8fa + 4Af 
8 fa -4Af 
4fa + 8Af 
4 fa -8Af 8th Order (Oty 15) 
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7A + B = 8fa + 6Af 
7B + A = 8 fa -6Af 
7 A - B - 6 f a + 8Af 
7 B - A = 6 fa -8Af 
4A + 4B = 8fa 
4 A - 4 B - 8 f a + 8 A f 
4 B - 4 A = 8fa -8Af 

5A + 4B = 9fa + A f 
5B + 4A = 9fa - A f 

• 5 A - 4 B = fa + 9Af 
*5B-4A = fa-9Af 

6A + 3B = 9fa + 3Af 
6B = 3A = 9 fa -3Af 
6A-3B=3fa + 9Af 
6 B - 3 A = 3 fa -9Af 
7A+2B = 9fa + 5Af 
7B + 2A = 9fa -5Af 
7 A - 2 B = 5fa + 9Af 
7B - 2A = 5fa - 9Af 
8A + B = 9fa + 7Af 
8B + A = 9 fa -7Af 
8A + B = 7fa + 9Af 
8 B - A - 7 f a - 9 A f 

9th Order (Qty 16) 

i . 
I 

I 

* Inband 

THE SYNTHESIS AND MEASUREMENT 
, OF VHF WAVEFORMS TO THE 

ACCURACY REQUIRED FOR COMMON 
AM WORKING 

A N Holdstock 

^ 1 ^ 
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writing this article, he has retired. » » i i v i _ j H U O A ^ i V l 

INTRODUCTION T H E START OF CFAM 

This paper is concerned with the maintenance aspects of 
CFAM Systems, it deals principally with the measurement 
of the final frequency of transmitters which incorporate 
high stability crystal drive units, and the synthesis, 
although it has a great deal of merit in its own right, is 
incidental to the measurement and is not put forward here 
as a means of replacing existing drive units. ; 

T H E HISTORY OF MULTI-STATION WORKING 

Multi-station offset carrier schemes have been used as the 
means of proviiiing area cover for Police and Fire Brigades 
since the late 1940's. , 

Schemes normally consist of up to three main transmitters 
although there are some using four or more with 
frequencies offset by 3KHz, -l-9KHz and -9KHz from 
nominal, thus giving carrier separation of 6KHz and 
12KHz. Where two transmitters only are used they are set 
at +3KHz and —3KHz, thus giving 6KHz separation once 
again. . i ; . . , . . 

The removal of the 6 K H 2 intermodulation component 
from the received information is carried out by 
incorporating a 6KHz notch filter in the receiver AF Chain. 

Because of the difficulties associated with the removal of a 
number of intermodulation components the use of more 
than three over-lapping transmitters has been avoided, 
nevertheless with the demand for more complete cover 
there is the inevitable temptation to install more 
transmitters to 'fill in' the bad spots. 

The operation of all transmitters on the same frequency has 
been tried at various times since the introduction of offset 
schemes, but this did not meet with much success, 
principally because of the difficulty of achieving adequate 
frequency stability. 

Work on Double Sideband Diminished Carrier Systems at 
Swansea University, however, provided a working test bed 
where transmitters were operated simultaneously on the 
same frequency it is very easy to show that:- (nu-AVj-i 

(a) If transmitter frequencies are synchronised, there 
will be fixed areas where signals are below those 
provided by a single transmitter because of partial or 
complete phase cancellation. 

(b) if under the same transmitter conditions the receiver 
is mobile and travels through these points of varying 
phase relationship, the signal level will vary in sympathy 
with this movement and a Doppler frequency will be 
produced. This Doppler frequency will be equal to the 
difference in the rate at which the vehicle traverses each 
wavelength of the signal pattern established by each of 
the transmitters being received. This frequency will be 
greatest when the vehicle is travelling directly towards 
one transmitter and away from the other, when it will be 
twice the number of wavelengths traversed per second. 

(c) If the signals are not exactly synchronised then the 
pattern in (a) will move at a rate determined by the 
difference frequency, and the Doppler frequency in (b) 
will be modified by this difference frequency, the new 

13 



, / - l 0 5 M H z . 

M I X E R F I L T E R 

IO-7MHZ. 

L O C A L 

O S C 

A M P L . 

L" ^ - ii 

<;"f-i 

F I L T E R 

IO-7MHZ. 

/ sr.' 

86-3 - 9 4 . 3 M H z . 

F I L T E R 

97 - I05MHZ. 9 7 - I 0 5 M H Z 

I MHz 

B L O C K S C H E M A T I C 
C O U N T E R 

D I A G R A M O F 
M E A S U R E M E N T U N I T 

Doppler frequency being lower, or higher, depending 
upon whether one is travelHng towards or away from the 
transmitter with the lower frequency. 

(d) Travelling around a single station vhf scheme one 
soon becomes aware of a 'flutter* in signal level and can 
come to a halt in many places where signal strength is 
near zero, this is due to the fact that signals arriving at 
the receiving antenna will consist of a direct signal, 
varying in strength due to the terrain and many indirect 
or reflected signals. These reflected signals will also 
vary in strength but as the objects producing these 
reflections may themselves be positioned in a good 
optical path with respect to the transmitting aerial, they 
may well be comparable or even greater in amplitude 
than the direct signal. The relative distances which these 
signals will have travelled will vary and the vectorial 
sum of the voltage applied to the receiver will vary. 

Maximum adverse effect on signal strength, and thus on 
signal readability will occur when two signals arrive at the 
receiver nearly in anti-phase with one another and roughly 
equal in strength. The coincidence of these two conditions 
occurring together is not nearly as common as one might 
suppose, but it can occur most frequently under the simple 
conditions described above. 

If we now take the practical case of two transmitters inter
acting as in (b) and (c) when each of them is subject to the 
conditions described in (d) we have a minimum of four 
signals arriving simultaneously at the receiver and very 
much less chance of them interacting to produce un
readable signals. Increasing the number of transmitters to 
three will produce an admixture of at least six signals and so 
on. 

7 - 1 5 MHz 

-̂ ^^ piQ I 

It can now be seen that contrary to the situation with offset 
carrier systems, where problems occur if more than three 
transmitters are used, in CFAM systems, the more 
transmitters there are, the more even the pattern of the 
signal strength will be. 

WHAT IS T H E MAXIMUM PERMISSABLE 
F R E Q U E N C Y D I F F E R E N C E ? 

In 1974, laboratory work at CCE was followed by a 
3-month trial on one channel, kindly released by The 
Greater London Fire Brigade, to enable practical tests on 
common frequency working. Best results were found with 
1 to 2Hz difference. Zero frequency difference use was 
discounted because signal cancellation or near cancellation 
could occur, as these could coincide from the necessary 
positioning of a stationary vehicle. 

HOW IS IT ACHIEVED? 

There are many ways in which one might drive transmitters 
in order to achieve a frequency offset of IHz at lOOMHz, or 
alternatively drive them at a frequency with an uncertainty 
of 5 parts in 10̂  and these methods will achieve their 
objective subject to the maintenance support which each 
method requires. As stated in the introduction, however, 
the purpose of this paper is to discuss a method of remote 
measurement and not to provide a method of driving the 
transmitter, suffice it to say therefore, that from time to time 
need adjustment. 

METHODS OF C H E C K I N G T H E FREQUENCY 

Should one be content to 'net' the frequency difference of a 
number of transmitters, this can be achieved without 
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recourse to an accurate reference by comparing the 
transmitters two at a time, but it should not be assumed 
that this is necessarily the most cost effective method. It 
can be carried out in one of two ways as foUows:-

(i) By visiting a hilltop site and comparing the local 
transmitter frequency with that of others one at a 
time.It may be necessary to visit more than one site and 
one needs to have someone at another site to make 
adjustments, or to do this remotely, and one also needs 
to be able to enableor inhibit transmitters one at a time. 
Alternatively, one could visit all sites but one and adjust 
as one moves around, but there is a risk that the one 
chosen as a reference is the one subject to most drift. 
This method was rejected because of the high cost of 
manpower. 

(ii) By selecting a location where roughly equal signals 
can be received from two transmitters and comparing 
them two at a time. Reliable comparison to parts in 10̂  
requires fairly strong signals nearly equal in amplitude. 
A remote means of enabling or inhibiting transmitters 
and updating the frequency drive source are also 
required as an alternative to manning sites. 

The alternative method is to measure the intrinsic 
frequency of each transmitter against a reference to 5 parts 
in 10̂  in which case the reference uncertainty should be 
five parts in 10̂ 0 long term and short term, and for ease of 
comparison should be free from 'phase jitter'. It can be 
carried out in one of three ways as follows:-

I By visiting each site and measuring the frequency 
against a stable reference which is either left running at 
the site or transported to the site, (in which case it 
should have a quick warm-up time). This method was 
rejected on account of manpower cost. 

- " —I 
By equipping each site with a counter and high stability 
reference, and relaying the frequency by means of 
telemetry. This method was rejected because of the low 
utilisation of expensive test equipment which also 
became an additional fault hazard. 

By measuring the frequency of each transmitter from 
the Regional Depot, Outstation Workshop, or any 
other location from which transmitters can be received; 
in fact, in a similar manner to that used at present, but 
with a higher order of accuracy. 

This third method was seen as the simplest and potentially 
the least expensive, provided a method could be found 
which would enable weak signals to be measured to a 
sufficiently high order of accuracy - three parts in 10̂  being 
seen as the figure to be aimed at. 

HISTORY OF DEVELOPMENT ^ ^ 

Some three years ago, it was decided that existing test 
equipment (which had supplied the measurement facility 
for offset carrier schemes for fifteen years) was no longer 
economic to repair and was therefore in need of 
replacement. While a replacement was being sought, the 
probability of schemes being re-engineered on a common 
frequency emerged and none of the equipment offered was 
suitable for remote frequency measurement to the 
required accuracy. 

Discussions with industry went on for one and a half years 
and, as no cost effective answer to the problem emerged, it 
was decided to embark upon a local development. 

The problems which were encountered were the same as 
those which industry had come up against namely that;-
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(a) A superheterodyne receiver was found to be 
necessary in order to simpHfy the problem of channel 
selectivity. 

and 

(b) The oscillator in such a device becomes a part of the 
frequency to be measured and no cost effective method 
was available by which such a signal could be produced 
which had a maximum uncertainty of one part in 10 ,̂ 
and spurious FM of the same order. 

T H E METHOD ANfD EQUIPMENT USED 

Starting with the facts set out above, it was reasoned that 
any oscillator error could be eliminated if its effect on the 
frequency to be measured could be eliminated. 

The obvious way of doing this was, that (having made use 
of the oscillator to provide an intermediate frequency and 
hence channel selectivity), the same oscillator should be 
used again to restore the original frequency. 

A demonstration equipment was produced using this 
principle, and the frequency of a transmitter eighty miles 
distant was measured to an uncertainty of 0. IHz - one digit 
in lOOMHz, using a counter which was referenced to a 
Rubidium Standard, and a 10 second gate time - thus the 
development was potentially capable of carrying out all 
that was required of it. '''''' ' 

Using standard equipment, the circuit is regenerated by 
virtue of a coupling from the counter back into the aerial 
circuit, and as the input is reduced, the removal of AGC 
from the receiver tightens the loop until self-oscillation 

occurs - the only indication that this is happening being 
drift on the counter. 

With the prototype model, self-oscillation started at an 
input of about five microvolts, but this threshold obviously 
depends upon the amout of screening employed, it might 
be said, of course, that regeneration gave the advantage of 
increased receiver sensitivity. 

The need to employ a vhf Counter, and to use a ten second 
gate was seen as a minor disadvantage and the 
development was therefore taken one stage further by 
producing a second oscillator voltage from the lOMHz 
output of the Rubidium Standard. Feeding the ninth 
overtone of this output into a further ring modulator 
produced a final frequency of 7 to 15 MHz which could be 
measured on a low frequency counter with a gating time of 
1.0 seconds. 

As there are no techniques in the system which need 
special explanation, a study of the block diagram (figure 1) 
should enable it to be fully understood. 

METHOD OF USE 

As the measurement must be made at locations where the 
transmitter can be received at sufficient strength to permit 
a reasonable signal/noise ratio, the use of a large number of 
transmitters in extensive areas of cover may preclude 
measurements being made from one fixed location. A 
fortunate feature of the equipment described however, is 
that its uncertainty depends entirely upon that of the 
Rubidium reference, and as this device can produce an 
uncertainty of less than five parts in 10̂ 0 within ten 
minutes of switch on, the whole apparatus can be made 
transportable - a very distinct advantage. 
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F U R T H E R DEVELOPMENT 

The fact that a signal arriving at the aerial together with a 
number of others can be selected and reproduced alone to 
an accuracy equivalent to the original signal has prompted 
further work to be carried out on frequency synthesis. 

A popular and cost-effective method of producing signals 
which are stable in frequency is to make use of 'phase 
locked loop* techniques related to a stable crystal or similar 
device. These devices, which have been prone to problems 
related to such devices such as spurious frequency 
modulation at varacter noise frequencies introduced into 
the varacter by magnetic pick up, frequency modulation 
also occurs at the loop update frequency. 

Taking the circuit just described and applying to the 
receiver input a 'comb' of frequencies separated by a 
frequency which is less than the bandwidth of the IF filter, 
one can successively select each of the frequencies 
represented by the characteristics of the 'comb', and 
present it at the output of the equipment. 

If the 'comb' of frequencies is produced by generating two 
nano second pulses at a pulse recurrence frequency of 
12.5KHz from a Rubidium reference source the discrete 
'carriers' produced extend into the 500MHz area at a level 
of around -70dB referred to IMW in 50 ohms, in 
accordance with the Fourier analysis of such a system, this 
level being quite sufficient to stimulate the receiver. 

The frequency of the final product will have an uncertainty 
equivalent to the Rubidium reference (possibly better than 
one part in 10̂ *̂ ). The spurious deviations will be 
extremely small (and due to any deviation produced by the 
Rubidium source and that produced by the oscillator in a 

time scale equivalent to the delay in the two ring 
modulators).,-,,,,, .^^^._,.,^,„ , . . 

UPDATING T H E MEASURED FREQUENCY 

The whole idea of this system is to make maintenance more 
cost effective by avoidance of the necessity for technicians 
to visit transmitter sites in order to maintain the frequency 
accuracy of high stability drive sources. This ability to 
effect remote measurement would therefore be of little use 
if the technician still had to attend in order to effect 
adjustment, furthermore of course there is the need to 
enable' transmitters one at a time, or to inhibit all but the 

one required. 

Space in this article does not permit full description of the 
remote control unit developed for this test, but the facilities 
included are indicated in Figure 3. The control is provided 
in ten channel form as foUows:-

Transmit Enable 
Transmit Inhibit 
Frequency Adjustment 

This latter facility is in the form of a twelve turn potentio
meter which is 'followed' by an equivalent motor driven 
device at the remote end, the capability of this system to 
carry out adjustment in O.lHz steps at lOOMHz was 
demonstrated in the manner shown in Figure 4. 

CONCLUSION 

In conclusion this development is seen as giving a two-fold 
advantage as follows:- i-jM::, 

U- - "i>\'. '-o (contd on p 38) 
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NODES AND NETWORKS 

INTRODUCTION 

In a previous Intercom article (Telephones, Traffics and 
Trunks - June 1977) the theoretical background to the 
design of telephone networks was discussed. It was shown 
how the traffic (or calls) determined the quantities of 
trunks (or equipment) required for satisfactory service. 
The mathematics relating the traffic to the trunks was 
described as that developed by A K Erlang - a Danish 
mathematician - which had led to his name being used 
internationally for the unit of traffic. 

In the previous article the work of the Research and 
Development section of the Directorate was described in 
assessing modern automatic traffic measuring equipment 
for conducting telephone traffic surveys. This was being 
conducted on the network of the Avon and Somerset 
Constabulary whose Chief Constable had kindly agreed to 
host the trial. Computer methods were described which 
reduce the large quantities of data obtained during traffic 
surveys into usable form - either cost information for 
management purposes of traffic information for 
engineering purposes. . , 

This article describes the machine that the Directorate has 
now bought for measuring telephone traffic and then 
follows on from the previous article to show how the traffic 
information is used to design networks. 

T H E TNA2 

The Directorate has purchased a call logging machine 
made by Automatic Switching Ltd known as a TNA2. This 
has the capability of monitoring 300 lines simultaneously 
which may be any combination of extensions, exchange 
lines or private wires (with some exceptions in this last 
case). The machine is shown in Figure 1. (The 
manufacturers tell us they are developing a new version 
which will be small enough to carry under the arm!). Figure 
1 shows W.T. Dennis Harvey about to load the magnetic 
tape onto the machine. This tape does not record speech but 
records the time, duration and number dialled for each 
call. For incoming calls the ringing time may also be 
recorded. 

The call logger is connected to the distribution frame of the 
exchange either directly via flying leads as shown in figure 1 
or through a special plug and socket arrangement which 
involves some expense in wiring up the socket to the frame. 
The Post Office restricts the frequency of connection using 
the flying leads (temporary connection) at present to one 
week per year. 

The data collected by the machine in the course of a 
week-long survey is generally far too much to investigate in 
detail, and to be useful is collated by computer. Figure 2 
gives actual results obtained from a group of outgoing 
exchange lines. The column on the right entitled "call 
durations" shows that there were 1192 calls made in total 

FIG 1 The TNA2 call logger - Dennis Han-ey. wircle.s.s 
technician, completing the installation. (Pfioio: Colin Poyion) 

over the week ahhough only those over 35 seconds 
duration are likely to have been successful calls (ie.charged 
for) and these total about 870; so nearly a third of all calls 
made were unsuccessful due to mis-dials etc. 

The totals at the bottoms of the columns give the total calls 
per day and the total hours of occupation, while the 
columns break the totals down into half hour periods 
throughout the 24 hours. The occupation is expressed as a 
fraction of the half hour period which produces the traffic 
in Erlangs. 

Examination of the columns shows that the traffic is not 
spread evenly over the 24 hours but peaks in the morning 
and afternoon in "busy hours". So on Day 1, which was a 
Monday, the morning busy hour occurred between 10 and 
11 and the afternoon busy hour between 2 and 3 as 
identified by the square brackets. The morning busy hour 
traffic is given by the average of the two bracketed figures, 
as these refer to half hour periods, and is 1.40E while the 
afternoon traffic is 1.46E. The maximum busy hour traffic 
in the week in fact occurred on Tuesday morning and was 
1.56E. 

This busy hour traffic allows the number of outgoing 
exchange lines required to be found from the Erlang tables 
and the extract printed in Intercom Issue 9 is repeated 
below: 

Kim Fisher 
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processing of the data such as shown in Figure 2 the busy 
hour traffic between every station in the area of interest 
can be found. The table below gives the traffic matrix for 
six of the exchanges in the Avon and Somerset 
Constabulary force area. 

Table 1 Eriang's Lost Calls Formula 

Telephone systems work satisfactorily at a grade of service 
of one lost call in 10, but some allowance must be made for 
the lost calls in the Post Office net-work so exchange lines 
are dimensioned for one lost call in 25. From Table 1 1.56E 
requires 5 lines. 

Averaging the calls over the 5 weekdays, it can be found 
from Figure 2 that 429̂ ^ of calls were made during the peak 
rate period, 39% at standard rate, the remainder at cheap 
rate being 19%. Since the dialled numbers are known it is 
possible for the computer to work out the cost of these calls 
if required. Also, since the dialled numbers are known, 
week patterns such as Figure 2 can be produced for 
commonly occurring dialled numbers and this can show up 
routes where private wires might be beneficial or identity 
traffic which is going around existing private wires. 

NETWORK DESIGN 

By use of the TNA2 to collect the data and suitable 

1 2 3 4 5 6 

1. 0.00 0.22 0.08 0.23 0.14 0.31 
2. 0.62 0.00 0.15 0.15 0.01 0.01 
3. 0.27 0.14 0.(K) 0.00 0.00 0.00 
4. 0.59 0.01 0.01 0.00 0.30 0.01 
5. 0.29 0.00 0.00 0.09 0.00 0.29 
6. 0.67 0.01 0.01 0.22 0.21 0.00 

Table 2 Traffic Matrix giving busy hour traffic in Erlang^s 
between stations 

This is read as follows: the traffic from station 1 to station 3 
say is 0.08E while the traffic from station 3 back to station 1 
is 0.27E. Care must be exercised in adding these traffics 
together to get the total traffic between stations 1 and 3 as 
the busy hours may not coincide and then some correction 
factor must be applied or an over-estimate will result. 
However, with this proviso the traffic values in the matrix 
may be added together in any combination to obtain the 
traffic values in different network configurations. 

The simplest method of arranging for the traffic flow would 
be to provide private wires between all the stations that 
contacted one another as indicated by the matrix of table 2. 
This, however, would be likely to be expensive as many 
private wires would be required and would be working 
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Examples of Transi t Networks 

inefficiently as groups of private wires are more efficient 
than single wires. 

The simplest method of allowing all stations to dial one 
another is to bring private wires from all stations to a 
central node and there provide a switch which will connect 
them together. This switch is called a "transit switch" or 
"tandem switch". It has no extensions or exchange lines 
connected to it and is only concerned with making 
connections between private wires. The network so formed 
is called a transit network and with one transit switching 
node is termed a single star transit network (see Figure 3). 
The node may be physically located anywhere in the area 
of interest but the cost of private wire rentals is likely to 
vary with its position so it can usefully be located for 
minimum rental. The laborious calculations involved in 
determining the minimum are best performed by computer 
and the Directorate has developed programs for doing this. 
These have shown 25% differences in rental costs between 
the "likely" positions of the node in the case of Avon and 
Somerset. 

The optimum single star network may still involve long 
private wire routes from the remotest comer of an area and 
it may prove cheaper in line rentals to concentrate remote 
traffic in a second transit node to produce a two star 
network as also shown in Figure 3. This increases the 
switching and signalling costs but for county sized networks 

these may be relatively small compared with line rentals -
of the order of 10% - 20% of total 10 year costs. The 
operational disadvantage of adding more nodes to the 
network is that in general more digits will be required to 
dial from one station to another. The numbering scheme 
for the single star network shown in Figure 3 could be 
7x where the digit 7 routes the call to the switching node 
and a further digit will then route the call to its destination. 
The numbering scheme for the two star network would 
need to be 7XX to switch calls through the second node. 

Networks with more than two nodes may lead to still 
further economies in line rentals for greater complication 
in switching. Networks with more than 2 nodes have the 
further feature of allowing ahernate routing which will 
make them more robust to line failures if this is required. 
Figure 3 shows a three star network with an extra 
inter-connection to form a delta network. If any one of the 
inter-node connections is out of order calls may be routed 
around it via the other two. Modern transit exchanges 
(Crossbar or Electronic) will provide this facility 
automatically 

COMPARISON OF NETWORKS 

Figure 4 shows an economic comparison of networks with 
different numbers of nodes applicable to the Avon and 
Somerset Constabulary - all designed for a grade of service 
of one lost call in 10 overall. Line costs can be seen to drop 
steeply when one node is introduced into the network and 
continue to fall, but less steeply, as more nodes are 
introduced. 

Switching and signalling costs are more difficult to 
calculate, but the doited line on Figure 4 gives an estimate 
of total system costs, assuming Strowger transit exchanges 
bought with a ten year loan at a 10% interest rate. The 
costs now decrease until two nodes are added but there is 
little change thereafter. All the networks can be seen to 

701 Max. Saving in 
Cal l Charges 

60^ 

Total 

Lines Only 

O 3 4 5 6 
No. of Nodes 

FIG 4 
Economic Comparison 

of Networks 
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work out cheaper than the call charges involved in the 
traffic, so it should be possible to break even even if all 
possible traffic does not use the network. 

Economics apart, the networks with the smaller number of 
nodes are easier to use as fewer digits are required to be 
dialled. They are also more amenable to modifications of 
the network made necessary by reorganisations. This is 
particularly true of the single star network which is also the 
easiest to supervise to ensure that it keeps working 
properly, as the ends of all the private wires appear at one 
location. ^ 

CONCLUSIONS ^'-''^'^ -̂>''̂ -'' ^̂ ^̂  

This article has attempted to discuss telephone traffic 
surveys which produce data on the traffic flow in a 
community of interest and as an example the force area of 
the Avon and Somerset Constabulary. Private networks to 
carry this traffic, where private wires are rented from the 
Post Office, were then discussed and it was found that in 
the case of the example the rentals contribute the largest 
proportion of the network costs. These networks can thus 
be usefully designed to minimise the rental costs but at the 
possible expense of larger digit strings and some loss of 
flexibility. 

When.engineered private networks should give a superior 
service to the Post Office network in respect of: 

- direct dialling into extensions (less operator effort) 
- higher grade of service (better chance of setting up a 

call) 
- better transmission quality (louder and clearer) 
- shorter dialling codes. 

They may also be cheaper. This is possible because the 
networks are more limited than the Post Office network in 
the number of subscribers served. This in turn gives a 
further advantage of greater privacy. 

Networks designed with transit exchanges may allow 
further economies to be made. The PABX's in the network 
will not be required themselves to be capable of transit 
switching so it may be possible to employ the cheaper 
PABX types 1 and 7 rather than types 3 and 4. Private 
networks may also lead to economies in other areas such as 
their use at night for data transmission or the integration of 
speech and telegraph network using speech plus duplex 
equipment. 

Mr Fisher is a senior wireless engineer working in the 
Research and Development Section of the Directorate. A 
short biography of him appeared in Intercom-10. 

THE DIRECTOR 

Until the age of forty-eight, Mr J R Cubberley was a 
serving soldier. At forty-eight, he entered The Civil 
Service after taking the open principal's competition. His 
first appointment was in the Police Division of the Scottish 
Home and Health Department, after which he came into 
the Home Office as a branch head in Police National 
Computer Unit. Later he took charge of the Unit. His next 
move was to his present job of Director of 
Telecommunications. 

, - •• 

As a soldier, he saw service in World War I I in the Royal 
Corps of Signals. After which, as a peacetime soldier, he 
worked on communications, computers, detectors, alarms, 
night vision, control systems, management and 
organisation, command and control, guided weapons, 
technical training and education. He participated in post 

graduate training for technical and guided weapons staff 
and attended the Joint Services Staff College. Old Royal 
Corps of Signals men will be interested to know that Mr 
Cubberley commanded 3 Brigade Signals Squadron and 2 
Division Signals Regiment. He served in various Army and 
Defence technical staff posts and ended up as 
Commandant of the School of Signals. He has seen service 
in North Africa, Italy, Austria, Germany, Singapore and 
Cyprus and has also worked in the United States, Canada 
and Australia. 

Mr Cubberley is married, has three children and lives in 
Surrey. His interests are rugby, athletics, swimming and 
music. He holds the degree of BSc (Eng) London and is an 
FIEE. 
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FIGARO 
Cliff Wilson 

Mr is a chief wireless technician in the Engineering. -'^i -
if. yi'^:;-!' V Fire Telecommunications Planning Section, of the Directorate m 

During the second half of 1976 and early 1977, a series of 
exercises and demonstrations of the prototype FIGARO 
low frequency (3 MHz) personal radio equipment, were 
held in various cities throughout the United Kingdom. 

The exercises were held as a result of requests from Chief 
Fire Officers who wished to gain more knowledge about 
the capabilities of Figaro than they had previously been 
able to acquire by reading reports circulated to them. 

With the exception of the Severn Tunnel exercise, which 
was conducted by a team from the Directorate headed by 
Ray Stoodley, chief wireless engineer, Fire 
Communications Planning Section, all other exercises 
were planned and executed by Roy Eaton and the author 
from the same section. As you will see from the following 
report, they found themselves in quite a variety of 
locations. The host fire brigades proved, without 
exception, to be enthusiastic, helpful and hospitable. 

AVON F I R E BRIGADE 

Figaro as a transmitting and reccivmg device, the power 
station exercise involved fire crews who were assessing the 
equipment not only on its performance as a two-way radio, 
but also as a practical unit for use in operational situations 
when wearing breathing apparatus. On arrival at the power 
station the base station was set up at the designated 'entry 
control point' this would be the point at which breathing 
apparatus teams would enter the building. As one would 
expect, there was a vast amount of electrical wiring 
available within a short distance of the base station and the 
aerial was placed close to groups of cables. Despite the 
large amount of screening and anti-radiation material in 
the structure of the power station, Figaro was completely 
successful throughout the entire area tested, which 
included deep sub-basements around the base of the 
reactors (see diagram). It may be of interest to note that 
both UHF and VHF personal radios were in use at the 
same time and place as Figaro, but neither penetrated 
beyond 1st basement level. Observers from both the fire 
brigade and the Central Electricity Generating Board 
considered the exercise a success. 

An exercise was held in Avon at a high potential risk 
location, a nuclear power station situated on the South 
bank of the river Severn. The structure of the building was 
such that it was difficult to predict what measure of 
induction and radio propagation could be expected from 
Figaro. It should be mentioned at this point that, unlike the 
Severn tunnel exercise, which was concerned only with the 

Access 
Bridge Reactor 2 

Another exercise in the Avon County Fire Brigade area 
was held at the Roman baths at Bath. _ 

The various baths, pump rooms and spas in Bath cover a 
fairly large area of the city centre. There are a considerable 
number of tunnels and culverts beneath the buildings and 
roads, and these tunnels were the venue for the exercise. 

Reactor 1 

P i p e - r u n to 
Turbine Hall 

FIGARO TRIALS. Oldbury Nuclear Power Station. 
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Two crews of firemen were in attendance and one member 
of each crew was equipped with Figaro. 

The base station and aerials were set up in a small pumping 
room adjacent to Bath Street. The room contained a 
variety of water pipes and a number of electric cables, 
which, it was hoped, would distribute the Figaro signal 
throughout the underground complex. The route taken by 
the Figaro wearers can be seen in the diagram. It is worth 
noting that the tunnel depths varied between 10-15 feet 
below street level, and the condition of the tunnels varied 
from newly excavated and very rough, to paved and lighted 
corridors. It was difficult to assess the signal conducting 
medium properly as some tunnels contained a small 
number of very old hot water pipes and no apparent 
electrical wiring. - j ...̂  

Results of the exercise show that a usable two-way signal 
was transmitted throughout the test area up to a distance of 
approximately 100.5 metres. 

Both UHF and VHF single frequency personal radios were 
taken along the route, the UHF signal field approximately 
45 metres from the control point and the VHF equipment 
failed to communicate beyond 54 metres. 

S E V E R N TUNNEL • ' " J^^^^ ' 

The Severn Tunnel is of special interest to both Avon and 
Gwent Fire Brigades because it is an area of potentially 
high risk with serious communication problems. It was 
therefore agreed that the Directorate would carry out tests 
on 30 October 1976 to establish if Figaro could be 
successfully used in the tunnel. .-tf- : . -rr-
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C O C K E N Z I E P O W E R S T A T I O N C O A L F E E D S Y S T E M . 

Previous tests in various underground tunnels had 
indicated that Figaro could be operated over ranges of up 
to one mile. The Severn Tunnel has a length of four miles 
and thirty chains (7040 metres) so it was decided that at 
least three Figaro base stations would be necessary. 

One station was located in each end of the tunnel and the 
third was placed at a point called Sudbrook Shaft which was 
1 mile 55 chains (2715 metres) from the tunnel mouth at 
Gwent (see diagram). 

The time available for making measurements in the tunnel 
was very limited, 1945 hours to 2145 hours on the UP LINE 
(Gwent to Avon) and 2230 hours to 2320 on the DOWN 
LINE. As a result it was decided to restrict strength 
measurements (which were to have been made by 
measurement of the A V C current) to operator assessment 
of the received signals. 

Measurements using the standard SI to S5 code were made 

on a portable station which was worn by an operator 
standing on an open truck. A diesel locomotive was used to 
pull the truck slowly through the tunnel and the distance 
from a base station was recorded for each signal strength 
measurement. Distances along the tunnel were obtained 
from the MARKER PLATES. These plates, which are 
based on a datum from Bristol Meads Station, are fixed to 
the tunnel wall and are in two sizes. The largest are used to 
indicate miles and quarter miles (eg. 14/3 being, 14% miles 
from the datum) and the smaller, the number of chains 
from the last mile marker (eg. 75 situated between large 
plates 13/3 and 14, would be 13 miles 75 chains from 
datum). . - - ^ . i , iUj^^Uv, ^ii^ih-r^y... 

There were a number of signalling and telephone cables 
running through the tunnel at a height of approximately 10 
feet, but the most suitable for coupling the aerials, was one 
which ran down the up line side of the tunnel. This cable 
split at Sudbrook Shaft and entered the ground via two 
ducts, so it was possible to place the base station aerial 
within 1 foot of the cable at this point. 

LOCATION OF RECEIVED SIGNAL DISTANCE FROM DIRECTION 
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At Avon the best coupHng that could be obtained was 
about 4 feet and at Gwent about 7 feet. 

An S2 signal (weak but readable) was used as the 
standard reference level for the measurements. 

Distances have been included in the above table for signals 
above and below the reference level. This was necessary 
because of the problems experienced in reading the marker 
plates (which were often covered in dirt) and stopping 
the train at the correct point. 

Generally speaking, the results were disappointing. It had 
been hoped that for an S2 signal a range in the order of 
1,600 metres would be obtained from each base station. 
The actual distance was found to vary between 221 and 604 
metres, which would not be sufficient to meet the Fire 
Brigades operational requirements within the Severn 
Tunnel. v.!'̂ ,?̂ .̂ ,̂  .r^--i}T.ju : '^i-nn'su^^n .^i*} 

Surprisingly, the lowest ranges were obtained from the 
base station at Sudbrook, where the best Aerial Coupling 
was used. The reason for this result is unknown, but could 
be due to the effective earthing of the cable as it enters the 
ground or the tunnel parameters at this location. 

It would be unwise to draw any positive conclusions from 
these tests, because of the very simple method of 
measurement, they do indicate a need to obtain more 
experimental information on the variables involved, when 
Figaro is coupled into a conducting element. It is suggested 
that data on the following parameters should be obtained 

The effects of " " ' ' 
a. varying the AERIAL COUPLING DISTANCE 
b. ANGULAR DISPOSITION 

THE AERIAL 
OF 

c. " " DIAMETER OF THE CONDUCT
ING ELEMENT 

' d. " " SUBSTANCE OF THE CONDUCT
ING ELEMENT 

e. 'V " NUMBER OF CONDUCTORS 
u f " CONDUCTOR FROM A SOLID 

TO A TUBE 
g. EARTHING THE CONDUCTOR NEAR THE 

COUPLING POINT 
h. THE ENVIRONMENT AROUND THE CON

DUCTING ELEMENT 

To prevent the affects of direct magnetic inductiop and 
radiation between Figaro aerials from influencing any of 
the above measurements,it would be necessary to make 
these tests within a tunnel. 

T Y N E AND WEAR BRIGADE " ^ ^ ' 

In early April 1977 a visit was made to the Tyne and Wear 
Fire Brigade for the purpose of demonstrating Figaro. The 
brigade communications officer had arranged a number of 
exercises in a variety of environments. The first exercise 
took place upon a guided missile frigate moored at 
Wallsend docks. The Figaro base station and aerial were 
placed at the designated 'control point', which was a 
helicopter hangar near the stem of the vessel (see 
diagram). 

A team of four Figaro wearers proceeded through the ship, 
starting at the upper deck level and descending through 
each deck until the lowest and furthest point from control 
was reached. Usable two-way signals were transmitted 
throughout the ship with the exception of the shaded areas 
on the diagram. 
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As in other exercises, both UHF and VHF personal radios 
were used at the same points as the Figaro, but neither 
covered the entire vessel. Cut-off points are shown on the 
diagram. . 

The second exercise took place in the newly constructed 
'Metro' underground railway, between the Central and 
'Monument' stations. The tunnel was not complete and no 
track had been laid. The tunnel lining consisted of a 
mixture of concrete and steel sections, the type of lining 
being dictated by the nature of earth through which the 
tunnel passed. 

The base station aerial was placed close to the top rim of a 
vertical shaft approximately 9 metre deep and 5.5 metre in 
diameter, at the foot of the shaft, was the horizontal tunnel 
of 4.75 metre diameter (see diagram). 

The team of Figaro wearers proceeded along the horizontal 
tunnel towards the 'Monument' station. It may be of 
interest to note that about 5 metre into the horizontal 
tunnel a thick concrete bulkhead had been built during the 
early construction period as an air lock. The aperture 
through the bulkhead was about l.Smetre x 1.8metreand 
as far as could be seen there was no other means of entry 
for radio frequency signals. 

The team in the tunnel comprised two Figaro wearers, 
operating at approximately 3 MHz. A "metro" engineer 
using high band VHF personal radio, approximately 156 
MHz. One person using a low band personal radio, 
83 MHz, and one person using a UHF personal radio, 
451 MHz. The relationship between frequency, distance, 
and attenuation was clearly illustrated as the teams 
proceeded along the tunnel. The UHF equipment failed to 

p. F- M111 s 

P A . F a n s 

communicate to control beyond 63 metre into the tunnel, 
the high band equipment beyond 109 metre, the low band 
228 metre and finally Figaro beyond 457 metres. 

The Figaro aerial siting during this exercise had been quite 
arbitrary and no attempt was made to induce signals into 
any potential radiating medium, therefore it must be 
assumed that communication was due to random radiating 
along the tunnel, and/or radiation through the earth which 
lay between the aerial and the tunnel. 

The third site for a Figaro exercise was the Jarrow 
Pedestrian Tunnel. This tunnel is approximately 300 yards 
(274 metres) long and runs netween the North and South 
banks of the River Tyne. It consists of two parallel inter
connected tunnels, one for pedestrians approximately 10ft 
(2.0 metres) diameter and one for cyclists approximately 
12ft (2.5 metres) diameter. Both tunnels are lined with 
glazed tiles. The only apparent wires in the tunnel are for 
the lighting circuits: each escalator appeared to have 
separate supplies. 

The Figaro aerial and base station were positioned 
adjacent to the escalator power distribution point at the 
Jarrow end. --^ 'm^^m^ %m m yti^-^ 

As in previous tests the party making tests consisted of two 
Figaro wearers, one low band VHF operator and one UHF 
operator. UHF communication was limited to a short 
distance beyond the foot of the escalator. The VHF 
equipment continued to communicate to a distance of 
approximately 250 yards (228 metres), and the Figaro 
equipment throughout the entire length of the tunnel 300 
metres, but it was noted that at the extreme end of the 
tunnel Figaro signals were weak except when the wearer 
stood close to the tunnel wiring duct. 
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The fourth and final exercise organised by Tyne and Wear 
Brigade took place in a new sewer tunnel, once again 
beneath the River Tyne. The sewer tunnel had just been 
constructed and was not yet operating although it was 
complete. The tunnel contains three large pipes which 
carry the effluent. 

The tunnel diameter is approximately 10ft (2 metres) and 
the three pipes are placed one at each side and one 
suspended from the roof (see diagram). Access to the 
tunnel is via a vertical shaft of about 150ft (45 metres) 
depth, the shaft contains a lift and an emergency ladder. 
Numerous cables and pipes descend from the surface level 
building down the shaft and into the tunnel. The Figaro 
aerial and base station were positioned at the head of the 
shaft, thus simulating the fire brigades 'entry control 
point'. 

Using the three types of equipment previously mentioned, 
VHF, UHF and Figaro all working back to a common 
control point, the UHF equipment ceased to communicate 
approximatley 40 yards (36 metres) along the horizontal 
tunnel, the VHF equipment approximately 150 yards (137 
metres), but Figaro continued to communicate along 
the whole 300 yards (274 metres) length of the tunnel. 

The organisation of the exercise and the choice of test sites 
by the Communications Officer of the Tyne and Wear Fire 
Brigade proved to be excellent and made a major 
contribution to the Figaro test programme. 

LOTHIAN AND BORDERS F I R E BRIGADE 

precinct complex which consists of underground car parks 
with shops and offices above. It is basically a metal-framed 
concrete structure covering several acres. 

The officer in charge of the exercise suggested that the 
'designated entry control point' into the complex should be 
the site for the Figaro base station and aerial. This was the 
entrance to the car park. No obvious cable or service ducts 
were available, so the aerial was sited adjacent to an 
internal concrete pillar, into which it was expected a signal 
could be induced via the metal reinforcing material. 
Results of Figaro and the VHF and UHF equipment were 
rather patchy and communication was achieved with a 
varying degrees of success from several parts of the 
building. 

The second exercise was held at the Cockenzie Power 
Station, which is a large coal fired power station on the 
south bank of the Firth of Forth. Most of the structure is 
above ground level, but a number of cable ducts are subter
ranean, though not very deep. The base station and aerial 
were sited next to a large cable distribution board near the 
entry point. Three teams entered the power station to con
duct the tests. Two firemen wore Figaro equipment, two 
others carried UHF abd VHF personal radios. The Figaro-
equipped teams communicated to base throughout the test 
area with the exception of the first floor boiler gallery. The 
UHF and VHF equipments were generally unusable due to 
the extreme coustic noise created by the turbines and 
boilers. There were also points in the complex, such as the 
cable ducts, where no signals, noisy or otherwise, were 
present. 

The next series of tests were held in Edinburgh at the 
invitation of the Chief Officer Lothian and Borders Fire 
Brigade. 

The first exercise was held at the St James shopping 

On all the exercises held in Edinburgh, it was the practice 
to equip one Figaro operator with a throat microphone and 
a single earpiece, and one Figaro operator with a 
Sonovalve double earpiece headset with a boom 
microphone. Both these devices proved to be reasonably 
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satisfactory in high noise areas, although the throat 
microphone excluded all background noise and was the 
only type suitable when the operator was wearing 
breathing apparatus. 

The study of microphones and earphones for use with 
Figaro is the subject of a separate project and we shall 
make no further reference to them in this article. 

The Cockenzie Power Station is coal-fired and the coal 
plant liesabout half a mile from the power station. The coal 
plant consists of a large coal hopper in a concrete building 
connected to an earth embankment through which runs the 
coal conveyers belts (see diagram). At the distant end of 
the embankment, the coal conveyor belt ascends up to an 
overhead tube to a concrete tower. 

The teams, equipped as in previous tests, proceeded 
through the concrete hopper building and along the 
conveyor tunnel within the embankment. During the 
period that the team was in the tunnel, communication was 
possible only via Figaro. When the teams emerged from 
the tunnel and ascended approximately half-way up the 
overhead tube, contact was established with the UHF and 
VHF operators. The test clearly illustrated the ability of 

CELESTIAL VOICE 
HELICOPTER PUBLIC . 
ADDRESS PROJECT 
; i " i - ' - h u^^-^'Ufif^-j T' o -nnw Din* . 

Part of the Research and Development job is to keep 
abreast of the development of equipment and techniques. 
While doing so we have noted the increased use of 
helicopters by the police and fire services. 

So far, the helicopter has been used to carry a police or fire 
observer who has been provided by the Directorate with a 
standard land mobile radio adapted for helicopter use. A 
possible expansion of the observer role might be facilitated 
by his being provided with a public address (PA) 
equipment and the feasibility of this has been studied by 
the User Aids Group of the R & D Section. 

REQUIREMENT 

Although so far no User Requirement has been formally 
stated, we have studied a number of operational incidents 
in which we thought the employment of a helicopter fitted 
with a PA facility would have been an asset. A few such 
situations are -

L The taking of hostages by criminals or political 
activists. 

2. Major accidents - aircraft, train, motor vehicle. 
3. Evacuation - gas leaks, bomb hazards, dangerous 

buildings. 
4. Crowd control - pop festivals, civil disturbances, 

demonstrations. 

the Figaro equipment to communicate via the cabling of 
the conveyor belt power supplies. 

R O Y A L INFIRMARY, EDINBURGH 

The final Figaro exercise held in Edinburgh was at the 
Royal Infirmary, a typical hospital complex consisting of a 
mixture of Victorian and modem buildings covering a large 
acreage. Beneath the hospital are basement level passages 
carrying electrial and heating services. There are also a 
number of storage areas at basement level. 

The base station and aerial were sited at the entrance to the 
basement area beneath the Skin Department of the 
hospital (see diagram). Three teams then proceeded 
through the basement area passages. The two Figaro 
operators communicated to the control point from all parts 
of the complex. UHF communication was lost about 80 
yards (75 metres) along the passage A. The high band 
VHF, carried by one of the teams working to a control 
vehicle on the surface, achieved rather patchy contact from 
various points in the test area. 

The test completed a very well organised series of tests 
arranged by the Lothian and Borders Fire brigade. 

5. Search and Rescue - mountain, heathland, woods, 
•. ' cliffs. jqo ilt'i ' r- lyr'^':^>\Uflfyj 

Al l these are situations in which the helicopter observer 
would be aided if he could talk directly to people on the 
ground who, ordinarily, would not be in communication 
with him. 

nji.̂ *tj tool ,-=i -ti-:.:.' n^tonfMysn 
F E A S I B I L I T Y 

To find out if a PA system could be used satisfactorily in a 
helicopter, we conducted a limited survey of available 
equipment. Of these, the Wandel and Goltermann TV450 
system, which is used in German police helicopters, 
appeared to be suitable for evaluation. The equipment was 
obtained and arrangements were made for an in-house trial 
which took place in October 1976. For the trial, a simple 
and temporary installation of the equipment was carried 
out in a Gazelle of the Army Air Corps at Middle Wallop. 
We also took the opportunity of comparing the TV450 with 
the ALS27 system in use by the army, which has its own 
requirement for an improved PA system. w [̂ .-ŝ j'in̂  

As a result of the success of this in-house trial, it was 
decided to go ahead with a full demonstration of the 
equipment to potential users so that they would be able to 
realise the feasibiHty of helicopter PA systems and enable 
them to consider a possible User Requirement. 

DEMONSTRATION ^ * ^ ^ ' 

With the help of the Police Liaison Officer (PLC) and the 
Military Liaison Officer (MLO), a programme of 
installation and demonstration was drawn up. A Gazelle 
was used again, this time with the speakers mounted on the 
'Flare' boom. 
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A Gazelle of Trials Flight of 
the Army Air Corps, Middle 
Wallop. Note the two public 
address loudspeakers mounted 
on the flare boom. Their 
presence is likely to reduce 
the forward speed of the 
aircraft, but as yet no one 
knows by how much. 

Close-up view of loudspeaker 
mounted on the flare boom at 
an angle or 45° downward. Some 
trials were conducted at 2,000 
feet with limited success. The 
operational height for police 
and fire use may well be a 
maximum of 500 feel. 

-.i-V.--.•'SHU^ h'M: 

•'.-i'-i^'.iA. \-

•M. . 

The pre-amplifier mounting in front of the aircraft observer. 
The power output from the system can be altered by^ adjustment 
of the slide control. 



The demonstration, which was held at Imber, showed 
that 

1. Public address is feasible from a helicopter. • ^ ' 
2. Ground control can be achieved. 
3. Recorded messages can be broadcast. 
4. Public address is most effective at 500 feet, s fH-.^y 

There was a good gathering of interested parties at Imber, 
among whom were members of the ACPO 
Communications Committee. No further work is planned 
on this topic until the ACPO Communications Committee 
provides guidance in the form of a User Requirement. 

J W Maloney. 

The main amplifier supplied with 28 volts dc is stowed away 
in the equipment compartment of the Gazelle. 

ANDY HOLDSTOCK 

During 1977, after thirty years in the Direcorate and at the 
age of 65. the man with possibly the best known face in our 
organisation retired. To all who knew him. he appeared as 
full of energy and enthusiasm on the day he left as on the 
day he joined us. After serx-ing through the War with the 
Radar Section of the RAF and ending as a warrant officer. 
Andy worked for a short while for the London County Council 
and then reported to the Regional Wireless Engineer at 
Chevely on I January 1948 as a Senior Wireless Engineer. His 
next stint was at Kippax as a Chief Wireless Technician from 
June 1956 to October 1963 when he became Regional Wireless 
Engineer at Hannington. In 1969. he joined Field Services 
as a Senior Wireless Engineer in charge of field maintenance. 
Our picture shows Andy with, from left to right, E W Crompton 
(Chief Wireless Engineer), Ray Stoodley (Chief Wireless 
Engineer) and Peter Trodden (Deputy Director, Admin), at the 
farewell party. (Photo: F T Jeffery. Weyhill). 

FORMER DIRECTOR 
AND SECRETARY 

We are not quite sure whether this picture shows Mrs Carol 
Howsen (our former director's secretary) wishing Mr W Nicol 
well or vice versa. They both left during the year and we 
wish them both well for the future. Mr Nichol's retirement 
notice appeared in lntercom-9. Carol left to do what all 
good Mrs do - to have a baby, which she duly did. promptly 
and efficiently producing a fine and handsome boy. Intercom 
went along to inspect both and found them in good order and 
first class condition. We lost a very cheerful face around 
theplace and a valuable organiser of Chrismas parties at 
headquarters in Carol. (Photo: Joe Portanier). 
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RECORDS AND RECORDERS 
SOME NOTES ON AREA SURVEY 

Bryan Hill and Len Frankland 

An area survey is one of those commitments which most of 
us come up against at on time or another. Surveys are 
generally considered to be part of the process of breaking 
new ground; for example - the installation of new systems, 
but beware, let not those habit-moulded inhabitants of 
well-established areas become complacent. The need for a 
quick survey may appear tomorrow, or at least as soon as 
that long service (long suffering) vital member of the staff 
who has personal knowledge of every nook and cranny of 
your system disappears on his three weeks 'annual'. ^ -. 

As systems become more comprehensive (and costly), so 
the system operators become more concious of the natural 
and man-made limitations of the areas they control. A 
curious aspect of this technical progress is the belief that the 
replacement of existing equipment by modern and more 
flexible items with similar ratings, must automatically 
eliminate every radio black spot that previously existed in 
the area. This is because the new equipment "costs more 
than the old", and anything that costs more must be better, 
stands to reason. 

The crunch comes when the sales persons have hoisted 
their all-singing all-dancing ironmongery into the field. 
Every non-technical eye (and the odd technical one), no 
doubt, is now on the local maintenance staff to offer 
defiance of the aforesaid fact - if he dare! Here then, the 
need for some kind of hard copy survey results. 

Part of the requirement of the project in hand was to assess 

the mobile reception of VHF transmissions from various 
temporary fixed locations. Recorded results were needed 
so that the suitability of the temporary sites could be 
verified. As none of the available main station sites had 
been previously used for Home Office communications 
purposes, there was no personal knowledge or experience 
to colour the scene. Any recorded results therefore must 
stand on their own merit. 

METHODS AND THEIR APPLICATION ^ i - ; ^ 

Audible p ^ , 

This is a simple voice communication check between base 
station and mobile, requiring no equipment other than that 
already in existance. It has, however, a number of 
disadvantages: 

a. Standards are subjective. 
b. Accurate records are not available. 
c. Interferes with traffic on the frequency. 
d. Requires driver and operator in the mobile, plus 

base station operator, hence may not be cost 
effective. 

Having established a base station consisting of an 
extension mast and aerial with appropriate radio system, a 
predetermined route was driven, maintaining contact with 
an operator at the base station at scheduled times. A record 
was kept of points on the route where signal level fell below 
a pre-set mute level, or contact with base was lost, '^t'ji 

.. ,. .- .... .. . ^m.i 
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This system has the advantage of being simple to operate 
using the minimum of specialised equipment. It is also easy 
to implement using existing frequencies. However, the 
operating standards are subject to individual 
interpretation, leading to inaccurate records, ie operating 
times, precise location on the route, signaP levels, etc. 

Audio/ Visual 

Similar to the above with the addition of a visual indication 
of signal strength. The mobile system now consists of a 
suitably modified receiver driving a meter calibrated 
against RF input. Although an indication of signal strength 
is now available, any measurements taken would have to 
allow for receiver modification, AGC delay etc, where 
appropriate. The disadvantages (already noted) still apply. 

In an attempt to eliminate some of the disadvantages of the 
simple Audio method, it was decided to employ a visual 
display of the signal strength. A circuit was designed to 
interface with the receiver so that a meter could be 
calibrated against signal input to the aerial socket. The 
interface had the advantage of preventing the meter from 
reading until a predetermined signal level had been 
reached. (Fig 1) 

With the equipment mute set to open at luV e.m.f., the 
meter circuit was adjusted to commence reading at 2uV 
e.m.f. Practice runs with the equipment showed that this 
was a convenient level, below which was a significant 
amount of spurious readings caused by ignition 
interference. The base station operator was made 

redundant by the provision of a single timing device and 
tone source. The timer was designed to give an ON time of 
15 sees, with an OFF time of 55 sees. (Fig 2). Further, the 
route was refined beforehand so that readily identified 
markers - towns, road junctions, etc - were used as 
sampling points to be noted. At this time, an exclusive 
frequency was allocated, making the system independent 
of operational requirements. 

It will be appreciated that the records obtained are still not 
highly accurate, and the meter readings have to be referred 
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to a suitable graph of the a.g.c. characteristic. Two men are 
still required in the mobile. 

Visual/Audio confidence 

Basically an improvement on the Audio/visual 
arrangement with a more reliable method of measuring 
and recording signal strength. Use of a fast action 
recording device in place of the simple meter gave a 
recording of signal flucuations due to Multi-path effects. 
These were caused both by other vehicles and the 
movement of the test vehicle in its environment. Response 
to very fast fades is limited by time-constant of a.g.c. and 
recorder. Communication between the base station and 
mobile was reduced to a tone source for identification and 
confidence. :f : - .. .. . ^ - ., 

It gave the following advantages;- i I . _ t 
Standards are now quantitive. '.^ ,L L 
Accurate records are now available. 
Vehicle personnel reduced to driver only. 

As it is very unlikely that this method can be used on an 
operational channel, it must be accepted that the 
temporary acquisition of a dedicated free channel is 
mandatory at this stage. 

In an endeavour to eliminate further disadvantages from 
the system, a more accurate means of recording the signal 
level was sought. Whilst the indicating meter is an 
improvement on the audible methods, accurate records of 
the results were difficult to obtain as the effects of Multi-
path reception caused the meter reading to rise and fall. 

.0 2 f 4 - 4 - ~ f 4 . . -4 ..-̂ -4 -4- .̂ i" 
4 

A single input, thermal pen, chart recorder was employed 
which allowed the peaks and troughs to be recognised and 
recorded. As the meter is already calibrated in terms of 
signal input, it was convenient to connect the recorder in 
parallel. By suitable adjustments of the recorder controls, 
the limits of travel of the pen was made to coincide with the 
minimum and maximum readings of the meter, thus giving 
an accurate record under all conditions of the received 
signal. It was found possible for the driver to operate the 
recorder conveniently without diverting his attention from 
the road/traffic conditions, and so providing a one man 
operation of the survey. The addition of a cassette type 
tape recorder increases the scope of this system by adding a 
route commentary to assist correlation of charts and route 
information. 

Block diagrams of the mobile and base systems are shown 
at Fig 3-4. Examples of charts recorded are at Fig 5 - and 
others. 

The final results obtained from the survey of a particular 
site will be used, in conjunction with a computer analysis of 
that site, to assess the site's suitability. 

The improved method of survey data collection which was 
evolved can be extended to provide complete correlation 
between received data in the form of speech - words and 
sentences - and signal strength. This was required for 
another related project, which did not have the same aim as 
an area coverage signal strength assessment. 

It is appropriate at this point to mention that frequent 
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calibration checks must be made on the electrical 
parameters of the equipment used. For example, base 
station transmitter power output and frequency. Mobile 
receiver sensitivity, frequency, S/N ratio, chart recorder 
zero and gain settings. Daily calibration of the system is 
essential. 

Limited tests were carried out on the 'talk back' path to one 
base station for completeness of the survey. In this case, 
the chart recorder was located at the base station receiver, 
and the mobile provided with a power monitor. A greater 
dependence on voice communication was required for 
notes on the route, etc; so it was necessary to employ two 
operators. 

Examination of the chart recorder strip results obtained 
during the tests showed clearly some of the complex factors 
affecting reception. It is very apparent that constant signal 

conditionsareonlyobtainedwithastationary vehicle isolated 
from other road users. Under normal mobile conditions, 
the signal received is seen to have a very variable 
characteristic. In a particular area serviced by more than 
one transmitter, a comprehensive picture of multi-station 
coverage could be built up, using the results of three 
separate test runs over a common route, one test run for 
each main site location used. 

In conclusion, the method of survey which was finally 
evolved, has, in the context of the area coverage project 
proved to be a speedy, reliable and practical solution. The 
results obtained can be analysed for such factors as ignition 
interference, Rayleigh fading, multi-path reception, 
effects of high speed etc. The system is also capable of 
expansion to include type storage of the information by 
voltage to frequency conversion methods with retrieval for 
computer data analysis. 

J O E CHAMBERLAIN 
We deeply regret the passing of Joe Chamberlain, Chief 

ô : ; _ ^ Wireless Engineer, who was an old friend to so many of us in 
- ' the Directorate. His death was a shock to all of us. He 

• ' ' • would periodically visit us at headquarters and never failed 
' " ' to bring with him a wealth of kindly humour. 
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LONDON FIRE BRIGADE FIREGROUND 
CONTROL VEHICLE 

t — 

During 1973, London Fire Brigade informed the 
Directorate's London Region, of their intention to 
purchase a new Fireground Control Vehicle. It was agreed 
that the Home Office Regional Wireless Engineer, Larry 
Birch, with Cliff Wilson, would co-operate with Bob 
Grant, London Fire Brigade Radio Engineer, on the 
design and layout of the vehicle's radio communication 
system. -

When construction of the coach-type body started at Batley 
in Yorkshire, Messrs Birch, Wilson and Grant, together 
with the Brigade mechanical engineer, visited the works to 
discuss with the coachbuilders the type and size of radio 
compartments,operatorsconsolesandaerialpositions.The 
aerial masts required very detailed discussion, as it was 
proposed that they should be raised and lowered by 
pneumatic pumps to enable them to be stowed horizonally 
on the vehicle roof when the vehicle was mobile and raised 
to vertical when stationary. 

Once the details of the radio installation had been agreed, 
a project was raised to begin the design and construction of 
the electronic and various interface units. This work was 
handed over to the Home Office radio unit at Weedon. 

The mechanically complete vehicle was driven to London 
Region workshop at Central Communications 
Establishment, Harrow, for the radio installation in early 
1977 when all the pre-constructed units and the radio 
transmitters and receivers were fitted and tested. 

M A K E PUMPS 10... 

A general view of the new London Fire Brigade fire control 
vehicle, showing the radio masts and identification beacon 
elevated. It has a single-deck Willowbrook coachbody shell 
mounted on a Ford RJ014 chassis. Overall length: 10 metres. 
(Photo by courtesy of London Fire Brigade Photographic 
Service). 

The new Control Vehicle went 'on the run' at London Fire 
Brigade headquarters, Lambeth, mid-1977. When the 
message "Make pumps ten" is received at any one of the 
three London Fire Brigade Control centres, the Control 
Vehicle, call sign '90', proceeds to take control of the 
incident. Control means communications and the vehicle is 
equipped with a vast amount of communications 
equipment. 

8 d l 

A view of the top of the vehicle, showing communications 
masts stowed. (Photo by courtesy of London Fire Brigade 
Photographic Service). '' 

The Control Vehicle, basically a 10 metre-long coach, is 
divided internally into three distinct areas. The forward 
area is dedicated to radio communications, with four radio 
operator positions; position 1 is a single frequency UHF 
channel; position 2 a double frequency duplex UHF 
channel; position 3 controls two 5-channel sets tuned to the 
brigade's five VHF channels, which enables the operator to 
monitor both the appropriate area channel and the brigade 
wide channel. Position 4 controls a further single frequency 
UHF channel. 

The central area of the vehicle is dedicated to operations 
control and the Officer in Charge. The only radio 
equipment in this section is an intercom, an all-channel 
extension monitor selector, and a Post Office 
radiotelephone to enable access to the public switched 
network. 
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Rear view of the vehicle, showing the ladder to the catwalk 
which aids servicing. (Photo by courtesy of London fire 
Brigade Photographic Service). 

Radio control unit in the compartment of the officer in 
charge. This unit gives him the ability to select and 
monitor one of the two VHF or three UHF channels in use by 
the radio operators. (Photo by courtesy of London Fire 
Brigade Photographic Service). i I s f' 

A view of three of the four radio operators' positions. The 
centre and left-hand controls to personal radios in use on 
the fireground. Right-hand position controls two 5-channel 
VHF sets. The received audio from each set is routed to left 
and right earpiece of the headset independently. The panel 
at the top left-hand corner controls the raising and lowering 
of the aerial masts. (Photo by courtesy of the London Fire 
Brigade Photographic Service). 
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The rear portion of the vehicle is the conference area. In 
addition to the mobile radio equipment, a quantity of 
Bumdept BE 484 3-channel UHF personal radios are 
carried for use on the fireground. 

Power for the radio equipment is derived from a set of 
batteries exclusively for the mobile radio, via a circuit 
breaker board in the radio compartment. A 6Kwatt 
generator is mounted under the rear chassis to provide 
power during protracted incidents. 

The aerial configuration consists of three VHF whip aerials 
for use while the vehicle is mobile, and two 12-foot radio 
masts suppoting UHF dipoles on cross booms for use when 
stationary. One single-channel UHF has the facility to be 
switched from the mast aerial to a connector mounted on 

the side of the vehicle to allow the connection of a leaky 
feeder for use in basements and similar locations. 

It is intended to procure and instal a number of field 
telephones to enable line communication between police 
and ambulance controls at large incidents. Space has also 
been allocated to accommodate a mobile teleprinter, once 
a suitable model has been selected. 

As can be seen from the photographs, the control is an 
impressive vehicle and an excellent example of the result of 
co-operation between a fire brigade and the Home Office, 
Directorate of Telecommunications. 

Cliff Wilson 

SYNTHESIS AND MEASUREMENT (from p.l7) 

It makes a significant contribution towards reducing the 
cost of maintenance, not only avoiding the addition of 
yet another time-consuming task, but also by 
encouraging a speed-up in the introduction of general 
maintenance telemetry, leading to a reduction in 
existing costs. 

It makes the introduction of CFAM, with all its 
advantages, in more complete cover, more 
cost-effective, and therefore, more acceptable because 
on balance it may well be found that an increased 
number of transmitter locations will cost no more to 
maintain than under present arrangements. 
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To: Mr. E. G. West, SWT at Maintenance Planning 
Group, Weyhill, for detailed development and 
constructional work on the system. 

To: University of Bradford Postgraduate School of 
Electrical and Electronic Engineering for Report 
No. 213 on 'The Racal 9054 Cahbrator as a Multi
channel VHF Receiver Test Source'. 

To: Mr. R. Pettet, Technician at Weyhill Maintenance 
Unit V D U Section for producing the control 
equipment which allowed the field test to take place. 

Readers are reminded that Mr Holdstock expresses his own 
views in this article and that they do not necessarily reflect the 
views of the Home Office. 

JOHN TITHERADGE 

During the year we seem to lose a number of the old stalwarts 
of the Directorate, not the least of whom was John Titheradge 
who seemed to grow up with the Directorate from the beginning 
way back. Sadly. John retired prematurely a couple of years 
before his time for domestic reasons. He will be remembered 
for his enthusiasm and his passionate advocacy of his 
convictions. Our picture shows Joe Portanier (Chief Wireless 
Engineer), a colleague of many years standing bringing a 
little humour into what was for everybody a sad occasion. 
(Photo: Brian WHlett). 
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CRANKS' CORNER 
J Luxton 

"WINTER IN W A L E S " 

I read these words with difficuhy, for the ink had faded 
somewhat. The envelope had a distinctly musty smell 
about it. This could be interesting, I mused, and wondered 
about its contents, A brochure, perhaps, sent by some 
long-forgotten unsuccessful travel agent. I had to shake 
and tap the envelope quite vigorously before the contents 
fell, tumbling on to the table and were revealed, much to 
my surprise, as quite unspoilt photographs. Each picture 
was a snow scene. 

H'm, I thought. No doubt some winter holiday camp. Looks 
pretty bleak to me. The chalets were not exactly luxurious 
and the camp attendants looked a pretty tough lot. This 1 
thought would not entice me away from the Jolly 
Christmases we hold in Cranks' Corner. 

It was whilst I was studying what I took to be the ski lift 
supports that it suddenly struck me - EGLWYSIEN! I 
cried out the name aloud. How could I be so imperceptive? 
The towers I beheld were wireless masts. This was no 
holiday camp, but a Home Office hilltop site in 
Glamorgan, manned by some of our own stalwarts. This 
was some wilderness. Now indeed, I understood all -
especially the remarks that our good friends at Brigend 
Regional Wireless Depot often make when I enquire of 
them 'How are things in the valley?' and they reply 'Duw! 
It's hard, boyo.' 

^ ^ ^ ^ ^ 

"... when we had gone as Jar as we could along the road, 
we had to clear the track that leads to the site." 

Eglwysilen, Glamorgan - ".. 
we had to abandon the vehicle 
and trudge up the road to the 
site:' 



"... help at last, a 
combined operations effort 
and we gained access to 
the buildings, " 

1 "... no power was available 
for days, equipment and fuel 
for the generator arrive by 
sledge.'' 
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I am not sure just when the photographs were taken, but 
our thanks to Joe Chamberlain, who obtained the 
photographs kindly donated by the then Glamorgan 
Police. 

The Editor would be pleased to hear from anyone who can 
identify the people and/or the date on which the 
photographs were taken. 

Birmingham Police in the VHF Band. This opened up a 
new era in the field of wireless communication, the nature of 
VHF propogation enabling controlled area coverage, and 
much experimental work was embarked upon. 

By October 1938 Police Inspector Brown was appointed to 
take charge of the technical developments. In August 1939, 
the Home Office approved the first wireless scheme. This 
consisted of a headquarter transmission only to a selected 
number of police stations and vehicles. 

L O O K I N G THROUGH A WINDOW OF TIME 

From the mountains of Wales to the city of Birmingham is 
not a great distance, but the next journey covers both space 
and time, gathering together the fallen leaves from four 
calendar decades until our time destination board reads 
September 1933. 

During that year, Birmingham City Police decided to 
supplement their communications facilities with an 
installation programme of Police telephone pillars, eleven 
in the ' C Division, which contained the jewellers' district, 
each pillar being connected by direct line to the 
switchboard of Kenyon Street Police Station. Which 
meant, of course, that each pillar was available as a 
medium of communication to the police and public alike to 
the police station. 

July 1939, the system was extended and a further sixteen 
pillars installed in the remaining divisions, each connected 
to the central Police Exchange, providing a 
communications network covering the whole of the 
Central City area and incidentally the most highly rated 
area of the City. 

In common with several police force's of the day, wireless 
means of communication was of more than passing 
interest, and during 1937 a wavelength was allocated to the 

July 1940 - the installation was completed; one transmitter 
at headquarters and one transmitter at Ladywood, 
nineteen fixed receivers at police stations and twelve 
receivers in cars. 

September 1940 - the Watch Committee approved an 
additional eleven fixed receivers and nine further mobiles. 
Whilst this system was strictly a one-way affair, (that is 
vehicles and police stations could only receive messages 
from headquarters and were no able to talk back), never
theless a high standard of professionalism was attained 
both operationally and technically, and the obvious 
development from that system led to a two-way system. 

On 30 December 1941, a report was submitted to the 
Watch Committee outlining a complete two-way 
communications system (1) for normal police usage, (2) as 
an alternative method of communications during an 

BIRMINGHAM ARRESTS 
IN 14 DAYS 15 October 

1942 

BIRMINGHAM POST 15 October 1942 

PUBLIC NOTICES 

B I R M I N G H A M C I T Y P O L I C E 

P O L I C E N O T I C E 
Police radio cars can and will bring help quickly if YOU are in 
need. Go to the near«t telephone and dial CEXtral 5000 and 
ask for POLICE INFORMATION ROOM. At a pubhc call hn\ 
dial ' 0 ' and ask the operator to put you through to POLICE 
INFORMATION ROOM. At a Police pillar merely open the 

box andl tell the operator what you want. 
// you want to know more of this new scheme— 

ASK A P O L I C E M A N ! 
H E L P PROTECT L I F E 

H E L P PROTECT P R O P E R T Y 
H E L P F I G H T C R I M E 

If you sec anything suspicious or if you want Police help for any 
urgent reason remember—the Ql'ICKKST wav to get it is to di.tl 
CEXtral 3000 and ask for POLICE INFORMATION ROOM. 
Cut this out and put it neax your telephone or in your notebook. 

. W. O. JOHNJiON. CHIEF OOXST.tBLE. 

BIRMINGHAM P O L I C E 
RADIO TRIUMPH 

T ATEST aid to the detection 
of crime in Birmingham 

—ultra high-frequency wire
less service, which the city-
police have recently put into 
operation—was demonstrated 
to the Watch Committee 
to-day. 

The Assistant Chief Con
stable stated that the system 
had led to the arrest of 13 
suspected persons wiihin the 
first 14 days of its use. 

There is a central trans-
mittins station with receivers 
at all police stations. Each 
divisional headquarters also 
has transmitting facilities. 

A number of police cars 
are fitted with receivers and 
transmitters, so that they can 
be in.stantly concentrated 
wherever necessary. 

The use of Uvo wave 
length? enables the system to 
be operated as easily and 
efncicnily ns an ordinarv tele
phonic conversation. Electri
cal energy is supoHed inde
pendent of the public mains, 
and if the central transmitter 
was put out.af action and the 
secondary one also failed—a 
remote possibility—the system 
would continue to operate 
from a mnbil" central control 
set up in a converted van. 
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BIRMINGHAM DESPATCH 14 October 1942 
P O L I C E RADIO

T E L E P H O N E 

K E E P I N G IN TOUCH 
WITH PATROL CARS 

History has been made in Birming
ham in the last fortnight by the in
auguration of a unique pclico radio-
teleplione system. There is no other 
police service in the world wIDi a 
similar svstem operating for, as was 
clearly (reinonstratod to members of 
the Watch Committee and the press 
yesterday this provides a two-way 
means of communication between 
headquarters and patrolling police 
cars, as simple to operate as aii 
ordinary teleplione. 

For the purposes of demonstration 
the chairman of the Watch Com
mittee (Alderman H. K. Goodby) 
was asked to telephone Central 5(X)0 
and ask for "Information Room." .In 
a very few minuteg seven police cars 
were outside the Council House, each 

with its aerial pole fore and aft and 
clearly marked 'Tolica." 

The cars moved off, all bound for 
various widely spread destinations in 
the city. One went out along the 
Bristol Koad, another along the 
Walsall Road, another to Siieldon, a 
fourth to Erdin^̂ îoii, and so on. Our 
car was bound for tlie Holyhead Road 
city boundary, writes a " M a i l " 
reporter. 

As we sped along in and out of busy 
traffic the voice of the Assistant Chief 
Constable at contrQi, control in 
Newton Street could oe clearly heard 
over the loud-.̂ pcaker beneath tlic 
dash-board. 

"Control calling; all cars; calling 
all cars/' came tlio voice. The voice 
then proceeded to call each of tiio 
cars in turn and conduct a conversa
tion with the occupant. 

Then we heard control callintr bnck 
to the leading car (ivhere we did not 
know) and asking for a rendezvous. 
The Hall of Memory was suggested 
and very shortly the seven cars, 
drawn from all corners! of the city, 
were lined up in Bioad .Street. 

So back to police lieudquarters, 
where we saw the other side of the 

pictuie—how one officer at a micro
phone is able to move tho cars about 
the city as easily as pieces on a chess 
board and at the same time talk to 
the occupants. 

Crime Detection 
Hut there is something more than 

JMst an invention in th]9, ineŝ .ice 
system. I t is a remarkable help in 
crime detection and already in Its 
14 days of operation, it lu.s oeerr 
responsible for 13 arrests. The 
system will also be ot in'̂ .'̂ timablu 
value in the cv.Mit of a ll'-.t?.." 

The chief credit for its undoubted 
success must go to Inspector G. 
Brown and his enthunaslic superiors 
who have hacked him up. Inspector 
Mrn\\-n he''nrp T I I O w n r . w n a u r a n i n 
engineer of p~) ycj.r.-' standing. Ku 
iouiea tue City i'olice as a i'ouve 
V.'ar Reserve, "nd for over three 
vcars has been working with a 
haiiJful of men in hi.s own ••mall 
uorkr̂ hop to pi'rfoct the sŷ t̂em. He 
is jiuidest anout his aehicv.Mnont. and 
re£;iir'I> this as ofily tfu) hê nnning. 
iii fact, he visu.TJi^rs tho (|;iv .-.vhcn 
th^ ontrul iviil not only b<' '!))le to 
coTivene with movmc; cars, but will 
be able to see th,-iu well. 

emergency if all alternative methods of communication 
fail. Agreement was reached and such a system was 
developed, It is interesting to note that the scheme utilised 
the duplex mode. 

October 1942 saw the official inauguration of the scheme. 
Some excerpts from the press are reproduced here for your 

delight. One little footnote which appeals particularly to 
Cranks' Corner - at the conclusion of a very successful 
afternoons presentation, tea was served in the committee 
room at four fifteen to about twenty-five persons and the 
caterer's charge to the police was 2/6d per head. I would 
dearly like to know the sort of foodstuff provided at that 
particular 

A LATENT FORCE 
A Spinosa 

The location of the strange events which I am about to 
relate was a small market and mining town in the East 
Midlands; the occasion some twenty years ago. 

I had completed my service as a short term regular in the 
Royal Air Force and, whilst in search of a reasonably 
lucrative position in radio servicing, I had taken a job in the 
service department of the kind of radio and television firm 
which sports a gleaming emporium-style facade. Behind 
that, of course, the accommodation revealed itself as being 
little more than Dickensian. The equipment we used was 
not far removed from that era either. 

The staff was made up of a service manager and three 
engineers who did workshop and mobile duties. The means 
of transport was that style of commercial vehicle that is 
rightly termed a 'sit up and beg' van with no more than a 
vestige of suspension, a fact which aroused one's suspicions 
about the shape of the wheels. 

One morning in the summer, a customer appeared in the 
workshop and entered into conversation with the service 
manager. There was nothing in the man's appearance to 

excite more than a passing glance, aUhough there was a 
slightly conspiratorial air about him and he spoke in 
whispers, hunched forward while his eyes roved about the 
room in a continuous tour of inspection. He was obviously 
of Slavonic origin, but that was not unusual in the area, 
since a small community of Eastern Europeans had settled 
locally at the end of the war and found employment in the 
expanding coal-field. There was nothing remarkable about 
the man's appearance - unless one mentions his strange 
pale green eyes which turned on anyone who addressed 
him in an unblinking cold scrutiny. 

From the conversation which ensued, and to which we all 
listened with interest in spite, or because, of the whisper in 
which it was held, it became apparent to me that the 
stranger had visited the workshop before and was now 
repeating a curious request. It transpired that he was 
seeking the source of a number of permanent magnets, not 
of the types found in common use in electronics workshops 
or physics laboratories, but magnets moulded in the shape 
of spheres. These, he insisted, had to be of various 
circumferences and each magnified to different densities. 
What aroused our curiosity was that the man, although 
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tremendously enthusiastic, knew UtTle or nothing about 
magnetic theory and was very reluctant to reveal the 
application for which the devices were intended,.when we 
broke rudely into the conversation and pressed him for 
more precise information. 

Work came to a standstill. Insead of driving us back to our 
work, the service manager displayed a hvely interest, 
which was understandable when you knew that he himself 
was keen on dabbling in engineering physics and 
maintained a private workshop in which he indulged 
himself in his passion. 

The talk came abruptly to an end when our Slav declared 
that at the moment he was not in a position to answer any 
more questions, but that we could rest assured that he 
would return the following day. Whereupon he departed in 
a flurry of what I can only refer to as panache. 

Sure enough, the next day shortly before midday, the 
mysterious stranger was once more among us. Now, since 
it was close to lunch-time, he agreed to accompany us to a 
small cafe nearby which we normally frequented. The 
proprietress was a motherly soul who had a reputation for 
producing such a palatable plate of the common fried 
comestibles that the establishment was often crowded 
during the lunch break. Unfortunately, much to our chagrin 
but not surprisingly, on the day of which I write, one of my 
colleagues and myself had to sit at a separate table from the 
stranger, the manager and the senior engineer. This meant 
that the remainder of the story had to be gleaned second
hand. The burden of it was as follows -

Just before the war, the stranger related, he had been 
employed in a laboratory at one of the universities in his 
own country - although in what capacity, he failed to 
reveal. As he told this story, he produced a folder of 
roughly stapled blue-prints of laboratory equipment and 
certain peculiar devices which were quite beyond the 
understanding of his audience, even though our Slav 
attempted to explain their basic functions and purpose of 
their design. The central and most important part of the 
system apparently was a piece of apparatus specially 
designed to resemble a miniature solar system, very similar 
to our own. The hypothesis was that it should be possible to 
harness the potential energy latent in this simulated 
universe for the obvious purposes. 

Early experiments in the laboratory, he said, proved quite 
successful and so, confident of greater achievement and 
enhanced results, the scientists involved, instituted a 
further series of trials at higher energy levels. Here our 
Slav waved his hands and rolled his r's dramatically, while 
his listeners hung on his every word. 

These further trials, he went on, commenced in an air of 
euphoria. The participants began to see their names on 
learned papers, there was even talk of a Nobel prize. For a 
short while it seemed that the scientific world was their 
oyster. Our Slav clasped himself with delight, he laughed 
with excitement, his eyes conveyed all that past happiness 
and enthusiasm. But suddenly, his face turned sad. One of 
his fists smote his forehead. Alas... 

There was a malfunction. The experiment became 
uncontrollable. Please God nobody lost his life. But the 

disappointment! Al l their hopes and aspirations were 
destroyed in that terrible explosion. In a fraction of a 
second, all their work - the whole apparatus -
disintegrated into a heap of molten metal and ferric dust. 
The scientists wept, they talked. Should they begin again? 
Where had they gone wrong? Never say die - start again 
like the devoted men of science they were. Back to the 
drawing board... 

But there was no restart, no drawing board. Hitler invaded 
Poland and the War was on, the research team was 
dispersed and now there was only our friend left with an 
imperfect memory of what had been done. 

He rose from the table in that small cafe and disappeared 
much as he had done before. Only this time, he did not 
return and to this day I am plagued by the possibility that 
he was not a crank or an imposter or harlatan and that 
in 1939 in Eastern Europe in a university laboratory some 
dedicated scientists, with our friend among them... 

EDITOR: 
On the Intercom files, there is a signed affirmation to the 
effect that the above statement is the absolute truth. 

CORRECTION 
The editor of Intercom-9 and the author of the article 
Rechargeable Batteries for Telecommunications Equipment 
regret that the following errors appeared in the article: 

1. Page 16 Arrows showing the direction of the chemical 
reactions are missing. They should read: 

2Ni {OH)2 + Cd (OH)2 2 NiO (OH) + Cd + 2H2O 

and 2Ni O (OH) + Cd + 2H2O 

2Ni (OH)2 + Cd (OH)2 + electrons 

2. Page 18 Col.l. CELL POLARITY REVERSAL (Fig 
6) should read Fig 7b. 

3. Page 18 Col.2. CELL CAPACITY should read: 
Button Cells are available in capacities of from 
80mAH to lOOOmAH. 

4. Page 18 Col.2. DISCHARGE RATES Second 
sentence should read - A discharge rate of greater than 
2C can, if repeated, shorten the life of the cell. 

5. Page 20 Col.2. MEMORY EFFECT in the first line 
after "repetitive depth'' the words "of discharge" have 
been omitted. 

6. Page 20 Col.2. PRESSED PLATE OR SINTERED 
CELLS in the second line after "using either" -
''pressed plate or sintered cells. Each type has" - has 
been omitted. 

7. Page 22 - SOME COMPARISONS FOR TYPICAL 
CELLS the comparisons for sealed construction and 
memory have been transposed. It should read 

Sealed Construction Yes Yes Yes Yes 
Memory Yes Yes - No 
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