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mis TF 2015

‘awider view
of signal generation...

The TF 2015 is a versatile 10-520 MHz signal generator with  frequency and the synchronizer will finish the job for

calibrated a.m. and f.m. and an accuracy of output level you. Now you can change the frequency by up to 29
setting normally found only in instruments costing three using the decade dials without touching the generator -
times as much. A special system gives very fast tuning and all to an accuracy of 2 parts in 10", It stays locked
across the bands yet provides smooth control within the all day and doesn’t degrade any aspect of the

narrowest of passbands. Leakage radiation is carefully generator performance.

screened out to enable accurate measurements to be made I.F. Probes

even at levels below 1uV. These are an invaluable aid to the testing of receivers

Matched Synchronizer

The clip-on Synchronizer TF 2171 transforms the
performance of TF 2015 into the equivalent of a
synthesizer at less than half the comparable cost.
The frequency is locked to crystal stability and
can be dialled in 100 Hz. steps. Tuning is quick
and easy - set the decade dials, switch to “‘lock”
and tune the generator to the approximate

with squelch or battery economiser circuits.
These circuits are inactivated when the crystal-
controlled signal from the probes is brought into
the proximity of the receiver’s i.f. strip. This
makes it easy to tune the generator to a receiver
when its channel frequency is unknown. The
probes can also be used to check exact tuning by
adjusting for zero beat.

E 3
M. THE SIGNAL GENERATORS

MARCONI INSTRUMENTS LIMITED

Longocres, St. Albans, Hertfordshire, Englond, AL4 QJN - Telephone: St. Albans 59292. Telex: 23350.

A GEC~Marconi Electronics company.
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FREQUENCY

ACCURACY

SINE QUTPUT
DISTORTION

METER SCALES
SIZE & WEIGHT

TG66B

LEVELL

PORTABLE INSTRUMENTS

BOR DICADE CACHLARON TY9F Tabes
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LOW COST
OSCILLATORS

FREQUENCY

ACCURACY
SINE OUTPUT

DISTORTION

SQUARE OQUTPUT

SYNC. QUTPUT

SYNC. INPUT
METER SCALES

SIZE & WEIGHT

TG200 TG200D

£69 £73

1Hz to 1MHz in 12 semi-decade
ranges. O to 1% fine control
included on TG200DMP.
*+2%+0.03Hz.

7V r.m.s. down to <200uV with Rs
=6001Q.

<0.1% to 5V, <0.2% at 7V from
10Hz to 100kHz.

TG200D, DM & DMP only. 7V peak
down to <200pV. Rise time
<150nS.

>1V rm.s. sine in phase with
output.

+1% freq. lock range per volt r.m.s.
TG200M, DM & DMP only. 0/2V,
0/7V &—14/ + 6dBm.

260mm x 130mm x 180mm
4.3kg.

TG200M TG200DM TG200DMP

£84 £88 £92

FREQUENCY 3Hz to 300kHz in 5 decade ranges.

0.2Hz to 1.22MHz on four decade

controls. ACCURACY +29% *+0.1 Hz up to 100kHz,

+0.02Hz below 6Hz. increasing to * 3% at 300kHz.

f?é/igf/i(:::r?oeo'l;tzot; %%%HEHZ SINE OUTPUT 2.5V r.m.s. down to <<200uV.

+3% above 300 kHz. ' DISTORTION <0.2% from 50 Hz to 50kHz.

5V r.m.s. down to 30uV v5vith Rs=60012. SQUARE QUTPUT 2.5V peak down to <<200uV.

15% from 15Hz to 15kHz. '

28.%‘?/0/21 Y Shz and S 50kHz SYNC. OUTPUT 2.5V r.ms. sine.

2 Expanded voltage &—2/ +4dBm. METER SCALES 0/2.5V &-10/+10dBon TG152DM.

2500 83 0 5 XChmim. 2k SIZE & WEIGHT 260mm x 130mm x 180mm. 3.4kg.

TG66A TG152D TG152DM

Battery £I 80 Mains & £I 95 Without £5 With £69
model battery model meter _ meter

LEVELL ELECTRONICS LTD.
Moxon Street, High Barnet, Herts. EN5 5SD

Tel. 01-449 5028/440 8686

Prices inciude batteries and U K. delivery. VAT extra. Optional
extras are leather cases and mains power units. Send for data
covering our range of portable instruments.
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The world Over_ For high quality electronic valves,
semiconductors.and integrated
circuits — and the speediest service —
You get the specify Haltron. It's the first choice of
Governments and many other users
throughout the world. Haltron product

best SerVice quality and reliability are clearly
confirmed. The f{c::iuct rangtratis very,
de. And Haltron expo
from Haltron :i;)ye‘r’:ilseewil?surely meet y?our

requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,

' Electron House,
Cray Avenue, St. Mary Cray,
Haltron Orpington, Kent BRS 30..
' Telephone : Orpington.27099
Telex: 896141

WW—032 FOR FURTHER DETAILS
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Our Dome Tweeters have reached
< the pinnacle of success..

KK 7 DOME TWEETER

4 and 8 ohm versions

The latest addition to the range. For use in
systems up to 40 watts RMS and available in both

KK 8 DOME TWEETER

Two models are available, suitable for
use with systems up to 50 watts or
alternatively, 80 watts. 4 or 8 ohm models
can be supplied.

KK 10 DOME TWEETER

Similar to the KK 8 but with narrower
sound dispersion angle. Available in both
50 watt and 80 watt versions, with
4 or 8 ohms impedance.

Isophon have been manufacturing loudspeaker
drive units for over 50 years and regard their
dome tweeters as one of their biggest success
stories. Loudspeaker manufacturers in countries
throughout the world now incorporate one of
the above dome tweeters in their system
designs.

WW—043 FOR FURTHER DETAILS

For further information on these dome tweeters and
other loudspeaker drive units manufactured by
Iscphon, complete the coupon and post to

HAYDEN LABORATORIES LIMITED, 4
Hayden House, Churchfield Road, 4
Chalfont St. Peter, Bucks, SLY9EW. ¢
Tel: Gerrards Cross (02813) 88447 y
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Why scrap good
MoNo cameras?
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EEVis still making

image orthicons.

9EV

Why change equipment which has many more years
of useful life ahead?

EEV is still making image orthicons in very large
numbers. And we’re constantly developing them with
improved performance.

So you can be sure of continuity of supply of high-
quality 3"and 43" tubes.

Our prices are competitive. Our service backup
is worldwide. All the knowhow and skill of 24 years
production goes into every EEV image orthicon.

Our tubes are all you need — to keep
on getting good pictures, colour or
black and white, from older
generation cameras.

Write for data and
prices. If you have a specific "4
requirement, contact your 44
local EEV agent or call
Camera Tube Sales at
Chelmsford, England.

EEVand M-OV know how

Members of GEC - turnover £1902 million

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777, Telex: 99103 Grams: Enelectico Cheimsford. S &C E
WW—006 FOR FURTHER DETAILS




Notawin on the pools, atrip to
a Pacific paradise. or areduction
In income tax, but distortionless
“currentdumping’’.

Z’'s 1104 are the four passive
components which interconnect the
currentdumpers, (the output
transistors which supply the
power), to the small high quality
amplifier which provides the
error signal, so that when the
above condition is met the
current in the load, the loud-
speaker, is independent of the
currentin the dumpers and hence
distortion is solely dependent

on the quality of the error
amplifier, which tecause it is
small can be very good

Wonderful indeed.

For further details on current
dumping and other Quad products
write to Dept. WW

The Acoustical l\/Ianufacturmg Co..
Ltd., Huntingdon. Cambs.,
PE187DB Telephone (0480) 52561

“Something wonderful
happens when Z1Z3=25Z4

3K Elektor Electrorics
Magazine No. & Dec 1975

for the closest approachtothe original sound

for twenty-five years

QUAD /s a Registered Trade Mark
WW—007 FOR FURTHER DETAILS
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once is enough!
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Perfect reproduction stems from creating
a perfect system and then

recreating the memory contents exactly.
A plaster cast makes a fairly good replica

of an original, but it is far from perfect.

To improve the replica, you must improve the cast.
It is the only way.

At Otari, it is our fundamental policy to plan on
the basis of creating extremely accurate, MX-5050-2S MX-7308
highly precise data recqrders and duplicators.

Only by concentrating in this way on the heart of

the duplicating process can we provide product which

fill the professional’s need for the most perfect

reproduction of live sound that is possible.

Trust through experience — one encounter
with OTARI equipment and from then on,
You will trust the OTARI name.

0/TAR 1|

OTARI CORPORATION: 981 Industrial Road, San Carlos, California 94070, U.S.A. Phone: California 415-593-1648 Telex No. 259103764890 OTARICORP SCLS
OTARI ELECTRIC CO., LTD 4-29-18, Minami Ogikubo, Suginami-ku, Tokyo, 167 Japan Phone: (03) 333-9631 Cable: OTARIDENKI TOKYQ Telex: J25604 OTRDENKI

WW— 075 FOR FURTHER DETAILS
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® AM/FM m:
® Easy to oper

® Low cost

New from Dana is the Cushman CE-15 spectrum analyser, with a total range of 1 MHz to 1 GHz.
Portable 12-volt operation is offered as an option, making it a valuable tool in radio service work

Interlocked controls ensure simplicity of operation, and levels from +20 dBm to -115 dBm can be
measured directly from the display, which has a range of 70 dB.

Measuring only 240 by 220 by 470 mm, the CE-15 takes up little bench space and, weighing in at
13.6 kg, is easily carried. How have you managed (so far) without one?

Makers of High-quality Instruments : Frequency Counters
. Digital Voltmeters
Dana Electronics Ltd., Waveform Generators
Collingdon Street, Communications Test Equipment

® Luton, Beds. Telex : 82430  Microwave Counters
Others measure by uUS. Telephone : 0582 24236

Frequency Synthesizers

WW—063 FOR FURTHER DETAILS
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delay in completion of larger
warehouse, catalogue will be
delayed by up to four weeks — sothere’s still
time to order before publication and get your pack of ten
super special offer coupons, giving big discounts on ten different
popular items. YOU COULD SAVE POUNOS! — SO DON'T DELAY —
FILL IN AND POST COUPON NOW!
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Catalogue includes a very wide ra nge of
components: hundreds of differe nt capacitors;
resistors; transistors; I.C’s; diod es; wires and
cables; discotheque equipment; organ components;
musical effects units; micropho nes; turntables:
cartridges; styli; test equiprmen' t; boxes and
instrument cases; knobs, plugs; and sockets;

audio leads; switches; loudspe: akers; books; tools —
AND MANY MANY MOR

Our bi-monthily newsletter kee :ps you up to date with latest
guaranteed prices - our lates' ; special offers (they save you
pounds) - detaiils of new proje cts and new lines. Send 30p
for the next six issues {5p dis/ :ount voucher with each copy).

ELECTROMIC SUPPLIES |

P.O.BOX 3, RAYL EIGH, ESSEX SS6 8LR

Shop: 284, _ondon Fload, Westcliff-on-Sea, Essex
{Closed on Morday) Tel ephone: Southend (0702) 44101

WW — 016 FOR FURTHER DETAILS
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F. M. TUNER MODULES BY
These mo dules arre fully assembled, tested and guaranteed 4 )
units, as feature:d in our tuner. Designed by experts in ca% 6 { ”

integrated circtnt  technology and applications, they
represent the finest available modules, ideal for

incorporatic )1 in'to top quality home built systems. The Electronic Design Specialists
M1 MAI'N TUNER MODULE £28.50
includin, g ten turh manual tuning pot
M2 STER 'EO DECODER £7.60
including L.E-D. ndicator All items (except Mb) are available in kit
form, or as individual |.C.s, P.C.B.s, etc.
M3 PUSH BUTTON PRE-SELECT UNIT £15.95 Full metalwork and teak cabinet is also

i & provision i i
six channel provision for manual tune available to complete the finest tuner on

the market today.

M4 REGUL ATED POWER SUPPLY £6.30
20v, 100mA output, 240V input WATCH FOR FURTHER
ADDITIONS TO OUR RANGE
M5 TOUCH TUNE PRE-SELECT UNIT £17.54

A touch switch ed replacement for M3

Wirite for full lists today

K. N Fully illustrated leaflets describing the above modules are
T avail ible for the asking j @

A bo oklet 1s available for 50p (post free U.K.) Fully

y————

(m ! descril‘?ing the completely updated tuner. Prices subject to 33 Restrop View

E==-J 12.5%> VAT Purton, WILTS
== SN5 9DG

HIGH POWER DC COUPLED AMPLIFIER

' | S e UP TO 500 WATTS RMS FROM ONE CHANNEL
DC-COUPLED THROUGHOUT
%% -4 ‘v

OPERATES INTO LOADS AS LOW AS 1 OHM
i FULLY PROTECTED AGAINST SHORT CCT,

T " %3 YEAR WARRANTY ON PARTS AND LABOUR
The DC300A Power ¢Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Resear.ch applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC t¢> over 20,000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while dei'ivening its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has establisihed the DCZ00A as the world's ileading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts; RMS into a 4 ohms load, and still providing a bandwidth down to
DC. Below is a brief sp ecification of the DC300A, but if you require a data sheet, or a demonstration
of this fine equipment pl ease let us know.

* % %

Power Bandwidth DC-20kHz « 150 watts + 1db.  Odb Stewing Rate 8 volts per microsecond

Power at clip point {1 chan) 500 watts rm's into 2.5 ochms Load impedance 1 ohm to infinity

Phase Response +0. —15 DC to 20kHz. 1 watt 802 Input sensitivity 75 V for 150 watts into 8
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short. mismatch & open cct. protection
Damping Factor \Greater than 200 DC t0 1kHz at 802 Power supply 120-256V. 50-400Hz

Hum & Noise (20-20kHz) +At least 110cib below 150 watts Dimensions 19" Rackmount, 77 High. 93" Deep
Other models in the range: D60 — 60 w 'atts per charninel D150 — 150 watts per channel

Other models available from 100 watts to 3000 watts

@O MACINNES LABORATORIES LTD, | MACINNES FRANCE

Macinjpes Houge, Carlton Park Industrial Estate Paris 75019 F
—— Saxmujndham, [Suffolk IP17 2NL. Tel: (0728) 2262 2615 L ol o Wil

WW—008 FOR FURTHER DETAILS
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AC/DC BREAKDO AN LEAKAGE & IONISATON TESTER

lon out your

The AVO Breakdown and lonisa-
tion Tester RM215-L/2 is specifically
designed to help solve all manner
of quality control problems.

It measures resistive leakage
current under both AC & DC voltage
testing conditions as well as total
AC leakage current. Test voltages up
to12 kv DCand 6 kV AC are con-
tinuously variable and breakdown
current level is adjustable up to
1 mA. A built-in loudspeaker gives
audible detection of ionisation and
there are connections for earphone
or an oscilloscope.

The circuit features low internal
resistance yet at the same time
limits the maximum output current,
even at short circuit.

With the RM215-L/2 you can
carry out general flash testing,
measurement of breakdown voltage
—~even after breakdown-and the
detection (and counting) of spurious
flashovers.

Equally suited to both destruc-
tive and non-destructive testing,
the RM215-L/2 is a piece of test
equipment you carnot afford to be
without. If you have some problems
that need to be ‘ioned out, get in
touch for full details.

APPLICATIONS

Flash testing of electrical ccmponents.

Measurement of breakdown voltage on electrical
components and marerials.

"Measurement of insulation resistance at high
voltage.

Measurement cf d.c. leakage current.

Measurement cf a.c. leakage current and total
current.

Non-destructive insulation testing of materials
and components.
Detection of ionisation in electrical assemblies.

Designed to meet B.S, VD.E.and
|.E.C. Safety Requirements.

Avo Limited, Dover,Kent.
Tel: Dover{0304) 202620.

Thorn Measurement Control
fiom and Automation Division.

WW047 FOR FURTHER DETAILS

quality control problems
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>
fﬁ M"'; Type H3020 -1

Single pen
Specification
Basicerror............. 2.5%
Sensitivity . . ........... 8mA F.S.D.
Response . ... .......... 0.2 sec.
Width of each channel . . . .. 80mm
Chart speeds. selected by
pushbuttons. ......... 0.1-0.2—-0.5-1-2.5—
—5—12.5—25mm/sec.
Chartdrive............. 200-250v 50Hz

FAST RESPONSE STRIP CHART RECORDERS

Made in USSR

Tel. 01-727 5641

Available for immediate delivery

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF

TR SN

Type H3020-3

Three-pen

Recording: Syphon pen directly attached
to moving coil frame,
curvilinear co-ordinates

Equipment:  Marker pen. Timerpen, Paper footage

indicator, 10 rolls of paper. connectors,
etc.

K320-1: 285x384x16.5mm
H320-3: 475x384x16.5mm
PRICE: H320-1 £108.00
H320-3 £160.00
Exclusive of VAT

Dimensions:

Telex: 261306

WW—041 FOR FURTHER DETAILS

Problem

Where to obtain a low-cost device to use as a linear
output stage for mobile and marine radio under
SSB conditions.

Solution

M-OV long-life beam tetrodes.
A single TT21/22 gives
100W PEP at 1200V H.T.
and one TT100 delivers
180W PEP at 850V H.T.

EEVand M-OV

know how
Members of GEC
turnover £1902 million

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE. E
Tel: 01-603 3431 Telex: 23435. Grams: Thermionic London. SEC

WW-—004 FOR FURTHER DETAILS

new automatic modmeter

A
Acromatic Moduation Meter @ Q

Coatd 2= @ fornell modet Avi-B

Frequency range 1.5GHz to 2GHz

A.M. and F.M. measurement over full range
Automatic tuning and level setting

Pasitive indication of lock and level

Psophometric ‘A", 750,:S de-emphasis and standard
audio weightings

Remote control of all functions
Mains/battery version available (AMM—B)

Rackmounting option (AMM—R)

Details from:-
FARNELL INSTRUMENTS LTD.
SANDBECK WAY WETHERBY
WEST YORKSHIRE LS22 4DH

Do
© Hamell
TEL: 0937 3541 TELEX 557294

WW—025 FOR FURTHER DETAILS
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JointheDigita
Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
televisi-on, automotive instrumentation . . .

Each of the 6 volumes of this self-instruction course measures
113" x 8%’ and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra, to memories,:
counters and simple arithmetic circuits, and on to a complete
understanding of the design and operation of calculators and
computers.

‘Design of Digital Systems.

plus 80p packing and
surtace post anywhere in
the world.

Payments may be made in
foreign currencies.

Quantity discounts
available on request.

VAT zero rated.

Also available — a more elementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics.

in 4 volumes: £4.20

plus 80p P. & P.

1. Basic Computer Logic

2. Logical Circuit Elements

3. Designing Circuits to
Carry Out Logical Func-
tions-

4. Flipflops and Registers

Offer Order both courses
for the bargain price £9.70,
plus 80p P. & P.

Designer These courses were written so that you could
teach yourself the theory and application of
Ma“ager digital logic. Learning by self instruction has the

Enthusiast advantages of being quicker and more thorough
than classroom learning. You work at your own

Scientist speed and must respond by answering questions
Engineer on each new piece of information before
Student proceeding to the next.

Guarantee—no risk to you

If you are not entirely satisfied with Design of Digital
Systems or Digital Computer Logic and Electronics,
you may return them to us and your money will be
refunded in full, no questions asked.

- D S T —— ———— — — — ——— — —
To. Cambridge Learning Enterpnises. Dept COM

FREEPOST, St. lves. Huntingdon. Cambs. PEV17 48R l
Please send me . . .

e - set(s) of Design of Digitat Systems at£7.00 each, l
p & p included

or ... set(s) of Digital Computer Logic and Electronics at £5.00 each, l

p & p included

or...... combined set(s) at £10.50 each, p & p included
Name . . .

Address .. . ... L0

“delete as applicable
No need to use a stamp — just print FREEPOST on the envelope.
wwi
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Gardners

- TheBest
of British

ENCAPSULATED POWER SUPPLIES
iy DC Input — NV Converter Series
® Fully stabilized

® Input/output isolation
® Short circuit protection
® Fully shielded, low radiation
® Commutation spikes less than 20 mV P-P
TYPICAL
Cat. No. Nomunal DC OUTPUT REGULATION (Volts)’

Input Voltage Volts Amps LINE LOAD
NV7300 5 2x15 0.25 .006 006
Nv7308 5 180 0.05 2.5 2.5
NV7312 12 5 1.00 .005 .024
NV 7314 12 2x 5 1.00 .005 .024
NV7317 12 6 1.00 .009 021
NV7319 12 2x 6 1.00 .009 .023
NV7323 12 2x12 0.50 .014 .01
NVv7328 12 2x15 0.50 .019 on
NV 7336 12 24 0.5 .07 .09
NV7342 24 5 1.00 .004 .024
NV7344 24 2x 5 1.00 .004 .024
NV 7349 24 2x 6 1.00 .008 .023
NV7353 24 2x12 0.50 010 012
NV7357 24 15 1.00 024 021
NV7358 24 2x15 050 .015 .012
‘NV7366 24 24 0.5 .07 .09
NV7368 24 50 0.25 .3 .2
NV7372 50 5 1.00 .002 .024
NV7383 50 2x12 0.50 .007 .01
NV 7388 50 2x15 0.50 .010 012
NV7396 50 24 0.5 .07 .09
*NV7398 50 50 0.25 3 .2

Based on ambient 20°C, 100sq. in heatsink
*modules facilitating polarity changes
Additional designs are fully described in GT.218. ___

AC Input — Minimod Series T 7

® P.C. mounting interchangeable B ’)|}
with most American types W {
Linear stabilization b PO

Foldback current limiting
Wide temperature range
Modules available for U.K.
(210-250v), European (200- i
240v) and American (106-121v) requirements
® Supply Frequency 50-400Hz

ouTPUT Short Circuit % Regulation

Type Current mA line & load
number Voltage* Amps (Typical) (Typical)
PUO1 5 0.5 370 0.3
PLO2. 5 1.0 770 0.5
PULO3 15-0 15 0.10 37 0.1
PULO4 15015 0.20 84 0.1
PULOS 12012 0.12 45 0.1
PLO6 12012 0.24 120 02
PUII 18-0 18 0.15 50 0.1
PUIO 15 0.10 37 0.1
PU12 12 010 45 0.1
PU13 18 0.065 23 01

* Voltage tolerance 5v models £ 0.1v. All other models * 0.2v
Nickel-Cadmium Cell Charger Units

Constant current outputs permitting upto 10 cells to
be charged in series. DC INPUT NV7304 AC INPUT PUO7
ALL UNITS DESCRIBED ARE NORMALLY AVAILABLE
FROM STOCK. SPECIAL DESIGN SERVICE. CUSTOM
BUILT UNITS FOR APPLICATIONS REQUIRING
DIFFERENT SPECIFICATIONS ARE PRODUCED AS
PART OF OUR STANDARD SERVICE. TRY US FIRST.

Gardners Transformers Limited
; L Approved manufacturers of
electronic !ranxlormers, modular

Christchugch - Dorset BH23 3PN
power supplies, inverters and converters 10 Defence Standard 05-21

Telephone 0201 5 2284
Telex 41276 Gardners XCH

WW—040 FOR FURTHER DETAILS
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Safe, tough, efficient and versatile — that's
our new miniature CX iron.

Safe because it is virtuglly leak-free (leakage
current less than 1uA). Earth it if you like —
three core lead. It is made to conform with
B.S. 3456 and has a breakdown voltage of
more than 4000V.

Tough because the handle 'is almost un-
breakable and the ceramic shaft is covered
by a stainless steel shaft.

Efficient because the element is situated
right’ inside the soldering bit and the heat
generated by its 17 watts is not wasted.

Versatile because the iron-can be used for a
wide variety of soldering jobs; with six easily
interchangeable, slide-on bits,ranging from 3"
right down to & (1mm). It's suitable for

small, miniature and micro miniature joints.

Available for 220-250 volts or 100-120 volts.
Weight — 1310z (40 gram). Length 73" (19cm).
Price — £3.20 fitted with standard bit %"
(2.3mm). Spare bits £0.46;, £0.72; £0.84
exclusive of VAT.

Stocked by most of the well-known whole-
salers and many retaiters. Or direct from us if
you are desperate.

Send for -colour catalogue from:
Antex Freepost, Plymouth PL1 1BR

Wireless World, January 1977

Model X.25 is a general purpose soldering
iron. also with two shafts for toughness and
perfect insulation. Available fqr 220-250 volts
or 100-120 volts at 25 watts and priced at
£3.20 exclusive of VAT.

Stand model S.T.3 has a chromium plated
steel spring, two sponges for cleaning the
bits and is priced at £1.40 exclusive of VAT.

A

Mayflower House, Plymouth.
Telephone (0752) 67377/8 Telex 45296
Giro 2581000

Forget all you've ever read about

miniaturised soldering irons.

Thisis the NEW A N\[EXR CNK.

WW—084 FOR FURTHER DETAILS
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-4 p From Contin ental Specialitie. s
1 L NO Soldering‘ US Patent Design No 235559 .
The Experimentor is ’{ NO SpOilt deViCCS.
not 50 much a new 3 i

No fuss.
No fiddling.
No wasted time.
Now you can put circuits together as
quickly as you think them up.

Just plug your devices in, pull them out,
plug them in again,as many times as you want.

breadbaoard, practically
anew way of life!,
Says Ronald J. Portugal
(President, ;
Continental Specialities Corporation )

Two Versions.

Experimentor 600. Experimentor 300. Apart from ICs, both versions take ‘TO-5 transistors,

The world’s first breadboard _ This"‘]e is designed to be diodes, LEDs, capacitors, resistors; any coniponent with lead
specially designed for 0.6 pitch  ideal for 0.3 pitch DILs, any kind, size between .015 and .032 inch diameter. And for inter-

devices. It gives you all the ' from 6 pins up. Exc‘ell_ent fan-out. connections you use standard solid hook-up wire.
fan-out you need for complex (You can also use it for 0.6 o . .
MSiIs, Micro-processors, devices, though for these the Unique Construction.
Memories, Displaysetc..(40pins 600 version is recommended.) Each version of the Experimentor gives you 94 five-
or more) with plenty of room for contact terminals, arranged in two rows of 47, plus two integral
other components alongside. bus-strips for Ground and Power, with 40 contacts on each.
: B.: That's 550 contacts in all! (See diagraum).
1 § All terminal strips are recessed inty the bottom of the
iEt § g plastic body, and covered with a stick-on vinyl backing, so you
¥ % have no insulation problems.
§! The contact rows are numbered 1-5-10 etc. and A-B-C--]
£ lengthways, soeach position is clearly def ined. The bus-strips
: i i are labelled X-Y, each end.
58 5 The plastic body is rigid, strong and longlasting, with a
- recessed screw-hole at each corner, and :ll four edges have

a special quick-locking lip so that you can Duild rigid arrays of
two or more boards.
The Domino Theory.

See how the Experimentor boards fix together, side by
side, end to end, or at right-angles, to give unlimited scope for
circuit building, planning, extending, rearrianging.

You can mix 0.3 and 0.6 DILs in any arrangement
you like.

And all your displays can face the way’ you want them.

And look at these price's!

Experimentor 300, £7.20, Experimentor 600, £7.90.
Allmade to top CSC professional quality, and every one is fully
checked before dispatch.

Free Catalogue!

Page after page of fascinating CSC products. Just write

and ask.

E-asy to Buy. PINAIME . L |

There's no p]‘()blen] buying f]‘()n] [ISA [ Address ........................................................................... |
Just send name, address (block letters please), quantity of | L !
each required, and a perfectly normal UK bank cheque, made L |
outin Pounds Sterling, to Continental Specialities Corporation. I Please send me. (R B e S O e |[
) Or you CZlIy] use an International I\l{)lley S)rder, erm any lamd.. (qty). Experimentor 600 @ £7.90). ;
Post Office. We also accept your American EX])I‘ESS Card or Tenclose cheque/imofor £ ... ttotal). :
Access number. Amex/Access N |
Then we post by return airmail, and you should receive Lmex CCESS INO L e |

the goods within 2-3 weeks.

Dealer enquiries invited. Note that any UK taxes or duties =
chargeable are solely the responsibility of the buyer.

Continental Specialities Corporation. 44 Kendall St 1’0 Box 1942, New Haven, Conn. 06509 USA. Telephone: 205624 5103,
WW—067 FOR FURTHER DETAILS
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£S5/~ Capacitance measurin

£49.00 + VAT

ESP 300 A
1 pF to 2,000 pF

Autoranging
capacitance bridge
£225.00 + VAT,

Cross Lane, Braunston, Near Daventry,
Northamptonshire NN11 7HH
Telephone: Rugby (0788) 890672

@=

laboratory model
£90.

Electronic Services and Products Limited

ESP 100 A ESP 200 A |
1pF to 10 pF 1 pF to 50 pF !
Portable Wide scale

FD '
pt
00 + VAT | =
. Esp \s i
A

e

*0

A complete range of British-made
instruments designed to
simplify capacitance measuring

® Accurate and sensitive

% ® Requires no manual balancing

® Takes less than a second to
measure a capacitor

® Updates changes in capacitance
automatically

® \Wide range of applications

Send for technical literature and free

booklet: "“Modern methods of capacitance
measuring’’

Suppliers to: Ministry of Defence, Post Office,

WW027 FOR FURTHER DETAILS

METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14

days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937
S . S S s S - SR

B.B.C., Government departments and
Electronic Labgratories world-wide.
7619
(x[RaDFORD)
AUDIO LABORATORY INSTRUMENTS

KWP/ESP2
or the professional

1LDO3 Low Distortion Oscillator '

A continuously variable-frequency laboratory oscillator with a range
10Hz-1.00kHz, having virtually zero distortion over the audio frequency
band with a fast settling time

LDO3.8 Low Distortion Oscillator, balanced output.

A LDO32 but fitted with an output amplifier and screened balanced
transformer providing a 600 ohm floating / balanced output. and 150
ohms unbalanced output

DMS 3 Distortion Measuring Set (//lustrated)

Measures total harmonic distortion down to 0.001% speedily and
accurately. Direct reading from calibrated meter

HSV1 High Sensitivity Voltmeter

An accurate voltmeter with 16 ranges,
responding

HSV2 High Sensitivity Voltmeter.

As HSV1 but true r-m.s reading

ANM1 Audio Noisemeter

An accurate voltmeter and noisemeter with 16 ranges. 10uV-300V f.s.d.
Fitted weighting characteristics: Wide band, DIN Audio Band. IEC/DIN
Curve ‘A", and CCIR. Average responding

ANM2 Audio Noisemeter

As ANM1 but true r.m s. reading

ANF1 Audio Noisefilter

An active filter 1o CCIR weighting characteristic for use with external
voltmeter. (Ref Dolby Laboratories Inc.. Bulletin No. 43, Mar. 76)

10uV-300V ts.d. Average

Full descriptive leaflets available from
RADFORD ELECTRONICS LTD.
Laboratory Instruments Division
Ashton Vale Road, Bristol, Avon BS3 2HZ Tel. 0272 662301

WW—023 FOR FURTHER DETAILS
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SPECIAL
LOW PRICE

FOR VISITING

OVERSEAS
TRADE FAIRS

IPC Electrical-Electronic Press Ltd., the world’s largest publishers
of computer, electrical and electronic journals, have made special

arrangements for readers wishing to visitimportant overseas trade
fairs. The cost, in most cases, is little more than the normal air fare
butincludes — travel by scheduled airline from Heathrow and
Manchester X first-class hotel accommodation ¥ arrival and

departure transfers % admission to the trade fair ¥ services of an
experienced tour manager. The current programme comprises the
following tours.

...........................................0............

To obtain a brochure and booking form, tick the box against the tours in which you are interested, complete the coupon and post to the
exclusively appointed travel agent, Commercial Trade Travel Ltd., Carlisle House, 8 Southampton Row, London WC1.Telephone
01-405-8666 0r01-405-5469.

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
®
[ ]
L]
L]
L]
L]
L]
L]
L]
L]
L2
L]
[ ]
[ ]
®
[ ]
[ ]
L
L
[ ]
[ ]
L]
L
L
[

International Lighting Paris January 12-17 Computer, Systems &
Exhibition 1977 Peripheral Exhibition &
Conference - COMPEC
International Fair for EUROPE Brussels May10-121977
Household Applitances Cologne February10-17
DOMOTECHN!CA 1977 International Radio & TV
Exhibition Berlin August 26-
International Audio September 41977
Exhibition — Festival
du Son Paris March 7-131977 International Exhibition of
Computers and Peripheral
International Exhibition of Paris March 31 equipment — SYSTEMS Munich  October17-21
Electronics Components April 61977 1977
Hanover Fair Hanover April20-281977 International Exhibition for
Electronic Production
International Electric PRODUCTRONICA Munich November 22-26
Vehicle Exhibition and 1977
Conference Chicago April 26-291977

Please send details of the tours indicated above.

NAMEsoosooosovsooososossssssovsonsosonssossosnsssonssosssosns

COMPANY seevecvsvooscsossvsovsvvcvensoce

ADDRESS.....00.000000000.00000000000000000..00000..0.0.000‘000000000.0..0.' Telephone”"”””"

..............................O..‘..............0.........
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AMBIT international (dept 85)

The Dynamic Twosome: Signalmaster/ Audiomaster
After long and thorough deliberation, we are proud to
announce a new unit from Larsholt - the Audiomaster.
As ever, the instructions are designed to lead the unwary-
and the inexperienced- through point-to-point steps that
culminate in a professionally styled and finished amplifier
to complement the Signalmaster FM tuner. Price £79.00

’ Power: 25+25W RMS
THD: Less than 0.3%
Dynamic range: an
exceptional 80dB

(Signalmaster shown on top
of the Audiomaster)

R
9 -
FEDIG I TR
The Signalmaster Mk.8 is equally simple to assemble, and

results reflect the superb Scandinavian styling and careful
electronic engineering. £85.00.

International Mk.2:

TWNC ; _
- Py m__g.i A choice of tuners
- | v%‘i‘géiih? for the more exper-

inced constructors.
A chassis, cabinet and front pancl designed to be used with
a variety of electronics inside. The standard set, with the
Larsholt 7253 varicap FM tunerset, plus all necessary parts
to complete costs £65.00. Alternative modules for the signal
processing stages are available for the more advanced F.M.
radio enthusiast/constructor. (EF5800/7030/91196)

EF5800

From left to right, the EF5800 6 circuit varicap FM tunerhead. Two
MOS RF stages, both with AGC control, and an ultra stable oscillator.
Next the 7030 Linear Phase 10.7MHz IF. Distortion 0.08%, muting ,
AGC, meter, auto stereo switch outputs. Finally the new 91196 mpx
1 decoder and combined birdy filter. Mono THD 0.05%, stereo sep.
55dB at 1kHz, 42dB at 10kHz - the best decoder module yet.
EF5800.....£14.50 7030.....£10.95 91196.....£12.99 (Built).
Overall performance of the three modules when correctly assembled:-
30dB S/N at 0.85uV input. 60dB at 5uV. THD 0.09%. AFC holds
THD below 0.2% over 400kHz if required. AGC effective over a
90dB range. Image rejection -90dB. Noise floor -73dB. |

Components: Coils, 1Cs Filters, etc. 1‘
Radio 1Cs: (and modules) Coils and filters:-
CA3089E/HA1137W FM 1.94 AMIFTs TOKO
CA3090AQ mpXx 3.75 YRCS/YHCS types(10mm)0.30
MC1310/KB4400 mpx 2.20 7MCS types (7mm} 0.30
Al1196 mpx 4.20 FM IFTs:-
HA1197 AM radio 1.40 KACS/KALS types(10mm)}0.33
TBA120AS FM IF 1.00 94A types (10mm) 0.30
TBA651 AM radio 1.81 AM filters:-
uA720/CA3123E AM rad 1.40 CFT typesceramic (455) 0.55
LM380N 2W Audio 1.00 CFU type ceramic (470) 0.60
TBAB810AS 7W Audio 1.09 SFD470 types (470) 0.75
TCA940 10W Audio 1.80 FM filters:-
TDA2020 20W Audio 2.99 CFS/SFE ceramic (10.7) 0.50
LM381N stereo preamp 1.81 SFE6MA (TV sound) 0.80
LM3900 Quad amp 0.68 3132 linear phase 2.25
78M12-20-24 volt reg ea:1.20* MPX 19&38kHz notch
NES550A variable reg 0.80* BLR3107 (4k7 imp) 1.75
TAAS5508B varicap reg 32v0.50* BLR2007 (3k3 imp) 1.75
NES560/2B PLL IC ea:2.50 23 or 36mH chokes 0.33
NES61B PLL IC 3.50 Tunerheads: (& tunersets)
NES65A/567Vv PLL ea:2.50 EF5600 5 gang varicap 12.80

810k kit for TBA810 amp2.75 EC3302 3 gang varicap 5.50

2020k kit for 2020 amp  9.35 8319 (Larsholt) 2.00
92310 kit for mpx decoder5.35 7252 tunerset complete 26 00
7020 kit for 3089 FM IF  6.65 7253 stereo tunerset 26.00

971197 kit for varicap AM Standard transistors also kept in
radio tuner 9.65 stock - see lists for further detait
7700 built TV sound tuner 27.00 and price information.

Terms: Vat extra, 12.5% unless marked *, which is 8%, all
complete tuners require £3.00 for packmg and carriage. The

standard P&P rate remains at 22p per order. Catalogue 40p.
Phone (0277) 216029 (After 3pm please). SAE for free price lists.

Write to: 37a High Street’
Brentwood, Essex : CM14 4RH

Wireless World, January 1977

Contractors to H.M. Govt. P.O.

REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS

7-14 DAYS SERVICE
< MODEL 8 MKV

STOCKISTS

ALSO SUPPLIERS OF GEC
RISSO AND OTHER
MULTI-RANGE TEST SETS

WE SPECIALISE AN ASSEMBLIES, AND IN THE
REPAIR, CALIBRATION AND CONVERSION
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AND PRECISION GRADE

LEDON INSTRUMENTS LTD.
GLADSTONE WgEKS, GLADSTONE RD,

FOLKESTONE, KENT.
TEL: (STD) 0303 57555

WW—036 FOR FURTHER DETAILS

¢ —
§ TP/2A cuts and
bends component

leads on PC boards
in one single-handed 4
operation.

PR/1 accurately bends component
feads 90° for PCB insertion. Micrometer
adjustment of spacing.

LIGHT SOLDERING DEVELOPMENTS LTD.
97-99 Gloucester Road, Croydon, Surrey.
Tel: 01-689 0574 Telex: 8811945

WW—033 FOR FURTHER DETAILS
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youre stuckfora
-——(Or maybe a%2
Just pick up 2

HERTFORD EAST KILBRIDE

0992 50601 or 035 52 44130
and talk jn RSUP

APID SOUND & VISION PARTS

or any other of nearly 2 000 components and spares.

RAPID SOUND & VISION PARTS

Telephone,telex or return the coupon for your I
FREE RSVP Directory NOW.

Rank Radio International Limited, RSVP Service, Watton Road, I
Ware, Hertfordshire SG12 0DY. Telephone: 0920 3966. Telex: 81344

5 I .
kgvpmegng/gfc, .(',(' I Mail today to: Rank Radio In - Cc"de

ternational Limited,

’efumf pogf ge’v, Watton Road, Ware, Hertfordshire SG12 0DY.

L----J

Send me FREE your RSVP Directory of
Electronic Components and Spares.

My nameis

Position

Company

Address

WW—074 FOR FURTHER DETAILS
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I "He's asking
fora
A\ reed relay
| assembly
with a 3OkV
\ /[Solated coll

People often bring their need to us. They know the
Whiteley speciality. Being helpful! And the item that
started life as a customer request, joins the Whiteley
product list, ready to help other designers over a problem.
You, perhaps? Consider a neat relay assembly — one or
two dry reed switches with a rating of 25W, housed in a
mounting tube, with either ‘normally open’ or ‘change-
over’ contacts. Around them, a coil operating from 8,
12, 24 or B0V supply, 30kV isolated from the contacts.
The whole unit mounting on a 0.25" insulating plate
with a couple of 3 way tag strips. |f you're interested,
ask for a data sheet. But more, keep Whiteley in mind
as the people who make useful things.

N manutacturin
< yourelectrica
Wt and electronic

requIremernts.

Whiteley Electrical Radio Co. Ltd.
Mansfield, Notis NG18 BRW, England. Tel: 0623 24762.

WW—062 FOR FURTHER DETAILS
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PRODUCTION TESTING » DEVELOPMENT
SERVIGING

TYPE 250VRU/30/25

Input 200-250v 50Hz or 100-120v 60Hz to order. Output 1
0-30v 25A DC. Output 2: 0-70v 10A AC. Output 3: 0-250v 4A
AC.

PRICE: £201.35 excluding VAT
Regulated and unregulated outputs with output voltages of
12, 24, 50, 110 or 220v DC are also available at very
competitive prices.

Send for further details of these versatile units to:-

VO-[’I-G.J.;.O
BROWELLS LANE, FELTHAM, MIDDX.
TW13 7EN

PHONE: 01-890 4242 or 4837
WW—034 FOR FURTHER DETAILS

FREQUENCY COUNTERS

1/10 Hz to 1.2GHz
High performance instruments measuring frequency. period, time,
freq./ratio and calibrated output facility. Fast delivery. Specials by
arrangement.

e (R o

MIM

h )l{!\l: [.{?{_I\OV\H\\‘I\U L l 2
Op TING MANUAL ~
I’\\()%)NL BI.L m:sr £670 [} GHz
Sensitivity 10mV. Stability 5 parts 10.
Resolution * 1 Count
301M J2MHz 5 Digit €85 | 401 J2MHz 6 Digit £125
501 32MHz 8 Digit £178 | 701A 80MHz 8 Digit £195
801A/M  300MHz 8 Digit £305 | 901M 520MHz 8 Digit £375
8018/M  250MHz 8 Digit £265 1 1001M 1.26Hz 8 Digit £670
Start/Stop versions plus £12 | Memory versions available if nol
suffixed M £25 extra
Type 101 1MHz 100KHz 10 KHz Crystal Standard £85
Type 103 0ff/Air Standard £85

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts.. Crystal
Manufacturers and Electronic Laboratories world-wide

R.C.S. ELECTRONICS
‘ l L‘ 6 WOLSEY ROAD, ASHFORD
MIDDX. TW15 2RB
I Telephone: Ashford (Code 69)

53661/2

WW-—018 FOR FURTHER DETAILS
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THIS I UJHERE
H}%IE ACTION

Britain’s biggest and best-known
exhibition of home entertainment,
audio and hi-fi.

@ UNIQUE — for reputation and scope. This is our 23rd year, and no other
fair offers such a comprehensive showcase for home electronic entertainment,
plus the traditional appeal to audio and hi-fispecialists.

@ LONDON’S OLYMPIA — the industry’s tavoured location, where the
people and the money are . . . and the only venue with the size, scope and
facilities for this great trade and public festival.

@® SEPTEMBER 12t0 18, 1977 — the preferred pre-
Christmas selling-time period . . . and opening with
aday and a half for the trade only.

& BACKED by major IPC specialist, trade and
consumer publications, commanding a
combined readership of 1,750,000.

@ ORGANISED by the IPC Business
Press specialist exhibition company, with
a remarkable record and reputation for
handling specialist fairs.

To: Audio Fair,
lliffe Promotions Ltd,
Dorset House,

la Stamford Street,
I London SE19LU
YES, | MUST find out more
aboutthe 1977 International
Audio Festival and Fair.

Please send me an exhibitor’s
brochure right away.

N ..
$
3
@®
...

l Position in firm
. Address.

Products we want to exhibit

B
YT LT

Lv--ﬂ-
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You could be forgiven for being
surprised.

After all, the market is flooded with
Japanese equipment.

But now, for the first time, a tape deck,
with full solenoid transport function is
available from a British manufacturer.

It's the MK 7S from Brenell.

A sturdy machine of studio quality,
that includes features like front panel bias.
accessibility and dual standard
equalisation.

It can be seen and heard at our demo
studio. Pembroke House, Campsbourne
Road, Hornsey, London N8.

Or for more information call Andrew
Stirling 340 3291

Also available — a complete range of
multi-channel recorders, to customers
own specifications

brenell

WW—068 FOR FURTHER DETAILS

PRECISION PETITE LTD.

119a HIGH STREET, TEDDINGTON
MIDDX, U.K. TEL. 01-977 0878
(24-hr. enquiry service)

NOW PRESENT THEIR
NEW DR)I LL!

(MODEL P .2

WITH OUR CURRENT MODEL P.1
“THE PERFECT PAIR"”

SPECIFICATIONS
MODEL P2

(lustrated)
@® Diam. 170 x 40mm
@ Weight 300g
@® Torque 320cmg. RPM
12,000
@ 4 collets 0-3.5mm
@® 3Amp 12v.D.C
Price inc. VAT£16 50 p.p
65p

MODEL P1

(As per previous
advertisement)
Diam. 33mm
Length 125mm
Weight 160g
3 collets 0-2.5mm
R.P.M. 10,000
Torque 120cmg
2 Amp 12V DC

Price £8 79 incl. VAT p.p.

35p

STAND AVAILABLE FOR P1
P2 STAND SOON!

Model P2

SAE 9” x 4" for Leaflets and
Order Form

BIMIBOARD

Stop Ruining Your I.C.’s And Wasting Time Soldering
Plug Into The Revolutionary New

BIVIEOARD

The Only Professional Quality Breadboard That
Accepts All DIL Packages With 6 To 40 Pins

Incorporates Bus Strips For Vce And Ground
Includes A Component Support Bracket
Has Over 500 Individual Sockets
And Allows You To Use And Re-Use

IC’s, Transistors, LED’s, 7 Segment Displays,
Diodes, Resistors, Capacitors

Only £9.72 (cheque with order) Including VAT and P.P.
Special Quantity Discounts Available For
Radio Clubs, Retail Outlets, Distributors

BOSS KUSTRIAL MOULDINGS LTD

Higgs Industrial Estate, 2 Herne Hill Road,"London, SE24 0AU, England
Telex 919693

Telephone 01-737 2383
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Unique full-function
8-digit wrist calculator...
available only as a kit.

A wrist calculator is the ultimate in common-sense portable Assembling the Sinclair Instrument
calculating power. Even a pocket calcutator goes where your wrist calculator

pocket goes — take your jacket off, and you're lost! The wrist calculator kit comes to you
complete and ready for assembly. All
you need is a reasonable degree of
skill with a fine-point soldering iron.

But a wrist-calculator is only worth having if it offers a
genuinely comprehensive range of functions, with a full-size

8 (,jlglt display. L . ) ) It takes about three hours to
Thisonedoes. What's more, because it/sakit, supplied direct assemble. If anything goes
from the manufacturer, it costsonly avery reasonable £9.95 wrong, Sinclair Instrument
(plus 8% VAT, P&P). And for that, you get notonly a high- will replace any damaged
calibre calculator, but the fascination of building it yourself. components free: we

How to make 10 keys do the work of 27 want you to enjoy

The Sinclair Instrument wrist calculator offers the full range of assembling the kit,
arithmetic functions. It uses normal algebraic logic (‘enter it as and toend up with a

you write it'). But in addition, it offers a % key; plus the valuable and useful
convenience functions v x, 1/x, x2; plus a full 5-function memory. calculator.

Ali this, from just 10 keys! The secret? An ingenious, simple
three-position switch. It works like this.

1. The switch inits normal, central
position. With the switch centred,
numbers - which make up the vast
majority of key-strokes —are
tapped in the normal way

2. Hold the switch to the
left to use the functions to
the left above the keys . ..

3.andholdittotherightto
use the functions to the
right above the keys.

The display uses 8 full-size
red LED digits, and the
calculator runs on readily-
available hearing-aid
batteries to give weeks
of normal use.

Contents

Case and display

window.

Strap.
Printed circuit board.
Switches.

Special direct-drive chip
(nointerface chip needed).
Display.

Batteries.

Everything is packaged in a neat plastic
box, and is accompanied by full instructions.
The only thing you need is a fine-point soldering iron.

All components are fully guaranteed, and any which are
damaged during assembly will be replaced free.
The wrist-calculator kit is available only direct from

Sinclair Instrument. Take advantage of this 10-day money-
back undertaking.

Send the coupon today.

To:SinclairInstrument Ltd,
6 Kings Parade, Cambridge, Cambs., CB2 1SN.

* Please send me . .. (qty) Sinclair Instrument wrist-calculator
kits at £9.95 plus 80p VAT plus 25p F&P (Total £11).

*i{enclose cheque/PO/money order for £

* Complete as applicable.

PLUS VAT,

P&P Name
Address
Sinclairinstrument Ltd,
6 Kings Parade, Cambridge, {Please print)
Cambs., CB2 1SN. | understand that vou will refund my money in full if I return the
TeI:Cambridge(0223)311488. kit undamaged within 10 days of receipt. WW,

WW—045 FOR FURTHER DETAILS
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Forhome

« CONstructor
FREE BLOB BOARD!

BLOB BOARDS

Circuit diagram to circuit board in minutes. Layout circuit plan on .1 graph paper.
Select Blob Board, lay components out with leads on copper strip. Blob of solder onto
lead and your circuit is complete. Blob Boards normally half price of competitive boards.
Roller tinned to solder components directly. No drilling or mounting. Modifications in
seconds. Blob Board is re-usable.

Blob Boards are circuit boards designed exclusively for the home constructor and proto-
type engineer and are normally half the price of competitive boards. Blob Boards are
roller tinned for ease of soldering, most require no cutting or breaking of contact rails.
HALF PRICE AND RE-USABLE. That is NEW!

Blob Board .1 or .15" 1 off 3 off Dip Blob Boards 1 off 3 off

All approx. inch sizes

ZB1vV 25 x5 £0.30 £0.75 ZB11C45.x 3 £0.36 £0.90

ZB2V. 2.5 x 3.75 £0.23 £0.57 ZB21C4.8.x3.2 £0.40 £096

ZB3V 3.75 x 5 £0.46 £1.14 ZB41C4.75x 7.5 £0.85 £2.13

ZB4V 10 x 6 £1.51 £3.78 ZB81C95x 7.5 £1.70 £4.26
X Sample pack: 1 off ZB1V + 1 off ZB8D +

Discrete Blob Board 1 off 3off 1 off ZB21C normally £2.32 only £2.00 +

ZB5D 3.6 x 2.4 £0.20 £0.51 free Blob Board.

ggsg Zg X77é3 Eggg g (7)2 Many other sizes and patterns available add

X7 ) . +
ZB8D 9 x 7.5 £162 £4.08 30p post + 8% VAT to all orders.

T-DeC

If you are using IC’s to build
circuits use T-DeC for 1 chip
circuits and U-DeC A for 2
chip circuits. Draw circuit on
graph paper, ptug IC into
Adaptor and plug into DeC.
No soldering, no bent leads,

# no wasted IC chip. Lines on

{ DeC show contact rails, plug

discrete components in, Cross
overs, connections are made
using different coloured leads.
Circuitcompleted and working
unplug components and use
for next circuit. No soldering,
no damage to components.
Use your DeC and small
stock of components over and
over again. T-DeC send £4.30.
U-DeC “"A” send £4.60.
Adaptor send £2.30.

Take an S-DeC, take a small
stock of components. Plug
compgnents into S-DeC, no
soldering, make a radio
receiver, light operated switch,
3 stage amplifier. When circuit
is made unplug components
and use them again to make a
morse practice osciltator, LC
oscillator, binary counter and
any other discrete circuitry.
See Practical Wireless for new
series of S-DeC projects,
S-DeC + step by step instruc-
tions to build above projects
and 3 more + which compon-
ents to use + free control
panel for mounting switches,
lamps etc. + free Blob Board.
S-DeC only £1.98 + 37p (VAT
+ post) send only £2.35,

DRILL-SAW
GRIND-BURR
BRUSH-POLISH

PB announce a precision British built drill for the home constructor.
Works better than most bigger drills and can be used for fine detailed
work. Drills through any circuit board, need to break copper strip
simply grind it off.

9000 RPM Drill + 20 Assorted tools £11.20 (+VAT + post)
Send £13.00.

9000 RPM Drill only £5.22 + post + VAT send £6.00.
Multi-purpose Drill stand £10.60 + Post + VAT send £12.00.

POT LUCK

Off cuts of fibre glass
circuit board 5 sq. ft. £1.50.
Double sided fibre glass p.c.b. 5 sq. ft. £2.00.
Ferric chloride 5 litre mix £2.00.
Negative developer 1 litre

m‘“ o iﬂ‘fﬁi

Add £0.75p. to all above for
Post + VAT.

Q,
Y, T8
% o,
.
0,8
0.5
®_ 7
2
>
@ ”
- _§ 4 " W ]

PB Electronics Scotland Ltd. . ‘%‘.
57 High Street, Saffron Walden, Essex. CB10 1AA. &@ .b&
For leaflets and further information please A&

send stamped addressed envelope.
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SHEET | [ HiFi Systems

PUNCHES that GROW
for quick,clean holes withyou

. d At last someone has come up with a flexible approach to quality
® EHSIiSt an f hi-fi that doesn’'t become obsolete as you become more
qguickest way O discerning
punching holes in Take an initial standard 20W r.m.s. + 20W r.m.s. stereo and
sheet metal (up to with simple mcdifications this can be expanded to give a
1.625mm) powerful 40W + 40W stereo system together with additional
’ multi frequency rumble, hiss and stereo image width controls
@ Simple operation Currently available from stock:-
@® 100% British Stereo Pre-Amp Module CP-P1
* 2 channel pre-amplifier.
® Burr-free holes — * |dea! for use with record player, tape, microphone, tuner inputs etc
no | * No external components required other than potentiometers for bass, treble,
D ° Jagged edges balance, volume controls and input selector switch.
| ‘rgn 'ml 4 . 57 Metric * The CP-P1 is internally protected against accidental reverse power connection.
g ! and Linear PRICE £13.30 specification
— sizes (LiStS on + 166 VAT Input Sensitivity Signal/Noise Impedance
. . Magnetic 3mV >70dB 47kQ
l o application) . Tuner 100mV  >70dB 10kQ2

Tape 100mV >70dB 10k§2
Auxiliary  1-100mV  60dB-70dB 200k

Used all over the world by Government services —
Atomic, Military, Naval, Air, G.P.O. and Ministry of
Works: Radio, Motor and Industrial manufacturers,
Plumbing and Sheet Metal Trades, Garages, etc.

Wholesale and Export enquiries to:

Magnetic i/p overload: 33dB;
Distortion: 0-04% at 1kHz;

Output: 1V r.m.s. into 10kQ;

Supply voltage: + 18V nominal;

Tone controls: Bass +12dB at 100Hz,

Treble +12dB at 10kHz.

er [1] . AR
Q:MAX"(ELECTRONICS)LTD Stereo Amplifier Module CP2-15-20
’ 1 * The CP2 -15-20 is designed to give either a 20W + 20W stereo amplitier or
44 PENTON STREET-LONDON N19QA Tel:01:278 2500 alternatively a 4OW single channel amplitier
* No external components required
WW—021 FOR FURTHER DETAILS * Safety features include built-in protection against accidental reverse power
connection and thermal shut down facility to prevent over dissipation

ELECTRONIC B Spectlication: PRICE £12.85 +£161VAT

Power output:
40W r.m.s. into 82, 1 channel: or
I N D U STRIAL TH E R M 0 M ETE R 30W r.m.s.into 15§2, 1 channel; or
20W rms. + 20W rms. into 4Q, 2
channel; or
- 4 15W r.m.s. + 15W r.m.s. into 82 2
- channel.
Input sensitivity: 1V r.m.s.. Frequency
response: 20Hz-20kHz, at —3dB; Dis-
tortion: 0-04% at 1.5W; Supply Voltage:
+ 18V nominal; Size: 51 x 4 x 1:25in.
(130 x 102 x 32mm).

Alsoavaﬁble:—
Audio Function Module CP-FG1

For those requiring a wider range of facilities this module provides:
- Bass and treble filter controls including switchable cut-otf frequencies for

rumble and hiss reduction
* Stereo separation control PR'CE £11.75
* Complete except for switches and potentiometers +£147 VAT

Power supply: Module CP-PS 18/2D

Suitabie for one 20W 4 20W complete system. A 40W + 40W system can be pro-

E duced using Ziorer supplies. __PRICE £5-75 4 720 VAT
s Sl These products carry a 2-year guarantee 7

e Chiffpalm bid. -~ .

THE MODERN WAY TO MEASURE TEMPERATURE &
A Thermometer designed to operate as an Electronic Test Meter. Will DEPT. W/W & F
measure temperature of Air. Metals. Liquids. Machinery. etc.. etc. 13 HAZELBL RY CRESCENT / 06‘%
Just plug-in the Probe, and read the temperature on the large open LUTON, BEDS. LU1 1DF ¢,'b°
scale meter. Supplied with carrying case, Probe and internal 1% ' ' / do‘;’e
volt standard size battery H H N
Model **Mini-Z 1" measures from—40° C to + 70° C Price £25.00 :rlﬁ?galt?g:.‘uggtgj" / > &
Model “Mini-Z 2" measures from—5° C 1o + 105° C Price £25.00 PP d ' &<
Model “‘Mini-on Hi*" measures from + 100° C to + 500° C £20.00 post an P EXNRUATE

[VAT 8% EXTRA) packaging. ¢ " &%e0
Write for turther details to / Q\eﬁ‘\o\(’f@\.’\«\ ¢ ngoc:
HARRIS ELECTRONICS (LONDON) 7”7 o U MRS
138 GRAY'S INN ROAD, LONDON. WC1X 8AX L7

(‘Phone 01-837 7937}
WW—024 FOR FURTHER DETAILS WW—066 FOR FURTHER DETAILS
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JES AUDIO INSTRUMENTATION |

Illustrated the Si453 Audio Oscillator
SPECIAL FEATURES:

* very low distortion content—less than 0.03%

* an output conforming to RIAA recording characteristic
* battery operation for no ripple or hum loop

* square wave output of fast rise time

£60.00
) also available
§i451 Millivoltmeter Si452 Distortion Measuring Unit
* 20 ranges also with variable control permitting easy reading of * low cost distortion measurement down to 0.01% with comprehen-
relative frequency response £60.00 sive facilities including L.F. cut switch, etc. £48.00
) ) ALL PRICES PLUS VAT
J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, W. YORKS. BD19 5LA. Tel. 0274-872501

Switching probiemsf DATA AND
Rely on Zettler. COMMUNICATIONS

(Producung 30 basic types Our product range ' 1

of relay and 15.000 variants comprises:
‘with regard to contact Low profile (flatform) T R M NAL

stacks, terminals, energizing Timing - Miniature - Low

current and contact contact capacity - Herme-

material, Zettier 1s among tically sealed - Stepping

the largest manufacturers Mains switching - Latching . Teletype 28, 32, 33, 35' 40

of electro-mechanical Contact stacks . Solenoids TermiNet 30, 300 & 1200 (30 and 120 cps)
components. Teleterm.1132 and 1200 series (portable / fixed 30 cps)

with integral coupler and RS 232C)
Other page printers (by Siemens, ITT Creed, etc.)

* Spares, repairs, overhauls and maintenance

E%e Latching Relay * Other types and models available

Make contacts * Refurbished units also available

Resistive load 10A, 240V AC * Short and long period rentals

Lamp load 8A/240V AC R : .

Compensated fluorescent tubes B MlmcomPUter interfaces

37 A/240V AC * Quantity discounts

Break contacts- * |Immediate deiivery

Resistive load. 8 A, 240 vV AC

Lamp load" 5 A/240 V AC )

Compensated fluorescent tubes '

37 A240V AC. TELEPRINTER EQUIPMENT LTD.
j 70-80 AKEMAN STREET

N
We resolve your switching problems rapidly and expertly Please TRING, HERTS., U.K.

contact us for further details.
z E-'-rLE Zettler Telephone 0442-82-4011
UK Division Cables RAHND Tring

Brember Rnad Telex 82362
Harrow, Middx HA2 8AS Tel (01) 422 0061 A/B Batelcom Tring

A member of the worldwide ZETTLER electricdl engineerning group st 1877

s g
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Audio versatility by TUIEED

The Tweed Twin-100 Monitor Power

e Amplifier — designed for a high peak

; output capability, this robust amplifier

delivers 100 watts per channel into 8

; ohms. Full performance specification on
A, WEAE - request..

]

If you euire sur quality, top performance, proven @ TmEEn““nm

reliability and electronics designed with music in mind, vosenoos  mousims et aiisn
write or phone: ROXBURGHSHIRE SCOTLAND  PHONE 2983 S1005132
Specialists in Audio Control Equipment for the Broadcast and Sound Recording Industries
~ WW—015 FOR FURTHER DETAILS
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(¥ [RADFORD)
HIGH PERFORMANGCE AMPLIFIERS

745 COUNTER TIMER

for the enthusiast and professional Dc_32 MHZ

FREQUENCY, PERIOD, TIME & TOTALISE

+5ppm STABILITY @ 25°C

ZD22 Stereo Pre-amplifier Control Unit

A stereo pre-amplifier of virtually zero distortion. Inputs for disc, tuner, and
two tape machines, providing comprehensive recording and reproducing
facilities. Sensitivities: Disc 1mV, and Auxilliaries 50mV., for 1V output.
Exceptional signal/ noise ratio. Output at clip level 18V r.m.s.

ZD50 Power Amplifier
A stereo power amplifier of all aluminium construction. Output of 110
watts per channel into 4 ohms and 70 watts into 4 ohms at typically less
than 0.002% distortion.

ZD100 Power Amplifier
A stereo power amplifier of all aluminium construction with high thermal
mass and designed for continuous operation at high output level. Provides
150 watts per channel into 4 ohms and 90 watts per channel into 8 ohms
at virtually zero distortion.

ZD200 Power Amplifier
Characteristics as ZD 100 amplifier but provides an output of 250 watts per

. 745 COUNTER TIMER £88 + £2 p&p WWO078

channel into 4 ohms and 150 watts per channel into 8 ohms. Other products A

30252%255“’: Intﬁpto@t::!ggfi:r amplifier having a power output in 744 Counter Timer £79 WW 079
ses pre-ampl er wi wer mer 1 in . -

excess of 50W per channel into 4-8 ohms. Distortion: less than 0.02% at 643 FunCt'o‘n Generator t95 WW 080

rated power, typically less than 0.01%. True complementary symmetry - 643A Function Generator£79 WW 081

output. Headphone output. Inputs: Disc, tuner. and two tape machines. 631 Filter Oscillator £98 WW 082

Sensitivities: Disc 1mV. Auxilliaries 50mV for 20W output.
Delivery is normally ex-stock — telephone for confirmation

Full descriptive |eaf:t}ilg?0“;tl):‘llaiflr.oirgTRONICS LTD. Prices comect at time of going to press. subject to change without notice
Audio Division OMB electronics, Riverside, Eynsford, Kent. Tel: 0322 863567

Ashton Vale Road, Bristol, Avon BS3 2HZ. Tel: 0272-662301

TICK THE APPROPRIATE REPLY NO. FOR DETAILS

WW—020 FOR FURTHER DETAILS

TEAC A3340(5) ERES 1} [TA104
4-CHANNEL _ | meevos I8 ANAODUL AR MIXER

. e deal for all

RECORDER e
- quirements

i . . Highly so

i . phisticated
o | design fea-
tures in-

clude servo : ‘ CE 7 y
tud : : i“ C.D-
iae y

\tape tension, ’ "
full  deck i"t

logic, crystal
controlled
servo ele:
tronics, 3
speeds, tape

IMMEDIATE DELIVERY footage
counter

o AT7 SERIES Mk4
ATT has

A v e ] Ten balanced inputs; four output groups, 4 limiters
tently im e L4 52 bass mid and treble EQ, modular construction,
proved over 3 g ] headphone monitoring Extremely high quality
the past 8 [ & 1 construction only matched by mixers costing around
years and : ¥ | £1,000
is now avail-
able in the- 5
latest Mk 4 T 104 £690
version

The wide | _ 204 £1190

Industrial version upgraded to studio requirements choice of
specifications

with increased signal to noise performance and T ’
improved reliability Four totally independent channels includes 3. 1 7 EIGHT OUTPUT £1 260
each with sel sync, input mixing, switchable VU's and versions for | ~
all the facilities for easy multitracking. This industrial duplcating E IMMEDIATE DELIVERY
“model is in more studios than any other version and'vloggmg - '

DR R L — Also available for hire

Available only from ITA UK sellates?' Hire service. Check our prices
(Semi-pro version also available) fastest ser- MMEDIATE DELIVERY PRICES EXCLUSIVE OF V.AT

IMMEDIATE DELIVERY vice

been consis-

Industrial Tape Applications e o0 495 5162, Telox: 21879

WW — 072 FOR FURTHER DETAILS
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this25MHz dual trace,

dualsweep ,clear
display, highly versatile
roval performance

scope

TheD67A -
aWORLD PREMIERE

o

Capable~that’s our scope

WW — 050 FOR FURTHER DETAILS

If you use oscilloscopes, you should know
about the D674, onc of the newest in a strong
cast of star performers from Telequipment.

Superbly engineered, elegantly styled, this
robust and compact oscilloscope captures the
spotlight with its 25M 1z bandwidth, its dual
trace dual time base versatility and an extensive
repertoire which includes delayed and mixed
sweep routines. Sensitive, (up to 1m\V /div) yet
without a trace of temperament, due to F.E.[".
input circuitry. High speed presentation, (up to
4ons/div) with excellent timing (439 to +5°,)
—a blending of talent and technical expertise
that could come only from a Telequipment
production.

You will applaud it on performance and encore
iton price. Secure your front row seat today, ask
us for a brochure and a demonstration.

Tektronix U.K, Limited,
P.O. Box 69, Beaverton House, Harpenden, Herts.
Tel:Harpenden 63141 Telex: 25559

TELEQUIPMENT R >3
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New portable DMMs.

Only Fluke make them-

only ITTsell them.

New Fluke DMMs Fluke have
introduced two new digital
multimeters. That is big news in
itself, because when you are already
producing the best selling
instruments on the market, how do
you bring off another success?

The answer has beento take an
outstanding specification and shrink
it into a truly portable instrument.

True RMS a.c. This is the most
important feature - especially when
you realise that it is incorporated
ina battery operated instrument that
measures lessthan 6 x 5 x 2'in. and
weighs only 2'% Ib. It means that you
can take lab. guality measurement
out inthe field, free from the shackles
of size, weight and power points.

Two versions - 8030 & 8040
Both models offer five ranges over

five measurement functions and
INnclude autozero. The 8030is a 3%
digit instrument with a useful diode
test facility. The 8040 has 4 digits
and incorporates autoranging.

The only way to buy Both
these briefcase sized DMMs are |
available from ITT Instrument
Services; and from nobody else, not l
even from Fluke. Which brings
together the best sellers among I
portable DMMs and the biggest
name in the instrument distribution I
business. That means no-delay l Address __ -

I Fillin this coupon for your copy of—l
the data sheet on the 8030 and I
8040 and send it to:

ITT Instrument Services. I
Edinburgh Way, Harlow, Essex. I

Name .. . _

Company -

telephone ordering, streamlined
internal processing, and delivery
from stock. .

Ask for a spec. sheet now. Or
better stili, get ITT to arrange a demo.
You will be more amazed by the
performance than the price!

TelNo - _ ,, _

_

ITT

instrument services

The only way to buy.
Harlow (0279) 29522,

WW—051 FOR FURTHER DETAILS
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The case for Citizens’ Band

Over the past year we have published many letters arguing for and against the
establishment of Citizens’ Band radio in the UK. In this issue is an article which
explains and interprets the current attitudes of the interested parties including
the Home Office. One thing that emerges clearly from all this is that the decision
whether or not we should have CB in Britain will not be a-technical decision,
although technical facts are being used to support various points of view. It will
be a decision based on value judgments of the public’s presumed needs and
wants. If an overwhelming case could be made that the public wants CB, then
the technical means (frequencies, transmission mode etc.) would be found
without much difficulty.

It is, of course, the Home Office that decides. At the moment their attitude is
that CB would be seen as “a luxury we can ill afford” when it is already difficult
to meet all the frequency requirements of public services and commercial users
(March 1976 issue, p.54). That CB is a luxury is clearly a value judgment. We
must accept this view in so far as the Home Office makes its judgments under the
aegis of a democratically elected government. But we do not have to agree with
it. In the first place, one of the public services with which the Home Office is
concerned is broadcasting, and in so far as much of this is entertainment, it, too,
is a luxury. Why can we afford broadcasting, with its hundreds of megahertz of
spectrum occupancy, and not CB?

The radio spectrum is a natural resource, like air and water, and it is a
fundamental principle that all members of the public should have access to it
under properly regulated conditions with policing as necessary. We all have
access in the case of public broadcasting. That access is permissible by personal
radio communication is already accepted as a principle in the case of the radio
amateurs and those who have radio telephones in their cars. There is no reason
why access by Citizens’ Band personal radio communication should be denied.
The fact that CB as we know it in the United States is predominantly a “fun
thing” and can be criticized as frivolous is beside the point. After all amateur
radio is basically a hobby, a form of entertainment, and much of broadcasting is
undoubtedly frivolous. If it can be shown that a substantial number of people in
the UK want Citizens’ Band radio then the means should be made available for
them to have it. At the same time, one cannot but agree with the Radio Society of
Great Britain that the administration must be able to exercise complete and
effective control.




i2l'he citizens’ band debate

Reporting the attitudes of the UK protagonists

By John Dwyer

If citizens’ band radio is never heard
of again at least it will have given us
something other than Denis Healey to
remember 1976 by. In America the
growth in the c.b. market, worth $1.5
billion in 1975 if accessories are
taken into account, has left its
administrators breathless. As a
comparison the entire US record
industry was worth $1 billion. On this
side of the Atlantic the interest in c.b.
has been largely expressed by news-
papermen and television pundits:

what the man in the street thinks -

about it, or whether he would even
know what it was, remains obscure.
More certain is that those who
supervise radio here aren’t keen to
see his interest develop. The Home
Office regard c.b. as a kind of
electronic hula hoop, a vulgar catch-
penny diversion, the pressure for
which will evaporate as soon as it
becomes clear that they intend to
adhere to a strictly-controlied, high-
quality communications service.
Those the Home Office descry across
no-man’s-land are just as determined
that this time the bureaucrats will be
routed.

The protagonists in the controversy are
the Radio Regulatory Division of the
Home Office (the successor to the
Ministry of Posts and Telegraphs, itself
the successor to the Postmaster Gener-
al's office); the Radio Society of Great
Britain, which is the largest body
representing amateurs; the manu-
facturers (whether those who would
like to supply for or make c.b. equip-
ment, or those who already make other
kinds of communications equipment,
generally represented by the Electronic
Engineering Association); the mobile
radio users; and the general public.

At the moment there are two Acts
which prevent the use of citizens’ band
equipment: Section 1 of the 1949
Wireless Telegraphy Act prevents the
installation and use of any piece of any

wireless telegraphic apparatus without
a licence; and Section 7 of the 1967
Wireless Telegraphy Act gave the
Postmaster General powers to intro-
duce prohibiting orders at any future
time to prevent the spread of equipment
that caused interference to licensed
users of other apparatus. It was as a
result of this latter Act that, on April 1,
1968, the Postmaster General, Mr Ed-
ward Short, issued Statutory Instru-
ment 61:1968, the Radiotelephonic
Transmitters (Control of Manufacture
and Importation) Order 1968. This
prohibited the making or importing of
radiotelephone equipment which trans-
mitted on any frequency between 26.1
and 29.7MHz and 88 and 108MHz. It was
aimed at 27MHz walkie-talkies from
Japan which had begun to appear as a
result of the introduction of the Class D
citizens’ band on that frequency in the
United States ten years before. In
addition to these two Acts the Post
Office Act, 1969, gives the Post Office a
complete monopoly of electromagnetic
communication. If the letter of this Act
were ruthlessly pursued one presumes
that it would make illegal, among other
things, the red rear lights on cars and
bicycles.

Note that there is no provision
preventing the sale of c.b. equipment.
SI61 dealt with the immediate problem
but took no account of the fact that c.b.
sets with a 29.8MHz channel crystal in
them could be imported, then sold with
a 27MHz channel crystal in them. It is
probably safe to say that that is how
most of the c.b. sets freely available in
shops came to be there, and equally
justified to assume that the Home Office
wished there were some effective
method of preventing their sale.

Any introduction of c.b. in the UK
would bring these sets back into legal
use, especially if 27MHz a.m. were to be
adopted. Once you admitted the legal
use of two way radios it would be
difficult to tell which were new,
approved sets and which had come in
before or during the ban.
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The Home Office view

There is a further legal flaw in the
Wireless Telegraphy Act in that, alth-
ough it is illegal to use equipment
without a licence, the Act requires that
an offender be caught in the act of using
it, something that makes the Act quite
difficult to enforce.

Students of official inconsistency
shouid note that despite our prohibition
of the import, manufacture, installation
or use of even the 100mW walkie-
talkies that need no licence at all in
America, Customs and Excise have
overcome their distaste sufficiently to
issue a notice (VAT News No 8)
showing that walkie-talkie radios “of a
kind suitable for domestic or recrea-
tional use” would attract the higher rate
of value-added tax.

The Home Office view is that at the
moment the 27MHz band cannot be
used for c.b. because it is already
occupied by model controllers and
paging systems, including some in
hospitals, as well as all sorts of other
non-speech devices. More important,
the frequencies just aren’t available to
put either them or c.b. elsewhere. The
performance of the transmitters would
have to be good if they were not to
cause gross interference and over-
crowding, as they say has happened in
the United States. That would put the
cost of the sets up to the point where the
system defeated its own object. There
had been gross overcrowding in the
United States and a lot. of illegal use,
both in the sale of unlicensed sets and in
the way the sets were used. The use of
the radio spectrum had to be ordered
and the Home Office would have to
agree the use of any unallocated
frequency with France, Holland, Ireland
and Scandinavia. With all the chaos in
America, they say, it would need an
army to police the thing properly. “We
don’t want to deprive people at all,” a
spokesman said. “It’s the art of doing
what is possible.” Even for business use
there was a limited amount of space
available, saturation might be reached,
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and “business use is more important
than private chit-chat.”

Citizens’ Band Association

Indeed a recurring theme in the opposi-
tion to citizens’ band was that somehow
the use of radio was justified for
commerce but not for mere private
communication. C.b. is thought a
“trivial” use of radio, even though 60%
of the spectrum between 30 and
1000MHz is taken up by broadcasting,
mostly used for entertainment. But
Redifon managing director John Brink-
ley found the argument about over-
crowding shaky: “Experience hasn’t
shown this. People are going for thisin a
big way and they don’t spend the money
unless they are getting use and enjoy-
ment out of it.” The secretary of the
Mobile Radio Users’ Association, which
represents commercial users of private
mobile radios, Alan Ford, thought that if
the bands allocated to c.b. became
overcrowded this would be “self-cor-
recting” and might encourage the use of
more sophisticated radio. Speaking of
theillegally imported c.b. sets already in
use he said, “We have so far not had a
complaint of interference from any of
these devices from any of our mem-
bers.” Although J. O. Stanley, chairman
of the Air Call radio telephone
answering service, is opposed to the
introduction of citizens’ band radio, he
said it “wouldn’t affect our paging
service”, and Brinkley agreed that the
problems with the hospitals could be
overcome. Not so easy to deal with
would be the radio modellers, whom the
Home Office says number 40,000, but
this assumes that any British c.b.
service would be on 27MHz am.

James Bryant, applications manager
of Plessey Semiconductors, said he
formed the Citizens’ Band Association
because “l saw that the other groups
were campaigning for 27MHz and I felt
that this was a mistake. I became very
worried about the Home Office attitude.
They would dig their heels in until
forced to change their minds by a
change of government or a change of
minister, even, and would go for
27MHz.”

He proposed 40, 25kHz channels at a
power of 2W on f.m. with an audio
bandwidth of 3.4kHz and specified tight
tolerances on maximum deviation and
spurious emission. Where would the
frequencies comé from? “There are gaps
between some of the tv channels. The
v.h.f. channels are no longer very
heavily used. There is 6MHz between
channels that is allocated and not used

. We are not broadcasting in this
country between 100 and 108MHz. The
police are there but they’re moving out
and there would be no harm if they kept
back a megacycle there, but broadcast-
ing will hold on to that on the basis that
what you have you keep.”

Why not f.m.?
What was his objection to 27MHz?
“27MHz has lots of long-range radiation

problems, and it would put hundreds of
thousands of pounds’ worth of model
control equipment out of service.” He
advocated a strict licensing policy.
“Each set would have a built-in station
identification signal. It would be the
duty of the person selling the equipment
to copy the auto ident from the bottom
of the set on to a form which he has for
sending off to the Home Office.” The
person responsible for the set would be
the last registered owner. If you didn’t
register the new owner you were liable.
There would be penalties for the sale of
non-type-approved sets without the
auto ident.
" It has frequently ‘been said that the
American Federal Communications
Commission, given the chance again,
would go straight for their proposed
Class E system. This, at 220MHz, would
provide 80 f.m. channels designated for
specific uses. The 27MHz band, which
the FCC hopes will eventually be turned
over entirely to 80 single-sideband
channels, is being expanded from 23 to
40 a.m. channels from January 1, 1977.
Pye Telecommunications, in their
Pannell report suggesting mobile radio
frequency allocations for the 1979
World Administrative Radio Confer-
ence, say that for any c.b. system set up
in the UK, “a likely solution may be that
section of the band currently being
considered by the USA, namely 220 to
225MHz,” but add that there may be
some advantage in the use of a lower
portion of the v.h.f. band “and that part
of the band just above 100MHz would
seem to offer a compromise between
range, interference possibilities, anten-
na size, etc”.

The Japanese

One of the Home Office’s comments on
all this was that any c.b. set which had
all the features Mr Bryant wanted to
incorporate would cost “more than
personal mobile radio.” Mr Bryant
doesn’t think so: “High or low band, you
could do it for under £80. In the US, a.m.
sets meeting the FCC spec (which is
tough) are imported f.o.b. for under $40.
They sell for about $100. In some
respects it’s easier to make an f.m. set
than an a.m. set. Less tuning is needed.
Land mobile sets have to be made
broadly tuned and then specially tuned
individually to the frequency allocated
to the customer. C.b. sets are all the
same.”

But there are those who think, as
John Brinkley does, “that it might be
quite wrong to do it on a pattern
different from the American pattern.”
Alan Ford of MRUA agreed: “I'm not
convinced of the objections to 27MHz,”
and his view was even echoed by a
Home Office source who said, “I don’t
know that the American way of doing it
isn’t the right way”. Brinkley thought
there were sound commercial reasons
for sticking to. 27MHz which would
outweigh any threat from Japanese
imports: “I'm against getting up some
grotty special that we sell to nobody.
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We could become a prime exporter, and
I would hope that if an intelligent and
constructive view of c.b. is taken by the
administrators and industry we could
get a good result without creating a
spec that you can’t sell elsewhere.”

The threat of Japanese imports looms
large in the thoughts of those who have
considered c.b. Bryant suggested that a
c.b. service on f.m. in the v.h.f. band
would preserve us from the worst
effects of Japanese competition and
would make sure that the sets used here
were of a high standard. Others who
have been to America say, on the
contrary, that the standard of Japanese
sets, which account for up to 90% of the
market, is very high. “We are con-
cerned,” said Roy Pierce, managing
director of mobile radio communica-
tions equipment makers Burndept,
“that if we do establish a new type of
market that UK industry has at least an
equal chance in supplying this market.
This can be achieved either by tariff
barriers, to which 1 am generally
opposed, or by specifying the
requirement in a way which starts our
development off on an equal basis.”

Does allocation equal use?

Elsewhere it has been suggested that
the specification for the type-approval
of sets might be used, as safety regula-
tions already have been, as a trade
barrier. J. O. Stanley didn’t think this
was either a good idea or that it would
work. “The Japanese would get type-
approval, the good Japanese anyway.”
More fundamentally, our World of
Amateur Radio columnist, Pat Hawker,
wondered, “How are we justified in
saying we don’t want Japanese equip-
ment in?” Brinkley thought public
access was much more important: “In
considering whether there should be
c.b. or not the most important thing is
whether it would be useful and valuable
to the public. It's important but it's not
the first consideration as to whether

.imported equipment should be eligible.”

There was widespread agreement
that the spectrum was poorly used and
that the Home Office had confused the
availability of frequencies with the fact
that they were “allocated”. However,
our Home Office spokesman did admit
that “there are parts of the spectrum
where allocation is not entirely satis-
factory.” Also recurrent was Bryant’s
and Pye’s suggestion that the allocation
of Band I might be transferred to
two-way radio. It appears that we are
one of the few countries in the world
that uses television channel I, which
often turns up under freak conditions in
Australia and South Africa. J. O.
Stanley feels strongly about Band I: “To
have 405-line channels warming the
ether for the benefit of a couple of
thousand sets that are mainly in the
Western Isles is indefensible.”

The amateur view
The Home Office have tried to make
clear that the only frequencies that
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could be used for any future citizens’
band would have to come from the radio
amateurs. They must know that this is
untrue, but it would be considerably
easier to nip the c.b. fad in the bud if the
amateurs thought they might suffer
from c.b. and so mobilised themselves
against it. The amateurs are very
influential and have considerable pres-
tige.

British amateurs seem to have mixed
feelings about c.b. I have yet to meet
one who is opposed and one even wrote
to this journal to suggest that his
colleagues ought to give up some space
to it, but others have said that some
amateurs are bitterly antagonistic to
c.b. In the United States they formed a
“Save 117 campaign to oppose their
being moved from the 27MHz (11m)
band. A similar feeling is developing
over amateur space above 200MHz.
Amateurs are all too aware that there
are 250,000 of them sharing 42MHz of
American radio space, while around ten
million c.b. enthusiasts have only
250kHz.

Some ill-feeling was also caused in
the early days when misdemeanours by
c.b. users were attributed by ignorant
journalists to radio amateurs. Coupled
with this is a notion shared by a number
of amateurs here that they are an elite, a
select group who, unlike others, have
earned by their knowledge and exe-
rience the right to transmit and take a
pride in doing so responsibly. The
thought of anyone being allowed to use
radio without having to take a test and
for such trivial matters as seem to
preoccupy its American users appals
him because he feels it lowers his own
status.

But many amateurs already use their
licences just as a citizens’ hand licence
would be used. Such amateurs are not
interested in radio any more than was
necessary for them to get their licences.
They are less often inclined to join in
what they regard as the esoteric chatter
about technical matters that tends to
preoccupy other users of the amateur
bands. By law amateurs are not allowed
to transmit business messages or infor-
mation for or‘about third parties. They
also have to keep a log. The introduc-
tion of c.b. would be the excuse for a lot
of these amateurs to abandon their
licences and many of the rest would not
be opposed to their departure since the
general level and status of the true
amateurs who remained would be
enhanced. There is also the hope that a
generally-available, two-way or multi-
way radio service might encourage
those who had not had any previous
contact with radio to find out more
about it.

In many European countries the
relationship between the amateurs and
the c.b. fraternity is said to be very
close. In the German Federal Republic
the amateur and c.b. magazines eman-
ate from the same publishing house in
Stuttgart.

The Radio Society of Great Britain,
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with a membership of 19,000, about ¥ of

whom are listeners-only, out of a
possible 20,000 or so, claims to represent
all UK radio amateurs. When interest in
c.b. first began to be shown in this
country the RSGB wrote an editorial in
their journal, Radio Communication,
saying that “At the present time the
opinion of the council is that no support
can be given to the establishment of a
communications band in this (27MHz)
part of the spectrum.” The editorial
reflected closely the present Home
Office view, confining its discussion
entirely to the impracticality of using
27MHz, taking no account of the
possibility of moving elsewhere, and
pointing to the violations that had
taken place in the US. No attempt was
made to draw any comparison between
the numbers of violators prosecuted
and the total number of those using c.b.,
or to point to the occasions when c.b.
radio had helped the police catch
criminals or had saved life.

During the months since that editor-
ial was published last April, however,
the RSGB has considerably changed its
stance. The November editorial repeat-
ed a statement issued by the Society at
the beginning of October. “The RSGB is
aware of the numerous items that have
appeared on this subject in various
journals both as correspondence and as
feature articles. It is apparent that much
of this material has been generated by
those who will profit financially from
the introduction of the facility rather
than by potential users.”

The RSGB was ‘“‘not opposed to the
introduction of a short-range personal
communications facility”, provided that
its frequency and the equipment used
for it were suitable — 27MHz was not
because it was too near the 28MHz
amateur band, it allowed long distance
propagation and consequent increased
interference during the sunspot cycle,
and it interfered with television recep-
tion in Band I.

Significantly the editorial, unlike the
statement said: “Having regard to
equipment now available it would
appear that a v.h.f. or u.h.f. f.m. service
with power limitation, crystal control
and type-approved apparatus could be
suitable.”

One reason for the change,, slight
though it may seem, is that, as RSGB
General Manager and Secretary George
Jessop explained, the Society might
benefit financially from the introduc-
tion of c.b.: “The administration of c.b.
could be serviced by us out of which we
could take money to support the
amateur.” The RSGB was not supported
by any industry or organisation or by
the government, he said, despite the
charity work it did. No other organisa-
tion was as well suited to ministering to
the needs of future c.b. users, and the
Post Office counter staff were already
s0 overloaded that it was unlikely they
would accept the extra burden of
handing out c.b. licences. He thought
27MHz was bad because with the
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powers some of the Americans were
using they could be picked up over here.
As to where the service could be put he
was non-committal: “Somebody has got
to do a lot of homework; somebody
needs to think about it, about whether
it's going to be a useful thing.” He was
emphatic, however, that the spectrum
wasn’t full, and that the allocations,
particularly those for the military,
needed looking at. He would choose
somewhere between 300 and 400MHz.
“Between a quarter of a million and
400,000 people would want this. facility
and this would be a dreadful thing
unless it were properly controlled, but I
can’t see how you can stop people
having access to a legitimate develop-
ment.”

The military
The Home Office has no control over
frequencies used by the military, and so
any mention of these is notably absent
from discussion of possible candidates
for a c.b. slot. But it was surprising how
often those who might have been
expected to defend the amount of space
the military has access to suggested,
without prompting, that the military
were not using their frequencies pro-
perly. From other sources it is widely
known that the forces leave 10MHz of
the 225 to 400MHz band fallow because
these frequencies are also used by
countries signatory to the Warsaw Pact.
Our forces operate their allocations as
what one observer called “a mobile
radio right of way”, meaning that as
long as they were used once a year or so
the military had established their right
to keep them. In the case of the “red”
10MHz, when it is used, usually on an
exercise, the arrangements are agreed
secretly in advance with the Warsaw
Pact. The Ministry of Defence will not
confirm or deny any of this information
on the grounds that it is classified, but
their NATO allies across the Atlantic
have publicly acknowledged that, apart
from objections by Canada and Mexico,
one of the difficulties about establishing
a Class E service in America was that
the US Army used it for radar installa-
tions and tracking stations. There is no
more depressing contrast between
American 'government and our own
than that, in June, the acting assistant
director of the American Office of
Telecommunicatijons Policy, Edward
Probst, announced the OTP’s intention
to examine all federal government
frequencies between 50 and 900MHz as
a direct result of the pressure for more
space for citizens’ band.

Since the technical objections to
citizens’ band could, on balance, be so
easily overcome, why is the Home
Office so steadfastly refusing to allow
it? One suggestion, made only half-
facetiously, was that most of those
concerned with such matters are due to
retire in 1979 and don’t want to face the
effort of introducing c.b. before their
successors take over. There’s no doubt
that a lot of work would be involved,
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but one is forced to ask who pays for it
to be done.

Security

The real reason for the Home Office
attitude may be a concern for internal
security. Many of those opposed to c.b.
see it being used for bank robberies and
other capers, and one explained: “I can’t
see the army in Northern Ireland being
all that pleased if everybody over there
had walkie-talkies, can you?” One
informed commentator noted that in
Northern Ireland the Wireless Tele-
graphy Act was a dead letter even for
the security forces. Deeper down is a
political worry. It hasn’t escaped the
notice of civil servants that the begin-
ning of the c.b. boom was its use to
block roads during a strike.

Many are worried about its use at
demonstrations. The magazine Autocar
said in August: “Naturally, it is an
opening to what some would call misuse
of radio, warning other drivers of police
speed traps — with which we are in
sympathy — in another, lone case, to

co-ordinate a riot, with which we are
not.”

Others argued that if rioters killed as
many people as motorists did then we’'d
be under martial law. As to the illegal
use of c.b., Redifon managing director
John Brinkley said, “Bank robbers and
people like that are going to have
two-way radios anyway, whether
they’re legal or not. Two things would
prevent their use for such things if you
had a citizens’ band: firstly the polite-
ness and formality of the operators; and
secondly you're on an open circuit and
everybody can hear everybody else.”
The police in America were in favour of
c.b. and put sets in their cars, he said.,

The Home Office believed that the
police in the United States didn’t like
c.b., partly because it interfered with
their communications. On the other
hand, according to Tom Graham, editor
of Canadian Transceiver, writing in
Electronics Today International, the
Ohio police have done a survey which
“proved conclusively that c.b. mobile
operators are a positive benefit to the
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general public.” The state of Mississippi
has installed c.b. transceivers in 140
patrol cars and one report, in The
Sunday Times, has said that their police
rapidly caught 21 fugitive lawbreakers
and 221 other offenders as a result of
tip-offs from c.b. users. The state of
Missouri has installed c.b. radios in all
750 patrol cars. In Atlanta, Georgia, a
man with c.b. in his van spotted a car
that c.b. messages had told him was
carrying three men who had just killed a
policeman. He rammed it, causing the
three to be arrested. The New York
police are reported to be working with
the local Radio Emergency Action
Citizens' Team (REACT).

Social effects

A visitor to the United States even
noted a profound change in social
attitudes: “If you want to pass on a
message people relay everything for
you.’Everyone’s falling over themselves
to be helpful to each other. And you
know what motoring is like. The motor
car itself is a selfish thing. Drivers used

Growth in applications for licences
to run citizens' band radio stations.
Source: Federal Communications
Commission

- The astonishing growth of CB in
the United States is usually
attributed to the oil crisis of late
1973. This led to fuel shortages and
55 m.p.h. speed limits on the
inter-state highways. For the
truckers, who had already been
subjected to a price and wage
freeze at a time of rocketing costs,
the speed limit was the last straw,
and they went on strike.
Millions of Americans saw news
bulletins showing truckers with
two-way radios mobilising their

blocking of the tollgates and
inter-state highways, and
motorists bought CB sets to hear
the truckers telling one another,
after the strike was over, where
scarce petrol and predatory patrol
cars could be found. Our graph
shows that the reduction in the
licence fee also had a pronounced
effect at a critical time, and the
significance of thjs is unlikely to be
lost on the administrators of any
citizens’ band service that is
established here. In America there
is already talk of putting the fee
back to the original $20.
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not to care about one another, but a
friend of mine said to me, ‘We're all
talking to each other now’.” An article
in the New York Times Color Magazine
predicted, “If the people who regulate
its use can prevent it from becoming a
monster, it might well have a cultural
and social impact on American life
almost as profound as the last electronic
communications gadget to sweep the
country — the television set.”
" "One of the most compelling weapons
that the pro-c.b. lobby has in its
armoury is that it would provide
farmers, doctors and others with a
method of continuous communication.
The Home Office counter this by saying
that such people already qualify for
personal mobile radio, since they can
prove a case for using it for business.
Those in the mobile radio industry
have little but praise for the way the
Home Office administers mobile radio:
“It’s not that bureaucratic,” said Roy
Pierce. But the difficulty with p.m.r. is
that you have to prove your case for
having it, you need to spend a great deal
of money on the equipment, and, even
more important, no real effort is being
made to encourage its use. The Post
Office radio telephone has a similar
drawback in that it is not widely
advertised in Post Offices. The advan-
tage of citizens’ band would be that the
sets would be so cheap and so easy to
get that nothing need stop the district
nurse, the pensioner, the doctor, and the
housebound from getting them; for the
last in the list the telephone is no use
unless you have someone to phone or
are phoned. C.b. would enable them to
talk to the outside world, not just
members of their own circle. Getting
p.m.r. is so difficult, several sources told
me, that very often the supplier has to
fill in all the forms for the customer.
Selling p.m.r. seems quite difficult.
With another product a customer is
usually reacting to having seen
someone else using it and wanting to try
it out. The p.m.r. salesman can’t let the
customer near the set until a frequency
has been allocated by the Home Office.
Mobile radio frequencies are so short
that the authorities have to work out
complicated regional variations which
take account of the greater demand for
frequencies in areas that are already
congested. This can take nine months.
All of this applies equally, of course, to
the amateur, who has no opportunity to
try radio out before he has been through
all those tedious exams.

But who can use it?

If c.b. were allowed there is a danger
that the big users of mobile radio, from
taxi firms to the electricity, gas and
water authorities, British Rail, large
petrol companies and, to a lesser extent,
the fire and ambulance services, might
in these inflationary times turn to c.b.
rather than carry on with p.m.r. This
explains the reticence of some of those
in the industry. For the users Alan Ford
said: “We can see problems and we can

see advantages. Over 80% of mobiles in
this country are owned by our
members, on our estimate. Anything
that harms them we are against. But if,
as [ suspect, the introduction of citizens’
band in the UK were to make the public
generally more radio conscious then
this could clearly be an advantage, and
could only be a good thing for radio
users and the industry.”

The chief concern of the mobile radio
industry is the effect it would have on
their businesses. Mr Stanley thought
c.b. “about as likely to happen as the
nationalisation of the banks.” He
wouldn’t welcome its coming because
of the shortage of frequencies and the
need, with mobile radio growing at 15 to
20% a year, for p.m.r. to get more. He
agreed however that “there are a lot of
channels that have got to be utilised
better,” and that a lot of groups, the
newspapers, the Post Office and so on,
“have generous allocations that they
are using less efficiently than they
could.” But he said he was against
anything that gave radio a bad name.
“The amount of damage c.b. does and
the bad reputation it gets is worse than
the amount of selling it would get.”

Pye Telecommunications said they
had not committed themselves one way
or the other. “We are taking a consi-
derable interest in what’s happening in
America,” sales promotion manager Bill
Wheel told me. “If it were to come in
with a bang we would want our share of
it, but whether we would actively
campaign for its introduction is another
matter.” Like Mr Stanley he was
worried that it might.“give the wrong
impression of mobile radio.” It was a
totally different business, as demon-
strated by the high Japanese interest in
it: “They want something that can be
made in thousands and put in a box with
their label on it, and they have no
interest for what use that is put to after
they sell it. C.b. falls into that category.
They’re looking for mass production
goods that can be sold over the counter.
That’s not our business because we as

professionals provide a professional

service in the design, installation and
maintenance of whole systems.”

It’s not on

Paradoxically there are many, many
reasons why c.b. will never be allowed
here and’ just a few, though they are
compelling ones, why it is inevitable. As
we have seen, the technical objections
can be overcome, if the will is there. The
greatest obstruction is that the will is
absent. To begin with, although the
American and European citizens’ radio
services take advantage of the 27MHz
spot frequency assigned by the ITU to
“industrial scientific and medical” use
on the condition that users accept any
“harmful interference that may be
experienced,” there is no mention of
citizens’ band radio or anything likeit in
the document published after the last
conference in Geneva in 1959. As far as
the international control of radio is
concerned, therefore, Citizens’ band
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radio does not exist. The countries that
operate a service are taking advantage
of another agreement made in Geneva
that countries may use frequencies
allocated elsewhere provided such use
has no effect outside their own borders.
It was because of this provision that the
FCC had to shelve their plans to
introduce a Class E service on 220MHz.
Canada and Mexico said it would
interfere with their television services.

It is not entirely realistic to say that
because other countries can operate a
citizens’ band service there is no reason
why we should not. There are several
important differences between condi-
tions in Europe and the United States.
Nearly all of the European “Public
radio” services are run by small busin-
essmen and are not as generally avail-
able to the public as is believed.

The social and political differences
between the United States and the:
United Kingdom as they affect radio’
communications are not generally
realised. The most elementary is that
the United States has a written consti-
tution, the first amendment to which
forbids congress to pass any law
restricting freedom of speech. The
second amendment allows citizens to
carry guns, and there would be
something absurd about a national law
which allowed its populations to carry
0.45s and not walkie-talkies. America
also has a Freedom of Information Act
and a civil service which resigns upon
the election of a new president. Conse-
quently the government is more
accountable than here.

More fundamental even than these
things, however, is that there had never
been a government monopoly of radio.
Planning of any kind, notably town
planning, is suspect, and staté owner-
ship is anathema. This also applies to
the American telephone service, which
is shared, generally speaking, between
the Bell Telephone Company and
AT&T. Like our own telephone service
it is profitable but, unlike our own, it
does not have to support a costly postal
service. For that reason, in many cities
in the US, local telephone calls up to a
certain number are free. Thus there is
noreason to fear the undermining of the
telephone service by c.b. in the States
because the service is cheap enough to
be accessible to everyone anyway.

It must be remembered that until a
year ago 15 of the 23 c.b. channels in the
US were set aside solely for the use of
calls between different transceivers
belonging to the same station. These are
the calls that would compete directly
with the telephone service. The rule
change by the FCC allowing intersta-
tion calls to be made on any c.b. channel
may be as much areflection of the effect
on the telephone service as on the need
to ease some of the congestion on the
other channels and the fact that, since
so many people have them, fewer c.b.
stations are now bought for intra-sta-
tion communication. ‘
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The Post Office block

What may worry the Post Office as
much as the loss of local calls is that so
much of its revenue is derived from
recorded information services, which
receive hundreds of millions of calls
a year. If the American evidence is any
guide at all, the motoring information
service would be severely hit;
information from a motorist travelling
north along the M1 would be more
reliable than anything the Post Office
could manage.

In addition the Post Office has just
announced the extension of its own
Radiophone service to Scotland. It now
covers London, South Lancashire, the
Midlands, East Pennines, Severnside,
South East Wales and the North East of
England. Motorists in these areas can
call anywhere in the UK, principal
towns in Ireland, the Isle of Man and the
Channel Islands and most of Western
Europe, the United States and the Far
East. The cost of a local call, however, is
8p a minute with ‘a three minute
minimum, and a trunk call costs 6p a
minute over normal rates. These
charges do not include v.a.t.

This service is far too expensive for
the normal “I'll be home in 20 minutes”
type of message that the public could
easily pass on with present technology.
Even more significant perhaps is that
the Post Office’s Viewdata will, if it is
ever introduced on a large scale, provide
just that. Callers will be able to leave
messages which will appear on the
television screen. On present form the
service is unlikely to be cheap, to us at
any rate, and c.b. would affect it badly.

The Post Office and the Home Office
are likely to receive substantial support
in their objections to c.b. from the BBC,
who are now pressing for their own
radio motoring information service and
who wish to retain their Band I fre-
quencies either for a “re-engineered”
625-line tv service or a dedicated
teletext service. The broadcasting
organisations in the USA have present-
ed some opposition to the expansion of
c.b. there on the grounds of excessive
television interference, and Senator
Barry Goldwater, no less, has retorted in
congress that the trouble was not the
poor quality of the transmitters but the
poor standard of television set manu-
facture. More worrying for the broad-
casters here, perhaps, are US reports
that local radio stations have been
losing audiences since the c.b. explo-
sion.

Who wants ¢.b.?

Another difference between here and
America, and indeed between here and
Europe, is that road distances are so
much shorter. While it is true that the
last twenty years have seen a massive
motorway building programme, pro-
viding less opportunity for drivers to
have the company of hitch-hikers, the
American trucker can travel for days in
an unchanging landscape. It has also
been said that Englishmen can be

travelling in the same train for years
and never talk to one another, that the
Ameicans are more garrulous than we
are, and that we are “too conservative”
to make use of c.b. And social class is
not based on the spoken word in the
United States; one view was that a lorry
driver and an executive would have
nothing to say to one another. Yet
another difficulty that occurs to people
is that if you are one of the first people
to have a c.b. set you will have very few
to talk to. After all, c.b. had been
dormant 27 years in the United States

before it made any impact, although for

much of that time it was available only
on 456MHz.

All these difficulties are insuperable
unless public pressure for citizens’ band
radio becomes so intense that the Home
Office is no longer able to resist it. There
seems very little evidence that public
pressure has reached anything near that
point, and it is difficult at the moment to
see how it ever could. Although the
Citizens’ Band Association had been
going for something like four months
when I'spoke to him, James Bryant told
me that he would get his hundredth
member by the middle of the following
week. That doesn’t seem to show
overwhelming public interest in c.b.: as
one comment had it, “Last week [ heard
that a club had been formed for people
who had walked from John O’Groats to
Lands End. In a week 600 people had
joined.”

The precedents for changes in
telecommunications policy aren’t all
that numerous. One was the introduc-
tion of commercial television and the
other was the introduction of commer-
cial local radio. In both cases the
campaigns took a long time even
though they were conducted on a
massive scale by powerful industrial
and financial interests who saw the
money that could be made from adver-
tising. There is no money to be made
from advertising in citizens’ band since
the only possible form of advertising
would be a sort of swop-shop on one
channel. Even that might upset local
newspaper and publishing interests,
who have the ear of the Home Office
because most use some personal mobile
radio frequencies.

Another crucial point is that in both
those previous cases, as in most other
things, the public were willing to back
the lobbyists because they had seen the
product and wanted more. In the case of
commercial television they wanted a
second channel to compete with and
destultify the one they already head.
and in the case of commercial radio they
had heard the pirates and wanted more
of the same. Until mobile communica-
tions and two-way radio become so
plentiful through normal p.m.r. use then
the public will now know what they are
missing. It was noticeable in America
that it was not until people bought c.b
sets to find petrol and dodge speed
limits, that they discovered they had
other uses.
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It is noteworthy too that after pirate
radio began to operate in 1964 succes-
sive Postmaster Generals, Bevins, Benn,
Short and Stonehouse, were told that it
was interefering with vital services. One
comment on this was, “Had [the
Postmaster General] known anything
about it he would have known that this
wasn’t the case, but the same people
that advised him are still advising at the
Home Office.”

Distrust of the media

At the moment there are some factors
that may worry the Home Office into
changing its position. The first is that
the Home Office is split over attitudes to
its entire policy, and its resistance to
public accountability may not be as
solid as its official statements suggest.
Another sign that may help the pro
lobby is that many who expressed
serious reservations for the record told
me as soon as our interview was over:
“Mind you, if it does come in [ can’t wait
to get a set.” Some of the mobile radio
industry are already falling off an
already-crowded fence; Pye’s Pannell
reports, their submission to the Home
Office on frequency allocation, is
broadly quite favourable to c¢.b. Last of
all, though they sometimes seem to
behave like it, those at the Home Office
are not totally unameable to argument.
The murrain that grips this civil service
is that they do not understand, never
mind sympathise with, the view that it
is up to them to prove their case, and
not up to us to prove ours. So far, on the
arguments they have advanced, they
could be said to have failed. What is
wrong is that this will make no differ-
ence.

Citizens’ band reflects a growing
distrust in popular sources of informa-
tion, a desire to tell one another what is
going on without the intermediary news
editors or tv chat experts. No less
important is that the so-called triviality
of the messages that are passed belies
their importance. This is not just true of
c.b. When a lorry driver is told over
p.m.r. “There’s a load of fish’eads
waiting to be collected from Billings-
gate,” the deeper meaning of the
message is “Do this and we’ll make
some money.” The c.b. lobby cannot see
why that is more important than giving
aman or woman in a lonely community,
which can exist in the middle of a city or
in the unwelcome gregariousness of a
traffic jam, the opportunity of talking to
someone they haven’t met, and going
away feeling that the other person is
just the same as they are.

Whoever seeks to deny them that
contact in a world that gets more
difficult and dangerous by the minute
had better have a good reason.
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News of
the Month

Analogue quarts into
digital pint pots

The BBC is examining a digital
frequency-division multiplex compand-
ing process which may save enough bits
to allow a 7kHz speech channel to be
coded into a 64kbit/s bit rate. This is the
bit rate for a single telephone channel in
the national and international digital
communications networks now-being
introduced, “and access to such chan-
nels for data links and other purposes
may ultimately be possible,” say the
BBC.

The companding process, one of
many the corporation is looking at,
digitally compands programme com-
ponents in three separate bands: up to
1.75kHz; 1.75kHz to 3.5kHz; and 3.5kHz
to 7kHz. Six bits are transmitted for
each of the first two ranges and three
for the third, “a near-instantaneous

companding technique enabling
moderately good speech quality to be
achieved. Only a single

analogue-to-digital converter is
required, 'acting on the three audio
bands in time-division multiplex.”

The sampling rate for the top two
bands need not be twice the maximum
frequency of the band concerned. Since
they are only an octave wide, sampling
each band at its maximum frequency
yields alias components which meet but
do not overlap the wanted part of the
spectrum and ‘which can therefore be
eliminated by filtering. A similar effect,
say the BBC, can be obtained less
economically by frequency-shifting
each band down to baseband before
coding and restoring to correct fre-
quency after decoding.

Teletext and cable

The Home Secretary has authorized the
BBC and IBA to continue the transmis-
sion of teletext services up to July 31,
1979. (When started, BBC’s Ceefax in
1974 and IBA’s Oracle in 1975, the

services were intended to run only for
an experimental period of two years.)
Announcing this at the annual lun-
cheon of the Cable Television Associa-
tion, Lord Harris, Minister of State for
Home Affairs, said: “We shall, of course,
have to look again at the position in the
light of any recommendations made by
Lord Annan’s Committee. But I hope
that the extension of the authority I
have just announced will encourage
industry rapidly to provide equipment
which can be put within the reach of
members of the public at large.”

Lord Harris also said that, as a result
of discussions between the CTA and the
Home Office, it had been agreed that
teleXt services will be available in
decoded and modified form on some of
the cable networks. This statement was
in fact an authorization of what has
been going on experimentally for some
time at Swindon, Brighton and Hull. At
the last-mentioned two towns, for'
example, Rediffusion decode the tele-
text signal at the distribution centre and
put it out in analogue form on their h.f.
network, using the BBC2 channel in
those hours when the BBC is not
transmitting programmes. Of course
the subscribers cannot select pages
themselves, and Rediffusion are using
an automatic “page turner” which
presents selected pages at about one per
minute.

In a statement issued after Lord
Harris’s announcement, the BBC said
that television sets with integral Ceefax
decoders would be available to the
public during 1977 and at’least two
manufacturers were beginning limited
production of add-on adaptors which
would enable viewers to receive the
service on their present sets.

Doping an amorphous
semiconductor

A p-n structure has been made from
non-crystalline silicon by a group at the
University of Dundee. This
demonstrates that amorphous material
can be doped by impurities, an achieve-
ment not previously thought possible. A
silicon film was made either p-type or
n-type by the addition of boron or
phosphorus, although more dopant was
needed for this “amorphous” (glassy or
disordered) film than would have been
the case for the ordered, crystalline
silicon used in present transistors and
solar cells. The Dundee workers, under
Professor Walter Spear and Dr P. G. Le
Comber, deposited the silicon films by
glow-discharge decomposition of silane
(silicon hydride) on glass, using phos-
phine or diborane as dopant gases. This
is a well-known technique but this is the
first technologically successful study of
the product.

They found that the conductivity of
the films could be controlled in

Wireless World, January 1977

unprecedented fashion. For amorphous
materials, conductivity values could be
varied over five orders of magnitude. In
the past, amorphous semiconductor
films, which can be deposited very
cheaply, were not very useful because
they would not conduct well enough for
use in a device (excepting the abortive
“Ovshinsky devices”). This new ability
to control conductivity could open up
the technological uses of thin film
amorphous silicon, a very desirable
thing because of the cheapness and
large possible areas of such films; even
thin film tv displays have been talked
about.

However, some formidable funda-
mental and technological barriers may
need to be surmounted before devices
which compete with those made from
single-crystal silicon can be manufac-
tured. The efficiency of doping as it
affects conductivity is still quite poor,
because many carriers are immobilised
in a class of energy states special to
amorphous semiconductors, the so-
called “mid-gap states”. The achieve-
ment of Spear and LeComber is to
reduce these states until at least a small
proportion of the electrons and holes,
freed from the dopant atoms, appear in
conduction states. Further research
may show how to free more carriers and
also answer some fundamental ques-
tions about this new “second genera-
tion” of amorphous semiconductors.

—

Carter want_s “bett;
use of mobile radio’”’

President-elect Jimmy Carter says
telecommunications represent perhaps
“the greatest potential area of applica-
tion for space research and techno-
logy.” The effective use of telecom-

munications technology — including
the telephone, mobile radio, television,
satellites and computers — were an

important part of a comprehensive
energy conservation programme.

Carter had been asked, in the journal
of the American Society of Mechanical
Engineers, what he saw as the future
role, priorities and funding of NASA,
and what importance he attached to
aeronautical research and development,
space science and space applications.
“In a time of widespread inflation and
high unemployment telecommunica-
tions is one of the few sectors of the
economy which has consistently pro-
vided more jobs with increased
productivity.

“I am pleased to note the efforts at
NASA and a number of universities and
research institutes to evaluate the
potential of telecommunications for
increasing the efficiency of energy-in-
tensive activities such as travel. New
ways of using telecommunications —
such as telephones linked to computers
or video conferencing via satellite —
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bring the promise of substantial time,
money and energy savings in the use of
transportation. In other areas we can,
for example, make better use of mobile
radio or satellites and computers for
on-the-spot diagnosis of heart attacks
and delivery of emergency medical
services. The technology is here today.
What we need are the institutional
mechanisms and commitment in both
the public and private sectors to make
best use of our assets.”

Asked how he intended to use the
Office of Science and Technology, he
said: “It is crucial that the advice of the
scientific and engineering community
of this nation be actively and perman-
ently sought by elected officials in the
evolution of national policy dealing
with the complicated, unpredictable
and rapidly changing technological
problems of this modern world. The day
when political leaders could make
effective policy decisions independently
and turn to the scientific community
only for assistance in implementation
has long passed.

On engineering education he said
imaginative reforms were needed to
strengthen colleges and universities in
times of financial difficulty.

Carter said he felt that one of the
greatest failures of national leadership
in the USA had been the failure to
convince Americans of the urgency of
the energy problem. The national policy
for energy must combine energy con-
servation and development. Ironically,
in view of his remarks about mobile
radio, his list of conservation measures
included ‘“‘rigid enforcement of
energy-saving speed limits.”

Waveguide go-ahead

The Post Office have decided to install
their first main line millimetric wave-
guide between Reading and Bristol, a
distance of 123km, to come into revenue
service by 1982.

Announcing this decision at’ the
opening of the IEE November confer-
ence on millimetric waveguide systems,
Professor J. H. H. Merriman of Post
Office Telecommunications HQ made it
clear that this was still subject to Post
Office Board approval, which probabili-
ty one source put at 80%. (Amounts over
£1% million require board approval.)
Value of the work is thought to be
around £4% million, with Marconi
Communication Systems supplying
terminals and repeaters (worth about a
third of the value) and a joint P.O.-BICC
venture providing the waveguide,
which will be similar to that used in the
P.O. Research Centre field trial (see
report on page 69). BICC have recently
mentioned a price of £20 per metre for
their waveguide but the Post Office say
this figure is based on developmental
quantities; they are “certainly hoping to
pay much less for production quan-
tities” said a spokesman.

Ten women leave England in January to
film and study the great Atrato Swamp
in Columbia. They will be away about:

three months. Tony Wright of
Racal-Tacticom (left) shows Carolyn
Oxton (second right), the leader of the
expedition, and two other members of
the team, how to work the Syncal radios
which will link them with a base camp
which may be up to 500 miles away.

Work over the last decade by the Post

‘Office, culminating in the "14km field

trial from the P.O. Research Centre at
Martlesham Heath to Wickham Market
in Suffolk, has “been extremely suc-
cessful in demonstrating that the
design, construction and installation of
an operational waveguide system could
be achieved” said C. A. May, director of
research at the centre.

And with the Post Office belief that
their system is the most cost-effective
they are naturally hopeful for its export
potential. The high density nature of the
system limits the market of course and
the USA, Japan, France and Italy have
made their own investment and deve-
loped systems tailor-made to their own
requirements. Nevertheless the Post
Office-industry team (Marconi and
BICC) believe its features are attractive
enough to interest Middle Eastern
countries and some smaller European
countries. And now the conference has
finished and the international scene
appraised the team will be starting to
sound-out the market.

One of the attractions of the system is
its modular basis; a basic capacity of
approximately 60,000 voice circuits
could be provided initially and further

-capacity added later at little extra cost.

Another feature is the repeater spacing,
of the order of 20km compared to the
2km of cable systems. The waveguide
itself is simple to make, light in weight,
easy to handle and joint, and is cheap to
make, say the Post Office. More details
on page 69.
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Europe a net
electronic importer

European electronics production should
reach $39,536 million in 1977, an
increase of 12.9% over the previous year,
according to the latest edition of the
Mackintosh Yearbook of West Euro-
pean Electronics Data 1977. Output
increased only 4% during 1975 com-
pared with the previous year, compared
with a mean growth rate of around 14%
in previous years. During 1974 total
European production was $31,239 mil-
lion, while Japan produced $16,400
million, and the US $39,000 million. The
following year the European figure was
$34,068 million and even that was
inflated by a 5% devaluation of Euro-
pean currencies against the dollar.
Mackintosh have prepared a table from
the previous four editions of the year-
book which eliminates currency fluc-
tuations and shows the real growth of
European electronics output: taking
1972 as the base at 100, the production
figures given for the following five years
are 104.7,106.2, 97.5, 110.8, 125.1.

In 1975 Europe exported $15,878
million, an increase of $2,101 million
over the 1974 figure, but imports were
$16,380 million, up $1,337 million, a
trade deficit of $502 million. Every
country in Europe had a deficit with the
exceptions of West Germany and
France.

The deficit in computers was $1,020
million, with imports running at $3,396
million; video and audio consumer
goods with imports of $3,475 million had
a deficit of $976 million; and active,
passive and audio compon%nts had a
deficit of $741 million with imports of
$5,394 million.

France became a net exporter of
electronics products for the first time in
1975, with a surplus of $32 million on
imports of $2,523 million. Mackintosh
point out that French government
heavily subsidises the electronics
industry. West Germany, however, has
been in surplus since the first edition of
the yearbook in 1972. In 1975 the West
Germans had a $1,264 million surplus on
imports of $2,974 million.

In communications, telecommunica-
tions and control and instrumentation
equipment Europe is a net exporter,
with exports of $6,350 millions com-
pared with imports of $4,115 million in
1975. The United Kingdom, however,
has a positive trade balance only in
communications and telecommunica-
tions. In 1975 exports, at $2,370 million
were $137 million less than imports.

Turning to the electronics market,
video and audio consumer goods show
the smallest increase, 17%, projected for
the period from 1976 to 1980, while
components, the largest market, is
expected to increase 41%.
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Who is warden over the
Wardens?

The International Telecommunication
Union will, if it keeps its present
membership, have delegates from 152
countries at the World Administrative
Radio Conference in Geneva in 1979.
The latest country to claim membership
is the People’s Republic of Angola,
which registered with the ITU on
October 13 last. The unwieldiness of
such a gargantuan talk-fest beggars the
imagination, and the obstacles of
procedure and language will be such
that, while a little matter like indepen-
dence for Rhodesia can take only a few
weeks, sorting out the world’s demands
on the electromagnetic spectrum is
expected to take two and a half months
from the September 24 opening date.

Those interested in telecommunica-
tions policy also expect results to
depend on the demands of the newly-
independent nations such as Angola.
Some have said that their views will not
affect Western Europe much. Others,
notably our own Home Office, are
saying that the distribution of the whole
spectrum could look vastly different as
a result of the emergence of countries
that hardly mattered when the last
conference was held in 1959.

The Agenda includes a review, and
where necessary, revision of the pro-
vision of the regulations relating to
terminology, the allocation of fre-
quency bands and the associated regu-
lations (articles 1 to 7); a review and,
where necessary, revision of the pro-.
visions applicable for the co-ordination,
notification and recording of frequency
assignments (articles 9 and 9A), except
those articles relating to a single
service; a review and, where necessary,
revision of other regulations applicable
to services in general (articles 12 to 20);
and a review and report on the activities
of the International Frequency Regls-
tration Board.

The International Radio Consul-
tative Committee (CCIR) is now study-
ing recent technical advances, new
services, more intensive use of the
frequency spectrum and the use of
higher frequencies than those now used
so that the information will be available
to the conference. A special joint
meeting of the CCIR study groups is
expected to be convened next autumn.

In the United States the process of
public consultation is well under way.
In March the Federal Communications
Commission issued a 127-page public
notice tabulating the non-government
requirements submitted to it for 1979.
“These requirements stem from com-
ments and reply comments to the
second notice of enquiry,” said the first
page of the document, released Sep-
tember 19, 1975; . . . Additional formal
notices of inquiry regarding prepara-
tory work for the 1979 WARC, includ-

ing proposed changes to the interna-
tional allocations table will continue to
be issued wherein comments will be
solicited from the general public .. .”

In the table of frequencies and
present allocations, each frequency
band shows the requirements placed on
it by interested parties, and a key shows
the source of the request, any of 17
categories including citizens' band
(category 35), even though c.b. does not
yet exist in the eyes of the ITU.

In Britain there is no consultation
and, at the moment, there are no plans
for any. Two years ago an engineer in
the Radio Regulatory Division of the
Home Office, James Warden, was asked
to begin a series of reports which would
form the basis for briefing delegates to
the 1979 WARC. The delegates will be
instructed by the minister, now Lord
Harris, who in turn is responsible to the
Home Secretary. In reality the instruc-
tions will be delivered, and indeed
drawn up in their final form, by the
minister's permanent secretary, who
receives reports from a number of
committees he has formed to agree
policy on various aspects of telecom-
munications. The committees brief the
permanent secretary after discussing
their proposals with a selected group of
those outside the Home Office who
have a direct interest in each com-
mittee’s subject but who can be trusted
to be discreet, for the reports are secret.
The basis for the secrecy is that in
theory the delegates are told what
“Britain’s attitude” is to be at the
conference by the Home Secretary
himself, and we cannot learn anything
of what our officials will say on our
behalf because to do so would be to
break Cabinet secrecy.

Warden has now finished two of his
main reports, as well as a number of
minor ones, and is at present engaged
on a third. The first was on the largest
activity within the Home Office’s
jurisdiction, broadcasting. The second
was on mobile radio, and was presented
to the Mobile Radio Committee of the
Home Office about a year ago. The
information we have been able to
gather about this report is an interest-
ing example of how telecommunica-
tions policy is decided. Like the others,
it was restricted to ten or 20 numbered

copies. Some of these were passed out to’

the mobile radio industry for comment,
and this meant the senior officials of the
Electronic Engineering Association,
which represents nearly all the mobile
radio equipment manufacturers. The
Home Office Mobile Radio Committee is
not composed entirely of full-time civil
servants, and the joint secretary of the
MRC is also secretary of the Mobile
Radio Users Association, Alan Ford,
who can give the users’ view.

The Warden report on suggested
allocations for mobile radio frequencies
contained 16 recommendations. The
EEA agreed with some of these, dis-
agreed with others, and were unable to
agree among themselves about the rest.
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The report had reached the conclusion
that the growth in mobile radio use was
small or static and that there was
therefore no further need for any
allocation above what it had already
got. Any further channels that did
become available should go to the Post
Office, and any unforeseen growth in
the demand for mobile radio could be
handled by new technology, particular-
ly digital techniques, already evident in
the United States. Here Warden may
have been influenced by technical
developments he had seen in America
when he stayed for two months as a
guest of the FCC.

It is fair to say that the report
astonished those in the industry who
were privy to it. They had minor
reservations about its lack of detail, as
they saw it, but they could not accept
the major conclusions about the growth
in their industry. To begin with, of the
portion of the spectrum from 1000MHz
down to 30MHZ, broadcasting takes
60% of the available space, the military
another 30% and mobile radio has a
mere 3% share. Even a member of the
Home Office telecommunications dir-
ectorate, Willam Nicol, had to admitin a

. speech at the Communications '76

conference at Brighton in June that the
allocation “would scarcely reflect very
strong interest or a fair share of the
frequency spectrum for mobile radio...”

The Post Office’s own estimate of the
growth of the market is that the number
of mobiles will double to over 500,000 by
1985, rising to about 1.5 million by the
year 2000. J. R. Humphries of Marconi
Communications Systems wrote in
Electronics Weekly recently: “It is
generally agreed that the growth of land
mobile radio services in the United
Kingdom will mean an expansion in the
number of users by at least 2.5 times
within ten years.” The rest of the article
showed that, like everyone connected
with mobile radio, he was aware of the
pressing shortage of frequencies for
mobile radio.

In addition to all this the industry has
the evidence of the American Frost and
Sullivan report, which predicted a rise
in the mobile radio market in the US
from $900 million in 1975 to over $4.2
million by 1984, and asserted that digital
techniques would supplement existing
radio signals and channels, not replace
them.

Another irritant was that mobile
radio users had accepted channel
reductions from 100kHz to 12.5kHz in 20
years and that now there was talk of a
further reduction to 6.25kHz while Post
Office channels were still 25kHz.

The result of all this was that the
report was sent back for further work to
be done on it in consultation with the
industry’s representatives in the EEA. It
would be interesting to know what else
the Home Office is preparing to take
away to Geneva, and fascinating to
discover how different it would look if
we did.




Wireless World, January 1977

Non-linear distortion in
audio amplifiers

Why do some amplifiers pass static distortion

tests but fail listening tests?

by M. Otala, Technical Research Centre, Oulu, Finland

The debate about amplifier distortion
and especially its audibility has always
been an interesting subject. Most of us
still remember the battle over triodes
and pentodes, and a few years ago such
epithets as “transistor sound” were
discussed intensely. Right now we are in
the middle of “operational amplifier
sound”, and although these negative
attributes may seem ridiculous at first
glance, there really seems to be some
clearly audible differences. These dif-
ferences must be “distortion”, whatever
that may then mean.

It is a commonplace to divide distor-
tion in amplifiers into two classes: linear
distortions, i.e. linear departures from
straight frequency or phase character-
istic, and non-linear distortions, i.e.
distortions caused by non-linear ampli-
_ tude relationship between the input and
output signals. This article concentrates
on the last-mentioned form of distortion
and divides it into two groups according
to their dependence on the signal
@ static non-linear distortion, depen-
dent solely on the amplitude of the
signal, and
® dynamic non-linear distortion,
dependent not only on the amplitude
but also on the time properties or
frequency composition of the signal.

Historical perspective
In the early valve era the cost of gain
was high. This led to the use of few
active devices and careful design to
yield acceptable harmonic and inter-
modulation distortion figures. When
the benefits of feedback were disco-
vered, it was applied mostly locally. The
presence of an output transformer with
its stray reactances made the amplifier
transfer function so complicated and
dependent on the momentary signal
and load conditions at high frequencies
that heavy overall feedback could not
be used without loss of stability. The
average overall feedback wvaried
between 15 and 30dB, and the static
harmonic and intermodulation distor-
tion were the primary sources of audible
amplifier quality impairment.

The introduction of transistors and
especially the transformerless amplifier
circuits permitted the use of heavy

overall feedback. This led to the
unwarranted myth of the amplifier
being the better, the higher the feed-
back. The following advantages were
attributed to the use of feedback
—static distortions decreased to practi-

cally zero
—bandwidth of the amplifier increased
—output impedance of the amplifier

decreased and hence the damp-

ing factor increased

The decreasing cost of components
and the trend toward monolithic inte-
gration made possible the use of
almost-unlimited gain resources, and
consequently the main trend in the
design philosophy has been the use of
very high open-loop gain and high
values of feedback.

This trend has been further intensi-
fied by the use of operational amplifiers,

which more and more are finding their

way into audio equipment as low-level
amplifiers and power amplifier drivers.
The need to minimize the size, weight

.and power dissipation of amplifiers also

led to another trend: the minimization
of the class A operation region of an
amplifier. The result is cross-over
distortion, which sounds ghastly and is
difficult to eliminate with feedback or
any circuit tricks.

Those two effects, the overdose of
feedback, causing dynamic non-linear
distortion, and the almost class B
operation causing near-incurable
cross-over distortion, seem to he the
main distortion problems of present-day
audio amplifiers.

Static non-linear distction

Every stage of an amplifier has a more
or less non-linear transfer function. Fig.
1 shows the typical static non-linearities
usually encountered in audio amplifiers,
namely s-type, cross-over and clipping
distortions.

S-type non-linearity. There are numer-
ous reasons for the s-type non-linearity.
In the case of transistors it may, for
instance, be caused by the non-linear
dependence of current gain, versus
collector current and voltage, by the
non-linear base-emitter voltage charac-
teristic, or by possible avalanche-type
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Fig. 1. Different kinds of static
non-linear distortions (a) s-type,
(b) clipping and (c) cross-over.

collector current non-linearity due to
collector-emitter voltage. In the case of
vacuum tubes, the list of sources for
non-linearity includes the space-charge
effects around the control grid, the
change of mutual conductance and
anode resistance as function of voltage,
the possible negative impedance con-
tribution of screen grid in beam tetrodes
and pentodes, etc.

On the circuit side the most notable
method of minimizing the non-linearity
is the choice of interstage resistors to
ensure that the stage interface transfer
function is as linear as possible. If
transformers are used, their non-linear-
ities are important too. All of these
sources of s-type non-linearity are well
understood and design rules exist for
their minimization. The effects are,
however, too numerous to be consi-
dered here. Furthermore, the remaining
s-type non-linearities can easily be
decreased with the use of local or
overall feedback.

Cross-over distortion. The operation of
power amplifiers in class B presents
some important special problems. The
first is cross-over distortion, and the
second the time asymmetry of the
amplifier halves, Fig. 2. Both occur
around the class B transition from one
circuit half to another. The source of
these distortions is the decrease of the
gain of each half to almost zero at
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almost zero collector current, and the
different transition frequency beha-
viour of each half. In the cross-over
region, therefore, the open-loop gain of
the amplifier drops drastically. Feed-
back has little effect on this type of
distortion, as there is no open-loop gain
available for the feedback. The only
possibility is to allow sufficient quies-
cent current to ensure the full gain at all
times. These two forms of distortion are
very clearly audible, probably because
they generate harmonic and intermo-
dulation products of high odd order. In
the case of harmonic products, the high
order components are non-musical and
therefore annoying. In the case of
intermodulation products, a high order
means a multiplicity of products falling
within the audio band. Being non-musi-
cal, the musical masking of these kinds
of products is small. However, the
sensitivity of the ear may also stem
from the strong phase modulation they
introduce in heavily feedbacked ampli-
fiers. The details of this effect are
outlined later in the section on dynamic
non-linear distortion.

Clipping occurs when an amplifier is
overloaded. Therefore it is not an
operational non-linearity in the proper
sense of the definition. However, as
overloading peaks do exist in usual
programme material, the amplifier
overload performance becomes impor-
tant. The audibility of clipping is
dependent on the clipping mechanism,
soft s-type clipping being less audible
than hard limiting, which may be
aggravated further by saturation reco-
very effects. This increased audibility
depends again on the generation of
higher-order harmonic and intermodu-
lation distortion products.

It would be desirable to “soften” the
clipping. The problem is, however, that
the overall feedback effectively
linearizes the clipping, making it hard,
and may also cause an internal excess
drive signal within the feedback loop
during the clipping, thus aggravating
the saturation problems and delaying
recovery. The desire for a soft clipping
and the present use of feedback are
therefore incompatible, and it remains
to be seen which one will be considered
more important in the future.

Static distortion versus feedback

Suppose that in a given circuit all the
possible means for minimizing distor-
tion in situ have been used by selecting
linear active devices, by choosing
optimum load and generator impe-
dances for all stages, and by careful
selection of the working points. Sup-
pose further that so far no feedback has
been used. The interesting question
then arises: whether one should use
local feedback stage by stage, or overall
feedback around the whole amplifier to
reduce remaining static distortion. Most
present-day amplifiers seem to be
constructed according to the last men-

‘ l/\ \f\ \./ a
Fig. 2. Cross-over distortion caused by

time asymmetry of the class B
amplifier halves.
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Fig. 3. Division of a feedback amplifier
incorporating the driver A, the output
stage A, the compensation network
RC and the feedback network.
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Fig. 4. Bode plot of the feedback
amplifier.

tioned principle, i.e. the main design

objective has been to realize as high

(and often very non-linear) a gain as

possible and to rely on overall feedback

to make the amplifier behave correctly.

The use of local feedback has some
drawbacks which make its use unpopu-
lar

—it increases the number of parts in the
amplifier

—if the amplifier uses i.cs, linear
unbypassed emitter resistors may
be difficult to manufacture

—local feedback often limits the avail-
able voltage swing of the stage
(Crucial at driver stages and may
necessitate separate power supplies
for them)

—large unbypassed resistors at the
output transistor emitters may
severely limit output power
However, local feedback has some

advantages:

—it linearizes and stabilizes each stage
separately, eliminating certain diffi-
cult cross-coupling linearity and
stability troubles between stages.

—it decreases the effect of individual
device tolerances, which may cause
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some working point problems, espec-

ally in d.c.-coupled multi-stage

amplifiers.

—it increases the cut-off frequency of
the stage .
The last remark is important. For the

same total gain, the use of overall
feedback alone yields the same distor-
tion figures as the use of local feedback
alone but with one significant excep-
tion: whereas local feedback increases
the usable frequency range of the
amplifier, the overall feedback usually
decreases it. This apparent
contradiction may be explained as
follows:

To ensure stability, the amplifier
open-loop frequency response must
have a —6dB/octave roll off. For heavy
overall feedback, the amplifier must
then be frequency compensated to
eliminate the influence of the second,
third, etc. poles of the transfer
function!. If overall feedback is
increased, this compensation must be
made proportionally heavier, resulting
in the closed-loop small-signal fre-
quency response remaining the same.
The generally held belief that overall
feedback increases the small-signal
frequency range is thus invalid in the
case of multiple-stage amplifiers. How-
ever, the large-signal frequency range
usually decreases with increasing feed-
back. This is caused by the heavier
frequency compensation requiring
more error signal headroom from the
driver stages. If there is not much of this
headroom available, and such is usually
the case, the driver stages will clip at
proportionally lower frequency as the
compensation is made heavier. High
overall feedback therefore has the
tendency of decreasing the power-
bandwidth of an amplifier.

The optimum choice with present-
day components is probably to use all
the possible local linearization methods:
available, and thereafter to use local
feedback until the open-loop large-sig-
nal total harmonic distortion is around
0.2 to 2%. Moderate overall feedback is
then added, the optimum value being
around 20 to 40dB. It seems possible
with this kind of technique to obtain
harmonic distortion figures as low as
0.05% without increased risk to dynamic
non-linear distortions.

Dynamic non-linear distortions

If the frequency content or the time
properties of the input signal affect the
transfer function of the amplifier, the
resulting non-linearities may be called
dynamic. We know at present of at least
one dynamic distortion of this kind,
namely the transient intermodulation
distortion (t.i.m.) which has been
described in detail elsewhere It stems
from overall feedback in the following
way.

Consider an amplifier with heavy
feedback, and consequently heavy
compensation, shown in Fig.3, having
the Bode plot of Fig.4. The raw,
open-loop gain is A, and the corre-
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sponding open-loop upper cut-off fre-
quency is wg, typically 5 to 500Hz. The
open-loop transfer function of A, is
shown in Fig.5. '

"’ Now consider an input signal con-
sisting of a transient and a sinusoid. The
error voltage V, is proportional in
amplitude to the frequency of V, (Fig.6)
due to the compensation network RC.
Suppose that the input transient has
sufficiently low rise time to let V,
excurse to V,. The incremental open-
loop gain now drops to Ay, also shown
in Fig4 with a dashed line. If the
feedback is large, the closed-loop gain A
is not affected, but the closed-loop
upper cut-off frequency o, (typically 20
to 200kHz) drops momentarily one or
two decades to w." during the rise of the
transient. This causes phase modulation
of the sinusoid if it is smaller in

frequency than «./, and combined

amplitude and phase modulation of the
sinusoid if it is between w. and «, in
frequency. In both cases, the phase and
amplitude modulations give rise to
interference components between the
transient and the sinusoid, thereby
creating non-harmonic audible com-
ponents in V,, the output signal®. In an
extreme case, driver A, is driven into
saturation and A, drops to zero. This
corresponds to momentary 100% inter-
modulation distortion of the sinusoid.

This effect is phenomenologically
equivalent to intermodulation distor-
tion caused by rapidly sweeping the
upper cut-off frequency of the amplifier
in synchronism with the frequency
content of the input signal. Whereas
t.i.m. is principally caused by the overall
feedback, similar effects occur with the
so-called dynamic noise limiters, alth-
ough there the speed of the sweep is
limited. A similar effect occurs in power
output transistors, where the cut-off
frequency f;; depends on the instantan-
eous collector current and collector-
emitter voltage. )

Heavy cross-over distortion causes
almost identical phase and/or
amplitude modulation effects to those
produced by t.i.m. although in principle
it is a static non-linearity. This is due to
the fact that it causes the same kind of
momentary variation in the open-loop
gain.

Amplifier distortion budget

The distortion compromise that a
designer must make in designing an
amplifier consists of at least the follow-
ing parts:

1. The smooth, s-type non-linearity of
the transfer function caused by device
and circuit non-linearities. These are
easy to correct to a certain extent by
local feedback, optimum load and
generator impedances and by overall
feedback. Usually this type of distortion
is neither difficult to handle nor severe-
ly audible, the only prerequisite being
the necessity of a few extra stages to
compensate for the losses of gain
caused by the corrections mentioned
above.

Fig. 5. Open-loop transfer function of
the amplifierA,is the incremental gain.

Vol

®gq

Fig. 6. Error voltage V, as function of
frequency.

2. The abrupt distortion such as cross-
over distortion. These are difficult to
cure, sound very bad and usually overall
feedback has little effect on them. The
possibility is to allow operation deeply
enough in class A, a practical target
specification being 14 to 20dB below
maximum output power®. As compared
to many present designs, this leads to
higher quiescent power losses and
consequently a larger heatsink.

3. The dynamic non-linear distortions.
As the dynamic distortions are princi-
pally effects caused by poor frequency
behaviour of an amplifier, they can be
cured completely by following certain
simple rules in the design' %, and not by
using too much-overall feedback.

4, Some presently unknown dynamic
distortion mechanisms such as the clear
effect of loudspeaker load on the
audible sound quality of some ampli-
fiers.

—phase modulation effect, probably
caused by power transistor cut-off
frequency sweeping with the output
power

—possible importance of reproducing
faithfully the higher derivatives of the
signal.

Of these distortions, cases 1 and 2
may be made very small with good
design of the amplifier, and by a
readiness to meet the cost of added
components and a larger heatsink. Case
3 is easy to eliminate totally by proper
design with practically no increase in
parts cost. Case 4 remains to be studied
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but at least until it has been solved, the
final sound quality measuring instru-
ment must be the ear.

Conclusion

Dynamic distortions were unknown
until recently. There seems to be some
correlation with the phenomenology
presented above and subjective listen-
ing tests. It is commonplace to find an
amplifier having a good harmonic and
SMPTE intermodulation distortion spe-
cification (and thus probably high
overall feedback) which fails in the
listening tests. It has also been shown
that irrespective of unmeasurable har-
monic and SMPTE intermodulation
distortion, an amplifier may produce
dynamic intermodulation products
having amplitudes of tens of percent?.
The t.i.m. seems to explain a part of this
dilemma but, certainly, there must be
other similar effects.

With the static non-linearity mea-
surements, we have only stated that an
amplifier must be capable of reproduc-
ing the absolute value of the signal
correctly. What the dynamic non-lin-
earity considerations show is that the
amplifier must in addition be capable of
reproducing faithfully the first and the
higher-order derivatives of the signal as
well. The t.i.m. is part of the non-linear-
ity of first derivative reproduction.
What the other parts are and what
requirements the higher-order deriva-
tives of the signal impose on the
amplifier remains to be discovered.

At this moment we are living through
a very exciting phase in electro-acous-
tics, the challenge of explaining the
clear contradiction between our mea-
surements and our subjective sound
quality sénsation. I forecast lively
activity in this field in the near future.
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Second thoughts

The Home Office is to be congratulated
on having “second thoughts” on the
double-sideband suppressed-carrier
mode (see “World of Amateur Radio”
October 1976). It has reversed its
-decision to ban this mode which will, it
seems likely, be made available to all
British amateurs under the terms of the

new consolidated licence due to be

introduced during 1977 — a sensible and
generous decision to think again.

The RSGB has modified its official
attitude towards the introduction of
Citizens’ Band facilities in the UK (now
legally available in most European
countries including several in East
Europe). In a recent statement of
attitudes, the Council of the Society
insists that anything less than the
ability of the administration to exercise
complete and effective control would
not be acceptable. However, it is no
longer opposed to the introduction of a
short-range personal communications
facility with power limitation, crystal
control and type-approved apparatus
on v.h.f. or u.h.f. The Society urges that
this should not be within or close to any
existing amateur allocation, but in a
part of the spectrum sufficiently remote
from any amateur frequencies as to
discourage illegal operation of CB
equipment in the amateur bands.

Here and there

1976 will long be remembered by v.h.f.
and u.h.f. enthusiasts. Apart from the
10GHz 521km record (November issue)
other notable contacts included Norfolk.
(G4BYV) to Sweden (SK6AB) on
1296MHz; East Suffolk (G3LQR) to
Denmark (OZ90R) on 2.3GHz; Scotland
(GM30XX/P) to Northern Ireland
(GI30LK/P) on 10GHz. In the United
States the use of “moonbounce” tech-
niques has enabled Allen Katz, K2UYH,
to gain the first-ever 432MHz “worked
all continents” award (contacts over
three years with C3LTF, VET7BBG,
JAIVDV, ZE5JJ, VK2AMW and
HKITL) while Dick Hart, KOMQS, has
completed a 7-year task of achieving the
first “Worked All States” on 144MHz.
There were also more California-to-

Hawaii contacts on the 144MHz and the
first USA to Bermuda contacts on that
band. Unusual ‘‘openings’ also
occurred on 28MHz, not accountable by
scatter or double-hop sporadic E, and
usually in the evening rather than the
noon peaking of m.u.f.

Lord Wallace of Coslany is being
installed as the 1977 presidenct of the
RSGB on January 22 ... F. J. (“Dud”)
Charman, G6CJ, made a big impact on
Australian and New Zealand amateurs
with his new 3.3GHz solid-state “aerial
table” which he uses to demonstrate
techniques from dipoles to circularly
polarized helical aerials . . . Although
most British amateur direction-finding
contests are on 1.8MHz, the U.K. FM
‘Group (London) recently held a suc-
cessful 144MHz “fox hunt” won by M.
H. Tooley, G8CKT in 1 hour 23 minutes.
ed that there is need for a new “award”
that does not show merely that an
operator has had time on his hands. He
wants to see one that combines operat-
ing skill, technical skill and experience
and suggests that the award could be
based on the ability to work the
antipodes (e.g. Europe from New Zea-
land) “using a station of own design and
construction”. He feels this would show
the recipients have enough technical
knowledge to build a transmitter,
receiver and aerial from scratch;
enough code experience to obtain a full
operating licence; and enough operat-
ing experience to put out an effective
signal on the right frequency at the
right time to achieve the ultimate “long
distance” contact. o

With the closing of the American
“Milliwatt” publication, “Sprat” — the
newsletter of the G-QRP-Club —
appears to be the only specialist publi-
cation concerned exclusively with low
power operation. One member, Bruno
Settinger, OE1SBA, after working all
continents with 2 watts s.s.b. from his
home in Vienna is now concentrating
on low-power mobile operation.

In the 1976 All-Asian Contest, c.w.
section, participants are expected to
indicate their age in the form of a “serial
number”. An analysis of the first 20
Asian stations heard indicated an
average age of 29 years, with a range of
17 and 44 years.

Power f.e.ts

Over the past decade, amateur radio has
been absorbing a large number of new
semiconductor techniques such as
small-signal f.e.ts, digital, linear c.m.o.s.
integrated circuits, Schottky double-
balanced diode mixers and the like. But
of late it has seemed as though the pace
of development of entirely new devices
may have slowed down. However, this
year has seen the appearance of verti-
cal-structure power r.f. mosfets (such as
the Siliconix VMP-1 and VMP-4 series)
opening the way to greater use of
mosfet devices in transmitters. Exam-
ples of designs using this approach
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include a transverter providing 10-watt
p.e.p. output on 144MHz when driven by
IlmW 28MHz ssb input (described in
Ham Radio and using a pair of VMP-1
devices) and a broadband driver
extending from 40 to 265 MHz using a
single VMP-4 device ' (Siliconix note
TA76-1 by Ed Oxner). These devices
appear to have some useful advantages
over bipolar rf power devices in not
being subject to thermal runaway or
secondary breakdown and having no
minority carrier storage time. Apart
from transmitter applications such
devices also provide receiver front-end
amplifiers of wjide dynamic range and
low noise.

The next OSCARs

Although the prospects for an early
launch of the next phase of Amsat-Os-
car satellites seem to have receded to
1979-80, a recent bulletin from Amsat-
UK suggests four launch possibilities
over the next few years: (1) the ITOS
launch around June, 1977 may be able to
carry an Oscar 6 type satellite; (2) the
new National Space Translocation
Systems (the new name for the “Shut-
tle” reusable vehicles) may be able to
carry communications satellites into low
orbit; (3) military synchronous com-
munications satellite launches, alth-
ough it is recognised that the problems.
presented by a truly synchronous
satellite (particularly the need for good
operating discipline) are formidable; (4)
European “Ariane” launches from
French Guiana.

Several active transposers are cur-
rently being planned or built, including
a 21-t0-29 MHz unit by the British
group, although much work and exper-
ienced assistance is still sought; a
Japanese “Jamsat” unit for 70cm to 2m
has been built and is currently being
tested on a mountain site; the highly
sophisticated “Phase 3” long-life, high-
orbit satellites with output powers of up
to 50 watts p.e.p. for 70cm/2m and
2m/70cm are, as indicated earlier,
unlikely to be launched before 1979-80.

RTTY — the easy way

The British Amateur Radio Teleprinter
Group has been very active recently
promoting more extensive use by
amateurs of radio teleprinter tech-
niques and has recently published an
entirely new edition of a useful 32-page
(plus parts list) booklet “RTTY — the
easy way” by Brian Hodgson, G3YKB,
with contributions from G2FUD,
G3LLZ, G3NTT, G3VDB and W6FFC.

“This includes, a good deal of down-to-

earth information on available surplus
machines and the construction design
and alignment of terminal units, afsk
oscillators and fsk circuits, operating
practices, some recommended further
reading and a glossary of terms. Copies
are available from Brian Hodgson,
BARTG, 234 Gillingham Road, Gil-
lingham, Kent (85p post free).

PAT HAWKER, G3VA
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CITIZENS' BAND IN UK?

One small organization campaigning vigor-
ously for CB is the Citizens’ Band Associa-
tion, which advises its members to write to
government ministers, Members of Parlia-
ment and magazine editors to presumably
create the illusion that there is massive
public support for CB. No doubt there are
other vested interests doing the same thing.
However, have any of these groups commis-
sioned a proper, professional, unbiased
survey to discover the true demand? If not,
then on what evidence do they base their
assumptions?

The proponents of CB suggest that cheap
two-way radio would be an asset to hikers,
mountaineers, bored or lost motorists, lonely
people and those living in remote areas. As so
succinctly reasoned by Mr Friel (September
1976 Letters) they could become radio
amateurs with very little effort, thus having
at their disposal a number of frequency bands
and a network of v.h.f. and u.h.f. repeaters.

Crowd control and marshalling at public
functions have been cited as instances where
CB would be useful. At the numerous
amateur radio mobile rallies and exhibitions
in the UK, amateur radio operators often
provide excellent “talk-in” for visitors. There
is no reason why other organizers of fétes
and shows should not contact a local
amateur radio club to invite them along to
assist. It need not necessarily be an infringe-
ment of the licensing conditions to pass
information about crowds.

A recurring theme is that a CB service in
the UK would create big business for the
British electronics industry. However, we
should recall that in the mass market for
radio, tv, hi-fi and amateur radio, foreign
exporters have a king-size slice of the action.
Even Mr Bryant, the president of the
Citizens’ Band Association, himself an
employee of a large British electronics
company, only names Japanese firms as
potential suppliers (June 1976). As to cost,
the prices of Post Office approved v.h.f. or
u.hf. transceivers are bound to be higher
than those of comparable, single mode
amateur products.

Let nobody fool themselves into thinking
that the Home Office could take in its stride
the processing of a large number of CB
licences without a considerable increase in
staff. Some time ago, the Radio Regulatory
Division stopped the issue of a few
special amateur cailsigns and says it cannot
contemnplate the re-writing of the amateur
licence for some time, due to pressure of

r R
etters to

work. One has visions of another white
elephant like the Vehicle Licensing Centre in
Wales being created.

Mr Jenkins (May 1976 Letters) stated it
was not too costly to track down illegal
operators. In many cases in the amateur
bands, the identities of illegal operators or
-those breaking the rules are known. The
problem is to catch them in the act and this
can be very time consuming, all the more so if
mobile stations are involved. One can
envisage a huge increase in Post Office
engineering staff to cope with similar
situations on the CB band, in dealing with
both deliberate and unintentional interfer-
ence. It would be revealing to learn if the
Home Office has looked into the costs overall
of licensing and monitoring say, half a miltion
CB sets, all over the realm.

So far in this correspondence, the question
of law and order has not been mentioned in
the CB context. There can be no disputing
that many crimes can be more effectively
perpetrated if two-way radio is used. At
present, any non-uniformed person using a
walkie-talkie is regarded with curiosity and
suspicion. Should the use of walkie-talkies
become commonplace, the police could be at
a disadvantage in spotting and preventing a
wages snatch, for example. Furthermore, it is
inconceivable that the military and police
forces in Ulster should be faced with this
situation.

Perhaps it is time that those who oppose
CB in the UK, for whatever reason, formed
an association as vociferous as those
supporting the idea. Meantime, they should
adopt the advice the CBA gives to its
members and bombard MPs, ministers,
magazine and local paper editors with letters
opposing CB by reasoned argument in reply
to any published support for it.

Norman Fitch,
Purley,
Surrey

SHORTWAVE BAND
CONGESTION

As an h.f. user, may I be permitted to
comment on Jim Vastenhoud's article in the
November issue? His solution appears to be
based on the long-established creed of
expansionism: if something you have is
running out, go out and grab someone else’s
instead of making the best use of your own’
resources. A glance through a list of
broadcasting stations is ehough to indicate
that a few orgahisations in pdrticular use
Several frequencies in the same band for the
same broadcasts, and a listen across the
bands will verify this.

Accepting, reluctantly, that the majority of
current stations will continue, there is still an
important factor in the inefficiency of s.w.
broadcasting. Seventy-five per cent of the
information and fifty per cent of the
frequency-space of an a.m. signal is redun-
dant and in a lot of cases is detrimental

“because of selective fading. It must not be

beyond the skills of the manufacturing
companies to produce and market cheap,
reasonable equipment for h.f. s.s.b. reception.
And once that step has been taken, it cannot
be beyond the budgets of government
propaganda departments to convert a.m.
transmitters to cope with s.s.b. This will
immediately lighten the pressure on h.f.
broadcasting allocations by about a third.

I also feel concerned about the wish of the
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broadcasters to remove restrictions in the
use of the 41m broadcasting band. The 40m
amateur band is in a bad enough state with
Radio Tirané& and Radio Pekin every 10kHz in
the world-wide section and European sta-
tions “illegally” beaming to the Americas
above 7.1 MHz, but to allow broadcasting
stations, now, to beam to America is likely to
increase friction between two traditional h.f.
users.

Mr Vastenhoud hopes that the broadcas-
ters can settle their differences by WARC
1979. I hope they do. I also hope that the
broadcasters, amateurs, aeronautical and
maritime services and the various security
services can settle their differences, and if not
before 1979 then at least I hope they won’t
turn the conference into a slanging and
grabbing match.

P. V. Rose, G3ZZA,
Manchester

PHASE AND SOUND
QUALITY

I write in response to the letter from Paul
Furindie in the July issue. Mr Furindle
described an experiment in which he listened
to two tones nearly an octave apart and was
unable to hear beats. He conducted the
experiment to see if his ear could tell the
difference as the phase relationship between
two sinusoids changed. He reported a
negative result except when gross intermo-
dulation was deliberately caused “by
introducing a diode across the loudspeaker

‘terminals.”

I was interested in, and concerned by his
negative result, particularly as he tried it at
“various levels and ratios of level.”

In a paper in the Journal of the Acoustical
Society of America in September 1954,
entitled “Onset and growth of aural har-

.monics in the ovetloaded ear,” M. Laurence

and P. A. Yantis describe a very similar
experiment. Their aim was to measure
distortion in the ear by listening for beats
between a harmonic born of aural distortion
of a low frequency note. They found that the
beats were detectable over a wide range of
“levels and ratios of level” indicating that
there is significant distortion in the ear
detectable at sound pressure levels as low as

60dB. )
These results seem to be very significant to

the high fidelity enthusiast. What’s the point
in setting up a system that can go to 115dB
s.p.l. without significant distortion if your
little pinkies are going to muck it all up?
Another hint that aural distortion is
significant was picked up by a local audio
engineer who was given the task of elimin-
ating some gross distortion in the sound
system during the run of the rock opera
“Hair” in Melbourne. He fixed the distortion,
but arranged for the levels to be as before,
only to find that some of the teenage,
audience found the comparatively distor-
tionless signal to be “not loud enough.” It
appears that distortion in low level signals
reminds us of the aural distortion we
experience with louder ones, and makes us
think the sound we hear is louder than it is.
The moral appears to be: Unless you have
distortionless ears of the “Furindle type”,
listen to reproduced music at the same level
that you would hear it in real life. Perhaps
“loudness” controls should add distortion as
well as bass and treble boost at low settings.
R. Schiirmann,
Hawthorn East,
Victoria,
Australia.
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THE VU METER

In his article “Low-noise, Low-Cost Cassette
Deck” (May 1976) Mr Linsley Hood describes
a VU meter.” It is clear from the description
that the device concerned is very far from
being a VU meter, particularly in respect to
its impedance and ballistic response. It could
properly be referred to as a “recording level
meter” or “level indicator,” but never as a
“VU meter.”

A VU meter has its properties rigorously
defined by the relevant American Standard,
and it is very bad practice to use this name
for signal level indicators which do not meet
that standard. While it is to be deplored that
commercial organisations are regularly
guilty of this mistake, it is tragic that a
quality journal such as Wireless World either
does not know what constitutes a VU meter,
or does not bother to ensure that the term is
used correctly.

It is ironic that this apparent carelessness
occurs in the issue with an editorial headed
“Plain words to the word-bound.”

E. G. Warren,
West Ryde,
N.S.W,, Australia.

SURROUND SOUND

In his review of the Harrogate exhibition
(November issue) J.T.D. mentioned the
decline and possible demise of four-channel
sound. In the scramble for recognition of
alternative surround sound systems, I
wonder if adequate consideration has been
given to priorities among the various
requirements.

Excessive emphasis has been placed on the
exact positioning of individual sound sources
and their distribution completely around the
listener, while neglecting far more important
factors such as clarity and cleanness of
sound, depth perspective and natural rever-
beration.

The advantage of 60° stereo over mono is
that it separates individual sources from each
other and from the reverberation. For small
groups of performers it would be quite
adequate provided the reverberation was
extended to 360°. For large orchestras, big
bands and particularly choral music, opera
and drama an extended spread of sound
images to 180° would be a considerable
advantage and quite adequate provided full
use was made of depth perspective and 360°
of reverberation. The further spread of sound
images to 360° would only give a marginal, if
any, advantage.

The problem with two-channel matrices is
in getting a satisfactory compromise
between relative phase ‘shift; evenness of
sound image distribution; cross-talk and
compatibility.

The relative phase shift between speakers
has no great significance for reverberation as
it has random phase. On the other hand, if
sound images have too much relative phase
shift between speakers and image becomes
blurred and less distinctive from the rever-
beration, listening position and other factors
which influence phase become more critical;
compatibility deteriorates; positional distri-
bution and balance are affected.

If the principle of restricting sound images
to 180° in the front sector while allowing 360°
of reverberation could be accepted, a

two-channel matrix could be chosen, which,

should have relative phase balance between

right and left. The whole of the front sector
could then be shifted in relative phase after
encoding to provide optimum phase condi-
tions for compatibility. If required the in-
coming signal would again be shifted in
relative phase to provide the conditions
required for decoding each of the four output
channels. After decoding the four output
signals would be finally adjusted in relative
phase to provide optimum subjective results
for images in the front sector.

Such a system could give a better combin-
ation of performance and compatibility than
any two-channel full surround system.

Although at the time of writing the BBC
have not yet published details of their “H”
matrix, if one may assume that the “H” refers
to the shape of its relative phase/relative
amplitude characteristic, then it would
probably be an ideal matrix for the suggested
purpose.

D. Kirkman,
Ifield,
Crawley.

Editor’s note: The H matrix was described in a BBC
Research Department report dated November 1974.

ADVANCED RADIO
MONITORING

Those of your readers who have ever been
interested in h.f. surveillance, either profes-
sionally or as amateurs (for amateur radio
has much in common with this facet of
communications), will have read “Advanced
radio monitoring” (November 1976) with
great interest — but a little sadness and
puzzlement.

It is no criticism of this interesting
computer-enhanced system to regret that
according to the authors, h.f. surveillance has
become if only in part “a soul destroying,
time consuming and very boring task.” Or to
wonder how it becomes less so by taking
away from the operators the responsibility
for tuning to the correct frequency at the
correct time with the correct aerial etc.

In the wartime days when “ultra” and
“pearl” and the intercept stations and
voluntary interceptors feeding Bletchley
Park — as revealed in recent books — made a
significant contribution to military intelli-
gence, such work was not usually regarded
as particularly “soul destroying” but rather
an interesting, often exciting, responsible
and highly skilled form of radio operating. If
it has since become “boring” then may not
that be a question of how the work is
organised and rewarded, and whether the
operators are able to feel that they are not
just human-computers still carrying out
those functions for which the computer
proper is unsatisfactory: signal identifica-
tion, knowledge of h.f. propagation and the
ability to read bad morse from a possible
drifting, weak, fading and interfered-with
signal? .

The work of Geoffrey Perry and his team of
schoolboys at Kettering Grammar School is a
recent example of how much information
can be obtained by diligent monitoring and
the intelligent evaluation of results, using
just the basic tools of the trade to unravel
much information about the Cosmos space
satellites.

The authors state “the existing pool of
highly skilled operators has begun to dry up
and it is proving difficult to find replace-
ments.” This may well indeed be true, not
only for surveillance but for other forms of
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radio operating. This is the inevitable result
of many years of neglect and down grading in
this country of the skills of manual tele-
graphy and the radio communicator, and the
long-term efforts of industry to de-skill all
such systems, rather than to encourage the
use of human as well as electronic skills.
This is very far from suggesting that
surveillance, and other forms of radioc
communication, should not take full advan-
tage of modern technology, as in CERES. But
rather it is a mild protest at the implication
that h.f. cw. reception or monitoring is
necessarily any more “boring, time-consum-
ing or soul destroying” than computer
operating.
Pat Hawker,
London SE22.

CITIZENS® BAND IN THE
USA

In my Letter from America in the September
issue, 1 said ‘“‘the average CB mobile
transceiver has 23 channels selected by a
rotary switch and it would most likely use
four crystals in a synthesis circuit.” This
should read “fourteen crystals” and the extra
“synthesized” frequencies are obtained by
heterodyning two crystals together to
produce a third frequency. Some designers
use only 11 crystals — a triumph of
ingenuity! However, the more recent models
with p.l1.1. circuitry need only 3 or 4 crystals
and those now at the drawing board stage
designed for use with the Siemens S187
digital frequency synthesizer require only a
single crystal — which make the makers of
these items very unhappy.

G. W. Tillett,

Seminole,

Florida, USA.

HARROGATE SOUND

DEMONSTRATION

Contrary to your statement that Sansui were
demonstrating four-channel equipment
through two speakers, in the article “Alive
and just kicking,” in the November issue, 1
would point out that at the Harrogate
exhibition we did not in fact demonstrate any
four-channel equipment, due to the limita-
tions on space available. Most people would
agree that an area of 10 ft by 18 ft would not
allow adequate definition of position to
warrant demonstration to the public.

We therefore demonstrated our stereo
equipment only. The four-channel equip-
ment was on show only and not in use.

Peter Gibson,
Vernitron Ltd
Southampton

Correction

In the article by J. H. Cook on the Remote
Control Servo published in our December
issue a number of errors appeared. Fig. 2 and
4 became transposed and line 9 of the centre
column of page 60 should read ‘“the
conditions in Fig. 2 prevail”. The caption to
Fig. 4 should refer to I3G,, not C,.
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Weather-satellite picture
facsimile machine — 2

Sample-and-hold detector and line dividers

by G. R. Kennedy

Video detector and amplifier. Unlike the
case of modulating an oscilloscope
cr.t., as described in the previous
article?, the 2.4kHz signal cannot be
applied directly to the light source
because the light beam needs to be
bright for a low signal and dim for a high
signal to give a positive print. A
conventional diode-capacitor detector
has a certain inherent time constant,
but to demodulate a 2.4kHz signal, this
would need to be rather long. The
sample-and-hold detector used in this
machine has a time constant or inte-
gration period of one cycle of the 2.4kHz
waveform and can virtually change
from a low'to a high modulation level in
one cycle. Its bandwidth then extends

=
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from zero to approximately the carrier
frequency. Although a little complex tc
arrange, it is an ideal detector for
relatively fast modulation of a slow
carrier. The principle is shown in Fig. 6.
A modulating waveform is applied to a
carrier and the resulting modulated
carrier is sampled at each peak. The
amplitude of each sample is held until
the next sample, which then holds that
value, and so on. Assuming the settling
time of the holding circuit is very short,
then even with a slow carrier a
squarewave demodulated waveform is
possible. In practice the settling time
will not be infinitely short and there will
be some leak or droop of the holding
level from one peak to the next.

However, -he frequency response of this
type of demodulator is much higher
than that of the simple diode-capacitor
detector. Fig. 6 shows actual sample-
and-hold detector waveforms.

Fig. 6. Diagrams show the basic
principle of the sample-and-hold
detector, see text. (a) — original
modulating waveform. (b) — modulated
carrier. (c) — sampling pulses. (d) —
idealized demodulated waveform.
Photographs show actual detector
waveforms. Upper traces are from the
light source monitor (200mV/div.
inverted). Lower traces show the
2.4kHz modulated carrier input
(5V/div.) Horizontal scale is

30ms/div.
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Fig. 7. Sample-and-hold detector and
light-source drive amplifier. S5 is the
crater tube on/off switch.

The detector circuit and the following
amplifying stages are given in Fig. 7.
The 2.4kHz input signal is applied to the
sample-and-hold section Tr,, Tr;, Tr,
(Ref. 7). Tr, and Tr; form a voltage
follower which drives the store capaci-
tor C,. The input bias network Ry,, RVj,
Ry, set'the zero input following level and
in practice set the brightness level of the
final picture. Tr, is a switch which,
when off, allows Tr, and Tr; and hence
C, to follow the input voltage. When Tr,
turns on due to a positive sample pulse
via Ry, diodes D;, Dy and D; reverse
bias; Tr, turns off, turning Tr; off
isolating C;. If the internal and external
leakage paths of C; are of high resis-
tance and the holding period is not long,
the voltage across C; will remain
virtually constant until the next input
voltage following period. Since the
circuit driving C; has a low output
impedance, it is capable of conducting a
high current in and out of C;, and
therefore the circuit is able to rapidly
follow changing sampled levels. Diode
D; ensures that the input transistor
base-emitter voltage is not exceeded
when Tr, switches on: D, balances the
forward voltage drop of Ds;. Dg is a
speed-up diode to stop Tr, saturating
during fast following. The maximum
input signal is approximately
9Vpk-pk. The sampled voltage
on C, is followed by the very high
input impedance stage Tr; and
voltage amplified by Trs. Transistor Try
is the light source modulator which is
current driven by the d.c.-coupled
emitter follower Try. The gain is set by
the un-decoupled 50 10-turn potentio-

meter RV in the emitter of Trg, and the
maximum safe drive to the light source
is set by RV, in the base feed to Tr. Cg,
Cy, Ry and L, prevent high-frequency
ringing of the light source signal, and
the transistor by-pass Ry provides a
“keep-alive” path for the light source,
once struck. The light source current is
monitored by a 50mA meter in series
with its supply, and is protected against
mishap by the 60mA fuse F,. This has
appreciable resistance and forms a
small resistive collector load. The
light-source modulating waveform is
monitored across the 102 resistor Ry, in
the emitter line of the output transistor
Tre. Tr, which is a shunt switch
controlled by the t.t.1.-level strobe pulse,

keeps the light source at very low drive

during the off period, when it is fully on,
and allows light source modulation

Fig. 8 Sample pulse generator.

(t.t.1)

during the strobed-qon period. The 40V
supply which is used for the later stages
is dropped by Ry and partially stabilized
by Dy and C;4 to form a + 10V supply for
the input stages. The light source
supply is + 165V and Trg and Trg have
very high voltage ratings to allow for
all contingencies.

Since a positive print is required from
the bromide papur — iiself a reversing
medium — the sample-and-hold detec-
tor and light-source drive circuit
reverse the sense of the signal modula-
tion. A high (white) signal virtually cuts
off the light beam, whereas a low
(black) signal turns the light source
fully on. Typical waveforms are shown
on the circuit diagram. '

The sample-pulse generator, see Fig.
8, uses two integrated circuit monosta-
ble chips. Monostable ICq is triggered by
the 2.4kHz clock-rate signal, producing
a delay pulse, the duration of which is

+5V
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Fig. 9. Block diagram of SR line divider.
Divide-by-5 and divide-by-2 dividers are
paired, each pair being derived from a
7490 i.c.

set by RVy and C),. The trailing edge of
this pulse triggers IC,, which produces
the sample pulse, the duration of which
is set by RV, and C,3, from the Q output
terminal. The supply rail is decoupled by
C,y and C;5 to prevent power supply
transients from falsely triggering the
monostables.
A low frequency drive for the drum
and traverse motors is generated by the
SR Line divider. The drum rotation is
then locked to each SR line so that 1/3,
1/4 or 1/5th of the line is printed,
according to the setting of the line
division switch. The traverse is driven
from the same frequency as the drum so
that the correct aspect ratio (index of
co-operation) of the final picture is
maintained. Drive frequency generation
for the 1/3 and the 1/4 lines is difficult to
arrange since a simple division of the
satellite sub-carrier or clock frequency
of 2400Hz is not possible. For a
synchronous drum motor giving
240rev/min at 48Hz drive, one drum
revolution takes 250ms, which is 1/5th
of an SR line period. For the same
motor, the frequencies are 28.8Hz for
the 1/3rd line and 38.4Hz for the 1/4
line. Fig. 9 shows how these rather

awkward frequencies are produced so
that SR picture magnification can be
achieved. A phase-lock-loop, with a
28.8kHz v.c.o., is arranged with a
divide-by-12 circuit inserted in the loop
between the v.c.0. and the phase-sensi-
tive detector (p.s.d.). This compares the
phase of the divided oscillator with the
clock signal and keeps the v.c.o.

Fig. 11. Picture slip oscillator. A
squarewave signal generator which,
when switched into the motor drive
chain divider, may be used to adjust
the drum rotation speed for setting the
picture edge position.

49

phase-locked to the clock frequency.
The 28.8kHz v.c.0. frequency is divided
by 125 giving 230.4Hz, which is then
divided in parallel by 8 and 6 to give
28.8Hz and 38.4Hz for the 1/3 and the
1/4 lines respectively. The 1/5 line
frequency is obtained by simple division
of the 2.4kHz clock signal by 50. Details
of the 1/3 and 1/4 line division circuitry
are shown in Fig. 10(a). C,4 couples the
clock signal to the phase-lock-loop chip
IC;. The v.c.o. output at 28 8kHz is
buffered to t.t.l. level by Tr;, and taken
via C,; to IC,, the divide-by-12 stage,
and via C,, to IC,;, one of the
divide-by-10 chips. The divided signal,
at 2.4kHz, is fed back to the loop via C,,
to the p.s.d. These are arranged as a
divide-by-5 and a divide-by-2 on each -
chip. The divide-by-5 output of IC,, is
connected to the subsequent stages in
IC;; and IC,; and the 230.4Hz thus
obtained is then passed through the
divide-by-2 stages in IC,,, IC,, and IC,,
to give the 1/3 line 28.8Hz output from
IC,,. The 230.4Hz is also divided by 6 in
IC,;to give the 1/4-line 38.4Hz output.
Since the final stages of both IC,, and
IC,; are bistables, the outputs are
square waves of equal mark-space.

The 1/5th line division circuit is
shown in Fig. 10(b). Here, an alternative
divide-by-5 circuit is shown, which can
also be used in the previous section if
more convenient. It uses two synch-
ronous modulo-5 unweighted up-
counters, IC,, IC;s and IC4, and IC,,,
ICy; and ICyq, and a divide-by-2 toggle
ICy. It is shown in generalised form for
utilizing any cheap surplus J-K flip-flop
integrated circuits. The feedback of
each modulo-5 counter modifies the
count of the three bistables to give 5
instead of 8. As before, the final stage
gives a 1:1 mark-space ratio square
wave. It should be noted that the 1/5th
line 48.0Hz output is used when printing
APT and WEFAX.

Picture slip oscillator. A square-wave
signal is generated, which can be
switched into the motor drive chain
divider to give a slightly different drum
rotation speed for setting the pict‘ure
edge position. The signal cannot be
derived from the 2.4kHz clock signal
since servo action of the whole circuit
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Fig. 10. Top — SR line divider for 1{3
and 1/4-line division. Bottom — SR
line divider for 1{5-line division.

keeps the drum locked to the picture,
wherever the edge happens to be.
Almost any multivibrator would be
adequate, with fine adjustment to bring
the frequency near to 2.4kHz. A suitable
circuit, given in Fig. 11, uses half a dual.
Schmitt trigger i.c. as a feedback
square-wave oscillator. The action is as
follows: assuming the output of the
Schmitt trigger to be high, C,; charges
through R,y and RV, until the voltage
across it equals the Schmitt rising
trigger level and the circuit switches
turning the output low. The potential
across C,; falls until the falling trigger
level is reached, when the circuit
switches and the output goes high
again, and so on. Diode D, prevents the
circuit from being reverse biased at the
moment of switching, and also ensures
that the output has an approximately
1:1 mark/space ratio. The frequency is
determined by the time constant of C,;,
R4g and R\/.m.

Correction

In the list of capacitors, published last
month, C31 should be 0.1pF not 2pF/25V
as stated.

CRANFIELD
AUDIO
WEEKEND

Wireless World, in association with
the Cranfield Institute of
Technology. will be holding an
Audio Weekend at the Institute on
Saturday, 1st and Sunday, 2nd April,
1978. Designed for those involved
in the manufacture, sale and use of
the highest quality audio equipment,
the event will make use of the
unique resources$ of Cranfield, the
national postgraduate university for
advanced technology and
management. The programme will
cover the complete sound
reproducing chain, turntables, arms
and cartridges, amplifiers and
tuners, loudspeakers, tape cartridge
and cassette recorders, microphones
and headphones and programme
sources.

u [ectures and demonstrations will
be given by internationally known
experts. A live versus recorded
sound demonstration will form part
of the programme. An associated
exhibition of equipment will run
throughout the weekend and
delegates will have full opportunities

to assess and inspect equipment
and to discuss their requirements
with experts, not only during formal
sessions but informally.

w A special social programme will
include a recital of discs and tapes,
a “live” musical recital and a buffet
dance. Also planned is a
non-technical alternative ladies’
programme.

® A/l meals and refreshments will be
provided and will be included in the
fee. Limited accommodation in
single study bedrooms will be
available at Cranfield for an
additional charge.

» Cranfield is in a pleasant country
situation mid-way between London
and Birmingham, ten miles from
Bedford. It is four miles from the
M1 motorway, and is approached
from junction 13 or 14.

w The Cranfield Audio Weekend
provides a unique opportunity to
study in a perfect environment the
present and future of sound
reproduction. If you are interested in
participating, please write to the
following address and full details
will be sent to you as soon as
possible:

The organisers, CRANFIELD
AUDIO WEEKEND, IPC Business
and Industrial Training Limited,
Surrey House, Throwley Way,
Sutton, Surrey SM1 4QQ.

(Tel. 01-643 8040.)
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Logic design

1— Boolean algebra and Karnaugh maps

by B. Holdsworth and L. Zissos Chelsea College, University of London

Up to 1969, when the Boolean
sequential equations were developed,
the design of sequential circuits was
achieved through an empirical choice
of unrelated informal techniques
paying little attention to engineering
constraints until, in most cases, the
implementation stage. The advent of
the sequential equations has made
possible the development of clear-cut
step-by-step design procedures in
which realistic circuit constraints are
taken into account at the design level.
No engineering or other specialist
knowledge is necessary to use these
design procedures.

The design philosophy adopted in this
series is one that allows the emphasis to
be placed on optimal rather than
minimal design. This is to enable
technicians, users with no specialist
knowledge of electronics, and the less
experienced designer, to produce sound
and economical designs, while at the
same time providing the means where-
by the specialist designer may improve
his technique in dealing with more
sophisticated assemblies involving such
devices as r.o.ms, r.a.ms, microproces-
sors, and so on.

The primary design objective is to
produce sound and reliable digital
systems which are meaningful not only
to the designer but also to the user.

Basic concepts
" As in conventional algebra, so in
Boolean algebra variables are combined
into expressions with operators that
obey certain laws. The Boolean varia-
bles, denoted by letters of the alphabet
such as A B,C etc., are binary variables
and may assume one of two values, 0 or
1, or they may be alternatively read as
‘false’ and ‘true’ respectively. They are
not the ‘zero’ and ‘one’ of arithmetic and
the operations that can be performed on
them are somewhat different and more
limited than the normal arithmetical
processes.

Although there exists a wide number
of Boolean operators, such as NAND,
NOR, etc., we need only consider three

operators at this stage — all other
operators can be expressed in terms of
these three. They are:

® Boolean addition,

@® Boolean multiplication,

® Boolean inversion.

The addition operator is written as +
and may be interpreted as ‘OR’. A+B
may be read ‘A or B’ or ‘A plus B’. It is
trueif either A is true or B is true or both
are true, otherwise it is false. Thus,

0+0=0
0+1=1
I1+1=1
1+0=1

The multiplication operator is written
as.or X, or omitted when its factors are
variables denoted by single letters, and
may be interpreted as ‘AND’. A.B (or
AB) may be read ‘A and B’ or as ‘A times
B’. It istrueif A and B are both true, and
false otherwise. Thus,
0x0=0
0x1=0
Ix1l=1
1x0=0
The inversion operator is written as a
bar over the variable and the bar may be
interpreted as “NOT”. For example, A
may be read as “NOT A”.
IfA=1 thenA&A=0
andif A=0 then A=1

Boolean theorems
Redundancy.

A+AB =A

Fig. 1. The redundancy theorem
implemented in a relay circuit. From
the three relays giving f=A+ AB is
derived the single-relay circuit giving
f=A, since AB contains A and is
therefore redundant.
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A+AB =A1+AB
=A(B+B)+AB
=AB+AB+AB
=AB+AB
=A.l
=A

This theorem states that in a sum-
of-products Boolean expression, a pro-
duct that contains all the factors of
another product is redundant. As a
consequence it allows the elimination of
redundant products in a sum-of-pro-
ducts expression. For example, in the
Boolean function f=AB+ ABC + ABD,
the products ABC and ABD can be
eliminated, because each contains all
the factors present in AB.

The application of this theorem to a
relay circuit is shown in Fig. 1.
Race-hazards. The main interest of the
logic designer in this theorem is in its
use in logic circuits for the suppression
of race-hazards, which result in the
generation of unwanted spikes. For
example consider the Boolean function
f=AB+AC. Following changes in A,
there is a race-hazard when B=1 and
C=1, since the function then reduces to
f=A+A. The use of an inverter to
generate A from A implies a delay
between the waveforms of A and A as
shown in Fig. 2. This leads to the
generation of a transient signal as
indicated in the same diagram.

Proof:

The unwanted transient can be
averted by the introduction of an
optional product, that is a Boolean
product whose presence in an expres-
sion does not affect the value of the
Boolean function. A suitable optional
product for the function f=AB+ AC is
formed by taking the product of the
coefficients A and A.

Hence, AB+AC =AB+AC+BC
P —_— Q
— o—o0 o—20
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Fig. 2. A race hazard. A is obtained by
inverting A and is subject to a delay,
resulting in the interval during which
neither A nor A is ‘up.’ The output
f=A+A is therefore not true, or ‘down’
during this time.
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A+A

Proof: AB+ AC + BC
=AB+ AC+ (A+A)BC
=AB+AC+ABC + ABC
=AB(1+C)+AC(1+B)
=AB+AC

The product BC is optional so long as
its parent products, AB and AC remain
in the expression. Should, however, one
of its parent products be eliminated (by
applying the redundancy theorem),
then such a product is no longer
optional and cannot be removed from
the expression.

{f now B=C=1 the expression
f=AB+AC+RBC reduces to
f=A+A+1, which always has the
value 1 irrespective of the values of A
and A.

The use of optional products will now
be demonstrated with the aid of three
examples.

(1) Elimination of parent product.
f=A +ABC,

Form the optional product BC:
f=A+ABC+BC,
Eliminate parent product ABC using
theorem of redundancy:
f=A+BC.
(2) Elimination of non-parent product.
f=AB+ AC+BCD

Form the optional product BC:
f=AB+AC+BC+BCD.
Eliminate non-parent product BCD

using theorem of redundancy:
f=AB+AC+BC.
But BC is an optional product and is
redundant, hence
f=AR+AC.

(3) Elimination of non-parent product
and parent product.

f=AB+ ABC+BCD

Form the opticnal product BC:
f=AR+ AR +BCD+BC.
Fliminate non-purent product BCD and
parent product ARC using theorem of
redundancy:
f— A+ BC.

De Morgan’s theorem. The complement
of a Boolean express<ion can be obtained
by replacing each variable by its
complement in the corresponding dual
expression. For example, the dual of
f=A+BC is obtained by replacing the

operator + by . and vice versa.
Hence the dual expression is
fo=AB+0C)
and _ _
f =A(B+C)
that this is so can be confirmed with the
aid of a truth table as shown in Fig. 3.
Examination of columns 8 and 10 of this
table show that A(B+C) is the
complement of A + BC.

A‘BC A B CBCA+BC B+C A(B+C)
000111 0 6] 1 1
001110 0 6] 1 1
010101 0 0] 1 1
011100 1 1 0 0
100011 0 1 1 0
101010 0 1 1 0
110001 0 1 1 0
111000 1 1 0 0
Fig. 3. The truth table shows that
A(B+C)is the complement of A+ BC.

Example. Find the complement of
f =A(BC + BC+BCD).

Apply redundancy

f = A(BC + BC) _ _
frb=A+(B+C)(B+C)
f=A+ (B+C)(B+C)
f=A+BC+BC

dualise:
invert:

Fan in. This theorem has its application
in those logic circuits where there is a
fan-in restriction placed on the designer
by the availability of gate inputs. This
matter will be dealt with more fully in a
later article.

It is frequently convenient, when
multiplying out two Boolean sums to
refer to one section of the sum as its
head, H, and to the remaining section as
its tail, T. The statement of the theorem
then is:

(H,+T)(H,+T,) = HT,+H,T,

Proof:lhs. = (H,+T)(H,+ T,
=HH, +H T,+H T+
Now H/H, =0 ana T1, is redundant by
theorem of race-hazards; therefore
Lhs. = T, + H T,

This theorem allows us to multiply out
two Boolean sums, two sections of
which are the complement of each
other, without generating algebraically
redundant products.

The partition of a Boolean sum into
head and tail is arbitrary. For example
in the case of the Boolean sum A+ B+ C
any of the following partitions is
allowable

head 1ail
A B+C
B A+C
C A+B
A+ 8 C
A4 C 8
BRI C A

Exampie. t = (A+B+C) (A+DE+F)
Letth, = Aand T, = B+C
H, = Aand T, = DE+F,
then (A-+B+CYA+DE+1)
= A(DE+F) + A(B+C)
= ADE+AF+AB+AC’

il
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If there are terms common to both of
the sums to be multiplied the process of
multiplication can be further simplified
by noting that such terms appear in the
product in their original form. For
example

(A+BC) (A +DE)
= AA+ ADE+ABC+BCDE
= A+BCDE.
Hence, if P=(I+X) and Q=({+Y)
where [ is the common term,
then PQ = (I+XY).
Finally, if P = (H,+T,+1I) and
Q=(H, +T,+ 1),
then PQ = H,T, + H,T, +1

Boolean reduction

A Boolean function is said to be
irredundant, or reduced, if it contains no
optional products. For example, the
factor A in the function f = A+AB is
redundant, since A+AB = A+B. Re-
dundancies in two-level Boolean
expressions can be removed in three
steps, using the theorems of redun-
dancy and racehazards. If an expression
contains more than two levels, it is
converted into its two-level sum-of-
products form by multiplying out.

The three steps for eliminating
redundancies in Boolean expressions
are:

(1) Multiply out.

Consider the Boolean function
f=BC +(AB+C)C + A
Apply (1):
=BC+ABC +CC + A
= A + BC + ABC

(2) Apply redundancy theorem: ]
In (1) the expression f = A+ BC+ ABC
was derived. Step (2) is commenced by
considering the first product, in this
case A. Now scan the products to the
right of A, looking for a product that
contains the factor A. Here ABC is such
a product and this is eliminated, result-
ing in f = A+BC. Since there are no
products to the right of BC the step is
not repeated.

(3) Apply theorem of race hazards:
The first variable in the first product is
selected and the remainder of the
expression is scanned for a product that
contains the complement of the selected
variable. When such a product is found,
an optional product is formed using the
second theorem. The optional product is
used to eliminate non-parent products
and/or to replace parent products as ,
previously described. If a parent pro-
duct has been replaced, the optional
product is inserted at the beginning of
the expression and (3) is repeated. If the
optional product has not been used, it is
discarded. Step (3) is repeated until all
first-level optional products have been
generated. Repeat (3) if necessary using
higher level optional products'. For
example: .

f=A + AB + BC + ABD.

Form the optional product B:
f=A+AB + BC + ABD + B.
Fliminate parent product AB and non-

parent product BC:
f=B+ A+ ABD.

F 1
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Form optional product AD:
f=B+ A+ ABD + AD.

Eliminate parent product ABD:
f=AD + B + A.

Form optional product D:
f=AD+ B+ A + D.

Eliminate parent product AD:
f=A+B+D,

which is the required result.

Minimisation

A Boolean sum-of-products expres-
sion is said to be minimal if (a) no other
sum-of-products expression for the
same function has fewer products, and
(b) of other sum-of-products expres-
sions for the same function with the
same number of products, none has
fewer factors.

There are three main methods for
minimising Boolean expressions.

These are:
@ The Karnaugh map method. In this
method the function is displayed on a
map and by suitable looping arrange-
ments the minimal form is obtained.
@ The Quine-McCluskey method?. In
this method all irredundant forms of a
given Boolean function are generated
and the shortest one chosen.
@® A step-by-step algebraic method?
which does not involve expansion of the
function.

In this article the Karnaugh map
method will be described.

Consider the Boolean function:

ABC+ABC+ABC + ABC + AB
(A+A) BC+(A+A) BC+AB
BC+BC+ AB

(B+ B) C+AB

C+AB

The original expression has been trans-
formed algebraically into a simpler
Boolean function which requires less
hardware for implementation. Certainly
in the era before the advent of the
integrated circuit, minimization of
Boolean functions was a positive
advantage. In these days of integrated
circuits the advantages of Boolean
minimisation at the gate level are less
obvious and the designer is now think-
ing in terms of minimizing the number
of chips, both from the point of view of
economy of space and cost. However,
the formal process of simplification
does lead the designer to a facility for
handling Boolean equations and in that
sense it is still useful.

The simplest and most widely used
method of simplification employs a
mapping technique. Maps for two,
three, four and five variables are shown
in Fig. 4, and are called Karnaugh maps.

For the two-variable map there are
four cells, each of which represent one
of the four possible combinations of the
two variables. In the top left hand cell of
the map A=0 and B=0, that is, the cei]
represents the minterm my= AB, where
a minterm may be defined as a Boolean
product which contains all the variables
in their true or inverted form. The
decimal number in a cell is the decimal
equivalent of the binary representation

..,,
I

[
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5 (a) BC (b) cb (c)
A o 1 AN 00 01 10 ABN\ 00O 01 11 10
ol O] 1 0| O} 1 2 oo 1|3]2
1123 11415 6 o114 |57 6
1M[{12[13[15] 14
E=0 E=1 10181 91|10
CD CcD
AB 00 01 11 10 ABN\ OO 01 11 10
Ol Ol 264 00 31715
01 8 10|14 |12 01 1 [115[13
11124263028 1M 125127 ] 31129
10116 |18 |22 | 20 10117 119 | 23| 21
(d)

Fig. 4. Karnaugh maps for two(a),
three(b), four (c) variables. In the case
of five variables, two maps are needed,
as shown at (d).

Fig. 5. The Karnaugh map for
f=ABC+ABC+ABC+ABC+ AB. The
ringed ‘I's show that the expression can
be minimized to f=C + AB.

of the minterm associated with that
particular cell. For example, the min-
term associated with the top right hand
cell of the two variable Karnaugh map is
AB and its binary representation is 0l
which has a decimal equivalent of 1.

Any Boolean function of a given
number of variables can be plotted on a
Karnaugh map. For example, consider
again the function:

f=ABC+ABC +ABC+ABC+AB

The first term in the expression ABC
has a binary representation of 001 and
the cell corresponding to 001 on the map
shown in Fig. 5 is marked with a 1. It
follows that the terms ABC, ABC, and
ABC can be plotted on the map using
the same method. The remaining term
AB=AB(C+C)=ABC+ABC and the
binary representation of these two
terms is 011 and 010 respectively,
corresponding to cells 2 and 3, but cell 3
has already been covered by the term
ABCand it is only necessary to enter a 1
in cell 2 to complete the plot of the
function.

The above example has shown that a
3-variable term occupies one cell only
on a 3-variable map, a two variable term
occupies two adjacent cells on the map
and a single variable term will occupy
four adjacent squares on the map. For
example, the term A would be plotted in
the cells marked 4, 5, 7 and 6 on the map
and these four adjacent squares repre-
sent that term.

Fig. 6. Minimal functionof B
f=BD+ABC+ABCABC+ACD+/_&
B

BC
is shown tobe f=BD+ AC+ AC+ BCD.

BC
/\\\ 00 01 11 10

0 [1 1 1)
o 1 3 2

F—
.

4 5 7 6

= ABC + ABC+ ABC + ABC+ AB

The process of simplification there-
fore reduces to the process of identify-
ing plotted adjacencies on the Kar-
naugh map and then looping these
adjacencies as shown in Fig. 5. The
four-cell adjacency represents the term
C and the two cell adjacency represents
the term AB and the minimal function is

f=C+AB
as was previously determined by alge-
braic methods.

Clearly to get the minimal form of the
function the largest possible adja-
cencies should be chosen.

Example Minimize the Boolean func-
tion:

f=BD+ABC+ABC+ACD +
ABCD +ABCD.

The function is shown plotted on the
Karnaugh map in Fig. 6 and the
adjacencies giving the minimal function
are shown looped.

00, 01 11 10
00 U T D
AY
01 1 1) 1)
E ﬁ )| 1)

10 1 1/

BCD f
f=BD+AC +AC +

[us]]
Ol
@]
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From the map _ _ B
f=BD+AC+AC+BCD
or f=BD+AC+AC+ABD
Example Minimize the Boolean func-
tion shown plotted in Fig. 7.

For five-variable functions two maps
are required as shown in Fig. 7 and the
minimisation process can then be
carried out in two steps:

Step (1): Minimize the functions

plotted in the E=0 and E=1 maps as if
dealing with two separate four-variable
problems.
This gives  f, =BDE + ABDE + BCDE
and f,=BDE+ABDE+ACDE
Note that in this case there are two
equally valid minimal solutions for the
E=1 map, one of which has been
chosen.

Step 2: Look for combinations
between cells on the E=0 and E=1
maps which will lead to the elimination
of factors from any of the terms in f, or
f,.

For example, the term BDE in f;, may
be written as BDE + ABDE and the term
ABDE can be combined with the term
ABDE in f, to generate the term ABD
thus eliminating the factor E between
these two terms. The minimal sum is
then given by the logical sum of f, and f,
after all possible combinations have
been made between the two maps. This
leads to the following minimal solution.

f=BDE+BDE+ABD+BCD +
ABD+ACDE

Obviously, the process of minimiza-
tion using maps becomes more compli-
cated as the number of variables in a
problem increases. However, the meth-
od is readily usable up to six variables.

It was shown earlier in this article in
the section on the race-hazard theorem
that unwanted transient signals can be
averted by the introduction of optional
products. For example, for the Boolean
function f=AB+AC a race-hazard
occurs, following changes in A, when
B=C=1, and it is eliminated by intro-
ducing the optional product BC so that
the function becomes f=AB+ AC + BC.
The original function is shown plotted
in Fig. 8(a) and the new function
including the optional product is plotted
in Fig. 8(b).

Before the introduction of the
optional product the Boolean function
was irredundant in that it contained no
loops, when plotted on Fig. 8(a), that are
already covered by other loops. The
function was also minimal. However
with the introduction of the optional
'=oduct a loop BC is formed which is
aw~~dy covered by the loops for AB and
AC. The function is now no longer
miniraal in that it contains a redundant
product BC. This example shows that
the introduction of redundancy into a
Boolean function is necessary to eli-
minate race hazards and that the
minimal solution is not always the best
solution.

Clearly the possibility of a race-

cD
AB 00, 01 1

00
o1 ﬂ
o |dY
10‘—1\

|

L)
f,= BDE + ABDE + BCDE
(a)

Fig. 7. A further example of

minimization.
BC
A 00 01 11 10
0 1 1 ’
1 ( 1 1)
f=AB + AC

(a)

Fig. 8. The use of optional product BC
in (b) eliminates the race hazard with
changes in A.

cD (a)
AB 00 01 11 10

I
[

11 C_1
oL/l Gy
/

Race-hazard

t=AD + ABC +ABC

Fig. 9. More elimination of race
hazards, shown by arrows in (a) by
optional products shown at (b).

hazard occurring can easily be spotted
on a Karnaugh map plot of the Boolean
function to be minimized.

The minimal form of the function
shown plotted _in Fig. 9(a) is
f=AD+ABC+ABC but race-hazards
will occur at the places indicated by
arrowheads on the map. To eliminate
these race-hazards two extra loops
should be added to the Karnaugh map
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E=1
CD

AB 00 01 11 10

00

AR
M)

10 1 1

f, = BDE+ABDE +ACDE
(b)

A\BC
00 01 11 10
0 (i)
]
~ |
1 (v [\
f=AB+AC+BC
(b)
cD (b)
AB 00 01 ,11: 10
Ly
)
00 r1 :1]:
01 1 1]

U
‘~———

&
A

11 [ (1
10 :'(1'; 1)
] )

t=AD+ABC+ABC+BCD+BCD

plot as shown in Fig. 9(b) and the
minimum hazard-free function becomes

f=AD+ABC+ABC+BCD+BCD
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Morse keyboard and memory

The key to perfect c.w. sending

by C. I. B. Trusson, M.Sc., M.|.E.E., GBRVM Plessey Semiconductors

The keyboard-and-f.i.f.o. morse keyer
uses an RC oscillator to accurately
control the mark/space ratio of morse
characters and the duration of inter-
character and inter-word spaces. The
keyer also uses a basic oscillator clock
which is divided down and switched to
allow morse .code outputs at 6, 12, 24
and 48 words-per-minute, four discrete
speeds being sufficient for amateur-
band operating. Six w.p.m. is suitable
for sending to very weak DX stations
and 12 w.p.m. can be used for DX
stations and novice operators. 24
w.p.m. is the speed used for 90% of
QSOs (contacts) and 48 w.p.m., which
demands a fair degree of typing skill, is
only suitable for sending to extremely
good operators. During sending, the
cw. output is fixed at one of these
speeds while the character input speed
is controlled by the operator via the
keyboard.

When using a keyboard sender
without a f.if.o. memory the operator
has to monitor the outgoing c.w.
and accurately synchronise his typing
to it. However, because c.w. char-
acters are of very variable length
and typing speed is difficult to keep
constant from one character to the
next, the resulting c.w. can include
very variable operator-determined
inter-character spaces. A f.i.f.o.
memory is incorporated in this design
so the operator only needs to ensure
that his typing speed is faster than the
outgoing c.w. speed. Each character is
then immediately available at the
‘output of the f.i.f.0. with no operator
delay. The f.if.o. will hold up to 63
characters, which represents a message
of about 12 words. A line of five l.eds
on the front panel indicates how full
the memory is at any time. This
indication provides the operator with a
crude method of controlling his typing
speed so that there are always a few
characters in the memory, but not
sufficient to exceed its capacity. As a
result, there is no need to monitor the
outgoing c.w. when using this keyer.

The f.i.f.o. may also be used as a pure
memory for storing messages of up to
63 characters for later transmission.
The message is keyed in with the
store/send switch in the ‘“store”
position and is keyed out when the
switch is returned to the “send”
position. A reset key is provided for

This article describes a c.w. keyer
which enables the operator to send
perfect morse simply by typing out
the messages on an alphanumeric
keyboard. A f.i.f.o. (first in - first out)
memory is used to store the keyboard
output before it is converted into
morse code, suitable for keying a
transmitter. The prototype keyer was
constructed by the author who was
motivated by a desire to send good
high-speed c.w., particularly during
amateur-band contests. Despite his
persevering with an el-bug for eight
years, perfectly-timed error-free high
speed c.w. was never achieved. With
this keyer, however, perfect interna-
tional c.w. is guaranteed at very low
error rates, determined only by the
operator’s typing skill.

clearing the memory of messages
keyed into the keyboard, but no longer
required for transmission. Circuitry is
incorporated to reset the memory
automatically when the power is
switched on.

Fig. 1. Front panel of morse keyboard
showing the alpha-numeric,
punctuation, reset, space bar and
special character keys, the
four-position switch for the selection of
morse speed and the store-end switch
which allows storage of messages for

later transmission.

The morse code output, used to key
the transmitter, is provided by a
high-speed reed relay having a 400V,
0.5A, 10W rating, which should present
no transmitter interfacing problems. A
second reed relay output is provided for
automatic transmit/receive switching.
This relay switches on just before the
first character of a message is keyed
out and stays on as long as there are
still un-sent characters in the f.i.f.o.
memory. When the memory empties,
the transmit/receive relay switches off
just after the last character has been
keyed out. This relay avoids the need
for manual transmit/receive switching
by the operator, which can waste
valuable seconds in amateur contest
operating. Alternatively, most

.s.s.b./c.w. transceivers use their v.0.x.

circuitry for automatic transmit/re-
ceive switching on c.w. These systems,
which switch to transmit on detecting
the start of the first morse character,
tend to cause clipping of the first
dot/dash which would be particularly
significant at the high speeds attainable
with a keyboard sender. Also, to ensure
that the switch from transmit to
receive does not occur during inter-
word spaces at slow speeds, the
transmit hold time is normally set fairly
long. As a result, the first few .
characters being sent by the next
transmitting station may be missed.
This keyboard sender, with its own
automatic transmit/receive relay,

12 24
4
6#48

od

STORE

& oo 00O

MEMORY CONTENT

SEND = FULL
RT 1 2 3 4 6 [ 7 8 9 % | ER
VA Q|lw]|E T|lvy |u I11of|rP
AR Al s |D G| H|[ J|K]|L
BK z X VIB|IN]|M]| 2|/
SPACE BT




Wireless World, January 1977

(Space)
+5V e o 0 6600010 00-06-0-0-0-0-00-0-02-00-0-20-0000-0-0-0-0-0-090-9-990-0-09
(Reset) |RT| l_%%l H‘IT] LIA] é W é é é] LIR] é] é ;gj l%l é] H& é] 1 é] é] Qj & é(ErrOr)
ov VAl | 1BKl | | 2 2 S 3 D 4 F 5 G 6 H 7 J 8 K 9 L BT P
1k q
AN * 20
[ 21
o 22
[ i 23 | To
MP38128/1
) A 26
" AN— 27
N~ 28
- Y

! 20 1
[ 21
« 22

23
1 L To
— A 26 (MP38128(3
« % 27
o— 28
) 1

=
L 2 90we? on
reset
=\ —— = (

Fig. 2. Encoder for converting outputs
from keyboard into a 15-bit code.
Typical silicon switching diodes are
INS14 or equivalent.

avoids both of these problems.

In addition to the alphabet and
numbers 0-9, morse code characters
exist for punctuation marks and special
operating instructions. These char-
acters are often thought of as normal
alphabet characters strung together
without inter-character spaces. Exam-
ples are TMI for ? and VA for “end of
transmission”. The keyboard sender,
however, automatically inserts inter-
character spaces so that it is not
possible to use the alphabet keys to
generate these characters. Additional
keys are therefore added to the basic
alpha-numeric  keyboard. On this
keyboard sender, the_following keys
have been included: VA, AR, BK, IMI
(?), XE (/), BT and an eight-dot error
code. These keys are quite sufficient for
normal operating on the amateur
bands, but additional ones are easily
added if required. In fact the keyer can
generate any morse character up to
seven 'bits in length by suitably
programming a diode r.o.m. Some
special logic had to be added to cater
for the eight-bit error code.

Having described the basic facilities
provided by the keyboard sender, its

operation will now be described in
detail.
The basic controls on the front panel

of the prototype keyer are shown.

in Fig. 1. This includes the keyboard
containing the alpha-numeric, punc-
tuation, and reset keys, the inter-word
space bar and the special character
keys; a four-position switch to select
the morse output speed; an on-off
switch with a led. indicator; a
store/send switch to allow the entry of
messages into the memory ready for
later transmission, and five le.d.
indicators to indicate the fullness of the
memory. ) )
The outputs from the keyboard
switches are converted into a 15-bit
code by means of a diode r.o.m. as
shown in Fig.2. This code was

‘especially chosen for ease of conver-

sion into serial c.w. characters. The
upper seven bits, which drive into the
MP3812B/1, represent the dot/dash
content of the characters. The lower
eight bits, which drive into the
MP3812B/3, determine the length of
the characters. A diode in the seven-bit
word corresponds to a dash, with the
word being read sequentially starting
at the top. This particular polarity was
chosen as there are less dashes than
dots in morse code. For the eight-bit
word, a diode in the top line corre-
sponds to an inter-word space, a diode
in the second line corre.ponds to a
one-bit long character and a diode in

the third line corresponds to a two-bit

long character etc., up to a diode in the
eighth line which corresponds to a

.seven-bit long character. The error

code, which is the only eight-bit morse
character, uses a special unique code
with a diode in the first and last bit
positions of the eight-bit word. As an
example of the coding, the letter ‘A’ key
line contains no diode in the top line of

.the seven-bit word, to represent the

dot, followed by a diode in the second
line to represent the dash. A diode in
the third line of the eight-bit word
indicates that the character is two-bits
long. .

The possibility of encoding the keys
into a shorter code such as a.s.c.i.i. was
considered in order to reduce the width
of the f.ifo. memory. A keyboard
encoder i.c. could possibly be used
instead of a diode r.o.m. This would be
followed by a f.i.f.0. memory containing
two MP3812Bs instead of four. How-
ever, after the memory the code would
have to be decoded into a line per key
and encoded into a morse-related code
similar to the one already proposed.
The decoder, realised as a diode r.o.m,,
would be enormous and for this reason,
together with the added complexity of
the system, the technique was aban-
doned.

The logic diagram of the keyboard
sender is illustrated in Fig. 3. All the
logic elements <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>