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A SUSSEX R E F L E C T I O N 
PATROL is the newspaper of the Sussex Police, long 
admired for its professional format and interesting 
contents. During this year, Patrol carried a centre page 
spread on the Directorate of Telecommunications 
men, detached from their Regional Wireless Depot at 
Cranbrook to work at Lewes police headquarters and 
Littlehampton police station. To quote from Patrol — 

"When you are out on the beat on your own, it can 
be very lonely sometimes - as you all know ~ and 
your only constant companion is your car or your 
pocket radio. 

In times of danger or urgency you rely on your radio 
to provide you with instant contact to summon 
reinforcements. To be effective that radio must be 
100 per cent reliable. 

David Hathaway joined the Lewes workshop 
two-and-a-half years ago from an electronic 
research and development firm. He lives in 
Lewes and plays hockey for one of the 
local clubs. 

Working on one of the transmitters at Beddingham hilltop 
site is Mike Blythe, who is now a technician at Cranbrook, 
but was at Lewes for five years up until 1974. 



Senior wireless technician is Peter 
Fudge who has been based at Lewes 
for three-and-a-half years, and is in 
charge of both Lewes and 
Littlehampton workshops. Before 
that, he was in the Home Office in 
Somerset. He now lives in Brighton 
witn his wife and two children. 

Hard at work at Lewes are Tom 
Smith (left and Mike Southall. Tom 
Smith has worked for the Home 
Office for nearly ten years. He has 
been at Lewes for 18 months since 
moving from the Birmingham area. 
He lives in Eastbourne, is married 
and has two children. His hobbies 
are gardening and fishing, Mike 
Southall, who lives at Horam, is 
another keen amateur radio fan and 
has been licensed since 1967. His 
call sign is G3 WWS, He is married 
with two children. 

Malcolm Wright and Colin Manklow 
(left) are both based at 
Littlehamptoru Malcolm has been 
with the Home Office for ten years, 
and for most of that thime has been 
based at Littlehampton, He is 
married and has four children. His 
hobbies are breeding guinea pigs and 
tropical fish. Colin Manklow is 
Hastings born, and has been at 
Littlehampton for more than nine 
years. He is an amateur radio 
enthusiast and transmits under the 
call sign G4 CGV. On his radio 
'travels' he has spoken to King 
Hussein of Jordan. Mechanic Charles 
Mercer (not pictured) is also at 
Littlehampton and is very keen on 
long distance television reception. 
He has televised films from Russia 
and Italy. 
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That vital radio link is maintained by a small band of 
men - 13 in all - who work from the Home Office 
communications detached workshop at Lewes 
Headquarters and at Littlehampton Police Station." 

Patrol has kindly allowed us to reprint the excellent 
photographs which illustrate the article. 

Jeffrey Allchin (right) and Charles 
Keen look on as Paul Shcppard 
operates the coded tone generator. 
Jeffrey comes from Seaford and in 
his spare time enjoys swimming and 
freshwater fishing. Paul Sheppard 
who comes from Horam, has been 
with the Home Office some eight 
years — most of them spent at Lewes 
— and is a keen philatelist. Charles 
Keen joined the Home Office at 
Cranbrook after working for the 
Post Office since leaving school, and 
then moved to Lewes. He is a second 
class British Sub Aqua Club diver. 
Also at Lewes, but not pictured 
here are mechanics Martin 'Gary' 
Garradof Burgess Hill, who worked 
for the Sussex police before joining 
the Home Office, and Sid Stimson, 
who went to Lewes from industry. 
He has been there the longest as he 
started some twelve years ago. His 
hobbies arc motoring and gardening. 

Table tennis enthusiast, Mike Searle, 
has been on the staff at Lewes for 
nearly nine years. He is married, 
has two children and lives at Polegate. 



WORD PROCESSING AND FACSIMILE 

Kim Fisher 

Word Processing maciiines are automatic typewriters 
intended to increase the work output of typists by 
facilitating corrections and the typing of standard letters. 
Automatic typewriters became available in the 1930s 
and by the 1950s were fairly commonplace as machines 
such as the Friden Flexiwriter. These used paper tape as 
the storage medium and the typist, whilst typing 
normally, producing a typed page also cut a tape. Any 
corrections could then be made by modifying the 
relevant part of the tape instead of retyping the whole 
document, much as with a teleprinter, and standard 
letters could have the individual parts typed in while the 
rest of the text could be generated from the tape at high 
speed and without errors. The term Word Processing was 
coined later by IBM to coincide with two significant 
advances in machine design, which were the replacement 
of the mechanical control by electronic control and the 
replacement of paper tape by magnetic storage in the 
form of discs, floppy discs, cards or cassettes. This made 
the machines smaller and easier to use with very compact 
storage capable of holding large quantities of text. In 
modern machines the electronic control is a mini 
computer or microprocessor which enables the machines 
to do much more than just assisting the typist as the 
computer can work considerably faster than the typist 
can enter text. 

the normal letter format. Word processors are more 
expensive than teleprinters, but if their use can be 
justified by the saving in typing effort they can double 
up as communications terminals for little extra cost. 
Many police forces are now investing in Word Processors, 
mainly to generate standing orders, so the possibility 
exists of rapid inter-force communication or low cost 
inter-communication using private wires at night. To this 
end a sample of police forces are cooperating with the 
Directorate of Telecommunications in conducting letter 
surveys. Results so far indicate that about 30% of 
incoming mail is from other forces or other Home Office 
related establishments and of this about 60% would be 
suitable for this sort of "electronic mail". The remaining 
40% contain attachments which could not be generated 
by a typewriter. 

Within force communication would also be possible over 
the force private telephone network if main stations had 
Word Processors. To assess the potential demand for this 
the Kent Constabulary are cooperating in a trial using 
their three existing machines (see Figure 1). As a first 
stage the output of the Word Processors is being 
converted into standard 5 bit teleprinter code using a 

Fig. 1. A non-display word 
processor - supplied by 
Automation and Business 
Systems Ltd. 

COMMUNICATIONS P O T E N T I A L 

One use the computer can be put to in its "spare time" 
is controlling a communications interface which enables 
letters, instead of being printed out locally and sealed in 
an envelope and posted, to be sent to their destination 
over the switched telephone network or a private wire 
and then printed out. Word processors are then being 
used much as teleprinter terminals but have the advantage 
of much higher quality copy with the full upper and 
lower character set available, and the final result can be 
printed with normal type faces on ordinary paper with 

special interface unit which can then be routed over the 
force teleprinter network via the S.E. message switch. 

T Y P E S O F W O R D P R O C E S S O R S 

Word Processors currently available break down into 3 
main classes : -

— stand alone non-display. 
— stand alone video. 
— multi station or shared logic video systems. 
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Fig. 2. A video display word 
processor - the Diamond of 
Data Recall Ltd. 

The first class - stand alone non-display - is the most 
basic costing currently £2000 to £7000 and provides 
hard copy only. Figure 1 shows an example which is an 
IBM golf ball typewriter with an external control box 
containing a magnetic cassette. Such machines allow 
simple editing - insertion and deletion of characters, 
words, lines etc, and a certain amount of format inter
pretation — text may be printed out in a different format 
from that in which it was typed and any re-formatting of 
the document arising from editing changes is taken care 
of automatically. 

The second class - stand alone video - costing between 
£6000 and £ 12000 provides a visible buffer between the 
keyboard and the printed copy and an example is shown 
in Figure 2. These machines allow more advanced editing 
as the area to be modified may be displayed on the 
screen and editing achieved by positioning a cursor 
which allows changes to the text to be immediately 
visible in the surrounding context. If dual storage units 
are provided, as the two floppy discs in the figure, two 
texts may be merged to rapidly produce complex 
documents such as contracts, containing combinations 
of standard clauses. More complex formatting control is 
possible due to the greater processing power available 
and the immediate visual feedback provided by the 
display screen. Also since the printer and screen are 
separate units a document may be printing out while the 
typist inputs the next job (de-coupling printing). 

The third class - multi station or shared logic video 
system costing between £8000 and £13000 allows a 
number of video display units and printers to be 
controlled by a common unit. This may be more 
economic in a busy office and by using large rigid discs 
and a powerful computer enables yet more powerful 
text editing and formatting functions to be performed. 
Printers used with word processors may be daisy wheel 

types as in Figure 2, which have interchangeable daisy 
wheels for different fonts instead of golf balls which 
triples the printing speed to 45 characters per second. 
Alternatively, Inkjet printers are available in which the 
fonts are generated electronically. These achieve a 
further doubling of printing speed to 90 characters a 
second, which is about twenty times faster than a typist 
can work. 

O T H E R APPLICATIONS 

Word processors are basically intended to assist typists -
their manufacturers claiming between five and eight 
times improvement in effective speed. The computer 
control and disc storage, however, can be used for other 
purposes, especially if two discs are provided. Name and 
address may be stored on one disc and a standard letter 
on the other and the machine instructed to produce 
automatically a letter for each address or a sub set of the 
adddress such as all those in one postal district. 
Alternatively, the private telephone directory may be 
stored or staff records and searches performed to generate 
classes of personnel - say, all single males over forty-five 
years of age with less than fifteen years service. Many 
similar applications can be envisaged. 

Another possibility involves incorporating calculator 
type chips in the machine so that standard calculations 
can be performed automatically - such as totalling 
invoices and adding VAT. All this can be achieved with 
very simple involvement on the part of the operator, so 
it can be seen that from humble origins word processors 
have become sophisticated information processors. 

5 



Fig, 3. The Kalle Infotech 
one-minute facsimile 
transceiver. 

F A C S I M I L E 

Facsimile similarly has a long history, dating back to the 
1930s, when it was first used commercially for the 
reception of news photographs, and similarly has 
developed rapidly over the last ten years. The advantage 
of facsimile is that documents can be transmitted without 
any preparation such as typing, so handwriting may be 
tr?nsmitted and copies received without typographical 
error. 

For convenience, business type facsimile machines are 
divided into three groups. International standards now 
exist for Groups 1 and 2, allowing machines of different 
manufacture to interwork, viz: — 

Group 1 - Machines designed to transmit A4 size copy 
over the switched telephone network in 
6 minutes (with a non-standard coarse scan 
facility to achieve a transmission time of 
4 minutes). 

Group 2 - Machines designed to transmit A4 size copy 
in 3 minutes (with a non-standard 2 minute 
facility). 

Group 3 - Machines designed to transmit the average 
A4 document in 1 minute or less. 

In Group 1 machines, frequency modulation of the 
scanner signal is used with frequency limits of 1300 Hz 
(white) and 2100 Hz (black). For Group 2 machines, the 
bandwidth of the scanner signal must be reduced to 
enable it to be transmitted in a 4kHz telephone channel 
and this is achieved by converting it into a three level 
signal (duobinary mode) and then concentrating the 
energy into the middle of the channel by amplitude 

modulating a 2100 Hz carrier, converting this to a phase 
modulated signal referenced to "black" signal and finally 
transmitting the lower sideband only using a vertigial 
sideband filter. ForGroup 3 machines,further bandwidth 
reduction is required. This is achieved by digital processing 
of the signal. The scanner looks for transitions between 
white and black only and thus "misses out" blank white 
areas. The signal is transmitted as a digital sequence, 
employing Huffman variable length coding where the 
more commonly occurring transitions are assigned the 
shortest codes. 

All the above machines are intended for transmitting 
letters and similar documents and do not have the 
resolution for transmitting photographs or highly detailed 
copy such as fingerprints. Their cost increases with the 
sophistication and is about £1000 for a Group 1 trans
ceiver, £2500 for a Group 2 and £6000 for a Group 3. 
Recent advances in automation have made the machines 
much easier to use. Stack feeders are available for 
automatically posting up to 200 documents rather than 
loading each individually and auto answering devices are 
available for completely unattended reception. Alternat
ively, documents may be recorded during the day at high 
speed on to magnetic cassette rather than transmitted 
directly and the cassette transmitted at night to take 
advantage of lower phone tariffs or idle private wires. 

A recent survey of police forces has shown that 19% of 
forces in the British Isles have facsimile machines which 
are used mainly for transmitting criminal records where 
the absence of typographical errors is a prime consider
ation. AH the machines are Group 1 types, but only half 
are capable of interworking as the remainder are too old 
to conform to the CCITT T2 specififcation. 

Facsimile has never proved very popular amongst Home 
Office users partly because the 6 minute machines are 
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found to be too slow. To this end, Northumbria Police 
are cooperating with the Directorate in a trial of Group 3 
1 minute digital machines. Four Kalle Infotech machines 
(see Figure 3) have been installed for a year's trial, 
operating over the force private telephone network. 

T H E F U T U R E 

There are similarities between the scanning arrangements 
used in facsimile machines to those used in office copiers, 
so the possibility exists of a combined machine allowing 
copies destined for onward transmission to be sent 
directly. Word processing machines can transmit 
documents from one to another, but cannot distribute 
incoming documents not generated by a word processor, 
so the possibility exists of combining word processing 
with facsimile. Facsimile is slower than word processing 
as a word processor transmits a character in 8 bits in 
ASCII code, whereas even Group 3 facsimile machines 
use about ten times this. An alternative is optical character 
recognition in which documents are scanned, and the 
scanner output compared with stored patterns so that 
individual characters can be recognised and transmitted 
in 8-bit code. 

These machines are expensive (around £25,000) and 
only recognise a limited number of fonts such as OCR-B 
and Courier and cannot handle handwriting or, of course, 
non-textual information. A development could thus be a 
combined facsimile and optical character recognition 
machine which could send any printed character that it 
recognised rapidly with a minimum number of bits, and 
anything it could not recognise, such as a diagram or 
signature more slowly in the normal way. 

Unlike facsimile, word processing machines require 
trained keyboard operators (who are always scarce) and 
future developments will lead to less operator involve
ment. Ultimate systems would accept the spoken word 
directly. Voice Recognition Systems exist which will 
recognise 1000 or more individual words, but the 
development of machines to recognise random speech is 
still probably many years off, especially for the English 
language, although more phonetic languages, such as 
Spanish, might be more amenable. In the near future, 
the recently invented Enfield Microwriter might offer a 
solution. This is a keyboard having only five keys. Letters 
are formed by the pressing of combinations of keys with 
the fingers of one hand arranged roughly in the shape of 
the character. The resulting machine is very small and 
portable and is claimed to be very simple to use and 
simple to learn. It is said to be capable of forty words a 
minute - which is very comparable with a typist. 

CONCLUSIONS 

Word processing machines are cutting right across the 
traditional boundaries of office equipment, computer 
systems and communications systems. Their future use, 
possibly in conjunction with facsimile, is likely to be 
widespread. 

In May this year, Norman Lee (Senior 
Wireless Engineer) retired. Here Mr 
Neville Morley (Deputy Director), 
after the witty speech which he 
always manages to produce for such 
occasions, makes the presentation 
on our behalf. Glen Stapleton looks 
on. After service in the Royal Air 
Force as a Flying Officer, Norman 
joined the Directorate in 1948 and 
became a Chief Wireless Technician 
at Billinge in June 1958. He came 
to headquarters as a Regional 
Wireless Engineer in 1970. Norman 
won the Intercom crossword 
puzzle competition so frequently 
that we abandoned it in frustration. 
(Photo: Joe Portanier,) 



IT'S A GAS! 
ALTERNATIVE POWER SUPPLY FOR 

COMMUNICATIONS EQUIPMENT 

John Maloney 

The User Aid group of the Research and Development 
Section has considered alternative power supplies for 
communications equipment and an engineering trial has 
been made of a commercially viable thermoelectric 
generator powered by propane or butane gas. It was 
found more rehable than petrol/diesel generators when 
left to run completely unattended - as might be 
required at some isolated sites — but to have disadvan
tages in relatively low power output (up to about 50 watt 
for the equipment tried) and the bulk of liquid gas 
needed for extended operation. 

P R I N C I P L E O F O P E R A T I O N 

The basic theory behind the operation of thermoelectric 
generators has been known for years. This thermocouple 
effect, also known as the Seebeck effect, is that a voltage 
will be generated when one junction between two 
dissimilar metals is hotter than the other junction. 
Practical use of this property has been advancing over 
the past decade, and the application of semiconductor 
technology has made possible electrical generators for 
relatively small amounts of power. This generated voltage 
is proportional to the temperature difference between 
the cold and hot ends on the semiconductor thermo
electric material. Heat in the thermoelectric generator is 
supplied by the combustion of propane, butane or 
natural gas in a low temperature catalytic process. The 
catalyst bed enables the gas mixture to combust at a 
relatively low temperature (about 150° C): in everyday 
terms, the mixture 'smoulders' rather than 'burns'. This 
combustion takes place in completely enclosed chambers 
with long intake and exhaust manifolds. 

T H E G E N E R A T O R 

The generator chosen for consideration was the Telan 
2T5P, model 2T5P24XL, which has a five-element 
burner, each burner providing a nominal 10 watt output. 
Nominal rating: 50 watts at 24V at 2,1A. Tolerance 
l5% at 21°C. Fuel: the P in the model number indicates 
that the generator is suppUed with jets to work on 
propane. B indicates butane and N with natural gas. 
Dimensions: Height 17" (64 cm); length 31" (79 cm); 
weight 1121 lbs (5 1 kilos). It is totally silent in operation 
and there are no moving parts. 

F I E L D T R I A L S 

Using various loads as available, trials were conducted 
during the winter months from 19 January to 30 April 
1976. A suitable location had been sought for the field 

Field trials of the thermo-electric generator at 
Marley Hill Wireless Depot during the winter of 
1975/76. Note that the generator is clear of snow 
and ice due to the heat from the cooling fins and 
exhaust vents. (Photo: Ronald C Pen fold, Marley Hill.) 

trials that would provide the generator with a realistic 
load situation. This was the Home Office Wireless Depot 
at Marley Hill near Newcastle. The generator was supplied 
with butane gas at the start of the trials, as an experiment. 
The generator manufacturers stated that it would be 
unnecessary to change the propane jets for butane and 
only a marginal change in performance would result 
provided that the ambient temperature was above 2"C. 
The generator was sited on a hilltop totally exposed to 
all weathers. Lighting the generator was a simple process. 
An ordinary cigarette lighter or a match held at the top 
of each burner was enough to ignite it. 

Further trials were conducted by the North Wales Police 
during the 1977-8 winter and an enthusiastic report was 
made by the mountain rescue team when the generator 
was used in the Snowdon area. 
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The generator is at present undergoing trials with the 
West Mercia PoUce who are using it to charge the 
batteries of the Incident Caravan. The generator's silent 
and reliable operation should do much to offset 
complaints from the public when a petrol generator has 
been used for the same purpose. 

Thermo-electric generator in use by the West Mercia 
Police at the Three Counties Show Ground, Malvern, 
June 1978. (Photo: West Mercia Constabulary.) 

S A F E T Y AND S T O R A G E 5 

The rules regarding the storage of LPG (Low Pressure 
Gas) Cylinders are rather complex and it is advisable to 
refer to a local factory inspector or fire prevention 
officer for any particular installation. However, the 
following may help as a guide ~ 

* In occupied shop, office or residential premises, a 
maximum of ISkg (33 lbs) of LPG in a single cylinder 
is allowed. -

* In the case of industrial buildings not specifically 
designed for the stowage of LPG, the LPG cylinders 
may be kept when coupled to the device. Otherwise, 
if the stowage is not in a building specially designed 
for the purpose, the cylinders should be kept in the 
open air. 

* The stowage space must have a conspicuous sign 
indicating the LPG's presence. 

* No other highly inflammable liquids or materials 
whose major risk is one of toxicity or corrosivity, or 
cylinders of oxygen, are allowed to be stored with 
LPG. 

* All materials used for the storage place must be non-
combustible. 

* The floor area must be compacted or paved and kept 
clear of weeds, grass and combustible materials at all 
times. 

At least one 2-gallon (10 litre) of water type fire 
extinguisher and 4 lbs (2 kg) dry powder extinguisher 
to be provided and readily available for use. 
If the gas cylinders are involved in a fire and the 
temperature is raised, then there is a possibility of an 
explosion. 
It is worth noting that many caravan dwellers have 
LPG cylinders permanently fitted to caravans and it is 
also common in some dwellings to use mobile heaters 
and domestic cookers supplied from butane or 
propane gas. 

SUMMARY AND COMMENT 

The trials of this type of generator have shown that it 
worked well under hmited trial conditions. It could be 
an advantage to install this generator as a temporary or 
permanent instrument for low power requirements, 
where it would not be economical or practical to install 
a mains supply or a large power system. 

The generator does not require any type of building and 
appears to work well in the open air in all weather 
conditions. It is advisable to mount the generator on a 
small sub-frame for possible adjustment. The generator 
can be installed quickly and brought into operation with 
ease. The generator and gas bottles are no trouble to 
transport by road and could easily be transported by 
helicopter if required. No maintenance or service was 
required during the trials, with the exception of an 
unexplained incident of temperature rise while butane 
gas was in use, the generator was found reliable. 

The principle competing system for the types of use in 
mind (apart from petrol or diesel driven generators are 
solar panels and windmills. We are watching develop
ments in both areas;present indications are that, although 
running costs are 'free', capital costs are relatively high, 
due partly to the additional costs of necessary storage 
batteries. These are needed as back-up power when sun 
or wind are not available. 

RUNNING COSTS - A S A M P L E 

Total days run 
Total gas used in 64 days 
Gas used per day 
Total cost of 646 lbs of gas 
Cost of 10.25 lbs of gas per day 
Electrical energy produced per 

day at 50 watts output 
Cost of 1.2 kwh of commercial 

electricity at 3p per unit 

64 
646 lbs 
10.45 lbs 
£58.81 
£0.93 

1.2 Kwatt hours 

3.6p/day 

It can be seen that mains power is considerably cheaper 
at 3.6p per day against thermoelectric power cost of 93p 
per day for the same electricity used. So, compared with 
other types of power, installation and maintenance, in 
spite of its relative costliness, thermoelectricity may well 
be suitable for some specialised uses. 
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T H E ADVANTAGES OF COMMON 
A E R I A L SYSTEMS FOR 

HOME O F F I C E RADIO SITES 
R.A. Stewart 

The least noticed element in the communications chain 
between control and mobile is the fixed aerial system, 
yet it is one of the links in the chain that can have a 
most profound effect on the range and quality of 
communications. 

It is small wonder though, that aerials attract little 
attention, after all they are only passive metal structures 
clamped to the side of the radio mast. They have no 
knobs or adjustments to 'twiddle' and once installed, 
unlike radio equipment, remain unattended until 
replaced. All this would suggest that the aerial is some
thing of a simple and ideal device; a suggestion far from 
the truth! 

Fig. 1. 

The aerials that are in general use in the Home Office 
schemes (dipoles, groundplane colinears and yagis) have 
high efficiencies and are extremely sensitive to objects in 
their proximity, this includes the mast structure and 
other aerials mounted on the mast. The interaction 
between the aerial and these objects has a detrimental 
effect on the performance of the aerial system. 

An omni-directional aerial such as a dipole can have an 
attenuation to the rear of the supporting mast as large as 
16 dB. Figs 1 and 2 show how the radiation pattern is 
distorted and how the spacing from the mast changes the 
pattern shape. In both these graphs the curve is smooth 
because the mast structure is considered to be a plane 
metal sheet; in practice the lattice construction of the 
mast and other aerials and hardware in the vicinity 
introduce lobes and nulls in the pattern. 

Mutual coupling between the aerial and other objects 
changes the impedance of the aerial. Fig 5 shows how 
the impedance of a dipole (whose impedance in free 
space is approximtely 70 ) changes when placed near 
metal objects whose dimensions are of least wave length. 

Interaction between metal objects and the aerial can 
cause currents to flow in the objects, and any corroded 
or oxidised junctions in the metal will give rise to the 
generation of intermodulation products (I.M.P.). Also if 
discrete transmitter output stages (which are inherantly 
non-linear) couple through two aerials in close proximity, 
I.M.P's are generated. (See P J Bridgeman's article.) 

Fig. 2. 

So, the effect of the supporting structure is to make the 
aerial system radiation pattern unpredictable, and to 
reduce the signal levels in some directions while increasing 
it in others. One way around these problems is to have a 
common aerial array which is designed to minimise the 
effect of the mast. 
Two assumptions have to be made for this approach to 
be feasible : -
1. All channels connected to the aerial require the same 

coverage pattern (either directional or omni
directional). 

2. A suitable means of combining transmitter outputs is 
available. 

Omni-directional coverage is usually required, but even 
where directional coverage is needed, several channels 
usually cover the same area, so a common aerial may still 
be used. Various combining methods are available, which 
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will be the subject of a subsequent article, but it is 
sufficient to say here that these methods work acceptably 
weU. 

Several aerial arrays have been investigated by R & D 
Section: 
Yagis (1), dipoles and a slot panel especially designed for 
the Directorate. 

270° 
90° 

Fig, 3. 

In general aerials which are well decoupled from the 
mast (eg Yagi types) are preferred for building up arrays, 
since their polar response is less affected by the mast 
structure and other pieces of incidental hardware. Fig 3 
shows the response of a slot panel array consisting of 
two tiers of four panels, cophased. There is a 4.5 dB 
mean gain (compared to perfect dipole response) and a 
uniform polar response. Fig 4 shows the response of an 
array constructed of two tiers of four dipoles, the mean 
gain is 2.5 dB compared to a perfect dipole response. 
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The advantages of a common aerial system can be 
summarised thus:-
1. Provides predictable radiation pattern. 
2. I f gain is built into the system lower transmitter 

powers can be used for the same effective radiated 
power. 

3. It becomes economic to use a high quality low loss 
feeder which will be shared by all channels. This type 
of feeder has a solid copper outer and is more 
impervious to the ingress of moisture. It therefore 
maintains its performance for longer periods than 
braided feeder. 

4. The generation of intermodulation products will be 
mainly confined to the combiner system and hence 
more control may be exercised over the intermodula
tion levels. It becomes feasible to keep the I.M.P's to 
50-60 dB below carrier level, which represents a 
considerable improvement over present levels. 

5. The clutter on masts will be reduced and hence the 
number of possible non-linear junctions. 

6. System growth can take place in a predictable manner. 

The common aerial systems under investigation have 
been for transmission. As a second step in this work it is 
intended that the frequency range of these aerial systems 
be extended to include reception, but before such a 
system becomes workable, suitable filters will have to be 
found to keep the transmitter signals out of the receivers. 

R E F E R E N C E 

Report on UHF Main Station Aerial Experiment at CCE 
Harrow. E B Thompson and P J Bridgeman, R&D Section. 
Report No. RD35, Home Office Directorate of Tele
communications. 
P J Bridgeman: Intermodulation Interference in Home 
Office Schemes Intercom-10 December 1977. 
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F E E D B A C K ANALYSIS IN 
TRAINING COURSES 

Len Frankland Les Sharrock 

INTRODUCTION 

The Trainer must try to satisfy the student's need to 
learn and part of the former's skill Ues in identifying this 
need. He must decide what goal he is seeking to reach by 
the end of the training, and must also decide how to 
measure the student's achievements in order to assess 
whether or not the goal has, in fact, been reached. The 
state of a student's knowledge or skill can only be 
realistically determined by observing his performance in 
examination. 

There are many types of test which can be applied, but 
all must satisfy the following requirements:-
(a) They should be quick and easy to mark. 
(b) They should establish to what extent specified 

objectives or goals have been met. 
(c) They should be OBJECTIVE, that is, the marking 

should be standard, and not subject to personal 
interpretation. 

(d) They should be ACCEPTABLE to the students. 
Thus, tests fall into two broad headings intermediate, 
and terminal. 

The staff of the Training Section at the Central 
Communications Estabhshment, Harrow, are always 
seeking new ways to improve the standard of instruction 
given on the various courses; in particular a method of 
applying multiple-choice techniques, which preserves the 
personal anonymity of the student, at the same time 
presenting the trainer with the maximum feedback. 

It was suggested by Les Sharrock CWT of this Section 
that these aims could be achieved by use of digital 
cu-cuitry, and an in-house feasibiUty study was under
taken, which forms the basis of this article. 

R E F E R E N C E S 

Constructing achievement tests. 
Measuring Education Achivement 
Questionnaire design and attitude 
measurement 

N E Gronland 
R L Ebel 

A N Oppenheim 

The Terminal type of test is that with which most people 
will be familiar. The formal examination taken at the 
end of a prolonged period of tuition, eg: City and Guilds, 
etc, which is aimed at finding out the students broad 
depth of knowledge of the subject. 

The Intermediate type of test tries to determine the 
depth of absorption of informationon a particular section 
of a syllabus. 

There are a number of methods available, either the 
formal written test, which can be time consuming, or the 
oral question and answer technique, whereby the trainer 
determines the students progress from answers or feed
back received. 

Recent work by A N Oppenheim has shown that with 
careful design, multiple-choice questions either in 
written or oral form offer the maximum feedback to the 
trainer and hence, the maximum information of material 
absorption. 

The difficulty in answering these multiple-choice 
questions lies in the students willingness or reluctance to 
'make the first move'. There is a psychological barrier to 
overcome. Namely the fear of 'making a fool of oneself'. 

Training ~ Student's control box. 
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R E Q U I R E M E N T 

To provide for a maximum of fourteen students and a 
choice of four answers to any question. The results are 
to be displayed in two forms:-
1. Individually. 
2. As a percentage. 

METHOD 

The heart of the system is the 'D* type flip-flop, (F.F.). 

Briefly, it is known that information stored at the *D* 
input will be transferred to the *Q* output on the 
application of a pulse to the clock input. If the *D' input 
is held low, then a clock pulse will take the 'Q' output 
low, and an LED connected to the positive rail via a 
suitable limiting resistor will fulfil requirement No. 1, 
the individual indication. At the same time, the Q bar 
output will go high, and a potentiometer connected to 
earth will allow the selection of a suitable voltage. (Fig. 1.) 

A total of sixteen F.F's are required for each answer, 
with identical Q bar output voltages. A reset facility is 
provided taking the preset inputs to ground to clear the 
system. 

To fulfil requirement No. 2, groups of four F.F's have 
their Q bar output voltages taken to a summing ampHfier, 
the outputs of these four summing amplifiers are again 
summed to give a final output voltage which is 
proportional to the number of F.F's triggered. This 
output voltage is displayed on a meter. (Fig. 2.) 

Each student has a small control box containing four 
push buttons labelled A.B.C.D. corresponding to the 
four possible answers to the question. These buttons 
provide the necessary clock pulses to trigger the F.F's. 
The box is fitted unobtrusively under the top of the 
students desk so that he may covertly press the chosen 
button. 

It may be wondered why we have sixteen F.F's when the 
requh-ement is for fourteen students. As requirement 
No. 2 is for a percentage representation it is convenient 
to divide the scale of the meter into four equal parts to 
show 25%, 50%, 75%, 100%, thus the output of any one 
of the four summing amplifiers, with four inputs triggered 
will represent 25% of the total. 

These outputs can be switched from the individual boards 
to monitor the percentage answers to the four questions. 
The last two F.F's are permanently triggered so that 
when F.F's 13.14 are triggered the output will still show 
25%. It will be appreciated that the last two F.F's will 
produce an offset on the output voltage reading so 
further circuitry has been designed to cancel this offset. 

But somebody somewhere will be saying 'what happens 
if there are only say, eight students'? How can we obtain 
a true percentage reading? A switching circuit has been 
devised whereby the input triggers from the students 
control boxes are returned to a separate pulsed 5V line. 
The six positions not in use are energised by switches on 
the front panel so as to *enable' the appropriate F.F's. 
Again, the resulting offset voltage at the output is nulled, 
and the meter adjusted to read F.S.D, for the required 
eight students. 

LED 

RESET ^ -
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1 1 1 1 
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SUMMING 

AMPLIFIERS 
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For the future it is anticipated that the analogue display 
will be replaced by a digital presentation and the results 
could be computer-stored for retrieval at the end of the 
course to provide an immediate assessment of the 
students knowledge. 

In conclusion, evaluation of the system overall will show 
that the objectives have been met in that a student is 
able, after selecting the appropriate answer, to indicate 
his choice immediately, and with secrecy. The trainer 
meanwhile is presented with a clear indication of the 
performance of the class as a whole, and of the individual 
responses. He can if warranted modify his methods of 
presentation in order to satisfy the students need to 
learn. 

Training — central control unit. 



ISSUE OF SOUND-SLIDE PROJECTORS TO 
REGIONAL HEADQUARTERS AND DEPOTS 

Bruce Thomson, the Training Officer, told us that during 
June and July this year Bell and Howell 796 Sound-Slide 
Projectors were supplied to the following Directorate 
units:-
Northern Regional Headquarters, Midland Regional 
Headquarters and Southern Regional Headquarters; 
Andover and Bishops Cleeve Maintenance Units; Billinge, 
Bridgend, Cheveley, Cranbrook, Hannington, Kippax, 
Marley Hill, Romsley, Shapwick and Stanton Regional 
Wireless Depots. At the time of going to press, further 
issues were being made to London Depot, Colwyn Bay 
and Tavistock. A 796 model is held in Training Section 
Room 410, Horseferry House. 

• •• . ^ . •- . . ' -. - I D 

Senior Wireless Engineer Bruce Thomson officer in 
charge of training in the Directorate. 

The general issue of these machines will enable supple
mentary training or dissemination of information by 
means of tape/slide packages. A package entitled Printed 
Grcuit Board Repair Techniques has been prepared by 
Les Sharrock of the training staff. Other packages are in 
preparation. 

Training Section are bringing into use a colour video 
tape machine which carry thirty minute lessons. The 
next issue of Intercom will have a short article on the 
use of this machine. 

The versatile slide projector from Bell and Howell now 
in use by the Training Section of the Directorate. 
This model, the 797is automatic and is designed for 
standard rotary slide trays holding 80 or 140 mounted 
transparencies. The sound track and the 1000 Hz 
control impulses which change slides automatically 
in step with the sound are carried on compact 
cassettes. (Photo: courtesy Bell and Howell.) 
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VIEWDATA: INFORMATION S E R V I C E 
Roy Eaton ON T H E S C R E E N 
In its simplest form a computer system consists of the 
computer itself, a means of putting information into the 
computer, a means of withdrawing the information again 
and the interconnecting links between the input and 
output devices and the computer. 

In conventional systems Visual Display Units can be 
used to input and to display data. At about £2,000 each 
however they are expensive for small or intermittent 
business use or for the domestic user. The British Post 
Office have developed a system (originally known by the 
name Viewdata but now being called Prestel) to provide 
a wide spectrum of information to the general public. To 
provide this service at an acceptable cost it is based on 
equipment already found in a large proportion of homes 
in the United Kingdom - the Television receiver and the 
telephone. Users of the service will have to purchase or 
rent a special adaptor which is connected between the 
television and the telephone. Some new television 
receivers have the adaptor built in. Adaptor cost will 
initially be high at about £200 - £400 each but should 
come down considerably with increased production. 
Integrated into a colour television the cost is around 
£700 complete. Connected to the adaptor is a keyboard. 
This can either be a simple one similar to a pocket 
calculator in size and number of keys, or a more 
complex one having full alphabet and numeric keys. 

The computer system itself is Post Office owned and 
maintained. Information suppliers rent space on the 
machine and information users pay for each item of 
information. 

The computer currently holds such things as weather 
forecasts, news, broadcasting and entertainment inform
ation, stocks and shares. Exchange and Mart, Travel 
Information and so on. These are updated as required by 
the provider of the information. 

The data held has to be in a form which is accessible to 
the man in the street, consequently a "menu" approach 
is adopted. Let us look at this a little closer. 

Using the System 

The first step in obtaining information is to open up the 
link between the viewdata terminal and the computer. 
An automatic callmaker is incorporated on the terminal 
adaptor. This automatically dials up the computer centre. 
If the first number is engaged it will try another. 

Once the link is established the whereabouts of the 
required information can be found in one of two ways. 

A written index to information in the form of a directory 
will be available which will enable a specific page to be 
obtained immediately. Alternatively, a *'menu" form of 
index will be presented on the screen, each group of 
subjects having a distinguishing number. Suppose a train 
time is required. 

The index on the screen tells us that Travel is in group 4. 
By pressing button *4' on the adaptor, the screen now 
carries further details of what is available within group 4. 
Timetables could be numbered 2. Pressing number 2 tells 
us that we can look up timetables provided by (1) British 
Rail, or (2) ABC guides. Pressing (2) again gives us a 
breakdown of the ABC guide information and we are 
gradually led through to the particular timetable of 
interest. 

Information Providers 

The data on the computer is made available and kept up 
to date by various companies and organisations such as 
Newspapers, The Stock Exchange, Which? and so on. 
The Post Office charges them for the storage space used 
on the computer at £250 per annum plus£l per annum 
for every frame or page. As the amount of information 
which can be held on a page is restricted (half that of a 
normal visual display unit) the number of pages required 
to hold, say, the Harwell Chemical Information would 
run into tens of thousands. 

Access to the information can be restricted to a specific 
group of users. 

Users 

Each user is allocated a unique number which is used for 
invoicing and access to specific areas of data. The Post 
Office make a charge of 0.5 p per page plus the cost of 
the local telephone call to the computer centre. Added 
to this information providers can charge up to 50p for 
each page. The Post Office present a single bill quarterly, 
acting as agents for the providers. 

Further Facilities 

Interactive facilities can also be provided. These enable 
the user himself to put in information in response to 
questions posed on the screen. Examples are mortgage 
repayment calculations, a high powered calculator using 
the system, and the ability to insert messages in standard 
form, to be passed to another user or users. 

At the present time, it has not been possible to identify 
areas which the User Services could make economic use 
of. However, further developments will be considered in 
this context. 

Details of the Design and Computer system being used 
can be found in the references. 

REFERENCES 

Electronics and Power, June 1977. 
Wureless World, February-May 1977; April-June 1978. 
Post Office Electrical Engineers Journal, April 1978, 
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T H E R A D I O Q U A K E M Y S T E R Y 
Richard E Hill. 

Home Office Public Relations Branch 

For many years 1 have been of the opinion that 
earthquakes may be preceded by warning radio signals or 
phenomena. The task ahead is to establish whether or 
not such *signals' exist and if so proved; to establish, 
through the medium of automatic stations, set up in 
earthquake zones, whether they form any logical pattern 
of occurrence which might form the basis of a workable 
warning system. 

Sheer boredom brought about my precursory brush with 
the subject. 

Some years ago, I was being sent to South America for 
quite another purpose when someone added as an after
thought, "Oh, by the way, you can build us a radio 
station whilst youVe there. We've had a couple of goes 
before, but it's a difficult location in the mountains and 
nothing seems to work. You're qualified for the job so 
pop off to contractors and get everything sent out to 
arrive before you". 

"YouVe joking", I said, "I've never built a radio station 
in my life". "Then you're just the man for the job", was 
the reply. Their faith was faith indeed, far greater than 
my own, but I built the thing, it worked and it still 
works, but commissioning the station was a drag. I could 
only have the use of a transmitter in England during the 
very early hours of the morning, provided that routine 
maintenance could be finished on time and so I sat and 
waited, night after night in my little room, wondering 
over that distance of umpteen thousand miles whether 
anyone would remember me, or would the lure of the 
stewing tea pot prove to be too compelling. But 
remember me they always did, eventually, but I whiled 
away the time Ustening to other stations both AM and 
FM wondering whether anyone in the New World ever 
goes to sleep, for every channel, whether, speech or 
teletype, seems to be loaded soUdly night and day. 

And it was whilst 1 listened, that I heard it - a strange 
'scratching' static of a type that I hadn't heard before. 
Condemn me now if you will, for I cannot remember 
whether I heard it on AM or FM or both, for it was only 
of passing interest, but every now and then in later years 
it worried me. I decided that it was probably due to 
meteorites, but then I had the opportunity to sample 
meteoric noise and found it to be completely alien. 

Thus the matter was virtually forgotten until quite by 
chance two things happened within a couple of days of 
one another. Mr A L Duff, who has a small laboratory 
on the South Coast, showed me that it is possible, with a 
very sensitive, untuned amplifier to pick up electro
magnetic (or electrostatic) signals when smashing such 
unlikely materials as wood or rubber. 1 couldn't believe 

it and whilst I was wondering whether transmission of 
sonic energy to the amplifier had caused the effect, 
(precautions had been taken to ensure that it didn't) I 
happened to read about a terrific earthquake which had 
occurred, a century earlier, right at the spot on which I 
had built that South American Station. Back with a 
rush came the static that I had heard so long ago, and off 
I went with intrepidation to the offices of W H Baxter 
Ltd, mining engineers who are based in Westminster and 
borrowed a variety of pieces of rock ranging from 
volcanic lava to granite. The next weekend I smashed 
those rocks in Mr Duff's apparatus which had by then 
been improved to separate, on tape, the mechanical and 
electromagnetic cracks and low and behold, from the 
granite came the same sort of noise which I had heard in 
South America. Of course one would expect transmission 
from the quartz therein, for there's hardly anything new 
about piezo-electric effects, but the surprising thing is 
that even 'rubbish' such as lava, still produced a reasonable 
signal of the same type. 

Is it possible then that in earthquake zones the rocks are 
always cracking sending out signals without physically 
moving their position? After all, the stored-up energy 
must go somewhere, most of it as heat, but is it feasible 
that some of the billions of megawatts of pulse power 
escapes as radio energy - unlikely, for there can hardly 
be a better RF shield than several kilometers of rock and 
yet 

Thus it came about that I put my ideas to the Global 
Siesmology Unit in Edinburgh. They were very poUte 
and wrote to me, although I feel in their heart that they 
thought that they had yet another nut-case on their 
hands. I make no claim to the contrary, but in order to 
avoid having to trouble them again with a reiteration of 
what I had said previously, I simply asked them if their 
library could trace any correspondence from anyone in 
the world who had reported radio signals behaving 
strangely prior to an earthquake. Within three weeks I 
received a reply giving details of the following letter 
which appeared in the New Scientist 27 May 1976:-

E A R T H Q U A K E 

Sir.—On the night the big earthquake hit north east Italy 
I was listening to the BBC World Service on 9.11° MHz. 
It was 1950 GMT, about 12 minutes before the main 
tremor arrived. I was at the time relaying the received 
AM broadcast over a small VHF relay or repeater which 
normally enables me to listen to the BBC when out in 
the garden. 
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But then I was sitting in my room, the VHF receiver 
only 70cm away from the 100 mW transmitter (92 MHz). 
I used the VHF, because obviously I had been too lazy 
to plug in the line jack. So, as you may imagine, the field 
of HF at the VHF input was very elevated and practically 
immune to outside interference. 

I suddenly became aware of a high pitched, rustling noise 
in the speaker sounding like scrubbing a fine emery 
paper against glass. It occurred at longer and shorter 
intervals for a duration of about 1 to 3 seconds. I first 
thought my transmitter had gone wrong. Accordingly I 
checked the whole VHF Une and found those scratching 
noises on the whole VHF range. But note: the much 
more interference-susceptible AM broadcast kept 
completely clear and clean over all that period. 

After I had checked everything (including the antenna 
connections) I went on listening, thinking that a 
thunderstorm was approaching, which of course was 
absolute nonsense. Lightning strong enough to be 
audible on such a strong FM field makes listening nearly 
impossible on AM. 

At 2000 GMT the news came through on the BBC, the 
noise having then subdued a bit and at 2003 or 4 I heard 
a noise from the adjoining room which later turned out 
to have originated by a picture scratchmg against the 
wall. 

Seconds later the tremor struck. It was strong enough to 
set the lamps moving and to produce a somewhat 
uncomfortable feeling. Half a minute later, the whole 
family was out on the terrace, but nothing further 
happened. 

During the period I experienced the noise, my parents 
were watching TV (500 MHz strong field). I later asked 
them if they had been troubled by white dots and lines 
flickering over the screen (I figured the short pulse noise 
to show like that). To my great surprise they had! 

One minute after the tremor, the channel went off the 
air. They were watching the German Swiss programme, 
brought down to our region by microwave link. The 
other two channels however, being transmitted from the 
same tower kept going. Maybe the operator had the 
pulse interference on his microwave link? A minute later 
everything was back to normal. The noise of course, had 
then disappeared. 

All this leads me to the unlikely conclusion, if one can 
exclude hoax by local interference (it certainly wasn't 
the heating or a passing car) that these pulses reached 
Earth from outer space through the "radio window", as 
AM and ionosphere were completely unaffected. The 
whole story may sound terribly silly to you, but I 
wonder what you make of it? 

Mischa Markert 
Casa Welja 
CH-6653 Verscio 
Switzerland 

I wrote at once to Herr Markert and subsequently went 
to Switzerland to see his equipment. I found a very 
knowledgeable young man with excellent equipment and 
his family confirmed the events outlined in his letter to 
the New Scientist. 

Notice how in that letter Markert refers to the noise 
which he heard as 'a high pitched, rustling noise in the 
speaker sounding like scrubbing (he actually meant 
rubbing) a fine emery paper against glass'. When I read 
that, I wished that I had thought of the simile, because it 
is a good description of what I had heard in South 
America. I persuaded Markert to make me a diagram of 
the equipment which he had been using on the night of 
the earthquake and I reproduce it here together with the 
circuit of the FM transmitter (which he labels as 
'oscillator' in his sketch). The diagram may be of some 
importance as you will see later. 

20 m long wire 

9,410 MHz 
Daventry BBC 

RF 
tuned 

preamp 

PHILIPS 
F M / A M 

DE LUXE 
tuned to 

9.410 MHz 
A M 

FM-Receiver 
tuned to 92 MHz 
to monitor BBC 

output 
200mV 
100kn 

AF 
AF-AMP 

O 
1v 600n 

AF 
OSCILLATOR 

92 MHz 
200mW FM 

-: - c • 

4 inch radiator 

20 inches distances 

Interference sounding like rubbing a 
fine emery paper against glass was 
heard at intervals at -15 to - 20d8 
on the FM 92MHz 
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6.8yH 
< -5VDC 

220pF 

IO^jH 

10 kn 

Bias without RF input 5mA 

Total current dram with 
feedback connected: 

C 22mA 
Modulation 

input: 
500mV AF 

If you refer to the 'New Scientist' letter, you will see 
that Markert detected the interference on his FM 
equipment and not on the AM receiver the output of 
which he was relaying. I tried to get to the bottom of 
thisby asking him if he tuned across the whole bandwidth 
of his AM receiver when the interference appeared. 

He told me that he was very puzzled, for the whole of 
the equipment had been working for a long time without 
any trouble whatsoever. He did what most of us would 
have done. He checked all his connections on the AM 
receiver, the FM transmitter and the FM receiver which 
all happened to be working within a few feet of one 
another (as was often the case). He then closed down his 
FM transmitter, found no interference on the AM receiver 
anywhere on the dial and returned his FM receiver to 
local FM transmissions where he found the interference 
again. It was as though whatever was causing the inter
ference, modulated his own and the local commercial 
FM transmitters. From a theoretical point of view it 
doesn't seem to make sense that some form of interference 
is capable of modulating FM transmitters only. But 
before you say 'rubbish', bear in mind that here is a 
man puzzled by what he has found, not knowing what 
to do next and not (as has so far happened) in a position 
to repeat the experience. 

If one harks back to the story of Barkhausen and Kurz 
in Germany in 1919, they too were puzzled when they 
discovered that a relatively low frequency triode which 
they were testing for vacuum, was, unknown to science, 
capable of oscillating as an electronic oscillator at 
frequencies as high as 600 MHz - an unbelievable story 

when it was first told. But they were in a position to go 
on to develop the Klystron which, years later, more 
than justified their 1919 prophecy of the production of 
frequencies of 3000 MHz. 

So observation is important. I will return to the point in 
a moment. 

At least 3 other people in England were interested in 
Markert's letter to the New Scientist. The first was 
Dr H Aspden in Southampton who has put forward a 
most interesting theory in his book 'Modern Aether 
Science' which links kinetic potential in rocks with 
electromagnetic energy (it's worth reading his fascinating 
book). The second was Ron Ham a very well-known 
observer at Storrington, Sussex, who operates a VHF 
Radio Observatory and is an expert on interference 

produced by the sun, whilst a third gentleman, Michael 
T Deans MA of Chiswick London, has written a very 
complex mathematical paper based on Markert's 
observations. 

Mr Tarn Dalyell MP, who is a regular contributor to the 
New Scientist and has been in contact with Professor 
Linetti of the Seismological Institute in Trieste has 
already made a plea for a European study on the fore
casting of earthquakes. Last summer the BBC took an 
interest in the work of Mr Duff and myself and as the 
result of a ten minute transmission, my attention was 
called to yet another letter in the New Scientist dated 
17 June 1976 from Andrew Nahum of Edinburgh who 
took very much the same line as myself. 
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But it was Ron Ham of Sussex who came forward with 
the most stimulating information. In response to my 
plea, in spite of only having very limited time available, 
he looked back through some old journals to ascertain 
whether anyone had reported anything which might 
substantiate my theory. In the 'T & P Bulletin' of July 
1931, he found W H F Corsham (G2 UV) writing about 
'Earthquakes and Radio Signals' saying that earthquakes 
have a very marked effect on radio signals and goes on to 
outline how in the previous May/June, two earthquakes 
in England disturbed his signals. 

In August, in the same magazine, R L Varney (G5 RV) 
supports what Mr Corsham wrote the previous July, but 
adds - 'THAT AT 00.22 GMT ON JUNE 7', he noted 
that signals were being strangely affected . . . 'AND AT 
00.27 THE HOUSE WAS SENSIBLY SHAKEN BY THE 
EARTH TREMOR' - more or less the experience of 
Markert 45 years later! (It should be added that Varney 
did not state that he suffered interference, he noted 'a 
change from normal reception conditions'). 

In the same magazine in November 1931, Varney of 
Chelmsford is writing again to say that at least two other 
writers (I haven't either the September or October issue 
from which to check) agree with him and then in 
,December comes a letter from H Cherry (ex VU 2 AH) 
who states that the Quetta earthquakes which took place 
in Baluchistan in September of that year most certainly 
affected radio signals. Unhke Markert however, he 
noticed less 'atmospherics', but in common with 
Corsham and Varney, increased signal strength. 

But then in December of the same year we have G6YL 
reporting an earthquake which occurred in New Zealand 
on May 7 producing violent natural static. Reading 
through a whole host of reports recorded in 1931-1932, 
one reads such titbits as 'electrical stress being responsible 
for the distortion of the Heaviside Layer', that 'earth
quakes give rise to a marked increase in skip distances' 
and an interesting account recorded by G2 ZC who 
writes:-

*Tt has practically been decided that earthquakes 
and sunspot activity are closely connected with 
conditions on short waves and the solar cycle, 
published by this group in 1929, seems to be 
following well defined lines, even to the fifteen 
month sub-cycle. It has been advanced that the 
ether may contain 'pockets' similar to those 
experienced in the air and though this subject is not 
a new one, at the same time destructive criticism is 
not strong enough to rule the idea out." 

Little could G2ZC have foreseen the work of Dr Aspden 
whose book deals wtih 'pockets in the ether' and the 
self-imposed task of Ron Ham who is in the course of 
relating ^Vi years of sun spot activity recorded on his 
radio telescope to published data of earthquakes around 
the world. 

To be fair, we now know more about the ionosphere 
than they did in 1931 and some changes in signal strength 
might lie in that direction. But here we enter another 
zone of the unknown, for a team headed by Professor 
Kazutoski Najita of the University of Hawaii in Honolulu 
claims to have devised a method of giving early warning 

of tsunamis (destructive sea waves produced by 
earthquakes) due to their effect on the atmosphere via a 
'secondary gravity wave' which disturbs the ionosphere 
which in turn affects radio signals. In much the same 
way, Dr Tudor Jones of the University of Leicester can 
also detect gravity waves via the ionosphere and was able 
to record the Flixborough chemical plant explosion as a 
direct disturbance. 

So are we all looking at gravity waves and their effects? 
Gravity waves, the existence of which has been so long 
denied by scientists. If so, then 19th Century Aether 
Science, which Dr Aspden revives and which Einstein's 
theories rendered unpopular, must be looked at again. 

I am most grateful to everyone who has taken an interest 
in this subject. Mr Ham in Sussex has shown the way 
ahead, not only in seeking out information from the past, 
but in undertaking to appeal to thousands of people 
around the world through his monthly column in 
Practical Wireless where he will ask readers to send me 
details of any instances which they can quote where 
radio disturbances can be Unked with earthquakes — 
particularly those instances where something unusual 
was noticed prior to the shock wave arriving, or at a time 
in advance of the reported time of the 'quake'. Perhaps 
it will also be possible to interest radio hams in the task. 
But above all it is to Mr Tam Dalyell MP that I am 
particularly indebted, for he has interested Mrs Shirley 
Williams in the work and she has replied saying, in the 
most helpful manner that what needs to be done now is 
to accumulate more evidence that earthquakes affect 
radio signals and that the Post Office and other agencies 
(need I add the Home Office?) concerned with radio 
propagation might be willing to help. Let's hope they 
will, but we more urgently need the help of radio 
operators in the earthquake zones themselves. 

For the moment I need no grant, no buildings, no 
Government handout, all I need isyourhelp. If you can 
in any way link radio performance with earthquakes 
either from your own experience or from old journal 
cuttings please write to me:-

Richard E Hill 
112 Farmcombe Road 
Tunbridge Wells 
Kent, England rs: 

I cannot due to lack of time promise to reply, but with 
your help it may be possible to build up more evidence 
to present to the Minister of Education and Science. 

If there is a precursor of earthquakes and I must 
acknowledge that there is a great difference between 
finding a link between earthquakes and radio signals, and 
the identification of specific signals which precede crust 
disturbances, then it will be due to the help of observers 
that it may, at some time in the future be possible to 
save the lives of countless thousands of people who 
would otherwise have died in a great and lonely agony. 

Two things on this Earth are certain — death and earth
quakes. Most people will wish to leave the length of their 
lifespan in the hands of God, but conversely to know the 
location, date and time of an earthquake would be a 
great boon to mankind although any warning system 
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adopted would have to be reliable, for living in a tent in 
the middle of winter, waiting for an earthquake which 
doesn't come, could not only be a saltatory experience, 
but also one never to be repeated. 

Again this article has not been written in an attempt to 
decry the extensive work based on conventional 
technology which has been conducted, in the main, in 
the USA where great strides in the science of earthquakes 
have been made in recent years. We must, however, 
ensure that minds remain open to new ideas to prevent 
some form of amanuensis wiping out the records of 
observers forty years back or even those of today (New 
Scientist Februay 2 1978) who state that the level of 
water in some wells have been known to change prior to 
an earthquake. Can it be that rock cracking without rock 
movement which causes water to filter in or out of wells 
near the surface of the Earth's crust might also produce 
radio alarm signals? We will never know unless someone 
looks for them in an organised and controlled manner. 

B I B L I O G R A P H Y 
Mischer Markert - New Scientist 27.5.1976 
Andrew Nahum - p664 New Scientist 17.6.1976 
TamDalyellMP - pi 74 New Scientist 21.10.1976 
The work of Professor 
Karzutoski Najita and - p532 New Scientist 2.12.1976 
Dr Tudor Rose 
W E E Corsham - p27 T & R Bulletin July 1931 
R L Varney - p54 T & R Bulletin August 193 1 
R L Varney - pl67 T & R Bulletin November 

1931 
H Cherry - p212 T & R Bulletin December 

1931 
Link between ' - Modern Aether Science 
earthquakes and H Aspden PhD Sabberton 
electromagnetism Publications, Southampton 
New Zealand earth- - p206 T & R Bulletin December 
quake static 1931 
G2ZC report - p387 T & R BuUetin May 1932 
Level of water - Dr Keith Hindley. An Earth-
in wells quake waiting to happen. p230 

New Scientist 26.1.78 

A PERSPECTIVE ON A NEW ENIGMA 
H. Aspden " V . 'V ^ 

Dr Aspden, whose private researches into aether theory 
are mentioned in Mr Hill's previous paper 'The Radio-
quake Mystery', was invited to write this rejoinder by 
the Editor. Dr Aspden is an F.I.E.E. and is the director 
in charge of IBM's patent operations in Europe, 

There are some phenomena in Nature which defy 
explanation. Usually they cannot be reproduced in the 
laboratory. They are important because they are 
destructive and their understanding may depend upon 
the correlation of eye witness accounts by awe-struck 
observers. Atmospheric electrical effects accompanying 
tornadoes or earthquakes are examples but more 
prevalent is the phenomenon of the thunderball. 

I applaud Mr Hill's initiative in seeking data relevant to 
earthquake conditions. If these events are preceded by 
strains in rocks which somehow generate electrical 
disturbances then by sensing these in advance one could 
signal early warning of an earthquake. 

Atmospheric electrical phenomena accompanying earth
quakes have been known for hundreds of years. The key 
question is whether these arise as the strains build up to 
the critical level or whether they follow as the earth 
moves to redeploy its mass in a new state of equilibrium. 

The reference in Mr Hill's paper to the observations by 
Mr Markert is fascinating because the interference 
affected VHF and not AM transmission. Note Markert's 
surprise inasmuch as his experience was that lightning 
strong enough to be audible on FM makes listening 
impossible on AM. The hint of an earthquake phenom
enon causing interference of a kind so easily distinguished 
from normal atmospheric interference surely deserves 
attention. 

Mr Markert detected the interference 12 minutes ahead 
of the arrival of the main tremor and in my exchange of 
correspondence with him he noted that he was 336 km 
from the centre of the earthquake. It does not follow 
from this that the phenomenon noticed by Mr Markert 
could be used in an early warning device. Bear in mind 
that warning is needed by an observer at A in respect of 
earthquakes about to occur at A. The observation by 
Mr Markert may only have been an advance warning at B 
of an earthquake which had already occurred at A. 
Electromagnetic disturbances would travel at the speed 
of light from A to B and so arrive ahead of the earth 
tremor. 

In the absence of further evidence, I tend to the view 
that the particular form of interference detected by 
Mr Markert was generated by, and not in advance of, the 
earthquake itself. Though this may preclude its applica
tion to early warning systems, the observation may be 
extremely important scientifically. If the FM signal is 
affected and not the AM signal this may mean that the 
interference modified the frequency slightly. For the 
frequency of a signal propagating from A to B, two fixed 
points on the Earth's surface, to be affected, leads one 
to suspect that the path traversed is not direct and that 
there is reflection at a moving boundary (the ionosphere) 
and/or that there is a region of varying length in the path 
of transmission within which the speed of propagation is 
different from its normal value. In other words one 
could suspect a kind of shock wave in the aether which 
affects the transmission transiently during earthquake 
conditions. 

It is appropriate to mention that the word 'aether' or 
'ether' has been out of fashion in physics for many 
decades. It has been driven out by the terminology of 
relativity and hardly any use of the notion of an aether 
is to be found in modern books on physics. Nevertheless, 
as Nobel prizewinner Dirac pointed out in Scientific 
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American (p.50, May 1963), one can overcome the 
difficulties of reconciling the idea of an aether and 
Einstein's theory. More recently Sciama, writing in New 
Scientist (p.298, 2 Feb. 1978) under the title The Ether 
Transmogrified', has given cause for reviving aether 
theory. His point is one of definition of aether, thus: 

'Of course if one is allowed to give the ether whatever 
properties are required to account forelectromagneric 
phenomena no difficulty with the concept need arise.' 

Undoubtedly the aether regulates in some way the speed 
of electromagnetic waves. As a medium permeating the 
vacuum it can presumably be disturbed by shock waves 
set up by earthquake conditions. The aether is also 
capable of storing energy and can create from this 
energy pairs of electrons and positrons. Such an aether 
must have a characteristic frequency, that of a photon 
having the energy equivalent to the rest mass of the 
electron, as determined by the law E = Mc^. Dimension-
ally, frequency relates energy and angular momentum 
and this means that the aether, in storing energy, can 
exhibit a proportional angular momentum. The aether 
then becomes a powerful medium having an important 
role in the creation processes in Nature and occasionally 
manifesting itself in violent circumstances, characterized 
by rotation. The testimony in support of such an aether 
comes from the enigma of: 
(a) The angular momentum of the solar system 
(b) The nature of thunderballs 
(c) The properties of tornadoes 
(d) Electrical disturbances associated with earthquakes. 

For example, if the Earth is pervaded by an aether which 
shares its rotation and an earthquake occurs which 
releases energy and changes the Earth's moment of 
inertia and so its speed of rotation, then the adjustment 
by the aether must involve disturbances which are likely 
to affect radio transmission. 

Of course, this is speculation and it is only by beUeving 
that the aether has a real existence that we can formulate 
its properties and relate these to observation. Yet 
scientists in the last few decades have shunned the aether 
and invented all kinds of explanations for enigma such 
as those menrioned above. 

Read, for example, chapter 1 of R A Lyttleton's book 
entitled 'Mysteries of the Solar System' (Clarendon Press, 
Oxford, 1968). Lyttleton discusses the origin of the 
solar system, an unresolved problem complicated by the 
fact that all the planets orbit about the Sun in the same 
direction as the Sun's rotarion. The source of the angular 
momentum of the solar system and the planets' 
disproportionate share are quite perplexing. It is a great 
mystery, the subject of all kinds of speculation, and yet 
the possible role of the unseen aether in providing the 
balance (and possibly by its electrical actions even 
accounting for the formation of the planets) is not even 
mentioned. 

Then read chapter 4 in the same book, which speaks of 
the nature of the comets, another enigma which defies 
explanation. Comets vary in size as they orbit around 
the Sun. They are virtually transparent and their masses 
are negligible in spite of their sometimes enormous size. 

Could they be spheres of aether in slow rotation? 

Turn next to a popular and very readable book entitled 
'Tungusta, Cauldron of Hell' written by J Stoneley and 
published in 1977 by W H Allen & Co Ltd. It is, in the 
main, a documentary account of an event which 
happened in Siberia on 30 June 1908. The sub-title reads 
'It came;it destroyed;it vanished'. There was tremendous 
destruction in this remote and unpopulated region 
caused by something falling from the sky. It was not a 
meteorite because it left no crater and no trace of 
meteoritic substance. Stoneley discusses all the theories. 
It was a mini-black hole. It was anti-matter. It was a 
comet. It was even a very large thunderball. All the recent 
thunderball theories are discussed except the one I 
presented in New Scientist (p.42, 4 Jan. 1973) suggesting 
that a thunderball is a rotating aether sphere. Thunder-
balls are glowing spheres which occasionally appear 
during thunderstorms. They can travel through walls, 
floating slowly around until, eventually they appear to 
become unstable and vanish, sometimes explosively. 

Another interesting account appears in the research 
literature. It is an article by Vonnegut enritled 'Electrical 
Theory of Tornadoes' and is in the Journal of Geophysical 
Research (p.203, vol. 65, 1960). Vonnegut speaks of the 
mysterious energy source in tornadoes and argues that 
the energy really comes from the electrical discharges we 
associate with thunderstorms. However, the source of 
the very substantial and destructive angular momentum 
of the tornado is a problem. It may arise from a 
concentration of the angular momentum of an ordinary 
whirlwind or, as Vonnegut writes: 

'it is possible that the vortex is initiated directly by 
electrical energy.' 

Vonnegut also remarked that: 
*an understanding of ball lightning may very well be 
necessary if the tornado puzzle is to be solved.' 

Such is our state of knowledge of these very destructive 
phenomena. Yet in all cases we may well wonder whether 
the mysterious angular momentum is sourced in an 
aether medium set in rotation and developing electrical 
phenomena. The aether has served us well as the carrier 
medium for radio communication. I believe it can serve 
in other fields, possibly the energy field, if only we can 
see that the enigma described begs us to believe in its 
existence. Yet the word 'aether' is taboo in modern 
physical description. It is indeed gratifying to read in 
Mr Hill's account that he discovered a G2ZC Report 
which spoke of 'pockets' of aether in relation to 
phenomena connected with earthquakes. Perhaps we will 
hear more about the aether in the future, hopefully by 
taking due note of Nature's warnings in case this may 
help us avert a major disaster. 

I conclude by thanking Mr Hill for the interest he has 
shown in my ideas. 

* Should any reader be interested in my suggestion 
that electrical actions m the aether could have 
accounted for the creation of the planets I will be 
happy on request to send a copy of a paper entitled 
'Space, Energy and Creation', the subject of a recent 
lecture to a university audience in Cardiff. My address 
is: Acres High, Hadrian Way,Chilworth, Southampton. 
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THANKS 
We would like to say a public thank you' to those 
people who have helped improve the appearance of 
INTERCOM. 

In every organisation there are always one or two people 
who go unnoticed but whose work is largely unrecognised. 
Such a one is Mr J A W Portanier who over the years has 
produced many photographs for us, working mostly in 
his spare time and often defraying his own expenses. Joe 
Portanier as Chief Wireless Engineer heads the 
Directorate's Post Office Services. His help has always 
been unstinting and generous. 

Recognition should also go to the unnamed members of 
the Home Office Design and Illustration Branch who 
have done so much to heighten the standard of our 
illustrations inside INTERCOM and who have brightened 
our covers with special designs. They have often produced 
drawings at very short notice and have done so with 
enthusiasm. 

Chief Wireless Engineer Joe 
Portanier who has done so much 
to help INTERCOM with his 
camera since its inception. 

ONE DEPARTING 
EDITOR 

Peter Watts who as editor produced the first copy of 
INTERCOM in January 1972 is retiring from the Service 
in 1979. During the production of this twelfth issue he 
has handed over the production of the magazine to 
Mr L F A Smith. Watts had previously been the editor of 
the first issues of the Police Research Bulletin. 

It is perhaps worth noting that the Cassandras of 1972 
predicted that we would not get past producing the first 
two copies. If Len Smith is offered the same co-operation 
on the part of authors as offered to Peter Watts, 
INTERCOM will continue for a good few years yet. 

On departing, Peter Watts would like to convey his 
thanks to all those readers, particularly those overseas, 
who have written to him offering encouragement and 
interest. 

Deputy Director Peter Trodden and Principal Stanley 
Klein (Administration) toast Cyril Hutchings, retiring 
Higher Executive Officer, at headquarters back in June. 
Cyril told us that he was planning to live in the 
West Country (he was born and bred in Plymouth) where 
he will continue to be a keen radio ham and 
cultivate his garden. Sounds pretty near to paradise 
to us. We can remember Cyril when he came to the Home 
Office as a young man after the war and served with us 
in Aliens Department. A goodly crowd gathered to wish 
him well. We have heard from him since he went West 
and he says he's thriving. (Photo: Joe Portanier.) 
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H E R E AND T H E R E 

Mike Phillips (Chief Wireless Engineer) does 
some explaining to the Duke while Rod Stewart 
(Senior Wireless Engineer) stands by. (Photo: COI.) 

Communications 78 in the spring of the year saw the 
^ , , . international exhibition for the first time in 

Birmingham. Here Ray Stoodley (Chief Wireless Engineer) 
has the Duke of Kent's absorbed attention, while Cliff 
Wilson looks on. (Photo: Central Office of Information.) 

24 



Mr J R Cubberley, Director of Telecommunications 
says farewell on behalf of us all to Jofin Harris, 
Chief Wireless Engineer, Southern Region. (Photo: 
Joe Portanier.) 

TO THE FAR-FLUNG OUTPOSTS 

Since the start of Intercom back in January 1972 the 
criticism that we do not publish enough material from 
the regions has been levelled at us - and quite rightly in 
our opinion. 

The obvious riposte is that if the regions want to see 
more of themselves in their magazine all they have to do 
is to write something for it. So these few lines are in the 
form of a begging letter. It is not that we are short of 
articles for the journal - just that we would like to see 
the task of writing for the magazine more evenly spread. 
The reason why the bulk of our material comes from 
headquarters is that more editorial pressure may' be 
brought to bear on would-be authors more easily. 

The main complaint of our writers is that there is no 
time. We are all too well aware of this and can only 
warmly thank those officers who give us some of their 
valuable spare time to write for us. 

The kind of material we are looking for is anything 
connected with the work of the Directorate which will 
be of interest to the rest of us. We would also like some 
lines on the private interests of members. Jim Luxton's 
interest in vintage wireless equipment has kept us all 
interested for a good many years. With techniclal 
material, the drill is for the author to have his lines 
approved by his superior officer. At headquarters this 
means the appropriate deputy-director. 

So - support your magazine. If you want any advice or 
help, we are more than ready to give both to you. 

"Envy not my departure, your turn will come" - Senior 
Wireless Engineer Ted Morgan, Regional Wireless Engineer 
Gus Baker, Regional Wireless Engineer Ken Staves, 
Chief Wireless Engineers Cyril Bell and Ray Stoodley 
wish John Harris well on his retirement. Mr Harris 
was Regional Wireless Engineer Cranbrook in 1962, 
went as Senior Wireless Engineer to Harrow in 1969 
and ended his career as Chief Wireless Engineer. 
Southern Region. (Photo: Joe Portanier.} 
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Communications 78 Birmingham - Deputy 
Director Robin Hughes (Field Services), 
Chief Wireless Engineer Michael Phillips 
and Senior Wireless Engineer John 
Maloney (Project Officer) explain the 
successful underwater communications 
for police divers to the Duke of Kent. 
(Photo: Central Office of Information.) 

D U K E OF EDINBURGH AWARD 
From our Hannington Depot during the year came the 
bright news that nineteen-year-old Zoe Biggerstaff (a 
clerical assistant in the stores) had won the Duke of 
Edinburgh Gold Award. She went with her mother to 
Buckingham Palace and chatted with the Duke in the 
white drawing room. 

Such awards are not new to Zoe, for, while a pupil at the 
local Clere School, she received bronze and silver awards 
under this scheme. 

For her gold, exhibiting enviable energy, she spent each 
Sunday for two years visiting the mentally handicapped. 
She also belonged to a badminton class, went on a fifty 
mile expedition into the Brecon Beacons and took part 
in a residential course at Calshot, taking advantage there 
of the dry ski slope, archery and cycle track. For her 
design for living project, she took human protection as 
her subject. Congratulations, Zoe — you've done our old 
hearts good. 

STUDY 

This year three Directorate men have been awarded their 
baccalaureate of arts by the Open University. Senior 
Wireless Engineers George Reynolds (Harrow), Derek 
Theobald (Weyhill) and Roy Eaton (headquarters) have 
devoted about fourteen hours a week on the necessary 
study. This has often meant seven evenings a week at 
their desks. They should surely be congratulated if for 
nothing more than sheer tenacity. 

Not satisfied with what they have attained, all three of 
them have decided to take the next step and go for 
honours. When I put it to Roy Eaton that study must 
have become a habit with him, he said: 'Tt becomes a 
way of life. You get hooked on it." So - the best of 
luck to all three for their next success. 

26 



CRANKS' CORNER 

Jim Liixton 

B A C K T O T H E B E G I N N I N G 

Jotting down tliese notes during a glorious summer's day 
with the sun beating down, and only the gentlest of 
breezes playfully wafting the warm air to the sound of 
murmuring bees, which as always are busy buzzing into 
each flower, spreading the scent of summer blooms 
throughout the garden, I perceived high above me two 
very white clouds, so absolutely still that I had the 
impression they had been painted on to that blue bright 
dome of a sky. 

Both clouds were irregular in outline and, as I lay there 
contemplating this peaceful scene, I became aware that 
one of the clouds undoubtedly bore a similarity to the 
shape of a man's head. In fact, shifting my position 
slightly and squinting with one eye shut, I was startled 
to realise that this cloud bore a most striking resemblance 
to none other than our most revered editor! (The old 
tired model, not the bright new young one). 

The coincidence of this phenomenon staggered me 
completely. You see, unhke the ancient Romans, who 
could detect an omen in almost anything that occurred, 
I really do not believe in signs and omens and yet, here is 
the strange part, only a few days earlier I had been 
reminded by the editor that my article for the next 
edition of Intercom was somewhat overdue. He also 

informed me that this was not the first reminder he had 
issued. You will now understand, dear reader, the reason 
why on this most pleasant of summer days, I am jotting 
down these notes. Ah, well - back to the beginning 
again . . . . 

We were very interested to learn from the Greater 
Manchester Police of their participation in an event that 
took place during July at the Flower Exhibition, Piatt 
Fields, Manchester. The police exhibition highlighted 
some of the numerous and varied involvements in which 
the police are expected to participate complete with a 
complement of vehicles and peripheral equipment 
utilised. Of particular interest to Intercom was the 
display Walk Through Time with G. M. P., in which 
various pieces of wireless equipment, both old and new. 

were shown in order to contrast the considerable 
improvement both in size and performance during the 
last thirty years. For your delight, we show some photo
graphs kindly donated by the Greater Manchester PoUce. 
We understand that the display was well received by 
Police Officers and members of the pubhc. 
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/ Part of the Greater Manchester Police 
' ^ , .T] Exhibition mentioned by Jim Luxton. As 

^ you can see, Walk Through Time with 
GMP was an appropriate title. It was 
an interesting and varied show of 
past equipments. Many an old radio 
man must have looked at the display 
with something like nostalgia. (Photo: 

, Greater Manchester Police). ,-.,u?=tr? • 

Back to the beginning again, and again . . . . this time we 
are indebted to George La Foley, now enjoying the 
fruits of retirement, for the following details which he 
supplied, appertaining to our present VHF radio 
telephone county schemes, and how they all began. 

It appears that, during 1943, members of the Home 
Office communications section at London headquarters, 
established a mobile radio system, contained within two 
vehicles and consisting of a base station with control 
point in one vehicle, and the petrol-engined generator 
plus all the ancillaries in the other. The two vehicles 
would then be able to provide radio coverage in 
conjunction with any mobile vehicle equipped with two-
way radio. 

The purpose of this mobile system was to estabUsh 
communications anywhere in the south of England 
during the invasion period of 1944, particularly in the 
event of normal communication channels being knocked 
out by enemy action in any area important to the 
invasion effort. 

All tests proved satisfactory and the two vehicles, 
complete with a number of other vehicles, were put into 
service. In addition, two further base station mobiles 
were obtained on a loan basis. 

During standby periods and with the three mobile base 
stations set up on the chosen positions expected to give 
the best coverage pattern over the required area, other 
experiments were carried out with the object of extending 

- * 
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the area of coverage. One of the experiments, namely 
offsetting the three base station transmitter frequencies 
and the utilisation of receivers as link units for control 
purposes, formed the basis, albeit in simple form of the 
system developed later for present use. And, indeed, the 
results obtained were so successful that the system was 
demonstrated to police force chiefs, whereupon it was 
agreed this system would be acceptable for county area 
communications. 

Many county area coverage tests were carried out for 
police forces in England and Wales, and the very first 
county to become operational utilising this method was 
Hertfordshire, inaugerated in 1946 by the then Home 
Secretary. 
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DATA SWITCHING 

The title "Data Switching" implies the need to switch, 
eg paths through an equipment or lines in a network. It 
is proposed to consider networks first in order to set the 
overall scene. 

A network is required if it is desired to interconnect 
several equipments. A simple arrangement is the star 
network (Fig. 1), If equipment 1 wishes to inter
communicate with equipments 2 or 3, it does so through 
the control node. However, if control or a link fails, then 
the equipment connected to it is isolated and, therefore, 
these are often dupUcated in order to improve reUability. 

E l 

Control 

Fig. 1 - S t a r n e t w o r k 

An alternative arrangement is the ring network (Fig. 2). 
Each equipment communicates directly with the others, 
but, if a particular channel fails, an alternative path exists, 
thus providing for reUability without resort to dupUcation 
and therefore minimising cost. 

A highly reliable system could be designed such that an 
alternative path always exists; the natural form of this is 
a hexagon shape (Fig. 3). However, in general, a network 
of this sort would only be implemented if the requu*ement 
was for survivability rather than reliability because of 
the high cost of links and control system. 

Fig. 3 - Hexagon s h a p e d n e t w o r k 

Designs are often based on the ring or star networks of 
Figs. 1 and 2. The particular implementation being chosen 
to provide the desired degree of reliability (or availability). 
It may be helpful to state the common reUability 
formulae. They are:-

e"Xt 

1-e-t/e 
^ - X t ( l - M ) 

where R is mission reUability, X is M'lBF and t = mission 
time . . . . . 

M is maintainabiUty, 6 is mean active repair time 
A is availability 
e is 2.718 ^ ; . : . • . 

If t is in hours, M T B F must be in hours and mission 
reUabiUty will be stated as the percentage chance that 
the equipment wiU work for the mission time t, which is 
itself chosen to suit the application eg an 8-hour shift. 

If two equipments are connected in series, both must 
work and total reUability R T = R A R B where R A and Rg 
are the individual reUabilities. 

Fig. 2 - Ring n e t w o r k 
If two equipments are connected in parallel and only 
one must work for the system to function, then 

R T = R A + R B - R A ^ B . 



Availability is calculated for series and parallel connec
tions in similar manner. The series connection resulting in 

Ax = A A X A B . 

A few calculations will show whether a particular network 
or equipment configuration will give the required system 
availability and what the line and equipment reUabiUty 
and maintainability will have to be in order to achieve 
this availability. 

The traffic carrying capacity of the system is important 
in the overall system design and once again the total 
capacity is affected by the capacity of the individual 
components. It follows therefore that these capacities 
should be balanced if the system is to be tuned and the 
overall cost minimised. 

There are many factors to be taken into account. Suppose 
calculations or estimates show that with 95% certainty 
the traffic on a particular route will be 2.0 kbits/sec, 
then the line provided could be one circuit of 2.4 kbits/ 
sec or two parallel circuits of 1.2 kbits/sec since both are 
available from the Post Office and being of standard 
speeds, the modems required are also available. Cost 
would be balanced against rehability. 

A more compUcated problem is the provision of the 
switching requirement or nodes. The capital cost is high 
and therefore it is important to size or proportion the 
component parts correctly. The first requirement 
therefore is an understanding of the purpose for which 
they are to be used and then to assess as accurately as 
possible the total loading on the equipment, the loading 
on individual parts of the equipment, the total delay 
that can be tolerated through the system and, hence, in 
the equipment and its components, the degree of 
reUability required, cost and so on. Important factors in 
all this are the assessments of the expansion in traffic 
resulting from possible increased usage and decisions on 
the technology to be used. 

In general cost wiU increase with increasing reUability 
because the component parts must be more reliable or 
duplicated. In addition, cost wiU increase with increasing 
speed of operation and decreasing delay for a given 
amount of traffic because faster components are required. 
However, improved technology bears on the latter and 
the matter is not so clear cut as it may seem. 

For example, speed of transfer of information through a 
switching node is dependent on the switching method. 
Circuit switching as employed in electronic telephone 
exchanges may take a few hundred nano seconds, packet 
switching a hundred or two milliseconds and message 
switching from a second or two to an hour or more, 
depending on the equipment and its loading. Each 
method has its advantages and its disadvantages; each 
may be the correct method for a particular use; each is 
dependent to some extent on the speed of its components 
and each is dependent to some extent on the language 
and composition of its programmes and protocols. 

It will be apparent that the application for which the 
system or network is to be used is important when 
considering what response time can be tolerated. Thus, 

delays longer than 15 seconds are not generally suitable 
for conversational working; delays of more than 4 seconds 
are generally too long for a conversation requiring the 
operator to retain information in his short term memory 
and even 2 to 4 seconds can be inhibiting if the terminal 
operations demand a high degree of concentration. For 
elaborate terminal activities, 2 seconds represents one of 
Miller's step down discontinuities. A comparison of 
Command and Control operations of about 2 seconds 
and PNC enquiries of about 5 seconds wUl serve to make 
the point. Response time, by the way, can be defined in 
a number of ways, but generally, for our purpose, we 
might specify: that time from pressing a key to initiate 
an enquiry to the time the first character of the answer 
appears on the enquUer's screen. . 

Although it is useful to know the average response time 
of the system, obviously a more thorough understanding 
wiU result if the distribution of response times is known. 
If, for example, the mean response time is 2 seconds, it 
could be undesirable if some similar transactions took 
15 seconds. The operator might wonder what had gone 
wrong and initiate another enquiry, for example. It is 
here then that it is useful to know if the distributions are 
Exponential, Poisson, Linear, WeibuU or what-have-you. 

There are nine critical factors, any one of which can 
produce a bottleneck. They are:-
a. Processing unit core store 
b. Processing time in computer 
c. Peripheral file storage, eg discs 
d. Channel utilisation 
e. Utilisation of access mechanism or read/write heads 
f. Communication line utilisation 
g. Utilisation of devices used in transmission, eg 

concentrators, buffer storage etc. 
h. Terminal utiUsation 
i. Capability of terminal operators. 

The behaviour of most real-time systems varies with the 
load handled. The utilisation of some elements of the 
system does not vary uniformly with load. Queues build 
up, storage becomes filled, paths are occupied and so on. 
Some typical curves are shown in Figs. 4 and 5. 

Suppose enquiries from a large population of users occur 
randomly. Any particular enquiry wiU have the same 
chance of occurring at a particular instant in time as at 
any other instant, ie the probability of the enquiry 
occurring at any instant is constant, with low probability. 

Since the population is large, more than 30 may be 
taken to be infinite for practical purposes, generally it is 
reasonable to assume that the behaviour of each user is 
independent of the others and that, therefore, enquiries 
are initiated and terminated randomly throughout the 
day. In order to size the communications utilities (core 
store, lines and so on) we need to know how many 
enquiries may be expected to arrive at any time. In the 
circumstances described above, ie random arrivals from 
effectively an infinite pool, the probability of having any 
particular number of arrivals in a given period of time 
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can be determined from the Poisson distribution. The 
distribution is tabulated and is very useful in queuing 
theory. -

If the distribution of arrivals is Poissonian, the distribution 
of inter arrival time is exponential. Here we deal with 
continuously varying values instead of the Poisson 
histogram, ie we consider the distribution of the time 
between arrivals and plot the probability that they are 
less than specific values, eg the percentage less than one 
second, two seconds and so on, choosing the time scale 
to suit the application. 

of congestion with message switching may not be 
immediately apparent because network transit times are 
comparatively long and the message is queued at the first 
node and transmitted when capacity is available. Messages 
often vary considerably in length and, if one of, 
considerable length is transmitted, other users waiting to 
use the facility must queue until it is free. Systems 
transmitting mixed length traffic such as letters, telex 
and VDU can be at a disadvantage, although this can be 
mitigated by assigning priorities. However, more about 
message length later. 

l oo 
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Fig. 4 - Comparison of Routing Methods in 25 node -
Packet Swi tch ing Network , 

In some cases, the population contending for service is 
finite, eg 12 terminals sharing a communications line, 
and several special considerations result. For example 
a. The maximum size of queue is Umited (to total 

population size) 
b. The arrival pattern tends to the constant because 

the fact that an item is in the queue has a significant 
effect on the time of the next arrival. 

Some special techniques are available to solve some 
finite problems and graphed results are often used, due 
to formulae complexities. 

Two of the techniques for passing messages through a 
network are message switching and packet switching. In 
message switching the whole message is accepted into 
the system and transmitted as an entity. The messages 
are placed in secondary storage, eg disks, in every 
switching node through which they pass and the disks 
are proportioned to ensure acceptance at the highest 
loads to be carried. Elaborate procedures are employed 
to ensure message integrity and the messages are held by 
the network until the addressee is ready to receive them. 
The accent is on reliability rather than speed. The effect 

In packet switching systems, the original messages are 
broken into packets of known maximum length, often 
of 128 or 256 characters and with a fixed format leader. 
The packets are not put into secondary storage, which is 
slow, typically tens of milliseconds, but into primary or 
core store with a switching time of microseconds. 

In terms of network errors, the chances of corruption 
are less because the storage time is shorter and the 
probability of corruption during transmission is the same. 
Network corruption can be corrected in real time by a 
re-transmission from end to end since they are held at 
source until acknowledged as correct by the destination. 

The packets are short and of defined length and, 
therefore, queues are short and storage requirements low. 
Input messages are rejected when a predetermined level 
for the network is reached and below this level perform
ance is virtually constant. 

m 



Fig. 5 - S o m e Typical Response Curves for M e s s a g e Swrtching 

a is fairly stable (a good design) 
b is less stable, ie all right for two transactions but four 

transactions result in a sharp rise in response time. 
Also the standard deviation has risen severely. 

10% will wait for 16 seconds ^ 
5% will wait for 22 seconds. 

i 

The purpose of packaging the messages is to allow the 
time multiplexing of the original messages from many 
users on a single high-speed channel, but, because the 
packets are of fixed length, the error detecting codes can 
be chosen to suit the packet length and the kind of 
channel being used. Cyclic (Bose Chauduri) codes are 
generally used; they may be regarded as a particular 
implementation of the Hamming codes. 

There are a number of network routing methods within 
the predetermined and adaptive philosophies (Fig. 4). 
Choice depends largely on the desirable packet 
acceptance, complication, cost and availability required. 
In a network which provides alternative routing, eg as in 
Fig. 3, packets belonging to the same message can be 
delivered to the destination by different routes; these 
routes may allow faster or slower transfer so that the 
packets arrive out of sequence. In failure conditions, 
either at a node or m a link path, it is possible that a 
packet is irrecoverably lost or, alternatively, a duplicate 
is generated, so that two identical packets are delivered 
to the destination. Time out and out of sequence 
conditions require recovery procedures. 

The protocols which control the passing of packets 
through a network have recently been agreed by the 
CCITT and will be implemented by the Post Office in its 
future data switching networks. They are covered in 
recommendation X25 and make use of the HDLC frame 
structure which has itself been implemented m the 
American ARPA net. 

Although some studies comparing message and line 
switching have been carried out, until recently packet 
switching has not been included because of the difficulty 
of accounting for message reassembly delay. In a study 
by Miyahara, Teshigawara and Hasegawa, however, a 
method of analytically describing reassembly delay time 

c dangerous. The system will seize up at four 
transactions second. 

in packet switching has been presented which allows the 
three methods to be compared and evaluated under the 
same conditions, ie the characteristics of delay time and 
traffic throughout are obtained according to the variation 
of traffic and average message length. In order to present 
the results of the study in an easily understandable 
manner, the network model and an outline of the 
switching methods considered are described first. 

The network comprises several switching nodes inter
connected by high speed transmission lines. A du*ectory 
routing procedure is used to decide the route to send 
messages at each switching node, ie the routes are 
predetermined according to a source and a destination 
immediately after the messages are generated and, 
therefore, a route can be considered as a single sequential 
network as shown in Fig. 6. 

In the model, messages arriving at the source N i are 
transmitted to a destination node Nn and pass through 
n - 2 intermediate switching nodes. At the node Ni, the 
messages arrive through the input line with an average 
message rate X i and through other incoming lines with 
average message rateXi*. 

If qi defines the rate of traffic to be sent from node i 
through output lines other than that between Ni and Nn, 
then the traffic flowing between Ni and Nn resultant 
from all traffic arriving at node i , is given by 

X i + 1 = (1 - q j ) ( X i + Xf) where (i= 1,2 ...,n - 1) 

= (A proportion) (of all incoming traffic). 

Having set the scene, the mathematical work which 
follows, although complicated rather than difficult, will 
be avoided by describing the transaction process for each 
switching method and presenting the results in graphical 
form. It should be noted that differences in transaction 
detail can occur in practise, but the aim here is to 
compare typical processes in order to compare basic 
parameters. 



We describe the message transmission procedure as 
(a) Header bits are added to the messages arriving at the 

source node. The messages are then transmitted 
through the intermediate nodes in store and forward 
manner without being divided up. 

(b) Acknowledgements (ACKs) are sent between nodes 
only when the messages are received correctly. If 
the ACK of a message is not received at the sending 
node before a predetermined time out interval is 
exhausted, the message is retransmitted. 

(c) Acknowledgements have priority over normal 
messages since ACKs are sent prior to messages, but 
messages are not interrupted by ACKs if the ACKs 
arrive during the transmission of the message. 

The assumptions made are that of message independence 
(due to Kleinrock), that buffer capacity in the switching 
nodes is infinite (almost true in good designs) and that 
each switching node has several input lines. The message 
arrival process is assumed to be Poissonian. 

P A C K E T SWITCHING 

Messages arriving at the source node are divided into one 
or more packets for transmission in the network. The 
maximum length of a packet is fixed and packets can 
have variable lengths if they do not exceed the fixed 
maximum length. Message independence is assumed with 
respect to packet length as is the Poissonian arrival 
process of packets since the process is the superposition 
of several point processes from the different input lines. 
The packet transmission procedure is that ACK packets 
have priority over message packets. 

When a request to transmit a message from a source Ni 
to the destination Nn occurs, an Inquiry Message (IM) is 
transmitted in a store and forward fashion from Ni to 
Nn with a common signalling channel exclusively 
dedicated as part of the transmission Une capacity Cj^. It 
reserves an unoccupied channel at each node in order to 
set up a path. The path from Ni to Nn cannot be set up 
unril IM arrives at Nn. Once the path has been set up, a 
Response Message (RM) is delivered from Nn to Ni in 
store and forward fashion similar to IM. After RM arrives 
at Ni, a message is transmitted at the same speed as in 
the local network. After having transmitted a message 
through the path from Ni to Nn, a Disconnect Message 
(DM) is transmitted from Nn to Ni in the opposite 
direction of the path and the sequential process to 
transmit a message is completed. The time which is 
required from the rime when a request to transmit a 
message occurs to the time when it becomes possible to 
transmit a message is called Set-up Time, 

The process of transmitting a signalling message at a 
node i can be modelled as a tandem queue: the first 
stage corresponds to the process in which an Inquiry 
Message reserves an unoccupied channel and the second 
stage corresponds to store and forward signalling 
transmission via the common channel. 

The assumptions are that a number of channels m exist 
in the nodes, that message length is exponentially 
distributed and that the lengths of all signalling messages 
are the same. 

The comparison and evaluation of the three switching 
methods are considered from various viewpoints. Trans
mission delay time and throughput characteristics are 
calculated with respect to the variation of traffic and 
message length for each method, assuming that there is 
identical distribution of message length and arrival rate 
from a source. The transmission rate of the lines and the 
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number of nodes from source to destination are taken as 
parameters common to all three methods. Message length 
is assumed to have an exponential distribution (often 
true and usually a worse case). 

It is found that 
(a) in comparing message transmission delays of 

message switching when the average message length 
is fixed 
1. Packet switching has smaller delays at lower 

line utilisation; 
2. As the line utilisation becomes higher than at a 

specific value, this characteristic is reversed; 
3. As average message length increases, the cross

over points more toward higher line utilisation. 
(b) Line set-up time in line switching is almost constant 

with regard to variation of message length and traffic 
as long as the line utiUsation is less than the point at 
which the rate of change is greatest. As message 
length becomes longer, the point moves towards 
higher line utilisation and then returns to a lower 
utilisation, ie to maximise line utilisation, it is 
necessary to ensure that the ratio of signaUing 
channel capacity to the total channel capacity is 
correct. The point at which the rate of change of 
line set up time is greatest occurs at approximately 
0.9 times the saturation point of the line. 

(c) The method which has maximum throughput 
depends on message length. For short messages, 

- message switching and packet switching are better; 
- for long messages, line switching is better. 

(d) The rate of increase of message transmission delay 
to number of transmission nodes is least in packet 
switching. 

The housekeeping bits are considered in the range of 50 
to 100 bits in the case of store and forward procedures 
in practical computer networks. In time sharing systems, 
where terminals are used in the conversational manner, 
the average message length can be estimated at less than 
10^ bits. Consequently, the store and forward systems, 
especially packet switching, are effective since it is 
characteristically stable to variation of average message 
length within some 3 x 1 0 ^ bits. However, if messages 
are more than several thousand bits long and should be 
sent at the same time, eg in file transfer or RJE mode, 
line switching is more usefuL ^ 

The resuUs are obtained by setting the system parameters 
C H = 48 kbits, and Cs = C L = 0.05 C H (where C L = Tx 
rate of data channel and Cg = Tx rate of signaUing 
channel), but, if these parameters vary in the practical 
region, the general characteristics and relative positions 
of the methods are maintained. It follows, therefore, 
that to choose the switching method best satisfying 
certain service grades and having a maximum throughput, 
the traffic characteristics of the users must be analysed. 
In examining the switching systems with respect to costs 
and reliabiUty in the future, a design theory with 
integrated viewpoints on computer networks including 
hybrid switching with the merits of store and forward 
and line switching, needs to be studied and established. 

It is intended in a later article to describe the X25 
interface mentioned in this article. 


