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and.arrive economically at an efficient ATE workstation.

| Comprehensive testing under low cost desk computer control.

| Manual systems too.
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INTERFACE WITH US NOW !

Ask for details from :

FARNELL INSTRUMENTS LIMITED - WETHERBY - WEST YORKSHIRE LS22 4DH - ENGLAND - TEL: 0937 61961 - TELEX 557294 FARIST G
WW-—001 FOR FURTHER DETAILS
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Artistic licence?

We at QUAD go to a very great deal of
trouble to ensure that with a QUAD 33 in the
Cancel position, the voltage delivered to your
loudspeakers is a virtually exact RIAA transfer
of the voltage the pickup will produce into a
stated passive load. Nothing added - nothing
taken away.

A visiting journalist recently suggested that
we should not do this. Final adjustment should
be done by ear, he said.

What an opportunity!

After all we know that if we add a little
‘warmth with a subtle boost in the lower middle .
and balance this with an ever so gentle hump
in the quack region (2-3kHz), we can make
most programmes sound superficially more
impressive, Come to that, why not change the
318048 to 500045 adding a little more ‘heft’ that n
‘most people will fall for. We could even make
a special model for the boom and tizz brigade. ‘

Been to any live concerts recently ?

For further details on the full range of
QUAD products write to :
The Acoustical Manufacturing Co. Ltd.,
Huntingdon, Cambs. PE18 7DB
Telephone : (0480) 52561

QUAD &

for the closest approach to the original sound
QUAD is a Registered Trade Mark

WW — 045 FOR FURTHER DETAILS
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DON'T GAMBLE
WITH PERFORMANCE
BUY

LEVELL VOLTMETERS

A.C. MICROVOLTMETERS -
VOLTAGE & 15V, 50pV, 150pV . . . 500V fsd.
dB RANGES Acc. * 1% * 1% fsd + 1,V at 1kHz.

— 100, —90 ... + 50dB.
Scale —20dB/ +6dB ref. 1mW/600Q.

RESPONSE + 3dB from 1 Hz to 3MHz,
. .+ 0.3dB from 4 Hz to 1MHz above 500y V.
TM38 filter switch: LF cut 10Hz,
HF cut 100KHz, 10KHz or 350Hz.

w‘-“: OF W e e,

e e it - . INPUT IMPEDANCE  Above 50mV: 10MQ < 20pF.
; ~ - On 504V to 50mV: >5M < 50pf.

AMPLIFIER QUTPUT  150mV at fsd.

eia £130 W £145

BROADBAND VOLTMETERS
H.F. VOLTAGE & 1mV, 3mV, 10mV . . . 3V fsd.
dB RANGES : Acc. + 4%+ 1% fsd at 30MHz. -

—50, —40 ... +20dB.
Scale —10dB/ + 3dB ref. ImW/509.

g H.F. RESPONSE + 3dB from 300kHz to 400MHz.
:‘;‘:*an;y&:‘m? s oA ' O * 0.7dB from 1MHz to 50MHz.
: . WA, e s NWT
L.F. RANGES As TM3.

AMPLIFIER OUTPUT  Square wave at 20Hz on H.F. with
amplitude proportional to square of input.
As TM3on L.F.

we. £199 o, £215

S D.C. MICROVOLTMETERS

T Ty

e by VOLTAGE RANGES 30pV, 100pV, 300pV . .. 300V.
! Acc. = 1% * 2% fsd = 1uV. CZ scale.

CURRENT RANGES ~ 30pA, 100pA, 300pA . . . 300mA.
Acc. * 2% * 2% fsd + 2pA. CZ scale.
LOG. RANGE * 5yVat* 10% fsd, + 5mV at = 50% fsd,
. + 500m V at fsd.
RECORDER OUTPUT =+ 1Vatfsd into > 1k,

o £106

Thes«.e instruments incorporate many ugeful features, inciuding long battery life. All A type models have 83mm scale meters and case sizes of 185 x 110 x 130mm. B types have
127mm mirror scale meters and case sizes of 260 x 125 x 180mm. Fully detailed spectfication sheets are available on request for our complete range of portable instruments.
Prices are ex-works, carriage, packing and VAT extra. Optional extras are leather cases and power units.

ILEVELL BT

WW — 007 FOR FURTHER DETAILS

MOXON STREET, BARNET, HERTS., EN55SD.
TEL:01-4495028/440 8686
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n n I s DANAVOX (GT. BRITAIN) LTD.
1 CHEYNE WALK,

NORTHAMPTON NN15PT
TEL. NO_RTHAMPTON (0604) 36351

Of I‘ esear Chlll “on components and accessories for dlctatmg |

machines, tele-communications, |hearing aias |
and electroacoustlc equ:pment etc.”

JUNIORGO it
HEADSET HEADSET

STANDARD &

3 PLASTIC
%\Jgpwgﬁ 'Eqs EARHANGERS

25mmand3,5mm
JACK PLUGS &

\ | y ﬁll ANASONI
ST lNDUCl'_I'é)ch\JPAUDIO SUBMINIATURE ‘
HEADSET © Q.RECEIVER SWITCHES

WW — 044 FOR FURTHER DETAILS ‘ & ’
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THE LEADING EXHIBITION
OF COMPUTERS,
PERIPHERALS AND SYSTEMS

GUMPEG

will be in the Grand Hall
OLYMPIA, LONDON
Nov4,5 & 6, 1980

~ CAN YOU
AFFORD TO MISS
BRITAIN'S BIGGEST
COMPUTER
EXHIBITION?

Sponsored by ““Computer Weekly,” “Data Processmg,” “Practical Computing’”’ and
"'Systems International” and with the support of “’Electron”’, *Electronics Weekly”’
all members of IPC Business Press, the worlds largest publlsher of specialist and
busmess journals.

GET YOUR TICKETS NOW — SAVE MONEY!

If you send your request for tickets now you will pay only £1.50 per ticket (tickets £2 at the door)

. ¢ B B K R B K E R R B B R R R B |
To. Compec Tickets, IPC Exhibitions, 40 Bowling Green Lane, London EC1R ONE Tel 01-837 3636

Please send me......... advance registration tickets for Compec 80 at the privilege price of £1.50 per ticket. I

Name . : Address

*Tickets £1.50 in advance, £2 at the door. Applications received after October 3rd, cannot be accepted.

Bl TRADEONLY - NO SCHOOL PARTIES — NO ADMITTANCE UNDER 16 N

ALL CHEQUES/MONEY ORDERS TO BE MADE PAYABLE TO IPC BUSINESS PRESS LTD IN UK STERLING

liohistorv.com
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AMCron
INDUSTRIAL

Model — M600

POWER RESPONSE DC — 20KHz+ 1dB.

OUTPUT POWER IN EXCESS OF 1.5kW INTO 2.75 Ohm LOAD (CONTINUOUS R.M.S)).
D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVa,

HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6 OHMS

PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION OSCILLATORS * UNIPOLAR AND
BIPOLAR DIGITAL INTERFACES, FUNCTION GENERATORS, AND MANY OTHERS.
OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIRTUALLY ANY LOAD. g
FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD.
TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW. '

INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

3-YEAR PARTS AND LABOUR WARRANTY.

For full details on all Amcron Products write or phone Chris Flack

Kirkham Electronics

MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL
DIVISION OF K.R.S. LIMITED
TELEPHONE (037 976) 639/594

WW — 093 FOR FURTHER DETAILS
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WAITING FOR
HESE TOP

PRODUCTS

The PM 2517 has set the
standard and the pace in Europe
for hand-held digital multimeters -
and still it remains in a class of its
own.
Remember, its many important
features include full four digits, so
on mains voltage readings, for
example, you might get 240.3
instead of the 240, which a 32
digit meter would read.
Some other PM 2517 plus points:
@LED or LCD display
@ T rue RMS readings of AC voltage and current
@Autoranging with manual override
@Optional accessories include temperature and data hold probes
Reader inquiry number 220

@® |5 MHz dual trace

@ Auto triggering from either channel with adjustable level between peaks and TV
triggering

@5 mV sensitivity, Y and X (via A input)

MULTIMETERS

The PM 3207 - Super’
Scope-is a tough, general purpose
oscilloscope which offers at a low price
the quality and technology you expect
from Philips Test and Measuring @B invert facility

-Instruments. Reader inquiry number 221

Both these instruments are available off the shelf from the Philips Electronic Instruments Department (see address below) or from the following distributors. British
Tungsram, West Road, Tottenham, London NI7 ORN. Tel: 01-808-4884. Philips Service Centres (25 throughout the country), Tel: 01-686-0505 for the address of your nearest
branch. Wessex Electronics Ltd, [ 14-116 North Street, Downend, Bristol BS|6 5SE. Tel: (0272) 571404.

PATTERN FOR THE FUTURE

The PM 5519 colour TV pattern generator is @ Builtdin 5 digit counter

already a widely used instrument. As a major ® 50mV RF output at 75§ can be attenuated to
manufacturer of Video cassette recorders, and over 100dB

colour television receivers - and the company ® Electronically stabilised output level

which has developed the world's most advanced ® Wobbulator facility

All Philips audio and video service instruments are
also available from Philips Service Centres (for details
see end of PM 3207 section).

Input advertisements are dés:gned to meet the needs of
our professional customers. They are a shop window for

video disc system - Philips have carefully selected
the best patterns for aligning and testing these
products. With over 20 colour and b/w test
patterns to choose from it is the most versatie
pattern generator on the market.

® PM 5519 Ifor British system - versions
available for other TV systems

® RF signals ava?fable in bands |, Ill, IV and V

® Variable Video Output (W|th | volt fixed
‘position)

® External video and sound modulation facility
® Composite sync output for triggering -
includes the line frame and blanking pulses

to the local TV standard

Reader inquiry number 222

Some other Philips audio and video

service instruments:
PM 5326 RF SIGNAL GENERATOR

® |00 kHz- 125 MHz in 9 overlapping ranges

- Test & Measuring
Instruments

" |pHiLIPS

liohietorv com

Reader inquiry number 223

PM 6307 WOW AND FLUTTER METER
® X-ta| controlled oscillator
® High aceuracy and frequency stability

® 3150 Hz or 3000 Hz switchable
® Separate 'Drift’ and 'Flutter’
indication
Reader inquiry
number
224

WW — 020 FOR FURTHER DETAILS

Philips Test and Measuring Instruments.- and we will be
changing the display frequently because we have a lot of
products to show you.
Where you require full information about a product, tick
the coupon and attach it to your name and address, or
letterhead - or, of course, use the journal's reader inquiry
* service. You will receive in return a detailed information
pack reflecting your specific requirements.

lnqurry no.
PM 2517 multimeter 220
PM 3207 oscilloscope 221
PM 5519 colour TV pattern generator 222
PM 5326 RF signal generator - i 223
PM 6307 wow and flutter meter 224

York Street, Cambndge. England CB1 2PX
Tel Cambridge (0223) 358866 Telex 817331

l Pye Unicam Ltd
Q 9 Philips Electronic Instruments Dept |

PHILIPS



Acoustic

BRUEL & KJAER
1613 Octave filter set 31.5 Hz
31.5kHz
2203 Precision sound level meter
2608 Measuring Amplifier. Hi pass
fiiter
4135 Microphone
CEL
112 LEQ meter digital readout
Attenuators
MARCONI SANDERS
6533 lSWR Indicator. Batt/Mains
Bridges
CINTEL
277 Measures iron core inductances
0,01H-1000H (with a Q value not
less than 2)
DAWE
210B Decade Capacitance box
0.1uF-1mF 0.1 uf step
MARCONi
TF1245°'Q’ meter. Freq. range 1kHz-
300MHz using external osc.
TF868A Universal Bridge
TF1313A Universai LCR Bridge 0.1%
WAYNE KERR
B224 Wide range LCR Bridge
B500 Log LCR Bridge
B601 RF LCR Bridge
{Detector and Oscillator not inc!).

B641. Measures L/C/R/G Accuracy
of0.1%

Q801. Y parameter test set. Plus
transistor adaptar unit

Cable Test Equipment
MARCONI

TF2333 Transmission Test set

HEWLETT PACKARD
3556A. Far psophometric
measurements from 20 Hz-20kHz.
0.1mV-30V input level

parts and labour.

DYMAR 5
2081/100 RMg Power Ong\eN i

Prices
from £

250
400

375
60

17%

130

250
375

475
225
125

475

NEC

TTS-37B. Noise, tevel and VU
measurement. Sensitivity '80dBm
up to +20d8m

STC

74216A Noise Generator CCITT
74261A Psophometer CCITT
WANDEL u. GOLTERMANN
DLM-1. Send/receive system for
measuring phase jitter random noise
and frequency shift on data
transmission lines

LDS-2. 200Hz-600kHz sender for
measufing group delay and
attenuation variations

LDEF-2. Filters for DLM unit
Counter Timers

HEWLETT PACKARD
5300A /53038 DC-520 MHz 6 digits
A,Duspiay Module. 6 Digits.

3x10

5300B_Display Module. 8 Digits.
2x1

5303A DC-50 MHz, 100mV sens.
Time interval. Period. Ratio.
Totalise.

53038 DC-520 MHz. (Plug-on}
125mV sens. 500

5308A 0-75 MHz. Universal Module.
S0mV sens. 1MQ

5267A Time Interval Plug-in 10ns
6345 DC-500 MHz Time Int. Ave.
Burst Total Ratia

RACAL

835, DC-15 MHz 6 digits

Time interval/Period/Ratio

9024 10 Hz-600 MHz 7 + 1 digits
9835 6 Digit DC-20 MHz 10mV
9837 DC-80 MHz 6 digits

S.E. LABORATORIES
SM202 DC-150MHz. 8 Digits.
50Mv.A,B,C, input. Time Intervat
and Totalise

SYSTRON DONNER

6053 9 Digit 20 Hz-3 GHz BCD O/P
6054A/04 11 Digit 20 kHz-18 GHz
BCD O/P

yourecent’ Sta

Every
. +onwhichbringsy 2-4 weeks).
Thefreshidea from szjt‘ve prices, with fast deh‘\:lj‘r‘vG(uaramee covering
instruments 2 % cor::'? carries the Carston 90 Day

#Prime’’ instrume

i
20%? 5A520 MHz Generatof o
130dBm AM/FM

Prices
from £

275

240
475

1500

210

140

120

100
120

100

100
130

850
2800

and measuring
Instrument specialists

te-of- the-Art”’

e TEKTRO ONIX
etz torage
HEWLETT PACK,‘;\&D %ﬁ:\:ﬁm‘;z X o
iz ‘gec::":{:’AM_ =R 485 Dual Trace 350 MHz codeE
| Gen
?ﬁr}aSpectrum Analyzer — £1300 ?_;‘;';‘fgjzp;mce il
e Oscilloscope
85528 Spectrum Analyzer — Eoad ouitoscp %‘50 . -
\F Section . C 0N el
85538 Spectrum Analy o vt storag:gcscn;/“s
o S o Mamfran;ze DC-25 MHz £1900
o o writing S
%5‘?2@35; or TA22 Differential Plug-in.
ctrum Analyzer = 7A220; ential
BE‘::EgA igi £1650 Ao w DC-1! . b
o ‘ th guaran
o= (12 mon
1600A 16 Channe el S . J
7A26 Dua S
Logic Analyzer 0 MH e
PHILIPS e e
12 Dual Trace . s
;MVSIZDS Oscilloscope £52! ng%g hSI‘Wiep I ny
A 214 Dual Timebase Dual 5.1
‘1)":2039 DC-25 MHz b
Oscilloscope

Function Generators
HEWLETT PACKARD

3310 0.0005 Hz-5 MHz. Multi-Mode.

10V/50Q sine, square, triangular
INTER-STATE

ELECTRONICS

FS51A Muiti-Mode. + and - offset:
0.0005 Hz to 10 MHz. 10/15V/50Q
F55A Mgiti-Mode, 0.0025 Hz-10
MHz. 10V/50%. Ext. VGC. Burst
O/P up to 100k bursts/sec
PHILIPS

PM5127. 0.1 Hz-1 MHz, Sine/
Square/Trianguiar/Pulse outputs.
External sweep facility 30Vp. p max
output

Logic Analysers
HEWLETT PACKARD
1601L Logic state analyser

12 channe! display

1600A 16 channel 20 MHz clock
MAP A & B store

1607 16 channel 20 MHz clock
{Display scope required)
Modulation Meters
AIRMEC

210 1-300 MHz. AM/FM

409 3-1500 MHz. AM/FM
MARCON!

TF2300A 1-1000 MHz. AM/FM

Multimeters-
Analogue

AVO
8MKII{ AC/DC V.AC/DC Amps.
OHMS

Oscilloscopes
ADVANCE
0S1000A DC-20 MHz. dual trace

3300B Dual Trace DC-50 MHz
5mV/div. Dual Timebase

COSSOR

3100 Dual Trace DC-40 MHz
DYNAMCO

7200. DC-15 MHz. Duat Trace 1 mV
sensitivity

Prices
from £

1850

#g

&

310
600
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Carston Electronics

The second user test

7210. DC-15 MHz. Duat Trace 1 mV
sensitivity on CHI. Delayed
Timebase

HEWLETT PACKARD
1703A Storage 1000Div/ms.
DC-35 MHz. Dual trace Mains/Ext
o]0

1707B/020 DC-75 MHz. Dual trace.
Dual Time Base.

1707B/012 As 1707B /020 with
Internat Battery fitted

181A Storage 1000Div/ms.
DC-100 MHz Main frame only

182C DC-100 MHz Mainframe, large
screen

MEDELEC

M-scope 4 channetf DC-100 kHz U/V |

Chart

PHILIPS

PM3233 Dual Beam DC-10 MHz
2mV/div.

SCOPEX

40-10B Dual Trace DC-10 MHz
TEKTRONIX

475 Dual Trace DC-200 MHz 2mV
485 Dual Trace DC-350 MHz 509

1 M@ 250 MHz

566/1A1. True dual beam.

DC-50 MHz. Can display 2 separate
signals at different sweep rates.
includes trolley

545B8/1A1. DC-30 MHz. dual trace.
Delayed timebase

561A/3A6/3B1. DC-10 MHz. Dual
Trace. High persistence tube.
Delayed Timebase

585A /&2, DC-80 MHz. dual trace
10 mV sensitivity

547/1A1. DC-50 MHz. dual trace
DTB
547/1A4. DC-50 MHz. four trace
DTB

T704A DC-200 MHz. CRT Readout.
Mainframe for 4 Plug-in

TELEQUIPMENT

D53A. DC-25 MHz. dual trace.
10mV sensitivity with C-2 plug-in
DC-15 MHz with JD plug-in
D63/V1/V3 DC-35 MHz. Depending
on sensitivity. 50V or 1 mV
Sensitivity

D34 Dual Trace DC-15 MHz 2mV
Mains/Batt

D75 Dual Trace DC-50 MHz Dual
Timebase

Oscilloscope Plug-ins

HEWLETT PACKARD
1804A DC-50 MHz Four channel
20 mV-10V/div.
1825A Dual Timebase 50ns-1s/div.
TEKTRONIX
Type R. Transistor R.T. tester. Pulse
rate 120 pulses/sec. R.T. Less than
5 mus
Type L. DC-20 MHz. 5mV sensitivity
fast rise time amplifier
Type G. Differential ampllfler 100:1
CMR DC-20 MHz. 50 mV sensitivity
Plug-ins for 500 series
1A1 dual trace Plug-in DC-50 MHz
1A2 dual trace Plug-in DC-50 MHz
1A4 four trace Plug-in DC-50 MHz
1A5 Differential Plug-in
2Z Differential Plug-in
81 Adaptor Plug-in 1A Series to 580
Series
7A12 Dual Trace DC-105 MHz
5mV/div.
7A18 Dual Trace DC-75 MHz
S5mV/div
7A22 High gain diff. amp.
0.1 Hz-1 MHz 10uV
7A26 Dual Trace DC-150 MHz
5mV-5V /div.
7B53A Dual Timebase 5ns-5s/div.
TELEQUIPMENT
DM64 Storage 250 Divs/ms.
DC-10 MHz Dual trace.
D67 DC-25 MHz. Dual trace. Dual
Time Base. TV sync.
D83 DC-50 MHz. Dual trace. Large
6% CRT. Dual Time Base
Oscilloscopes (storage)
DYNAMCO
7110. DC-30MHz. Dual trace.
Writing speed 20us /Div.
TEKTRONIX
549/1A1. DC-30 MHz. 5SmV
sensitivity. Dual trace. Storage
scope, Writing speed: 5cm/us with
enhancement. Includes trolley

WWW americandhd

Frices
from £
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Today Carston Value
makes even more sense

-all equipment for sale
is fully refurbished to

manufacturers’ original

specifications

S Prices
) from £
6564/3A74/3B4. DC-2MHz, four
channel. 20 mV sensitivity. Writing
speed up to 500cm/ms 650

5648 /3A6/2867. DC-10 MHz. Dual
trace 10mV sensitivito, split screen
storage oscilloscope 750
466 Storage 1350 cm/us Variable

Persist DC-100 MHz

7403N DC-60 MHz Main frame for

3 plug-ins 450
Phase Meter

DRANETZ

301A 5 Hz-500 kHz. Zin 100k, -

Accuracy +1° to +2°, Analogue

o/P 400
Power Meters

MARCON| SAUNDERS
6460 10 MHz-40 GHz (Depending on
Head)

6420 10 MHz-12.4 GHz 10mw

6421 DO MHz-1B.4 GHz 100mw
6422 10 MHz-12.4 GHz Tmw

6428 26.5-40 GHz 10mw

MARCONI
TF2512 DC-500 MHz 0.5-30w 509 130

Power Supplies

ADVANCE
1VI 12V DC to 240V 50 Hz, 150w
Inverter 125

BRANDENBURG

475R 10-2100V 5mA DC Stab. 150
FARNELL

L308 0-30V 1A DC Stab. 55
FLUKE

4158 0+3100V 30mA 0.005% reg.

Protected 350
ITT

Power Lab 90
MARCONI

TF2154/1 0-30V 1A. 0+£15V 2A

027.5V 4A 60
OLTRONIX

A2.5 KV. 10-2500V up to 10 mA.

Current limit 2-12 mA. either +

outputs 60
SORENSEN

DCR 300-2.5 0-300V 2.5A DC Stab.
Pulse Generators

DB ELECTRONICS

150. I.C. pulse generator 50
EH RESEARCH

122. 1 KHz-200 MHz 5V/509

LR L

375

RT 12ns 20
139(L). 10Hz-50 MHz 10V/509Q

RT Sns 175
1221. Timing Unit 6 Channel

0-10 MHz 5V/502 RT 8ns 50

G710. 5V/502 30 Hz-50 MHz RT 5ns 100
132AL. 50V/509 5 Hz-3 MHz

RT 12ns 175
HEWLETT PACKARD

214A 100V/5092. Doubte putse O/P.
W50ns-10ms. 10 Hz-1 MHz. 156ns RT 350
MARCONI

TF2025 0.2 Hz-25 MHz +10V/50V

RT 7ns 350
PHILIPS

PM5705. 0.1 Hz-10 MHz. Typical RT

6ns Output 1-15V 225

Contact Brian Hollingsworth
or Noel Jennings

.

Prices
from £
PM5776 3V/5082. 1 Hz-100 Mz.
Rise/fall Times less than 1ns. 275
Recorders and Signal
Conditioning Equipment
AMPEX
PR2200 Instrumentation Recorder
up to 16 channels. FM/DR. Record
replay ali speeds. 1" tape FM/DR
1.R.1.G. DC-40 kHz FM. 100 Hz-

300 kHz DR 6500
BRUNO WOELKE

ME102B. Wow and fiutter meter 75
ME102C. Wow and flutter meter 90
BRUEL & KJAER

2305B Bench type. Mains operated.

Log recording of AC: 2 Hz-200 kHz

and DC.50 or 100mm paper width. 750
ZR0001 Linear Pat DC: 10-356 mV 59
ZR0002 Linear Pat DC: 10-110V 79
ZR0004 25 dB Potentiometer 52
ZR0005 50 dB Potentiometer 59
ZR0006 75 dB Potentiometer 69
BRYANS SOUTHERN

29000 X-Y Recorder A40.25mV-

10V/cm 525
BS314 4 channet TmV-10V

16 speeds 1650
BS316 6 channel 1mV-10V

16 speeds 2350
29300 X-Y Single pen A4 0.25mV-

10V/cm 0.1s-50s/cm 545

HEWLETT PACKARD
680M. 5 inch. Stripchart Single Pen
5mV-120V 1/P 20cm/min 2.5 cm/Hr 275

" 7046A Two pen A30.25mV-5V/Cm 995

KUDELSKI

Nagra 4.2 LSP Professional Audio
Recorder {Batt optd)

PHILIPS

PM 8251 Single pen 10in chart
10mV-50VFS .

RACAL AR
Store 4. Uses D/4 inch magnetic

tape. Will record 4 F.M. channels.
Operates at 7 different speeds.

S E LABORATORIES

6150/6151 12 channel UV

1250 mm/s-26 mm/min 6in chart
SMITHS INDUSTRIES
RE541.20 Single Pen. 0.5mV-100V
FSD. 3-60cm/min and hour 350
YOKOGAWA

3046. 10 inch Chart Single Pen. 0.5

mV-100 VI/P2.60cm/min and/hr 350
3047. 2 Pen Version of 3046 425
Signal Sources and
Generators

BOONTON

1028 4.3-520 MHz Int/ Ext FM/AM
0.1.V-1V 508

DYMAR

1525 100 kHz-184 MHz Int/Ext
AM/FM Batt/Mains 526
GOULD ADVANCE

SG70 5 Hz-125 kHz 6009 4w 85
HEWLETT PACKARD

204D 5 Hz-1.2 MHz. 600%2. 80dB att.

Q/P 5V RMS 150
204D/001 As for 204D (Battery

operated) 175
608E. 10-480 MHz AM 410

1215

450

1950

1400

1725

,86938/1003.7-8.3 GHz.5mW. PIN

New stock is
added daily.

For latest details
on ‘standard’
equipment or

for help in
locating your
SPECIALIST NEEDS
ring us today! |

Prices

from £
6208 7-11 GHz 502 FM/PM 1mw 1100
8614A 800 MHz-2.4 GHz + 10dBm
to —127 dBm 502 AM/FM 3 1950
8616A 1.8-4.5 GHz Ext AM/FM/PM
10 mw . 925
MARCONI
TF144 H/4S HF Generatot
10 kHz-72 MHz AM 550
TF791. FM Deviation Meter
4-1024 MHz 95
TFB01/D1. 10-470 MHz AM. FM. 255
TF995A /2. 1.5-220 MHz AM. FM. 350
TF2171 Digital Synchroniser for
TF2015 526
PHILIPS
PM5326. 100 kHz-125 MHz. Digital
display of frequency. AM. FM.
Sweep facility for |.F. measurements 525
ROHDE & SCHWARZ
SWOB 11. 0.5-1200 MHz. 509 J 850
SCHAFFNER
NSG101 Mains Interference
Simulator. Superimposes Pulses on
mains for testing immunity of
equipment to interterence. Pulse
amplitude: +800V. Rise Time 0.25us.
Width 50 & 200us 300
NS G330 ignition interference
Attachmenit 150
STC
74216 Noise Generator 20 Hz-4 kHz
Flat/CCITT Wtg 315
TEXSCAN
9900. 10-300 MHz. Sweep generator
with CRT display 525
Spectrum Analysers
HEWLETT PACKARD
8443A Tracking Gene/counter
100 kHz-110 MHz 850
8445A Automatic pre-selector
10 MHz-18 GHz 1300
8555A RF Plug-in 10 MHz-18 GHz
1kHz Res 3000

NELSON ROSS

011. DC-20 kHz. 80dB dynamic

range. Dispersion: 100 Hz-6 kHz 350
022. DC-100 kHz. Dynamic range

60d8B fits into various 500 series

CRO's 9 350
TEKTRONIX

3L5. Plug-in unit fits into various -

5008 series CRO’s. 50 Hz-1 MHz.

Greater than 60dB dynamic range 475

Sweep Generators
HEWLETT PACKARD
8690B Mainframe. Int/Ext AM. Ext
FM

levelled ‘N’ connectors

8699B/100 0.1-4 GHz 6mW. (20mW
to 2 GHz). PIN levelled. ‘N’
connectors

§j§

T.V. Test Equipment

PHILIPS

PMS5508B Pattern Generator. 625

lines PAL. UK Systems 225
Vibration

DAWE

1461. CVIM} Portable Vibration

Analyser Kit 350

Carston

Carston Electronics Limited
Shirley House, 27 Camden Road, London NW19NR Telex: 23920

01-267 5311/2

WW — 039 FOR FURTHER DETAILS

Prices
from £

Voltmeters-Analogue

AVO

8 Mk IV o 70
BRADLEY

CT471C. AC/DC/SQ/current

muitimeter and RF 75
HEWLETT PACKARD

400E Millivoltmeter

10 Hz-10 MHz B/W 1mV FSS 99
427A. AC/DC/§ multimeter 275
3406A. 10 kHz-1.2 GHz 345
8405A Vector Voltmeter

1-1000 MHz B/W

Auto Phase Lock 850
3400A 10 Hz-10 MHz 1mV-300V

True RMS 350
LINSTEAD

M2B. DC/AC 10 Hz-500 kHz
MARCON]

TF2603. AC voltmeter to 15 GHz 300
PHILIPS 5

PM2454B 1mV-300V. 10 Hz-12 MHz

Zin 19MQ. DCO/P. 300
RACAL g

9031 RMS Millivoltmeter

10 kHz-1.5 GHz with carry case 475
Voltmeters-Digital

ADVANCE

DMM 7A/01 1999 FSD

AC/DC/§2/Current 115
FARNELL

DM131B. 1999 FSD AC/DC/Q/
Current/Temperature 85
FLUKE

8000A 1999 FSD.

AC/DC/OHMS/Current 115
HEWLETT PACKARD

34740A/34702A 9999

FSD.AC/DC/OHMS 180
SOLARTRON

LM1420.2. 2300 FSD DC only 0.05% 75.
LM1420.2BA. 2300 FSD AC

True RMS/DC 110
A200.19999 FSD DC only 160
A203.19999 FSD AC/DC/Q.

Sensitivity: {14V DC, 10uV AC,

100m resistance) 300
A205.19999 FSD AC/DC/Q 300
A243. 119999 FSD AC/DC/Q.
Sensitivity: {14V DC, 104V AC,
10m{2 resistance}

7050.99999 Auto AC/DC/Q
Wave Analysers
HEWLETT PACKARD
333A 5 Hz-600 kHz Total distortion
Auto-Null 0.1% 310
334A 5 Hz-600 kHz Total distortion

AM Det0.1% 325
AIRMEC

853 30 kHz-30 MHz

60 dB Dynamic Range 325
MARCONI

TF2330 20 Hz-50 kHz. Selective

Range + 3.5 to 80Hz. Dynamic

range 75dB. 400
TF2331 20 Hz-20 kHz Total distortion 285

WAYNE KERR
A32120 Hz-20 KHz Sens 75dB 125

b

g8

AS NEW —
EX STOCK DELIVERY

QOscilloscopes
TEKTRONIX 465
DC-100 MHz Dual Trace
5mV-5V/Div
0.05us-0.5s/Div Delayed
T/B XY DC 4 MHz
TEKTRONIX 475A
DC-250 MHz Dual Trace,
5mV-5V/Div
0.01u5-0.5s/Div Delayed
T/8 XY DC 3MHz

£1250

£1950

THESE INSTRUMENTS SOLD
WITH ONE YEAR
FULL GUARANTEE

Redundant

Test Equipment

Why not.turn your under-utilized
test equipment into cash? Ring
us and we’ll make you an offer.

All prices are exclusive of VAT (Standard
Rate)
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The product you buy from Second User Electronics is
the same as from the manufacturer — same
performance, same measuring capability, in most
cases even the same guarantee.

We offer top quality, general purpose test
equipment, fully maintained, at savings of up to 50% on
manufacturers list price — so you make the very most of
your capital budget. When equipment is only required
for short term use it just doesn’t make sense to buy
new.

We give 90-day warranties as standard, with many
specified items on a 12 month extension — and we beat
manufacturers delivery dates. Buy equipment at down-
to-earth prices. You don’t need to buy new, buy SUE.
On 01-897 3759.

Storage Oscilloscopes

1703A Hewlett-Packard

0—30MHz, 10mV—5V/Div, time base
100ns—200ms/Div, sweep delay, writing
speed 1 cm/us. -

e

General Purpose
Oscilloscopes

‘454 Tektronix-
0—150MHz, 5mV—10V/Div, time base
0.0545-0.55/Div, sweep delay.

£1200 £1100

455 Tektronix
0—-50MHz, 56mV—-5V/Div, time base
5ns—0.5s/Div, sweep delay.

From £1000

¥ l‘
by gv
L4

- 1223A Hewlett-Packard
- 0—15MHz, 2mV—10V/Div, time base
100ns—2s/Div, writing speed 1 cm/ps.
From £800

- 082200 Advance ;
0—25MHz, 10mV—50V/Div, time base
100ns—2s/Div, sweep delay, writing speed
1cm/us.

465 Tektronix ;
0—-100MHz, 5mV—5V/Div, time base
5ns—0.5s/Div, sweep delay.

I HE-FifY

Quality Second-User Instrumentation

485 Tektronix‘
0—350MHz, 5mV—5V/Div, time base

1ns—0.5s/Div, sweep delay.
£2400

1720A Hewlett-Packard
0—-275MHz, 10mV—5V/Div, time base
10ns—0.55/Div, sweep delay.

£1600

£725 From £1200

Digital Voltmeters

7065 6% Digit Microprocessor Multimeter
Solartron
Scale length 1,400,000, modes: DC, AC,
Ohms, g
Ranges: = : 10mV—1000V, resolution
1uV, ~ : 100mV—1000V, resolution
1uV, 2 : 10—10M&2, resolution 1 mS2,
Typical accuracy: = 0.005%, ~0.1%,
€20.007%.

£840

7055 5% Digit Microprocessor Multimeter
Solartron

Scale length 200,000, modes DC, AC,
Ohms.

Ranges: = : 10mV—1000V, resolution
1uV, ~: 100mV—1000V, resolution
11V, £2: 10022—10M £, resolution

10m &2, Typical accuracy: = 0.01%, .
~0.1%, £20.03%.

From £715

WWW americany:

|



Store 7 D FM 7 Channel (Racal) 7
= Max. spool size 20cm, FM frequency ‘REMEMBER
range 0 — 20KHz, tape speed 15/16 — SUE is a
AT 60ips.
NER G T (W From £4100 purchaser of
€. ve Y g ; top quality
\ o1 Universal Bridges - instrumentation
g ring
1051 5% Digit Multimeter with true RMS 01 -897 3759

Datron ‘

Scale length, 1.99999, modes: DC, AC,
true RMS, Ohms, auto range.

Ranges: =V : 10mV-—1000V, resolution
0.1V, ™~V : 100mV—1000V, resolution
1.0uV, £ : 100£2—10mE2, resolution
1m&2, Typical accuracy: = V £0.004%,
~V 10.06%, £2+0.02%.

Logic Analysers

£980

B642 Wayne Kerr

| e Ranges: 10u§2 — 100GS2, 1fF — 10F,
Dlg“al counters : 1nH — 10MH, accuracy 0.1%, Bridge

frequency 1591.5Hz. " - ;

£680 = -

T BT 1600A Hewlett-Packard

W m f_ﬂ fsm 16 Parailel data measurements displayed

.r 1 G For SUE ring on C.R.T., Clock rate 0 — 20MHz, Start

display trigger, end display trigger, delay

' 01-897 3759 fro‘r)n g— 39999 clock pulses.gg

5327B 7 Digit Universal Counter Timer 7 ‘ £1850

and D.V.M. Hewlett-Packard

Modes: Frequency, period, time interval,
D.C. Voltage. Frequency range 0 —
550MHz, D.V.M. range 10V — 1000V,
resolution 100uV, Counter stability 5
parts in 102 short term, counter sensitiv-
ity 25mV. ‘

POUND TOUGHENS
' UP AGAINST THE
DOLLAR

£1500

TC15 9 Digit Timer Counter Advance
Modes: Frequency, period, multiple
period, Frequency range 0 — 500MHz,
Resolution: THz, 110ms typical stability/
24H 1 part in 107. Maximum sensitivity
10mV.

£495

Tape Recorders

Which gives you a chance to buy the latest .
butk-purchased USA instrument at lowest-ever prices,

Buy Now,Buy New,Buy SUE!

Just £] 400 foi- the

TEKTRONIX 465B
Ring 01-:897 3759 for details

Store 14 14 Channel FM

8 inch NARTB centre spool, frequency
range DC — 20KHz, tape speed 15/16 —
60ips.

From £6200

- 12-14, Horton Road, West Dray ton, Middlesex
) UB7 8EA, Tel 01'897 3759 WW — 038 FOR Fl{RTHER DETAIL

liohicstorv com
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See
-/ how big
- narmes pass
their video

displa
headaches
to us!

WW — 024 FOR FURTHER DETAILS

Think of KGM a
your monitor
ctionline...

WIRELESS WORLD, SEPTEMBER 1980

Use CRT displays in your systems or equipment ? Then
it’s well worth getting to know the KGM resources. We
can take both design and production problems onto our
own experienced shoulders. Far better than struggling
with complex video concepts yourself!

For a quick scan of KGM capability, look through our
new colour folder — featuring some of the units we have
produced for major customers. Some are based

on our standard monitor range — but even these come
with a choice of thick film modules or discrete com-
ponents, for maximum ‘tailor-made’ flexibility. And
today our technology extends to complete keyboard and
micro-processor units. If you're ready to talk monitors
now, ring our Sales Applications Engineer. Or start with
one of those folders.

KGM Electronics Limited

Ciock Tower Road, Isleworth, Middlesex TW7 6DU.
Tel: 01-568 0151. Telex: 934 120

IV Y.V MELECTRONICS .

LIMITED

PORTABLE MAINS DISTRIBUTION —

New!

Slim Jim
] Fitted with M K.

Dim. 134" x 22" x 183"

£13.50 P&P £1 + VAT

3%2" x 19" Rack Mounting Type 13A/

4SW/R £18.50 P&P £1_;i- VAT

SRR K

3

NEW! 10 sockets switched in sloping box

COMPLETE WITH 6FT. CABLE
AND 13-AMP FUSED PLUG

4 sockets 13A

6 sockets 13A £16.50

4 sockets 13A switched £15.90

6 sockets 13A switched €£18.45
+ Post £1 + VAT

" ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG
Send for details of complete range

NEW WITH CIRCUIT BREAKERS

— £25.95 + post £1 + VAT
. i » . TR6 — 6 sockets switched £23.65
-~ ' "TR9 — 9 sockets switched £28
ting ' Plus P&P £2 + VAT

4 feet LG. 30 amp total load Instant Trunking System for Wall or Bench Moun

OLSON ELECTRONICS LTD., FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ

\

10 amp CB. — 13A/4 SW.CB_

MAINS
ISOLATING UNIT

The Olson mains |
isolating unit is an es-
sential bench item for
safety when testing and
repairing mains-
operated equipment,
The isolating trans-
former has an earthed
screen and is rated
250VA.

£38 + P&P £2 + VAT

TEL. 01-739 2343

WW — 031 FOR F

THER DETAILS

1
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Get 24 DMMs
off the shelf.

Turn to page 3 of your ITT Instrument
Services catalogue for a list of top names
Thandar (Sinclair), Fluke, Avo, Keithley
and Norma. Compare performance and
specification then phone or telex Harlow
or any local ITT office and we’ll deliver off
the shelf.

The ITT Instrument Services
catalogue is your key to fast delivery and
technical back-up for a vast range of
quality instruments. Get it off the shelf.

ITT Instrument
Services
Edinburgh Way,
Harlow, Essex
CM20 2DF.
Tel: (0279)
29522.
Telex: 81525.

the only way to buy.

WW — 021 FOR FURTHER DETAILS

(THEFORIOOR |l
ANEW WIDEBAND
GRAPHICAL RECORDER

9 Recording Modes

The FOR1004 is the first of a new Attractive rew styling,
generation from Medelec. A highly ~2and ease of operation
versatile graphical recorder, ithas ~ combine to make the
been specially developed for wide =~ FOR1004 an important
ranging applications in research and NeW Instrument.
industry. In both performance and
economy it has many advantages
over conventional instrumentation.
There are nine recording modes —
all push button controlled, which  Four High Input Signal
permit the optimum presentation  Channels
of most graphical data. Triggering is - 3
fullyautgmatic and displayed signals High ReSP',.“t'O”:

can be monitored via an internal Inexpensive Records.
loudspeaker. The fast response time
and wide range timebase allows the
detailed: examination of transients
and trends. Medelec Limited
Manor Way Old Woking

m delec by Surrey GU22 9JU England
‘ % Tel: Woking (04862) 70331

- "8 Telex: 859141 Medlec G
A Vickers Limited Company

WW — 011 FOR FURTHER DETAILS

Simultaneous View and
Record

For further information
please contact:

liohistorv com
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size andwe’

Shrinking high voltages into very small packages
presents no problem to a manufacturer that has been
deeply involved with space missions. The Erie range
of high voltage rectifiers, voltage multipliers and
power supplies is the product of forty year’s
leadership in ceramic technology.

If you have a problem of too
many volts chasing too small a
space in your equipment -talk to
us. We have probably already
solved it for another customer.
ITT Mercator, South Denes,
Great Yarmouth, Norfolk,
NR30 3PX.Tel: (0493) 4911.
Telex: 97421.

e TTT mercator

WW — 010 FOR FURTHER DETAILS
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Self-

struction
Courses

It's faster and more thorough than classroom Jearning: you pace
yourself and answer questions on each new aspect as you go. This
gives rare satisfaction - you know that you are really learming and
without mindless drudgery. With a good self-instruction course you
become your own best teacher.

Understand Dlgltal Electronics

In the years ahead digital electronics will play an increasing part in
your life. Calculators and digital watches mushroomed in the 1970's
-soon we will have digital car instrumentation, cash cards, TV
messages from friends and electronic mail.

After completing these books you will have broadened your career
prospects and increased you knowledge of the fast-changing world
around you.

DIGITAL COMPUTER LOGIC AND
ELECTRONICS £7.00 D

This course is designed as an
introduction to digital electronics and
is written at a pace that suits the raw
beginner. No mathematical
knowledge is assumed other than the
use of simple arithmetic and decimals
and no electronic knowledge is
expected at all. The course moves
painstakingly through ail the basic
concepts of digital electronics in a
simple and concise fashion: questions
and answers on every page make sure
that the points are understood.

‘Everyone can learn from it - students, engineers,

housewives, scientists. Its four A4 volumes consist of:

Book 1 Binary, octal and decimal number systems; conversion between number systermns;
conversion of fractions; octal-decimal conversion tables.

Book: 2 AND, OR gates; inverters; NOR and NAND gates; truth tables; introduction to
Boolean aigebra.

Book 3 Positive ECL; De Morgans Laws; designing logic circuits-using NOR gates; dual-input
gates.

Book 4 Introduction to pulse driven circuits; R-S and J-K flip flops; binary counters; shift
registers; half-adders.

DESIGN OF DIGITAL SYSTEMS £‘12 50

This course takes the reader to real!
proficiency. Written in a similar
question and answer style to Digital
Computer Logic and Electronics, this
course moves at a much faster pace
and goes into the subject in greater
depth. ldeally suited for scientists or
engineers wanting to know more
about digital electronics, its six A4
volumes lead step by step through
number systems and Boolean algebra
to memories, counters and arithmetic
circuits and finally to an
understanding of calculator and

computer design.

Book 1 Octal; hexadeumal and binary number systems; conversion between number

systems; representation of negative numbers; complementary systems; binary multiplication

and division.

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND, NOR and exclusive-
NOR functions; multiple input gates; truth tables; De Morgans Laws; canonical forms; logic

conventions; karnaugh mapping; three state and wired logic.

Book 3 Half adders and full adders; subtractors; serial and parallel adders; prockssors and

anthmetic logic units {ALUs); multiplication and dwaslon systems.

Book 4 Flip flops; shift registers; asynchronous and synchronous counters; ring, Johnson

and exclusive—OR feedback counters; random access memories (RAMs} and read only

memories {(ROMs).

Book 5 Structure of calculators; keyboard encoding; decoding display data; register

systems; control unit; program ROM; address decoding; instruction sets; instruction

decoding; control programme structure.

Book 6 Central processing unit (CPU); memory organization; character representation;

program storage; address modes; input/output systems; program interrupts; interrupt

priotities; programming; assemblers; computers; executive programs; operafing systems and

time sharing.

Flow Charts and Algorithms

are the essential logical procedures used in alt computer programming
and mastering them is the key to success here as well as being a
priceless tool in all administrative areas -presenting safety regulations,
government legislation, office procedures etc.

THE ALGORITHM WRITER’'S GUIDE £4.00

explains how to define questions, put them in the best order and draw
the flow chart, with numerous examples.

hobbyists,

ride

Microcomputers are coming
the wave! Learn to program.

Millions of jobs are threatened but
millions more will be created. Learn
BASIC - the language of the smalt
computer and the most easy-to-learn
computer language in widespread
use. Teach yourself with a course
which takes you from complete
ignorance step-by-step to real
proficiency with a unique style of
graded hints. In 60 straightforward
lessons you will learn the five
essentials of programming: problem
definition, flowcharting, coding the
program, debugging, clear
documentation. Harder problems are
provided with a series of hints so you
never sit glassy-eyed with your mind a blank. You soon learn to tackle
really tough tasks such as programs for graphs, cost estimates,
compound interest and computer games.

COMPUTER PROGRAMMING IN BASIC
£9.00 ;

Book1 Computers and what they do well; READ, DATA, PRINT, powers, brackets, variable
names; LET; errors; coding simple programs.

Book 2 High and low level languages; flowcharting; functions; REM and' documentation;
INPUT, IF....THEN, GO TO; limitations of computers, problem definition.

Book 3 Compiiers and interpreters; foops, FOR....NEXT, RESTORE; debugging; arrays;
bubble sorting; TAB.

Book 4 Advanced BASIC; subfoutines; string varnables; files; complex programming;
examples; glossary.

THE BASIC HANDBOOK £11.50

This best-selling American title usefully supplements our BASIC
course with an alphabetical guide to the many variations that occur in
BASIC terminology. The dozens of BASIC ’dialects’ in use today
mean programmers often need to translate instructions so that they
can be RUN on their system. The BASIC Handbook is clear, easy to
use and should save hours of your time and computer time. A must
for all users of BASIC throughout the world.

A.N.S. COBOL £4.40

The indispensable guide to the world’s No. 1 business language. After
25 hours with this course, one beginner took a consulting job,
documenting oil company programs and did invaluable work from the
first day. Need we say more?

GUARANTEE - No risk to you 3
If you are not completely satisfied your money will be refunded on
return of the books in good condition.

Please send me:-
....Digital Computer Logic & Electronics @ £7.00
....Design of Digital Systems @ £12.50
....Algorithm Writer's Guide @ £4.00
....Computer Programming in BASIC @ £9.00
....BASIC Handbook @ £11.50

..A.N.S. Cobol @ £4.40

FOUR WAYS TO PAY:
1} A U.K cheque or a U.K. postal order {Not Eire or overseas)
2) A bank draft, in sterling on a London bank (available at any major bank)
3} Please charge my Access/M.Ch[}  Barclay/TrustC/Visa [ Am. Exp. [J Diners[J
4) Or phone us with these credit card details - 0180 67448 (ansaphone) 24 hour service

(O T oKt oy o oo BB 3, 0oL oot SIGNET. ..o hges i b
THESE PRICES COVER THE COST OF SURFACE MAILL WORLDWIDE AIRMAILL:
Eur, N:AF. Mid.E. add % to price of books: Jpn, Aus, N.Z. Pcfc add %: elswehere add %

U.K. Delivery: up to 28 days

Unit 34 Rivermill Site. FREEPOST. St. lves. Huntingdon,

Cambridge Learning,
Cambs. PE17 48R England.

Reg. in Eng. No. 1328762

15
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If you want an
Autoranging

For only

(mc VAT)

We’ve got
to hand |t toyou!

ZERO ADJUSTMENT FULL AUTORANGING
3'2-DIGIT LCD WITH .% AUTO UNIT DISPLAY
200 HRS CONTINUOUS CONTINUITY TEST
BATTERY LIFE (6110 and 6100 only)
AUTO ‘BATT’ 10 AMP AC/DC (6110
WARNING ' and 6220 only)

Introducing the latest profes\smnal state-of-the-art 3'/z-d|g|t DMM - at really old-
fashioned prices! From just.an unbehevable £39.95 inc. VAT, plus £1.15 p&p!

6100 6110 6200 6220
RESOLUTION ImV. 104A, 0.12 on all models Wh)’ such a low, low prnce’
eI ORANGING : 2 3 e = - Because the A/D converter and
RANGE HOLD g s ' e
, display are custom built! This is a
UNITS OF MEASUREMENT DISPLAYED mY, V, mA mY,. vV, mA, A < mV,.V mA mV, V. mA A .
FUNCTIONS DISPLAYED Q.KQ, AUTO, BATT, ADJ, LO, — and AC . . genuine top-spec DMM. Check
MEASURES DC VOLTAGE TO: 1000y 1000V . 1000V 1000V these features for unbeatable value
MEASURES AC VOLTAGE TO: 750V 750V 4 750v - 750v Y yoU Won't ﬁnd a hand_held
MEASURES AC/DIC CURRENT TO: 200mA 10A . 200mA 1A .
ZERO ADJUSTMENT Zeros out minute test-lead resistances for precise measurements - DMM W|th these features at these
ACCURACY A ia 0.5% 0.5% 0.8% 0.8% prices agaln!
LOW POWER OHM RANGES For in-circuit resistance measurements on all models
BUZZER — Continuity Test - : ~ )
BUZZER - Over Range Indicator . - . »~
COMPLETE WITH Batteris, pair of Test Leads. Spare Fuse, One Year's Guarantee
PRICE % 2 A ONLY £64.95 ONLY £74.95 ONLY £39.95 ONLY £49.95
£1.15 £.15 £1.15 £1.15

S W L NSNS WSS S S S S S RS SR SN S —
| believe you! Please send me the DMM/s as marked. ACCESS orders taken. Please write card no: and signature.

6200 @ £41.10 each, inc. VAT, p&p. Total price £ ACCESS NO.

6220 @ £51.10 each, inc. VAT, p&p. Total price £ " e

6100 @ £66.10 each, inc. VAT, p&p. Total price f______ R

6110 @ £76.10 each, inc. VAT, p&p. Total price £ _ Address
Total cash/cheque enclosed £ | I
Cheques payable to )
Maclin-Zand Electronics Ltd., please. Signed

Available exclusnvely from the company that gives

To: Maclin-Zand Electronics Ltd., 38 Mount I
you tomorrow's technology today.

. Pleasant, London WCIX 0AP.
38 Mount Pleasant, London WCIX QAP. n Despatch by return. For overseas orders, please
~ Tel. 01-278 7369/01-837 1165 C I s I l add £5 to cost of total order package.

T EEees Eme s mmmem  Making state-of-the-art affordable. mEnas—. ———— e s E—
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4 & &+ LATEST DEVELOPMENTS & & % %__

* & & & &# SOUND ADVICE « % # &

CRIMSON ELEKTRIK Power amplifiers are the. most sophisticated on the markef
today. Yet now with the fatest issue 5 innovations THEY ARE EVEN BETTER! we
have included sonic improvements and developed a unique electronic protection
circuit which obviates the need for output fuses. In fact, such fuses can seriously
degrade the performance of an amplifier. They can blow under heavy drive
conditions — even with non-faulty loads (due to thermal fatigue), they can be a
time-consuming nuisance and even dangerous to replace, but more importantly they

5 a are responsible for ‘envelope
istortion’ i.e., dynamic compres-
sion of the signal, even fuses in the
feedback loop suffer from the first
two disadvantages, and the latter
% to a lesser extent,

* K& * & BEST VALUE # &% %

CRIMSON bhave an enviable reputation for supplying the best value amplifier kifs,
You can prove this to yourself by checking out the competition in the following

Silver/Gold plated switch contacts * Adequate heatsinking for fuil-rated output *
Available from stock % Manufactured by a specialist company with a reputation for
friendly and helpful service before and AFTER sale % Forms the basis for high quality
active loudspeaker systems. Considering the advantages of CRIMSON Kits, why
choose anything else?

crucial areas: % professional grade phono sockets for ALL signal connections * *

[ Crimso

'Crimson Amplifiers are versatile and dependable. The new CP3000 will give up to
‘300 watts into 4 ohms at 0.03% THD and is the obvious choice for P.A. and Discos
requiring the best performance, For Hi-Fi we produce the ever-popular pre- and
_power amp hardware kits which enable our advanced modules to be houses in
attractive metalwork and include everything down to the last nut and bolt.

- Our Pre-ampilifier can be fitted with the moving coil module allowing it to be used
with the latest M.C. cartridge (which can now be bought for as little as £30).

Write for details, specifications and full price list or send '50p, cheque/P.0. for ou‘r
comprehensive application/user’s manual.

'épace preclude-s us from publishing all our products and prices, below are just a few
examples:

* Power An';p Modules (single cha;-nnel)

CE 608 (BOWRMS/8ohms) ., ........ ... ... ... .cooo... £23.10
CE170B—(170WRMS/Bobms) ... ...................... £38.50
CP 3000 —~(300 WRMS/4 0hMS) - -« - - v e viene oo aee £58.00
* 60 + 60 watt stereo pre and power amplifier complete kit . . ... .. ... £208.86
* Stereo Moving Coil Pre-Pre Amplifier Module MC1 . .. ... ... ... .. £28.50
* 3 Way Active Crossover (singlechannel} .. .. ..... ........... . £32.60

Don't forget, Crimson modules are available throughout the Eoun(ry from all
branches of Marshalls and Mail Order from Badger Sound Services and, of course,
, Crimson Efektrik.

Prices include V.A.T. and post to anywhere in the U..K‘

nHekirik

Build the Practical Electronics
handheld DMM.This superb product
offers professional precision with
extended battery life. Five function
operation (AC and DC VOLTS, AC
and DC CURRENT, RESISTANCE)
with ability to check diodes. 0.5” LCD
display with ‘Battery Low’ warning. ;
Auto-polarity, Auto-zero. Full protection
against transients and overloads with
ability to withstand mains on any range.
0.5% basic DC accuracy and 15

different ranges. It measures AC/DC
voltages from 0.1mV to 500V. AC/DC
current from 0.1pA to 2A. Resistance from
0.1 to 2MQ. 200 hour battery life.

The Kit contains all parts needed to
construct the multimeter plus assembly
instructions, battery and test leads.

We also offer a calibration service
(£5.00 + VAT) and a trouble-shootingand
calibration service (£7.50 + VAT). Various other
component parts are also available as listed.

The multimeter is also available fully assembled
and calibrated at a cost of £39.70 + P&P + VAT.

Lascar Eiectronics Ltd., Unit 1, Thomasin Road, Basildon,
Essex. Telephone No: Basildon (0268) 727383.

WW — 041 F

PE—DMM KIT £39.04 (] ICL7106 £10.87 [] LCD DISPLAY £9.72[] PCB £6.27 ]

FEATURED
ASA

PROJECTIN
PRACTICAL
ELECTRONICS

, £ |P&P| VAT JTOTAD
PE-DMM KIT|32.95] 1.00 | 5.09 | 39.04
~ ICL7106] 8.95] 0.50 [ 1.42 [10.87
LCD DISPLAY| 7.95/ 0.50 | 1.27 | 9.72
o PCB| 4.95| 050|082 | 6.27
FULLY ASSEMBLED] 39.70| 1.05 | 6.14 |47.09
DMM (INC. LEADS)

To: Lascar Electronics, Unit 1, Thomasin Road, Basildon, Essex.
Please send me Data T] FULLY ASSEMBLED DMM (INC. LEADS) £47.09 []

Name
Address:

Tel. No

amme

| enclose cheque/P.O value

OR FURTHER DETAILS

i !
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~ ANNOUNCING
TWO BRAND NEW ‘
THANDAR INSTRUMENTS

GZOO LCD FREQUENCY METER

The TF200 has the professional specification you need
with true portability, small size and low weight
combined in a robust, low costinstrument.

* Wide frequency range - 10Hz to 200MHz {600 MHz prescaler available shortly)
* High sensitivity- 10mV rms

* Versatile- Lo f, Hi f, Time Av. period and totalise functions
* Battery or mains operation

* Only £145 + £21.75 VAT
{including batteries)

200 HOURS

BA'ITERY LIFE

OTHER PORTABLE TEST
INSTRUMENTS IN THE
THANDAR RANGE

SC110 Single- Trace Portabie
Oscilloscope

10MHz band width 10mV/div sensmwty
£139.00 + £20.85 VAT

DM450 4. Digit Multimeter
- 34 ranges; 0.05% basic accuracy
£99.00 + £14.85 VAT

DM350 3% Digit Mulitimeter
34 ranges 0.1% basic accuracy :
£72.50 + £10.88 VAT

DM235 3%: Digit Multimeter
21 ranges; 0.5% basic accuracy
.£52.50 + £7.88 VAT

TG105 PULSE GENERATOR

A comprehensive specification at a highly competitive

price! Easy to operate and ideal for laboratory test bench
@canonal use.

Thandar are proud to introduce
two brand new bench/portable
instruments as part of an
expanding range of test
equipment. Housed in stylish |
compact cases, the Thandar
TF200 Frequency Meter and
TG105 Pulse Generator both
provide portable versatility for
bench and field use. Both have
wide range specifications with
robustness and reliability at
prices that are hard to beat.
All Thandar products carry a
full 1-year warranty and are
backed by the resources and
enthusiasm of a company
committed to the development
and manufacture of high -
quality equipment.

\»‘

* Wide frequency range- 5Hz to 5SMHz

* independent, fully variable period and pulse control
* Very wide duty cycle capability

* Auto-lockout of inadmissibie control settings

* Additional TTL output

* Full gating and single-shot facilities

* Only £85 + £12.75 VAT

PFM200 Pocket Frequency Meter
20Hz - 200MHz; 10mV- sensitivity ]
£49.80 + £7.47 VAT

PDM35 Pocket Digital Multimete-
16 ranges; 1% basic accuracy
£34.50 + £5.18 VAT

LEADER

Sinclair Electronics Ltd is also the sole U.K.
importer for Leader Electronic Corp. of Japan who
feature an extensive range of high quality
products including oscilloscopes and audio, TV,
video, radio amateur and C.B. test equipment.
WW — 008 FOR FURTHER DETAILS
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For full technical details together with price list and stockist list please contact:

thandar

SINCLAIR ELECTRONICS LTD

London Road, St. lves, Huntingdon, Cambs. PE17 4HJ.
Telephone: St. Ives (0480) 64646. = Telex: 32250

" Sinclair Electronics Ltd. reserve the fight to alter prices and specifications on Thandar equipment without prior. notice.
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Britain’s first com
omputer kit.

The Sinclair ZX80.

\\\\\\\\
4 \\
Price breakdown < \\\t“‘\‘\\“\““\“\\\ ““ NPT ‘%\\ \\\\\\\\\“\\
Q
ZX80and manual: £69.52 o \\\\\\\\\\\\

VAT: £10.43

9%

Please note: many kit makers quote VAT-exclusive prices.

You've seen the reviews...you've heard the excite-

ment...now make the kit!

Thisis the ZX80. ‘Personal Computer World’ gave

it 5 stars for ‘excellent value ' Benchmark tests
say it’s faster than all previous personal com-
puters. And the response from kit enthusiasts
has been tremendous.

To heip you appreciate its value, the price is
shown above with and without VAT. This is so
you can compare the ZX80 with competitive
kits that don’tappear with inclusive prices.

‘Excellent value’ indeed!

For just £79.95 (including VAT and p&p) you
get everything you need to build a personal
computerathome...PCB, with iC sockets for
allICs; case; leads fordirect connection to a
cassette recorder and tefevision (black and
white or colour); everything! 1

Yet the ZX80really is a complete, powerfui,
fuli-facility computer, matching or surpassing
other personal computers at several times
the price.

The ZX80is programmed.in BASIC, and you
can use it to do quite literally anything from
playing chess to managing a business.

The ZX80is pleasantly straightforward to
assemble, using a fine-tipped soldering iron.
Iltimmediately proves whata good job you've
done; connectitto your TV...linkit to an
appropriate power source*...and you're
readyto go.

Postand packingFREE

Your ZX80 kit contains...

® Printed circuit board, with IC sockets for
aliICs.

® Complete components set, including all
ICs~all manufactured by selected world-
leading suppliers. ]

® New rugged Sinclair keyboard, touch-
sensitive, wipe-clean.

® Ready-moulded case.

® Leadsand plugsforconnection to
domestic TV and cassette recorder.
(Programs can be SAVEd and LOADed
ontoaportable cassette recorder.)

® FREE course in BASIC programming and
user manual.

Optional extras

® Mains adaptor of 600mAat9VvDC
nominalunregulated (available
separately —see coupon).

® Additional memory expansion boards
allowing up to 16K bytes RAM. (Extra
RAM chips also available —see coupon).

*Use a600mA at 9V DC nominalunregulated mains
adaptor. Availabie from Sinclair if desired (see coupon}

\\\\\\\Y\\l\\x\\
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The unigue and
valuable components of the
Sinclair 2X80.

The Sinclair ZX80is not just another
personal computer. Quite apart fromits
exceptionally low price, the ZX80 hastwo
uniquely advanced components: the Sinclair
BASIC interpreter; and the Sinclair teach-
yourself BASIC manual.

- The unique Sinclair BASIC interpreter offers

remarkable programming advantages:

® Unique ‘one-touch’ key word entry: the = |
ZX80 eliminates a great deal of tiresome
typing. Key words (RUN, PRINT, LIST, etc.)
have their own single-key entry.

® Unique syntax check. Only lines with correct
syntax are accepted into programs. A cursor
identifies errors ihmediately. This prevents
entry oflong and complicated programs with
faults only discovered when youtry to
run them.

® Excellent string-handling capability —-takes
up to 26 string variables of anylength. All
strings can undergo all relational tests (e.g.
comparison). The ZX80 also has string input-
torequestaline of text when necessary.
Strings do not need to be dimensioned.

® Up to 26 single dimension arrays.

® FOR/NEXT loops nested up to 26.

@ Variable names of any length.

® BASIC language also handles full Boolean
arithmetic, conditional expressions, etc.

® Exceptionally powerful edit facilities, allows
modification of existing program lines.

® Randomise function, useful for games and
secret codes, aswell as more serious
applications.

® Timer under program control.

® PEEK and POKE enable entry of machine
code instructions. USR causesjumpto a
user'smachine language sub-routine.

® High-resolution graphics with 22 standard
graphic symbols.

@ Allcharactersprintable in reverse under
program control.

® Lines ofunlimited length.

W \\%\
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Fewer chips, compact
design, volume production-
more power per pound!

The ZX80 owes its remarkable low price to
its remarkable design: the whole system is
packed on to fewer, newer, more powerful
and advanced LS| chips. Asingle SUPER ROM,
forinstance, contains the BASIC interpreter,
the characterset, operating system, and
monitor. And the ZX80's 1K byte RAM is
roughly equivalent to 4K bytesinaconven-
tional computer-typically storing 100 lines of
BASIC. (Key words occupy only a single byte.)

The display shows 32 characters by 24 lines.

And Benchmark tests show that the ZX80
is fasterthan all other personal computers.

No otherpersonal computer offers this
unique combination of high capability and
low price.

Z80 A microprocessor-new,
fasterversionof the famous
Z-80 microprocessor chip,
widelyrecognised as the best

SocketsforTV,
cassette recorder,
power supply.

ever made. SUPER ROM.
Clock.
UHF TV Rugged,
modulator, flush,
\ Sinclair
keyboard.

RAM chips.

WWW ammericanrat
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The Sinclair teach-yourself
BASIC manual.

If the specifications of the Sinclair ZX80
mean little to you-don't warry. They're all
explainedin the specially-written 128-page
book free with every kit! The book makes
learning easy, exciting and enjoyable, and
represents a complete course in BASIC
programming —from first principles to complex
programs. (Available separately —purchase
price refunded if you buy a ZX80 later.)
Ahardware manualis also included with
every kit.

The Sinclair ZX80. Kit: £79.95.
Assembled: £99.95. Complete!

The ZX80 kit costsamere £79.95 Can’t
wait to have a ZX80 up and running? No
probiem! It's also available, ready assembied
and complete with mains adaptor, for
only £99.95.

Demand for the ZX80is very high: use the
coupon to ordertoday for the earliest possible
delivery. Alt orders will be despatched in strict
rotation. We'llacknowledge each order by
return, and tell you exactly when your ZX80
will be delivered. If you choose not to wait, you
can cancel your orderimmediately, and your
money will be refunded at once. Again, of
course, you may return your ZX80 as received

within 14 days for a full refund. We want youto -

be satisfied beyond all doubt-and we have
no doubt that you will be.

— g | — ||
280

Science of Cambridge Ltd
6 Kings Parade, Cambridge, Cambs., CB21SN.
Tel: 0223 311488.

liohictorv com .

ZX80 software -
now available!

See advertisements in Personal
Computer World, Electronics Today
International and other journals.

New dedicated software—-developed
independently of Science of Cambridge -
reflects the enormousinterest inthe ZX80. More

software available soon-from leading consult-
ancies and software houses.

Yot 'qI”"l
7 ,llllllm,,

”””W ,II'

/////////////{/////////////////////// g
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ORDER To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB21SN.
Remember: all prices shown include VAT, postage and packing. No hidden extras.
FORM  piease send me: - I

Quantity | Item Item price Total

£ £

Sinclair ZX80 Personal Computerkit{s). Price includes
ZX80 BASIC manual, excludes mains adaptor. £79.95

Ready-assembled Sinclair ZX80 Personal Computer(s).
Price includes ZX80 BASIC manual and mains
adaptor. £99.95

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 8.95

Memory Expansion Board(s) {each one takes up to

3K bytes). 12.00 I

RAM Memory chips —standard 1K bytes capacity 16.00

Sinclair ZX80 Manual(s) (manual free with every ZX80 kit
orready-made computer). 5.00

NB. Your Sinclair ZX80 may qualify as a business expense. TOTAL £

‘lenclose acheque/postal order payable to Science of Cambridge Ltd for £
Please print

Name: Mr/Mrs/Miss
I Address

—_—e

WW — 012 FOR FURTHER DETAILS
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The Hitachirange

of Low Cost
Portable

~ Oscilloscopes

- Dutchgate offer the full range of Hitachi
innovative Oscilloscopes each with a
two year warranty. These easy to operate
oscilloscopes featuring wider width band
and integrated circuitry offer increased
stability, improved reliability and
excellent performance.

The vast experience gained by
Dutchgate as specidlists in servicing and
maintaining test and measurement
instrumentation will be used to effect a
fully reliable and efficient after
sales service.

Test Dutchgate today — by asking for
details of the Hitachi Low Cost Portable
Oscilloscopes and then measure
the result,

Dutchgate Ltd

Authorised agentstor @) Hitachi Denshi (UK) Ltd.

TIMEBASE 94, ALFRISTON GARDENS
SHOLING, SOUTHAMPTON Telephone: (0703) 431323

WW — 060 FOR FURTHER DETAILS

WIRELESS WORLD, SEPTE
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HAMEI=S

OSCILLOSCOPES

TOP PERFORMAN

QUALITY AND VALUE

HMS812 ........ £1,458

CE,

HM307 ..... £149
Single Trace DC-1OMHz
Plus Built-in Component

Tester

Dual Trace as per HM 512 plus Prices U K.
Storage, Automatic Storage and :

Variable Persistence List Ex. VAT
For HAMEG LTD.

FULL DETAILS and
DISTRIBUTOR LIST
contact:

74-78 Collingdon St.
Luton, Beds LU1 1RX

Tel: (0582) 413174

T WAWW americanrai
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We promised more - and here they are.

High Performance, advanced design - at

prices that are incredibly Tow. Just read the specs
below, andif you don’tsee what you want, shout!
There’s over 14 new, sensational scopes

in the Kikusui range.

THE MOST COMPLETE
DUAL CHANNEL 50MHz .
SCOPE AVAILABLE Model 5650 & 5650E

50MHz.5mV 5 x MAG 1 mV.10MHz, Alternate Time Base Alternate Trigger - 500KHz
Chop Frequency, Auto Level (Lock) Circuit Calibrated Delay Sweep - One Touch
Triggered Delay, Variable Hold Off - B ends A With CH1 Output Signal (5650E), One
Touch X-Y Operation Rectangular CRT, internal Graticule (5650 llluminated), Linear Focus

5650 £945; 5650E £865

A PORTABLE, HIGH PERFORMANCE, 4
'RELIABLE DUAL CHANNEL 35MHz SCOPE Model 5630

35MHz.5mV 5x MAG 1mV.10MHz Alternate Trigger - 500 KHz Chop Frequency
Calibrated Delayed Sweep - One Touch Triggered Delay Auto Level (Lock) Circuit,
Variable Hold Off - B ends A, One Touch X-Y Operation Rectangular CRT, Internal
Graticule llluminated, Linear Focus

ONLY£795

A LOWER PRICE, HIGHER LOW PRICE, HIGH VALUE, DUAL A LOWER PRICED, HIGH
PERFORMANCE, DUAL CHANNEL CHANNEL 35MHz SCOPES - PERFORMANCE 20MHz SCOPE
35MHz SCOPE Model 5531 Models 5530/5530GR Model 5520 )

35MHz.5mV 5xMAG 1 mV.15MHz 35MHz.5mV 5x MAG 1mV.10MHz 20MHz.5mV 5x MAG 1mV.10MHz
Automatic Selection Alternate/Chop 5530: Illuminated External Graticule One Touch X-Y Operation TV Sync.
(200KHz) and Chop Only Mode Delayed 5530GR: Internal Graticule (Non- Separator (Trigger) Single Sweep
Sweep - One Touch Triggered Delay illuminated) Post-Accelerating High ) Function High Brightness CRT
Variable Hold Off, One Touch X-Y Brightness CRT Vertical Delay Line | ONLYE£230

Operation, Auto Focus Internal Graticule |  Built-in One Touch X-Y Operation

High Brightness CRT (Non- illuminated) ONLY £ 395 Pric(j:es eXClud(i VAT, i .
ONLY £500 and are correct at time of going to press.

' THERE’S EVEN MORE ‘SCOPE’ FOR YOUR MONEY FROM TELONIC BERKELEY

‘., 2, Castle Hill Terrace, Maidenhead, Berkshire SL6 4JR

TELONIC/BERKELEQ UK Telephone:Maidenhead (0628) 28057 Telex:849131Telber G

WW — 037 FOR FURTHER DETAILS
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Newport Range— -

Sound reinforcement and public address
amplifiers; 30, 60, 120 or 200 watts —

with a range of 10 models for free V. i
standing and rack mounting use — )N |
;
I
1
{

engineered for rehability

A
- +

[=2udix

Audix Limited, Station Road, Wenden, Saffron Walden, Essex CB11 4LG
Tel: Saffron Walden (0799) 40888; Telex: 817444 J

PRODUCTION POWER UNITS
TESTING Now available with
3 OUTPUTS

DEVELOPMENT

4
R4

SERVICING

Type 250VRU/30/25

OUTPUT 1: 0-30v, 25A DC
OUTPUT 2: 0-70v, 10AAC
QUTPUT 3: 0-250v, 4A AC

ALL
Continuously
Variable

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and i

special scales can be made to order. v I I

Full Information from:

HARRIS ELECTRONICS (London) ; VALRADIO LIMITED. BROWELLS LANE, FELTHAM
. MIDDLESEX TW1
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 Telephone:01E-890 42:27/52837

WW — 070 FOR FURTHER DETAILS . WW — 026 FOR FURTHER DETAILS
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Complete Audio/Tuner Kits

Mk III FM Tuner series

The Mark 111 series FM tuner has been updated, and now includes a
centre zero tuning meter as standard. The instruction manual has been
meticulously revised, enabling easy assembly by constructors of various
levels-of experience - a preview copy may be purchased for £1.00.
Mark 11} A series 'Reference series’ tuner modules £171.35 inc.
Mark 111 B series ‘Hyperfi’ modules, with switched

|F BW, pilot cancel decoder £198.95 inc.
A matching synthesiser unit will be made available later this year, and can be
retrofitted to either version. All versions include digital frequency readout/clock,
VU deviation meters, 6 preset stations, 10 turn pot manual tuning, toroidal PSU,
output leve! adjustment, 110/240v AC input. Full alignment service available.

s Style and performance - with a real
Power A'lnpllﬁer ’bc}”/t and zfraceos’ PSU fiesign.

After a couple of preview comments, it seems that many of you are waiting to hear
about the matching HVIOSFET power amplifier for the Mk 1l tuner. Well, it's out
at last - complete with twin toroidal PSUs for comfortable 80W RMS per channel,
over 100W peak, but limited by thermal shutdown of the HMOS. 10W-100W log
LED output peak indicator, DC offset protection and switch-on pause relay. AC or
DC input coupling, direct or relay protected output terminals. The works.

Only one version of this item: Complete kit £178.25 inc. Carr. £5.

Carriage for Mk il tuner £3 inc

£ More features and facilities, thanks
l’reamphﬁer to DC switching and control design
eviewing the most b DC switching of 7 inputs, plus
two tape infouts, 2 low pass, 2 high pass active fitters. genuine volume related loudness, 1dB
channel matching, with DC volume, balance, bass and treble controls. Suitable for bus/remote
control, tape dubbing, switched monitor etc. 80dB S/N+, THD -75dB or better. Pluggable PU
squalizatlon boards, tone control override. Price for complete unit about £149 ex VAT.

FOR COMPLETE LISTINGS —
SEE OUR NEW PRICELIST

SD6000
TDA4420
MC1330P
MC1350P
KB4412

CA3089E 211 HA1197
CA3189E  2.53 CA3123E
HA1137W  1.95 TDA1072
HA11225 2.47 TBA651
HA12412 281 TDA1090
KB4420 1.95 TDA1220 KB4413

TBA120S 1.15 TDA1083 KB4417 1
KB4406 0.80 TDA1062 224 MC3357P 3.16

SL1610 1.84 SL1626 2.80
SL1611  1.84 SL1630 1.86 VAR!CAP DlODES_
A section from our PL:
SL1612 SL1640 2.17 q a
BA102 0.35 16:1 ratio AM tuning
SL1613 sL1641 217 i
BB204 0.41 KV12159v triple 293
SL1620 SL6600 4.31
SL1623 SL6640 316 | BB105  0.41 KV12119vdual 201
i BB109 0.31 KV1225 25v triple 3.16

SL1624 SL6690 3.68
SL1625 MC1496 1.44 MVAM2 1.93 BB212 9y dual 225

100W PA‘s made simple

& proneering 00V complementary MOSFET technique - Hitachi have developed a range
of output devices and drivers that ought to revolutionise opinions and attitudes towards the
design of all LF amplification systems. We have a new 48 page application note (£1.50 inc) and
compiete sets of parts, modules and now the new complete PA system (see above).
2SK133 120v N-ch 100W MOSFET £6.33 2SJ48 Pch complement £6.33
2SK135 160v N-ch 100W MOSFET £7.29 2SJ50 Pch complement - £7.39
PA1018 _ Kit for 100W MOSFET PA less Heatsink £16.10 inc heatsink/bkt}

ULTRA LOW NOISE PU PREAMPLIFIER

The HA12017 is the last word in PU preamps, and general low noise audio design,
It is an SIL IC, with 86dB S/N in RIAA configuration, 10v'RMS output capability,
0.002% typ THD at 10v RMS output {imagine the overload margin t1}. it comfort- .
ably supercedes discrete circuit designs in terms of price/performance, and takes
the art beyond the TDA1042's capabilities. (Replaces HA1457) £1.80 each - or
an RIAA applications PCB with two ICs for £5.75. Complete with Rs&Cs £9.95.
1 . We have various RC ICs, including NE544
Radio Control I1Cs NE5044, and two new ones fromgOK/ 1
KB4445 - 4 channel dig.prop. FM TX IC. 30mW out (amplifyable} -£2.30 inc
KB4446 - 4/5 ch. dig. prop FM RX IC. Suits KB4445 or RCME syst. £2.65.
KBA445/6 pair: £4.75. New 8 page data sheet 35p + SAE. More RC ICs in list

CMOS, LPSNTTL, TTL, MPU: 2 SR y
Listings in the new pricelist. T et

Things like ICM7216B, ICL8038, 8080A, 6800P, 2708, NE555,NE556, etc

3 Contain yourselves, RF fans ! Not yet ready for
Commg Soon. a full launch until autumn. but previewed here:-

SSB transceiver system : 10kHz to 1000MHz !!

A modular VLF to UHF SSB TX/RX system at last. With the correct first mixer, the basic PCB
covers 10kHz to 1000MHz - using LG fed from ext. source {Our 2 IC Mullard synth for instance)
and RE PA for TX OP. 0.2uV basic sensitivity in HF , Typ cost for HF synth SSB RX will be
jess than £200. Add an RF PA for full TRX for another £50. See one in our foyer, and marvel.

Most CMOS is available in low

CATALOGUES 60p ea , all three for £1.60
PRICES SHOWN HERE INCLUDE VAT
Please send an POST/PACKAGE CHARGE NOW 35p
SAE with all
enquiries.
Phone orders by
ACCESS - but
minimum £5

Callers welcome

amhit  sesesss

INTERNATIONAL

200 North Service Rond, Brentwood, Essex

Radio/Audio/Communications Modules
LW-MW-SW-SW DC tuned and switched

All switching of bands by a single

pin to gnd. Varicap tuned, with LO
output for synth. MW/LW version

or MW/LW plus 1 or 2 SW bands
MW/LW: £15.58 +1SW £16.73 .\

VHF Tunerheads

Europes largest stock range for broadcast and
communications. Probably also the world’s —
details in the catalogues and PL. Specials are
also supplied in the region 30-220MHz.

Again, Europe’s widest range of stereo decoders
including pilot cancel PLL types. The pic shows
the 944378 - pilot cancel including post decoder
26/38kHz filtering and muting preamp output

Broadcast FM IF strips for all occasions, including the new 911225 - with diode
switched narrow filter option, ultra linear phase ceramic filters, 84dB S/N, and
0.04% THD (40kHz deviation). Plus usual things like AGC, AFC, dev. mute, level
meter drive. £23.95 (supplied in screen can with 0.1 edge connection system)
Also the 7230 hyperfi series - as the 911225, but with slope controlled AFC that
operates in conjunction with signal level - and an extra |F amp stage for DXing.

Various digital frequency displays

The World's largest range of receiver DFMs is now
joined by the DFM7 (shown) - and L shaped version
of the DFM3 with remote display mount connector
possibility . 1kHz SW resolution with 455kHz or
10.7MHz offsets, 100Hz res up to 3.9999MHz, and
VHF to 299.99 MHz in 10kHz steps : £41.75

Components

B Most popular types are available-
Crystal Filters ex-stock, and in quantity.
10.7MHz 25kHz Channel spacing 8pole £16.67 X,
12%kHz : £1
2.4kHz SSB
Monolithic dual roofing filter
1.3dB loss, 80dB stopband HF
first filter in synth. RX
RC XTALS FM pairs (no spilts)

34.5MHz
AM pairs >
USB/LSB Xtals for 10.7SSB filter

The latest thing in electro-acoustic efficiency. TmA of drive from
CMOS will give an SPL of 83dB - 10v RMS drive from CMOS uses ,
3mA for 100dB SPL at 4.8kHz (88dB at 1.65kHz)

The data sheets shows various drive circuits, and give full
specifications with regard to broadband responses and power
consumption etc. 1 off 44p inc. 100 off 28.75p (25p ex vat}

From the world’s most widely used switch
manufacturers - ALPS - come the biggest and

best range of keyswitches, and data entry key-
board switches. The SCM81101 is shown here,
with the KT5 2-part cap (with clear top, to enable
easy fitting of your chosen legend. Other types are
available with built in LED, 902 mounting etc.
SCM81101: 17p, KT5 : 16p - or 29p/pair

LCD CLOCKS C/oicks use 1.5v
LCD DVM at 15uA only.

DVM 9v/1mA

CM161; 7mm LCD 12/24hr, alarms etc £11.44 each
CM172: 13mm, 12hr, alarms,timer etc £14.32 each
CM174: 13mm, 12hr, min/sec stopwatch £14.32 ea

DVM 176: ICM7106 based LCD 3%digit £22.36 each

N

overcap

comgplete unit
-

Bigger print than our
recent one page list -
and vastly extended

NEW PRICELIST/SHORT

28 pages, FOC with A5 SAE pse
1f you still heed convincing to invest £1.60 in the cats, be mean and get this first.

POWER MOSFET APPLICATIONS £1.50 each - or free

HANDBOOK by HITACHI : e e PATOTE

4 and the PA1018B .
Everything you should know about HMOSFET devices theory and applications.

CWO PLEASE ~ Commercial MA terms on application
Goods are atfered subject to avalability. prices subject
10 change so please phone and check tf in doubt.

Parts 1-3
AMBIT
catalogues
60p ea, or
£1.60 the

ELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG

WW — 051 FOR FURTHER DETAILS
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18th Edition

Around the world some thousands of radio
stations are sending signals. If you're
receiving, this standard guide will tefl you
who's where. It lists stations broadcasting in
the long, medium, short wave and vhf bands,
dealing with them by frequency, geographical
location and alphabetical order. Sections are
helpfully cross referenced. The Wireless
World Guide to Broadcasting Stations is the
eighteenth edition of a publication which has
sold over 270,000 copies. In addition to the
stations data, it includes much usefu!
information on radio receivers, aerials,
propagation, signal identifications and
reception reports,

£3.25 inc. postage.

. ....._.._'_.........__.5_1

To: General Sales Dept., Room CP34 ‘ (
Dorset House, Stamford Street, London SE1 9LU

Pleasesendme____ copy/ies of the Wireless World Guide
to Broadcasting Stations (18th edition) @ £3.25 a copy inclusive, (U.K.),
$8 overseas, remittance enclosed. Cheque/ P.O. payable to

IPC Business Press Lid.

Name_
(please print)
Address__

Registered in England No. 677128
Registered Office: Dorset House, Stamford Street, London SE1 9LU

AAAN americanrr,f‘
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PEOPLE HAVE BEEN ASKING
“WHAT’S NEW?”

In the last three decades, TRW has
had more than its fair share of important
breakthroughs which have come to be
regarded as milestones in the semi-
conductorindustry.

THE 1950’s ,

1954 TRW's first product—the im-
proved glass-sealed axial-leaded diode.
stillin high production.

1958 TRW invented the VARICAP® —
now almost a generic term for the
varactor.

1959 The first high power, high
frequency transistor. '

1959 High reliability semiconduc-
tors. Starting with the Minuteman,
TRW has been part of every space and
missile programme since.

THE 1960’s

1961 TRW invented TTL Integrated
circuits. :

1962 Pioneered high voltage, triple
diffused switching transistors.

1963 High reliability transistors in
plastic package—accepted for military
applications.

" 1966 The first transistor designed
-specifically for CATV.

1968 5W, 2GHz transistors for general
use — off the shelf.

THE 1970's

1970 CATV hybrid amplifiers used in
most oftoday’s cable TV systems.

1972 High voltage, high speed mono-
lithic Darlington transistors.

1972 Power Schottky Rectifiers in
volume production.

1975 Industry’s first monolithic RF
L. Band circuit.

1976 5W, 5GHz transistors.

1978 Development of L. Band radar
transistors. '

liohictorv.com

THE 1980's

The first of the decade’s big advances
— 45W microwave pulse power at S Band
transistors. The highest available in the
world. The start of a new important
family of microwave devices.

In the 1980's TRW RF and TRW Power
Semiconductors will keep you ahead
with the most technologically advanced,
exciting products from the most diverse
and reliable range available anywhere. -

If you're involved in RF (Reader reply
no. 014) or Power {Reader reply no. 013)
send for your copy of the new Data

TRW, smounucroks

MCPElectronicsLtd.,
38 Rosemont Road,
Alperton, Wembley, Middx.
Telephone 01-902 5941. Telex: 923455.
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s o FTY Software Development System

and Eprom Programmer
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MICROSYSTEM
DEVELOPMENT
USING SOFTY

SOFTY is intended for the daveloprnent of programs which will eventually become’
software residing in ROM and forming part of a microsystem. During the development
stage of a microsystem, SOFTY will be connected in place of the firmware ROM via a
ribbon cable, terminated in a 24 pin DIL plug.

Data may be entered into the SOFTY RAM via the serial port, parallel port, direct
memory access, or the keypad, and manipulated using the assembler key-functions.
When the program has been entered, the internai microprocessor can be ‘turned off’, and
the .external microsystem and its resident microprocessor allowed to access and run the
program in SOFTY's RAM and /or programming socket. In this way modification can be
made until the required program is complete — the contents of the RAM being clearly
visible as a ‘page’ on TV or monitor. 4 pages are available, 2 of the Data RAM an 2 of
the programming socket.

In the end, when the program is complete and working, the DIL plug is removed and
replaced by an EPROM device programmed by SOFTY. SOFTY is able to program the
2704/2708/2716 family which have 3 voltage rails

To help in the process of program development SOFTY has various assembler
key-functions, which include — block shift without overwriting, block store, cursor
control, match byte and displ. lculati {for jumps, etc.}). A high-speed
cassette interface i§also provided for storing working programs and useful subroutines.

SOFTY Kit-of-parts: (including zero insertion force socket for EPROM progrémmer). ]

Price £115 (inc. VAT p&p). SOFTY built and tested — £138 (inc. VAT p&p). Built

SOFTY power supply — £23 (inc. VAT p&p). Write or telephone for full details.
i

_ - .
NEW — SOFTY CONVERSION CARD — EX-STOCK
Enables SOFTY to program the sirfgle rail EPROMS 2508, 2758, 2516, (INTEL 271 6).
2532, ¢

Selection of device type and 1K block are by 4-way pchy slide switches. Programming
sacket is zero insertion force. Supplied ready built and tested with Dip jumper for
connection 10 SOFTY. £46 (inc. VAT p&p).

NEW — SOFTY PRINTER CARD — EX-STOCK
@ 40 column electrosensitive printer @ 5x7 dot matrix @ software selection of characters
per line (1 to 16 bytes) @ push-button printing of EPROM / RAM / intercursor contents @
Connects to SOFTY card edge @ Well documented @ Supplied ready built and tested,
including power supply, edge connector and paper roll for £166.75 {inc. VAT p&p).
Spare paper rolls {28-30 metres / roll) — 4 rolls for £8 (inc. VAT p&p).

MODEL 14 EPROM ERASERS

B0z

MODEL UV141 EPROM ERASER

Fast erase times (typically 20 minutes for 2708 EPROM)
14 EPROM capacity 2

Built-in 5 to 50 minute timer to cater for all EPROMs
Safety interlocked to prevent eye and skin damage
Convenient slide-tray loading of devices

MAINS and ERASE indicators

Rugged construction

Priced at only £89.70 (inc VAT, p&p)

MODEL UV140 EPROM ERASER
Similar to Modet UV 141 but without timer
Low price at only £70.73 (inc. VAT, p&p).

WRITE OR TELEPHONE FOR FULL DETAILS OR SEND CHEQUES / OFFICIAL COMPANY
ORDERS TO:

GP Industrial Electronics Limited

(Retail Sales), Skardon Place, North Hill, Plymouth

PL4 8HA. Telephone: Plymouth (0752) 28627
TRADE AND EXPORT ENQUIRIES WELCOME

WW — 028 FOR FURTHER DETAILS
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iax0-100 series Low |
PROFILE CRYSTAL CLOCK
OSCILLATORS

S R S
- | BT
& Asgamnr’

@ Hermetically
sealed metal
. package

- @® DIL
- compatible
® 20.70L X
£ 13.08W X 5.08H
" (mm)

The frequency range 600 Hz to 30 MHz is
covered by both CMOS (600 Hz - 8 MHz)
and TTL (150 KHz — 30 MHz) types having
an overall tolerance of ~0-01% from 0 to
+70°C. For more stringent requirements,
+0-01% from —55 to +125°C is available.

Many. frequencies can be supplied from
stock.

INTERFACE QUARTZ DEVICES LTD
29 Market Street, Crewkerne, Somerset TA18 7JU
Crewkerne (0460) 74433 Tclex_46283 inface g,

WW-—083 FOR FURTHER DETAILS

OLSON|

INSTRUMENT
CASES

8 Different sizes

Wall mounted in 4 sizes.

24 Different sizes.

* Advanced design
* High Quality

* Rigid Construction
* Low Price

In 4 sizes.

Panels and cases punched to custdmer’s requirements at very low
cost. Please write for details.

OLSON ELECTRONICS LTD.
Factory No. 8, 5-7 Long St., London E2 8HJ
Tel.01-739 2343

‘WW—080 FOR FURTHER DETAILS
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ever thoug

A Leader instrument for
every need.

The full range of Leader Test Equipment, the first choice of engineers around the
world, js now available in the U.K.

Leader Products, with a long history of high reliability, backed by a 1-year
warranty, are engineered and built to the most rigid standards, and incorporate

the latest technology_. . . . £299

plus VAT

4 - 35 MHz Oscilloscopes with more performance and
reliability for less cost. The Leader range of oscilloscopes
includes 12 models, single and dual trace, for bench or field
use. All models offer comprehensive triggering controls, TTL
compatible 2-AXIS modulation and convenient colour-keyed
front panel layout.

LBO508A
OSCILLOSCOPE

With 20MHz

bandwidth and 10 mV
input sensitivity on a 5"
screen this universal
oscilloscope is suitable for
a wide range of
applications.

CRT Testers - Pattern Generators * Signal
Generators - Antenna Impedance Meters - RF
Power Maters - C.B. Signal Generators

LSG16 SIGNAL GENERATOR

A compact R.F. generator ideally suited to checking
alignment of AM/FM and T.V. receivers.

* Frequency Range 100 KHz — 100 MHz

* Freguency Accuracy — 1.5%

* Crystal Oscillator 1 — 15 MHz o
* Modulation Internal 1kHz for A.M. ' SiDualiace

* Qutput Voltage 0.1VRMS or higher to 100 MHz * i ?(;:;128 r\Snrnzsitt,i?r?thIdm {vert amp)

* Sweep mode: chop - ALT, CH1, CH2, X-Y

* Synchronisation: Auto, Norm, TV, Int., Ext., +, —.-
* Timebase Sweep Speeds: 0.5 ps/cm - 200 ms/cm

* X5 Magnification {max speed 100ns/cm}

Function Generators * Transistor Checkers + LCR

Bridges + Power supplies - Millivoltmeters - Curve LBO 310A 4aMHZ 20mV | Single Trace 3"
Tracers + Speaker Analyzers - Home Appliance Testers. LBO 301 - 7 MHz 10 mV Single Trace 3"
LBO 308S 20 MHz 2mVv Dual Trace 3

LBO 510A° 4 MHz 20 mV Single Trace 5"

LFG1300$ SWEEP/FU NCTION LBO 512A 10 MHz 10 mv Single Trace  5°
GENERATOR LBO 513 10 MHz 5 mV Single Trace 5"
A multipurpose function generator producing five separate tgg gégA }g mn: 18 2\\; gua:gaﬁe g
waveforms over a wide frequency range. . <y L8O 507A 20 MHs 10 mv Sua e %:ce o

* Frequency Range 0.002 Hz — 2MHz (223 3% 1] [ {BO 515A 2 MH : '"g”. 3

* Five different waveforms e 2 5mv Dual Trace 5

4 LBO 520A 35 MHz 15 mv Dual Trace 5"
|  ww-—oes

* Symmetry function
* Built in Linear/Log Sweep function
* A.M. output * T.T.L. level output

£299

plus VAT

T RS

AUDIO TEST

Audio Generators - Frequency Response - Recorders
- Audio Systems - Analyzers - Wow & Flutter Meters

LFR5600 FREQUENCY RESPONSE
RECORDER

Designed to graphically record wow and flutter, drift,
voltage, temperature and frequency response of
Audio equipment.

* Frequency Range 20 Hz — 30KHz

* Variable chart speed

* Voltage range 0.1V, 1V, 10V.

* Sweep Oscillator

* Pilot Signal -

* Metered, Swept frequency input/output voitage

SINCLAIR ELECTRONICS LTD

London Road, St. lves, Huntingdon, Cambs. PE17 4HJ.
_ Telephone: St. lves (0480} 64646. Telex: 32250

Sinclair Electronics Ltd. reserve the right to alter prices and
specifications on Leader equipment without prior notice.

inhlatewy com
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HERE'S HOW TO TALK TO T
ALL OF THE PEOPLE ALL OF THE TIME |
with a communications system built up from the
all-embracing, constantly expanding range of
3 REDITRONICS EQUIPMENT

The latest additions to that range —

¥ A104K AUTOMATIC ANNOUNCER All5 FOUR-CHANNEL AUDIO

- Eadils 2023 x
with ENCODED SPOT CAPABILITY B I1] b POWER AMPLIFIER ‘
" for central recording on erasure- Lk S Sl o :
proof spots, local recording on with MAINS-DERIVED OR BATTERY-OPERATION CAPAB]LITY
blank spots with spot omission for Versatility, with quad (4 x 40 W). stereo (2 x 80 W), or )
switch facility. built-in chime, - mono (1 x ¥60 W) |
monitor loudspeaker and/or Mobility, with battery operation on 4 x 12 V battery-pack
headphone. direct paging priority Availability, with emergency standby operation (automatic switchover 1
via associated mic. on mains failure by associated Reditronics CUT06 standby power

When it comes to SQU communications, REDITRONICS EQuIiPMENT
does MORE FOR LESS. REDITRONICS is the one name that says it all. |

Send for details of any item, and our full brochure, of a range of equipment that can provide every integrated link in the
= chain of a tailor-made sound communications system.

control unit inco‘rporatiqg a battery charger). l

ICS

and to meet growing demand—
. TOTAL SYSTEMS CAPABILITY '

’wusitune are appointed as Reditronics distributors
for Greater London and the Home Counties. I

i T — —

REDIFFUSION REDITRONICS LTD.,
La Pouquelaye, St Helier, Jersey, Channels Jslands

Tel: Jersey (0534)-30321 Telex: 4192341 Contact Musitunie Ltd., 388 Green Lanes,
U.K. DEPOT: River View Road, Bitterne, Southampton, Hampshire, U.K. London N4 1DW (Tel: 01-802 1163) for Reditronics
Tel: Southampton (0703) 555566 systems-planning to your exact requirements. J

WW — 48 FOR FURTHER DETAILS I

EXPAN DORAM " Features

S W+ S5-100 Bus Compatible  * 4MHz Operation
' * Board Select for Multi-user System

* Expandable Memory from 16 Kto 256Kusing 16K or 64K
" devices

* DIP Switch selectable boundaries at any 16K or 64K
adaL i A S ' ’ boundary

* Page Mode Operation Allows up to 8 boards on a Bus

* Operates with Z80 CPUs

* Phantom Output Disable and a manual Switch
Selectable Output Disable

= o : * Power Dissipation — 5 watts, Typical
ExPandable Random Access * Wait States and Invisible Refresh Synchronized
Memory Board : + 4-64K Banks are available with 4164's :

The ExpandoRAM Il provides a low cost means for expanding Random Access Memory capability for computers using the
$-100 Bus structure. The board’s design allows eight boards to operate from the same S-100 Bus.

Page mode operation provides the system with the capability of servicing multiple users without RAM interference.
Synchronization of the wait state and invisible refresh deliver faster operation, allowing processing speeds up to 4MHz.

The ExpandoRAM Il is compatible with most S-100 CPUs based on the Z80 microprocessor. When other SD SYSTEMS
200 series boards are combined with the ExpandoRAM I, they create a microcomputer with exceptional capabilities and
features.

OUR PRICE: £129.00 to £299.50 (64K Kit) Built & Tested from:— £272.00 to £398.00 (64K B—T)
. All items subject to V.AT.

For further information on this board, or any

5 B Uni q .
other boards in our comprehensive range Kil:iﬁiin e I':;’:‘gs:;;d' e:::t:e .
i.e.: SBC100, Versafloppy |+ II, VDB8024, K"winning Aysahire KATLGEN

Z80 Starter Kit etc. Please write or
telephone. AIRAMCO LIMITED ‘Tel.0294 57755 Telex 779808

WW - 029 FOR FURTHER DETAILS
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PREGISION PETITE

MINIATURE DRILLS AND ACCESSORIES
for all your modelling needs

MIORE SPEC. FOR YOUR MONEY

A choice of three power drills
that fit snugly in the hand, so
light they enable you to carry out
the most ‘intricate tasks —
drilling, shaping, cutting, polish-
ing etc in the minimum of time.
There are two types of drill stand,
S1 for P1 drill, S2 for all drills,
plus all the necessary acces-
sories in a remarkable range
that fills every need. Fully illus-
_ trated literature is available and
will be
gladly sent upon receipt of
9” x 4" stamped addressed
envelope.
Access &  Barclaycard
welcome

TYPE 217 DUAL POWER SUPPLY
£84.88 &0 carriage, ins.. 8ic,

CONSTANT VOLTAGE or CONSTANT CURRENT
DIGITAL MONITORING
MODE INDICATION
+0 to 20V and —0 to 20V or 0 to 40V
fO to 750mA and —0 to 750mA

ALL INDEPENDENTLY SELECTABLE
LAB SPEC. — BENCH PRICE!

OMB ELECTRONICS , RIVERSIDE , EYNSFORD, KENT DA4 OAE
Tel. Farningham {0322) 863567

Sole UK Distributors PRECISION PETITE LTD
119a HIGH ST. TEDDINGTON, MDX.Tel 01-977 0878

to press and are subject to change without notice.

FROM OMB ELECTRONICS
WW — 019 FOR FURTHER DETAILS

WW — 017 FOR FURTHER DETAILS

e

Prices, which are CWO and ex - VAT, are correct at the time of going
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|" MEET THE PROBLEM SOLVER

r The ‘System One’ series of micro computers is probably the most flexible series of micro computers available today.

HARDWARE CONFIGURATION &
Internal storage from 32 to 64K.
- 1 or 2 single-sided 5%'’ or 8" floppy disks.
1 or 2 double-sided 5%’' or 8" floppy disks.
- Support for most popular makes of printers. 1 or 2 terminals.

SOFTWARE FROM . :

FORTRAN Compiler BASIC Compiler STRUBAL Compiler LABEL BASIC
Text Editor - Text Processor -Assemblers PILOT

Basic interpreter both sequential and Random Access Versions. Plus full development and debugging software.

You even have a choice of two Operating Systems. SSBDOS or FLEX. :

basic interperter would cost you £1,650. y ’
If you require a terminal as well, the above system together with the ACT-1 keyboard and 9 video monitor wouid cost you £1 ,970.
Call SEED at our Brownhills office for further details of demonstration.

$00000000000000

SEEU

“ STRUMECH ENGINEERING ELECTRONIC DEVELOPMENTS LTD.
Portland House, Coppice Side, Brownhills, Walsall
i ; West Midlands. Telex 335243 SEL. Tel. No. 054-33 78151

Flexibility of hardware coupled with a wide range of software, allows the user to choose the most cost effective hardware/ software configuration to solve his/her problem.’

With all this to choose from you might begin to think you could not afford it — well a 32K storage system one with dual-single sided 5%’ floppy disks, SSBDOS and a

T
WW — 046 FOR FURTHER DETAILS
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The fastest
M-easily!

If you have had difficulty sourcing Peak Programme
b = 5 Meters to meet DIN 45406, the fast European PPM
standard, then Relax! The Soundex PPM 302
amplifier card and fast meter movement make it
look easy. The scale reads from —50dB to + 5db.
/1 0% to 180% including the red part of the scale and
» / it's amazingly accurate. Our amplifier card is surely

" the smallest at only 54 x 70 mm and the cost
won't finish you.

32

Brief Specification

Indicating range: —50 dBto +5 db 0% to 180%
| OdB corresponds to 100%
, Accuracy: Better than + 1 dB between —5 and
+5 dB at 1kHz and + 2 dB between —40 and
—5 dB at 1kHZ
Frequency response: + 1.0 dB between 30Hz
i and 15.000 Hz. Rolloff: at least 15 dB at 40kHz
Attack: —1 dB + 0.5 dB after 10mS
b Decay: 1.7 + 0.35S to fall to *—20 dB'
Input impedance: 10Kohms between 30 and
i 15,000 Hz.
Sensitivity: Variable
» Overshoot: Complete System: Less than 1.0 dB
Supply: 20v to 30v D.C. 45 mA at 24V.

Soundex also make PPM’s to other performance
“standards. please send for data.

Bulgln Electromcs ENGLAND: Future Film Developments 36-38 Lexington Street LONDON WIR 3HR

AUSTRALIA: R H Cunningham {Pty) Limited PO Box 4533 Melbourne VICTORIA 3001
One ofthe Bulgin Group of Companies  Soundax wid CANADA: Ger: Electro Acoustics Limited 363 Adelaide Street East Toronto ONTARIO M5A IN3,
Park Lane, Broxbourne. Herts. Tel: Hoddesdon 64456 GERMANY : Bergmann — Skalen — Vertrieb Kralizstrasse 150 7534 Birkenfeld W Germany
FINLAND: Nores Oy PO Box 889 00101 HELSINKI 10
FRANCE: A S N Diffusion 86 Avenue du General Le Clerc Maisons Alfort
WW — 077 FOR FURTHER DETAILS

HandHeldThermal

TRANSDUCER and RECORDER | ir - STRIPS MOST
AMPLIFIERS and §YSTEMS no:eS't{wrﬁh{:’jﬁﬁg‘ﬁ

Wire sizes up to 6mm OD

@ seif contained — no external power packs required

@ Long life rugged alloy blades heat to 1700 °F in
four seconds and may be notched for wire sizes

. Blade depth stop prevents blades tbuching
conductors, eliminating scratching and nicking

@ Temperature control unit avaitable
@ Optional bench stand _,

reliable high
performance &
practical controls.
individually
powered modules— |
mains or dc option
single cases and up
to 17 modules in
standard 19’ crates
small size—low
weight—realistic

Strips even the finest wires Adjustable stops for strip
cleanly with no nicking or length and blade depth
deformation of the conductors

prices.
: TELEPHONE FOR A FREE DEMONSTRATION
Fylde :
Electronic Eraser International Ltd.,
’ " Laboratories : Unit M, Portway Industrial Estate,
BT sutaes Nead Pregto Limited. Andover, Hants SP10 3L U.

J Tel: Andover (0264) 51347/8 Telex 477291

WW — 016 FOR FURTHER DETAILS

Telephone 0772 57560
el A

WW—084 FOR FURTHER DETAILS
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“] NEVER KNEW COLOUR VIDEO
COULD COST SO LITTLE”

Don't be put off by what you may have heard - or imagined
- about the cost of colour video.
Talk to Bell & Howell or one of our Video Centres and
get the current facts. ¥ty '
The fact for example, that a portable JVC colour camera
costs little more than an ordinary black-and-white camera.
And the further fact that by adding a JVC VHS you
have a complete colour recording system for as Iittle as
£1,300 plus VAT For playback,a standard TV receiver is
all you need.

A EaaEmwE

At these prices every user can benefit from colour.
Training will be easier to understand; publicity more
compelling; management communications more
interesting; role-playing more effective. After all, we live in
a coloured world.

- PUSH-BUTTON FEATURES
- Don't think for one minute that the low price has been
achieved at the expense of useful features. Among other
things the camera has an iris control which automatically
adjusts lens aperture to match lighting conditions;a 6:1

power or manual zoom, giving close-ups as close as 50 mm;

TTL indicators which automatically show exposure level,
auto-white balance, operating mode and power level.
BETTER STILL _
Or if you feel inclined to make even fuller use of the
camera’s capabilities, couple it to a JVC %4-inch Uformat
recorder. -
The picture will be improved. You'll have another

Let Bell & Howell show you the answer.

To Pieter Glas, Bell & Howell AV Ltd,, Freepost, Wembley, Middiesex HAO 1BR.
Please send me more information about video equipment and a list of your Video Centres.

Name
Organisation
Address

VC CAMERAS. VC RECORDERS. JVC STUDIO EQUIPMENT. JVC MONITORS. ELECTROHOME MONITORS. FUJI VIDEQ TAPES.
WW - 035 FOR FURTHER DETAILS

sound track to use forforeign-languagé commentaries or
question-and-answer training routines.
On ¥-inch, moreover, you'll be in the right format to

~ editand duplicate - or add in library material. And still

g

—

5 -
S

the cost of the system needn’t exceed £2,700 plus VAT
Alternatively, at very attractive rates, it can be leased.
_ SEE FIRST, THEN DECIDE |

You can, of course, spend more. At any Bell & Howell
Video Centre you'll see more expensive cameras, video
recorders and electronic editing equipment that wouldn't
be out of place in a national network.

But do you need them? i
Letthe Video Centre, or Bell & Howell,help you decide.

Whatever your decision, two things are certain.

One, colour video now costs a lot less than it used to
(as well as being highly dependable and very easy to use).

Two, every unit in the system you choose qualifies for
the Supershield warranty unique to Bell & Howell.

Under Supershield, all adjustments, repairs and
replacements (except for tubes and tapes) are free for
two years after purchase.And if a job can't be done on
the spot we also provide free transport anywhere in
mainland Great Britain to and from a fully equipped
Supershield video workshop,

Convert to (or start with) colour. With JVC video
equipment. And the Bell & Howell Supershield guarantee.

'BELLs HOWELL
BeLLe HOWELL

Wwefe

BELLs HOWELL
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INSIST ON
VERSATOWER

FOR PROFESSIONALS

The VERSATOWER range of

BY PROFESSIONALS —
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REMOTE OPERATION TAPE
TRANSPORT MECHANISM
FOR DIGITAL OR AUDIO.

'S # TH!S BRITISH MADE CASSETTE
s TRANSPORT HAS GIVEN
. INDUSTRY A GREAT COST
SAVINGS OVER
COMPARABLE FOREIGN

IMPORTS AND IS NOW BEING

MADE GENERALLY AVAILABLE.

CAN BE SUPPLIED WITH TAPE FAIL/
END DETECTION, SEARCH, AND FAST
ERASE. SOLENOID CONTROL PROVIDES .
FULLY REMOTE OPERATION.

WRITE‘NOW FOR FULL DETAILS
BASIC PRICE £60.30 INC. VAT,

POPULAR UNIVERSAL CASSETTE TAPE HEADS

telescopic and tilt-over towers cover
a range of 25ft to 120ft (7.5M to
36M).

812-01 Mono Playback... —y L
B12.02 Mano Hecnrd/PIayhank ..£4.02
B24.01 Stereo Playback.... ..£3.30
B24-02 Stereo Hecord/Plhk... ..£6.66
B24-07 Stereo R/P, (Dolby Stsm)......£7.87
C42RPH20 Stereo SENDIUST A/P.... £9.28
C42RP1ESO1 Stereo combined

C42RPHO4 Stereo GLASS FERRITE R/P....£11.60
CA2RPS18 Stereo TWIN GAP R+P .. .£25.21
E12-09 Mono/stereu erase .£ 1.85
B22-02 Twin, % track R/P .. .£ 597
CA4RPHO3 Quad % track R/P.. £13.17
C44RPZESD1 Quad % track combined

R/P + Erase

Designed for Wind Speeds from
85mph to 117mph conforming with
CP3 Chapter V, part 11.

Functional design, rugged construc-
tion and total versatility make it first
choice for telecommunications.

Trailer mounted or static, the VER-
SATOWER solves those difficult
problems of antenna support, access
and ground level maintenance.

A programme of continuous product
development has led to a range of
over 50 models, all available at
highly competitive prices. This
coupled with. our quality assurance
scheme ensures that we maintain
the leader position we enjoy today.

VERSATOWER

THE PROFESSIONALS’
CHOICE

STRUMVMIECH

VERSAIOVVER
OYSIEM™

PORTLAND HOUSE, COPPICE SIDE

BROWNHILLS, WEST MIDLANDS
-TEL: (05433) 4321° TELEX: 335243 SEL

WW — 047 FOR FURTHER DETAILS

.£10.93  C22ESD2 Twin half track erase
FOR OUR FULL CATALOGUE 25p.

PLEASE ENCLOSE
30p PEP WITH
ORDER

THE MONOLITH ELECTRD ALL PRICES
5(7 CHURCH ST., CREWKERNE, SOMERSET . ENGLAND (MEU) 74321 INCLUDE VAT

R/P + Erase....

WW — 068 FOR FURTHER DETAILS

Specification: iC.
220/240 volt 0.4A 22 watt o
Type Femo 65FJ g
Reach 38 inches (97cm)
Magnification 1.75

Lens dia 4Y2in (113mm)
Colour Grey

Add Magnifying Lens N
Lens dia 2%2in (64rnm

Used with 6F.} Lamp <
Total Magpnification ca x 3.5 -

Femo 77J
Bench or Desk Lamp with
optional magnifier attachment

Specification:

220/240 volt AC 20 watt
standard fluorescent tube
(Tube separate)

Detachable magnitier R42
Magnification ca + 2
Coiour Light Grey

Made in Sweden

Distributed by
Special Products Distributors Ltd.,
81, Piccadilly, London W1V OHL.
Tel:01-629 9556 Cables: Speciprod London W1

WW — 092 FOR FURTHER DETAILS
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We'll help you see infra-red
and put you on target as well.

As manufacturers of the widest range
of broadband infra-red detectors in
Europe we offer designers an extensive
range of devices to suit virtually all thei
project requirements. |
So, whether you’re involved
in infra-red detection for industrial,
military or research applications in any
of these fields, things are looking better
for you:
e (Gas analysis
® Laser detection and measurement
® Intruder and fire alarms
® Radiometry and spectroscopy
Plessey infra-red detectors feature
arange of element materials: ceramic,
lithium tantalate, triglycine sulphate;
a choice of windows and filters for
selecting spectral response and a choice

of electronics to give the required signal
response. '
And, if your need is for fast

photovoltaic detectors for CO, laser

range-finding applications, we can

also offer lead tin telluride in the

10-11 micron region. High

D*(4 x 10°%cmHz!W-'\p, 800, 1)

bandwith to I0OMHz and beyond.
Whatever your requirements, ask

for our latest catalogue to put you on

target. '

@ PLESSEY

Plessey Optoelectronics and Microwave Limited

Wood Burcote Way, Towcester, Northants, United Kingdom NN127JN.

Telephone: (0327) 51871 Telex: 311442 i

Plessey Optoelectronics and Microwave Limited

1641 Kaiser Avenue, Irving, California 92714, USA.

Telephone: (714) 540 9934 TWX: 910 595 1930 |
_ %) 063220010

WW — 040 FOR FURTHER DETAILS
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ot it right,
fromthe
start.

Believe it or not, 2 out of every 3 home video recorders sold or rented in
this country in 1979 were VHS models. VHS was also the most successful home
video system worldwide. ' ‘

That represents a pretty overwhelming vote of confidence. How did we
manage it? ‘ iy ; Vb &
At the outset we were determined to produce a home video system that
was nothing short of outstanding. That's why VHS offers'standards of reproduction,
reliability and compatibility that are quite simply second to none.

And of course, if you build a better system in the first place theres less
need to change it later on. , il

So while we have continually improved the quality of our recorders -
there are now triple standard VHS machines which accept PAL,SECAM and
NTSC -we have never changed the design of the VHS cassette. And it will not
change in the future either. Which is more than can be said for some of our
competitors.

By maintaining the same cassette, VHS has become the most compatible
system available. So your customers will find _
} it much easier to swap tapes with friends and TheWOl'ld’S No.l System
. enjoy the greatest range of pre-recorded _ i :

material too. < -
VHS is the No.1system in the
UK, Europe, the US and Japan.
: Make sure you've got it.
- Right?

|
!
i

Hitachi, JVC, Panasonic, Sharp.

WW — 054 FOR FURTHER DETAILS
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fact: |
the SM63 looks
(and sounds) great
in front of people...
and cameras!

Take it from the professionals

A top quality Shure microphone makes a
measurable difference in upgrading sound. Now, Shure has

added a new microphone designed to upgrade the appearance

of your act, as well as the sound. The SM63 is a top-quality
omnidirectional microphone with high output and clear, crisp sound
quality — an innovative blending of smaller size, handsome appearance,

and truly noteworthy broadcast-quality performance. Highly effective

pop protection, low handling noise and very low profile (so it won't obscure the
performer’s face) make it the perfect choice for on-camera applications. The SM63

omnidirectional dynamic microphone measures just 5'1/16 in. long, 1% in. in diameter

and weighs only 2.8 ounces with no compromise in Shure's standard of reliability. It offers

twice the voltage sensitivity of our own SM61 (6 dB) and features a humbucking coil for superior
rejection of electromagnetic hum (up to 20 dB better than competitive units) and an elastomer
isolation shock mount for minimized handling noise. The new SM63 also features the Shure-developed
VERAFLEX® dent resistant grille and a smooth satin finish perfect for on-stage and on-camera applications.
Send for complete literature on all Shure professional microphones — including the

new SM63. (Please let us know your microphone application.)

SPECIFICATIONS

Frequency Response: 50 to 20,000 Hz

Polar Pattern: Omnidirectional

Impedance: 150 ohms

Output Level (at 1,000 Hz). Open Circuit Voltage (Odb = 1 volt per microbar) —76.0db
(0.16mV) Power Level (Odb = 1 milliwatt per 10 microbars) —56.5db

Hum Pickup (typical at 60Hz): 13 db equivalent SPL in 1 millioersted field

Shock Mount: Patented internal vibration isolator

Case: Champagne finish aluminium with VERAFLEX® grille

Dimensions and weight: 5'1/ein. long, 1vin. in diameter; 2.8 ounces

professional microphones...by

g SHURE &

Shure Electronics Limited, Eccleston Road, Maidstone ME15 6AU — Telephone: Maidstone (0622) 59881

WW — 005 FOR FURTHER DETAILS
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- He who hesitates . . .

Democratic, parliamentary
government is a fine thing. Matters of
,consequence to the community cannot
be left to the whims of dictators, unless

they happen to be of an unusually
benevolent disposition. The imposition
of taxes, the control of education,
health care, transport — all must be
discussed and arranged in a properly
democratic manner. But, when
ministers are seen to shy away from
the decision which must be taken when
the talking stops, one can sometimes .
begin to wish for a benevolent despot,
-or at least a well-heeled entrepreneur.
In America, Japan and one or two
European countries, thousands of
millions of pounds worth of investment
have been used to build vigorous
research, development and production
programmes in integrated-circuit
technology. In the UK, Sir Keith
Joseph hesitated over the second £25
million for Inmos. He would clearly
have preferred the company to raise
the money from private sources, but
only discerned “flickers of interest”
from private enterprise. That the
[interest is only a flicker does not show
the City in a particularly adventurous
light — it evidently likes to apply its
risk capital in an area of slightly less

risk — but the decision has to be accepted.

Since the original plan to fund Inmos
to the tune of £50 million was made,
the company has lived up to its
promises and is on schedule with its US
operation: nothing has changed.
Although the original decision was
made by a Labour government, there
seems to be no reason why the Tory
incumbents should wish to throw away
the first £25 million by holding back the

second. Inmos have said that they have.

already lost £36 million in the time
spent havering over the second
instalment. If it had not been
forthcoming, Inmos would almost
certainly have survived, but as an
American company, possibly raising
money from US sources.

The question of whether we need
Inmos has been raised. It is somewhat
Iate in the game, after all, to start
competing with the established giants,

particularly as the said giants are

pretty well entrenched in Britain
already. One American view is that
Europe has no need of a semiconductor,
manufacturing capability; the

- application is all, so they say, so why

not leave the supply of raw materials —
chips — to others? One hesitates to
appear churlish in the face of such
altruism, but the Americans ought not
to be asked to shoulder the whole
burden of mountainous profits from
semiconductor making.

They do have a very good point, of
course. Software and applications
development do not run away with the
millions in the way-that chip design,
manufacture and marketing can in the
‘early stages. The UK is already rather
good at software (less so at industrial
application) so perhaps we should
concentrate on this side of the
“microelectronic revolution”.

If there were a choice, that would
possibly be a sensible one. But is there
a choice? Is it really in our best
interests to leave to foreign companies
the conception, design and
manufacture of supplies which we are
constantly being told will be central to
our future economy? Will we then be
supplied with the devices we want or
those we are told to want? Will we be
supplied at all? Having already seen
control of many of our established
.industries pass from our hands in an
involuntary way, it hardly seems
reasonable to foregoa chance of holding
on to one of such significance.

It may be that the pathetically small
investment in Inmos which is all that is
possible, unless private enterprise
becomes more enterprising, is far too
little and about fifteen years too late,
but however small a UK
microelectronics industry finds itself to
be when the situation stabilizes, a
nucleus of capability strong enough to
supply special needs and, more
important, to attract the necessary
brain power, must be kept. This is a
decision which carries extremely
long-term consequences: future
options should not be limited by
further haggling over the petty cash.
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The floating bridge

New design principle for audio amplifiers

by R. M. Brady

This article describes a design
principle which has the advantages
of the bridge amplifier but none of its
disadvantages. A simple amplifier
which drives four ohm, 15-watt
speakers using power from a 12-volt
car battery is described in part 2 and
test results are included. The design
is further applied to a.200-watt
version suitable for group use,

Bridge amplifiers offer many potential

advantages over single push-pull
amplifiers: high power, high voltage
swing for moderately low-voltage com-
ponents, lower power dissipation in
each transistor, and the capability of
operating with high impedance loads,

thereby reducing transmission losses

and permitting a high damping factor..

They are almost essential if power sup--

ply voltage is limited as, for example,
with a car battery. Present designs,
however, are necessarily of complex

and cumbersome manufacture, making.

them expensive and not so reliable.
They also have limited bandwidth and

- poor distortion performance, because of

the close coupling between individual
halves of the amplifier.

~ One half controls the instantaneous
potential of one output terminal with
respect to earth, and the other does the
same job on the other terminal. The new
system uses one amplifier to control the
difference between output terminal
potentials, and a second, cheaper
amplifier to control a quantity which
could loosely be called the sum of these
voltages. This amplifier acts merely as a
“slave” to the first one, enabling a full
voltage swing to occur, but not in any
way directly affecting the required out-

put. The second amplifier is capacitively

by-passed at high frequencies, where a
full voltage swing is not so important in
audio work. This bypassing prevents
the instability for which bridge
amplifiers are renowned. -

The simplest version of the circuit
requires that the earth (i.e. chassis,
screening and mains earth) be floating,
changing potential with respect to the
power supply. Although this is unusual,
it is perfectly safe and acceptable pro-
vided steps are taken to prevent stray

mains currents from passing through
the system. .

It turns out that the design of both
component amplifiers may be consider-
ably reduced in complexity by using this
system. Extras, such as current protec-
tion, may be added easily and far more
simply to the floating bridge than to
‘conventional amplifiers

The new system has the following
advantages over conventional bridge
amplifiers:

@ wider bandwidth and lower distor-
tion
@ optimized voltage swing, because

both amplifiers must bottom before the
output is affected
@ saving in cost and complexity
@ one output terminal may be earthed
@ possibility of using two floating:
bridges to make a bridge-bridge
amplifier )
The next section presents the system
in block diagram form, contrasting it
with a conventional bridge amplifier
configuration, and then sub-dividing
the circuits for tracing through the
feedback loops of the whole system,
prior to reading the later paragraphs.
The circuits are rather unconventional,

V.

r A%
C
1 R1 .
O—l I}—’\/\/\/ x y
Input Ay — O
O - Output

i,

Fig. 1. Inversion A, A | s a high quality amplifier which controls the difference
between output terminal voltages, x — y, while A ,1s a cheaper amplifier

which controls the sum x + y so that full voltage swing can occur. Note the
unusual position of the earth. (x and y are potentials with respect to pointA.)

¢ M e

—

Fig. 2. Version B of the floating bridge amplifier is similar to version A, but
has a different input configuration.

WWW americanrad
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and if you do, you may find it good

-advice to forget temporarily the elec-

tronics you have already learnt, and to
investigate the circuits from first prin-
ciples.

Block diagram analysis

Two alternative but similar arrange-
ments of the bridge amplifiers are
shown in Figs 1 & 2. Amplifiers are
inverting and non-inverting and A, is
insensitive to the state of the power

supply. Output terminals are labelled x’

and y as shown, being instantaneous
potentials with respect to point A, and
in both cases the feedback loops are
arranged so that at low frequencies A,
controls the value of x—y, and A, con-
trols the value of xR, +yR, ~ x+y.
Capacitor C, by-passes A, at high
frequencies, where large voltage swings
are unnecessary. Circuit A, Fig. 1, in-
verts the signal whereas circuit B, Fig. 2,
does not.

First consider a simple-minded
approach to a conventional bridge
amplifier, Fig. 3. Feedback loops are
arranged so that if V is the instant-
aneous input voltage then x=GV and
y= —GV, and the output across the load
is x—y=2GV. Remembering the close
coupling between individual amplifiers,
imagine that x rises for some reason
because of effects in A,. This causes A,
to turn on, to keep y constant. The fact
that A, has turned on affects the value

-of x, causing A, to react each time there

is a small phase shift, which can easily
be amplified by this mechanism and
cause unwanted oscillation. Hideous
things can happen at the cross-over
point where both amplifiers must con-

duct simultaneously. The new system.
almost completely eliminates this cou-

pling effect. PR AP e
‘Effect of A in circuit A Fig. 4 shows’
A, and its assaciated feedback loop. For

the present A, can be regarded as a sink
which will accept any current generated
by A,. In the quiescent state, A,

stabilizes x—y to its own (ideally zero)
offset voltage. Imagine that the poten-
tial y rises with respect to x for some
reason. The potential at the + input to
the amplifier remains at almost earth
potential x, so that there is a voltage
across R, which tends to make a current
pass into the + input. This causes A, to
turn on in such direction as to make a

“current pass from x to y through the
load impedance*, thereby reducing the

value of y—x and stabilizing the system.
Amplifier A, is acting as a virtual earth

_amplifier, and its voltage gain is R,/R,

Because A, is insensitive to supply vol-
tages, then any change in potential y
with respect to the power supply will
not be noticed by A; (apart from stray
capacitance effects**). As the potential

*Remember Kirchhoff’s Law; if current is supposed
to disappear down the earth line, where is the
circuit supposed to be completed?

**There is also a low frequency coupling, discussed
in part 2

Nohistory com
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Fig. 3. In the conventional br/dge amp/:f/er A and A, are identical
good quality amp/lflers arranged so that output X is proport/ona/ to the /nput
and output y is the negative of this. It enables a high maximum voltage swing
to occur for a given power supply, but is expensive and prone to instability.

R
NV
C.1 R1
: y x y -
R D e e e B

7

Fig. 4. A y amp/lf/er of version A. Ignoring the earth connect/on /maglne
voltage y rises; feedback is arranged so that this causes a current to flow into
X, causing x to rise, and so restoring the correct output x — y (i.e. negative
feedback). As there is only one earth connection it cannot short out any
currents! Amplifier gain is R,/ R .

O

Fig. 5. A , amplifier of version B, similar to ‘that of version A, but with slightly
different /nput Amplifier gain is again R,/R .

x Y
To A i O O

Fig. 6. Chean amplifier A, ‘controls the sum x + y. Normally, this must control
the current so thaty = —x which would be the case if R, = R . At high
frequencies full voltage swing is not so important and C, gives feedback so
that y remains constant; this greatly simplifies design.
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Fig. 7. Operation of the -
circuit when over-driven
with a large signal.
Cheap amplifier A, is
arranged to bottom
before the full voltage is &
reached. This enables a P
full voltage swing to I
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Fig. 8. Simple power supply arrangement in which C, is stray between earth
and the power supply, C is the transformer capacitance between the mains
and secondary; if an earthed screen is not included then mains currents coyld
pass, destroying the amplifiers. A conventional power supply can be used if a
change-of-origin preamplifier is included.
@ Rior Ve
-3 —=
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Fig. 9. Change-of-origin preamplifier. Earth is connected to the power supply
negative rail, so many floating bridges can be operated on the same power
supply. Preamplifier converts the signal into current /. which passes through
R, from an a.c. point of view. Output x — y is therefore I X R,

WIRELESS WORLD, SEPTEMBER 1980

y with respect to the power supply is the:
only thing which is affected by A,, then
A, is decoupled from A,. This confers a
high degree of stability on the circuit,
and enables A, to be of cheap design,
with poor distortion performance, in
what will remain a high fidelity system.
Effect of A in circuit B. Fig. 5 shows,
A and its associated feedback loop.
Resistor R; is large-valued, providing
bias, so that d.c. conditions are identical
with those for circuit A. Imagine that
the input voltage rises. This causes A, to
conduct in such a direction as to cause y
to rise with respect to x. Negative feed-
back is applied through R,, causing the
potential of the + input to rise until it
equals that of the — input, and the
circuit stabilizes. This happens when
the value of y—x'is R /R, times the input
voltage. A is again decoupled from A,
Effect of A,. Fig. 6 shows A, and

its feedback loop; C, by-passes A, at

high frequencies. Resistance R, will be
set nearly equal to R, so that at low
frequencies A, controls the potential of
y in such a way that x+y is always

equal to the potential at point A. This

corresponds to the voltage swings ex-
perienced in conventional bridge
amplifiers, and has the advantage that
the power dissipation is shared equally
between component amplifiers. In'
practice, however, R, will be set slightly
larger than Ry, so that at low frequen-
cies, A, bottoms shortly before A, does
so. This enables a full voltage swing to
occur, and is illustrated in Fig. 7. The
system can-.cope with a poor quality
design of A}, without the required out-
put being appreciably affected. Cost
savings can be quite large in this area.

Earthing arrangements. Fig. 8 shows
a typical power supply arrangement.
Capacitors C, are reservoirs, C,. the
stray capacitance between .earth and
the bulky components of the power
supply, and C, the stray capacitance
between primary and secondary of the
transformer.

An apparent problem as regards
bandwidth is the effect of capacitance
C. between earth and the floating
power supply. Much of this will be
contributed by the transformer, and so

it is hard to eliminate. A typical value in

a design which is not particularly fussy
about reducing this capacitance, is
around 500 to 1000pF. This capacitance
is effectively put across the output,
because of the effect of the capacitor in
the feedback loop of A,, and is thus in
parallel with a load of typical impedance
8 ohms. It thus only becomes significant
at frequencies above about 20MHz and
so can be ignored.

The effect of C, is potentially more
serious. Mains current can potentially
pass from live, through C,, via the rec-
tifier to the power rails, through the
transistors of A| and A,, and to earth.
The high mains voltages involved are
capable of destroying the semiconduc-
tors in A, and A,. However, it is easily
seen that, whilst the system is working
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Fig. 10.

Bridge-bridge amplifier for the
real power maniac! BR, and BR,
are both floating bridge
amplifiers, and each have their
own power supply. They are
connected together simjlarly to a
conventional bridge amplifier.(so
care with instabilities!). Available
voltage swing is four times the
voltage of each part of the power
supply.
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correctly these currents are safely
passed. The feedback loop of A, causes
the potential y to follow that of the
power supply, if it rises with respect to x
(i.e. earth). Such a rise in y causes A; to
conduct so as to safely pass any such
mains currénts. But this does not apply’
at switch-on, or on failure of some
component. It is thus highly desirable to
insert an earthed screen, between
primary and secondary of the trans-
former.

A further safeguard, which is
necessary for highly inductive loads
anyway, is to insert reverse-biased
diodes between x and each power rail.
This prevents the e.m.f. on the collector
of any transistor in A, from exceeding
the power supply e.m.f. and also pre-
vents. any transistors from being
reverse-biased. However, if a good
screen is included, and any inductive
loads are by-passed by the usual C-R
network, then this is unnecessary.

Further application:
Change of origin device A
This section describes how the amplifier

can be included in a stereo arrange-

ment, avoiding the unusual earthing
arrangement of Fig. 8, and also de-
scribes a bridge-to-bridge circuit. It is

~included here because it follows on

naturally from the block-diagram

treatment which the bridge amplifier

has so far received. If you wish to see
how the block-diagram amplifier
actually looks in real circuits and actual
components you may prefer to jump to
part 2 and come back to this section
later.

. The earthing devices so far described
are fine, provided only one amplifier is

used with each power supply. Any’

attempt to operate two such amplifiers
from the same supply would result in
each A, shorting out the other A . Fig. 9
shows circuit A with a modification so
that many such amplifiers can be
operated using one power supply. The
input is with respect to the — rail. A
similar modification could be made to
circuit B type floating bridges.

The transistors are arranged with d.c.
feedback, so that in the quiescent state
I = V. /R, where V, is the base-emitter

lohistorvy com

voltage of Tr . From an a.c. point of
view, they act as a virtual earth
amplifier, so that the a.c. signal I is
equal to (Ryey/Rygs):X Vi /R;, where V,
is the input voltage. 7

" Because of the effect of C ,, C, .. R,
and R, a constant current passes
through R’ms, and any a.c. variations in Is
are caused by A, to pass through R, so
that the output e.mf. is (R /R, IV, /

R)R,. Thu§ the gainisR R,/R R.

1057 "1

. There is no possibility of coupling
between the pre-amplifier and bridge
amplifier stages, provided that Tr /18
sensibly positioned so that its collector
is far away from, or screened from, the
rest of the control circuitry, and pro-
vided that the capacitance between
collector and base of Tr,,, is small. Even
with a large capacitance here (say a
maximum of 100pF), then a small
capacitor between collector and base of
T ,, could safely be included, thus
damping out any interaction. This pre-
caution is probably unnecessary: for
example, if ZTX304 is used for Tr ,
then a working voltage of 70V can be
used, but there is a capacitance of only
6pF between collector and base.

Components C  and R,,, are un-
necessary in actual circuits because
there is a semi-stabilized voltage point
already in the circuit for A| which may
be used (point C in Fig. 14, part 2). In
practical circuits, R,
be replaced by some frequency-
dependent circuit: for example, a tone-
control or a high or low-pass filter.

Fig. 10 shows the circuit of a bridge-
bridge amplifier. Amplifiers BR, and
BR, represent complete bridge amplifier
circuits, with inputs + and — and point
A, and outputs x,, Xy ¥;, V; and points A,
and A,. xis connected internally, in both
feedback loops to the “‘earth” input, but
a connection is shown externally for
clarity. 3 4 f :

Using a “change of origin” device,
many bridge-bridge amplifiers could. be
operated from two supplies, but note
that each such two-bridge must carry
the same signal. If A is the instant-
aneous output voltage x—y from one
amplifier and B is the output of a second
such bridge amplifier connected to the
same supplies, then a bottomed state

and R, could:

will be reached when the total available
supply voltage becomes equal to the
largest of A, B and A=B. In the case
where A is approximately equal to B
then the third condition is never satis-
fied, and each amplifier can work inde-
pendently. ,

If low-level signals are used which
require sharp peaks, then this system
could be used for carrying a number of
different signals — but the high level
'signal will be clipped, and the low-level
signal will not be clipped (if working
into a similar load).

The use of change of origin with a
two-bridge is likely to be restricted to
specialized applications, such as for
group P.A. where many amplifiers are
required to carry the same signal.

Practical circuits will be given in a
second part of this article. -

b

Micro ‘81
A call for papers has been issued for the
Microsystems 81 conference, being held
at the Wembley Conference Centre,
London from March 11-13, 1981. The
first two days are intended for design
engineers and those involved in de-
signing and implementing microsys-
tems of all types. Scope includes case
studies, communications, design aids,
distributed processing, industrial con-
trol, interfacing, multimicroprocessors,
project management, real time langu-
ages, signal processing, software deve-
lopment, standards and testing. The
third day is devoted to personal com-
puters and small business systems.and
their use in commerce, industry and
education. Synopses of papers for con-
sideration should be sent by September
12, 1980 to Robert Parry, Microsystems
81, PO Box 63, Westbury House, Bury.
Street, Guildford, Surrey GU2 5BH.
Microsystems 81 is owned by IPC
Business Press and sponsored by Com-
puter Weekly, Microprocessors and
Microsystems, Practical Computing and.

© Systems International.
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Electronic cryptography

Codes, ciphers, communications and computers

Lively controversy in the USA about
the degree of security provided by the
new NBS data encryption standard
poses the question: might data
security be better served by going to
one of the proposed ‘‘public key’’
systems? The debate has an

important bearing on data
transmission in the UK, as well as in

the USA.
Pat Hawker provides background

information as a reminder that even
clever coding systems may not be
quite as secure as you think.

The marriage of communication tech-

nology and computers has proved a
fruitful alliance that has already led to
many profound advances in the tech-
nology df information collection, colla-
tion, processing and distribution, affec-
ting government, commerce, industry
and not least the citizen concerned with
living under the shadow of his elec-
tronic dossier. But increasingly import-
ant in this cosy family relationship are
those out-of-wedlock twins: crypto-
graphy and cryptanalysis. This simile is
not altogether fanciful: the first true
electronic _computer, Colossus, was
created by Turing and Flowers for that
wartime temple of the black art at
Bletchley Park. .

Diffie and Hellman have pointed out
in an important tutorial contribution to
the subject that “Until recently crypto-
graphy has been of interest primarily to
the military and diplomatic commun-
ities. Private individuals and even com-
mercial organisations have rarely con-
sidered it necessary to resort to encryp-
tion for protection of their communica-
tion, and those that have, have seldom
done so with particular care.” The
traditional commercial telegraphic code
books were developed primarily to
reduce the number of words that
needed to be transmitted; used in isola-
tion they did nothing to ensure privacy.

But the whole concept of electronic
mail, centralized information storage
linked, with multiple visual display
units, the implications of digitalized
packet-switching telecommunication
networks and the general growth of
information technology together pose
an increasingly significant threat to the
privacy of the individual and to com-
‘mercial confidentiality.

Electronic storage and transmission

‘of information has opened the way to:*

new forms of traditional crimes — data
theft, industrial espionage, sabotage,
fraud by deception — and to potential
invasion of privacy of the individual.
The act of communicating so much
information between different locations
not only vastly increases the extent and
variety of information available to a
determined eavesdropper but the same
modern technology also makes eaves-
dropping easier and relatively less

costly.

It is not solely a question of data-
processing technology. The use of
microwave radio relays rather than
cable, combined with direct long-
distance dialling, allows the intercep-
tion of public and defence telecom-
munication traffic without the need for
physical tapping of wires and without
the eavesdropper being in proximity to
the target of his surveillance. The ability
to program a computer to select from a

-flood of messages only those containing

key words or specific addresses or

‘telephone or telex numbers makes pos-

sible far more selective eavesdropping.

Communication technology, admit-
tedly, discourages the casual listener by
multiplexing large numbers of circuits
on a single bearer or by the use of high
transmission speeds, including burst
techniques, and by confining radio
signals to narrower, sharper beams and
increasingly higher frequencies. But
none of these techniques can be ex-
pected to defeat the determined eaves-
dropper. Techniques of steganography,
which seek to conceal the very
existence of communication, such as
pseudo-noise or frequency-hopping:
transmission or information concealed
on sub-carriers within conventional
transmissions, cannot be guaranteed to
elude for long the attention of listeners
equipped with spectrum analysers and
the like.

While ‘this artlcle doesn’t intend to
probe the sensitive area of official
monitoring and surveillance services,
some idea of the scope of signals’
intelligence (SIGINT) can be gained
from the simple statistic that 40,000 of
the Collins R390 family of general-
purpose h.f. communication receivers
were manufactured post-1950: not all,
but a considerable proportion, are likely
to have been used for American sur-
veillance work.

The capture by the North Koreans of
American cryptographic equipment on
the USS Pueblo is said to have made
possible the decoding of an enormous
store of messages intercepted in pre- -
vious years — and to have led to the
attempted counter-coup of the Hughes
deep-sea recovery vessel.Glomar Exp-
lorer and its vastly expensive éfforts to
raise the sunken Russian submarine off
Hawaii. The Russian “bombardment” of
the US embassy in Moscow with
microwaves appears to have been an

“attempt to prevent the Americans in-

tercepting microwave trunk systems, in

the manner alleged to have been carried

out by the Russians in Washington DC

and at consulates in other parts of the
USA, almost certainly aided by com-

puter selection of circuits of particular

interest.

Modern data transmlssmn cemmer-
cial as well as official, is thus facing an’
increasing desire for better security that
can be provided only by cryptography.,
Messages need to be enciphered in a
code that cannot be economically read
by an eavesdropper and that conveys
sufficient proof of authenticity. Any
cryptographic System that is less secure
than the users believe represents a ma-
jor risk. A code thought to be secure
invariably tempts users to transmit in-
formation that, were such a code not
available, would never be entrusted to
radio or cable. During World War II the
Germans fastened a small plaque on
their military radios “Feind hoert mit!”
(the enemy listens also) but were so
convinced of the security of their En-
igma and other secret writing machines
that they were prepared to com-
municate not only tactical information,
whose importance would rapidly
evaporate, but also strategic and logis-
tic information that remained of value
even when it took days or weeks to
recover the plain text. This does not
mean that all codes need to be abso-
lutely secure, provided that they delay
sufficiently the recovery of the plain
text or involve the codebreakers in an
unduly large and unjustifiable opera-
tion.

The techniques of cryptography have
progressed from hand codes to machine
codes to on-line, all-electronic systems,
but the changes in technology have not
invalidated the classic principles of the
craft.
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Basics of cryptography

Over the years cryptography has acq-
uired a specialized terminology that sets
it apart from communication en-
gineering with its more familiar signal
coding, pulse code modulation and error
detection and correction codes. For the
history and development of codes and
ciphers read Kahn’s The Codebreakers
(the original hardback edition contains
more technical material than the later
paperback). Here only a few terms and
techniques relevant to modern elec-
tronic cryptography are discussed;
more details are in the tutorial paper by
Diffie and Hellman.

The term cryptography covers both
codes and ciphers; in essence a code
consists of changing a message into
pre-arranged code blocks, for example
five-letter or five-figure groups, with
each group representing a word or
phrase of the original message, known
as the plain text. The coded message
thus is not directly related to the
number of letters or words in the plain
text but unless further manipulated any
given code group always represents the
same phrase. Radio operators, for
example, are familiar with the inter-
national Q-code which overcomes
language difficulties and reduces trans-
mission time but is not intended to
provide privacy. An ordinary telephone
directory is a form of codebook as a
complete address can be reduced to a
unique STD number.~(However, it
would be virtually impossible to decode
the number without making an
exhausting search through a directory,
arranged only in alphabetical order of
names.) Codes based on words and
phrases are less readily automated than
ciphers, though codes may be used
within a cipher where personal privacy
is needed.

Ciphering is the process of changing
the plain text letter by letter so that the
enciphered message still contains the
original text but with either the position
of the letters changed (transposition
cipher) or new letters substituted (sub-
stitution cipher). Each process may be
carried out more than once or a com-
bination of both processes may be used.
A simple substitution cipher could con-
sist of simply moving each letter in the
plain text a few places along the
alphabet (e.g. putting a D for an A, E for
a B, etc). This, however, would be ex-
tremely vulnerable to cryptanalysis —
the art of breaking enciphered messages
— by somebody not in possession of the
cipher; language structure renders a
-simple substitution cipher little more
than a child’s puzzle. Simple transposi-
tion ciphers are similarly vulnerable.

To make substitution ciphers more
secure, it is common practice to use

different substitution alphabets to en-

cipher successive letters of the plain
text (polyalphabetic ciphers). For
example an A might be changed to B in
one position in the plain text but could

be any other letter elsewhere. Most

modern ciphers are based on poly-

Sohicstorvy com:

alphabetic substitutions (or the equi-
valent in digital terms). The degree of
security depends on the use of many
substitution alphabets to avoid regular
repetition of the use of any one of them.
While the use of polyalphabetic ciphers
greatly increases security, it brings
about a need for the users to have some
form of key or running key that is not
available to the eavesdropper.

It is a feature of any complex cipher
that the users need some form of aide-
memoire or key to decipher the
message, just as a code book or other
form of memory is needed for codes.
This may take many forms: book
ciphers may use words or letters taken
in some way from the pages of a readily
-available book; proverbs or poems may
be committed to memory; special key
‘blocks to provide running keys may be
printed in a miniature book or pad; in
electronic systems a key generator pro-
viding a specific stream of 0 or 1 ‘can be
in a potted, sealed module.

Historically a further form of secret’
writing has been important: concealed
codes or ciphers, more correctly termed
steganography where the users endeav-

‘our to conceal the existence of the

secret communication. These vary from
invisible inks, pin pricks (punctured
codes), letter codes with short messages
concealed in a long letter, and micro-
dots to radio transmission techniques
such as pseudo-noise forms of spread
spectrum.

In a complex ciphering system there
are two secrets that will, at least in-
itially, be unknown to the eavesdrop-
per: the general form of the substitu-
tions and transpositions (the algorithm)
and the key, Fig. 1. To recover the plain
text, both need to be known and it may
not be necessary for the users to keep
both secrets from the eavesdropper. In
electronic systems for commercial use,
it may even be advantageous to esta-
blish and publish an agreed algorithm,
the security of the cryptosystem then
depending upon the key. It will then be

Fig. 1. Simplified outline of
conventionally encrypted communication
Jink in which the same running key is
used for encoding and decoding with the
same form of algorithm.
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essential that the key should not be-’
come available to the eavesdropper and
it is necessary to enforce strict rules of
key management and key distribution.

One-time systems
To be secure a polyalphabetic cipher
needs to use a large number of different
‘substitute-alphabets so that each is
repeated only rarely. Ideally the same
substitute-alphabet should be used only
randomly: the users need to be in-
structed by means of a running key
which substitute-alphabet to use for
each letter of the plain text, and these
instructions should, if possible, be given
in a truly random sequence; in other
words the sequence indicated by the
key should never reoccur. In practice
this can be done by means of a “one-
time pad” or ‘“one-time tape” con-
taining strings of random letters, figures
or binary digits. Such a key may indi-
cate to the user by how much each
letter should be shifted along the
alphabet; a form of addition (but unlike
arithmetical addition with no carry-
forward): see Fig. 2.

A true one-time system is uncon-
ditionally secure and will defy all forms
of cryptanalysis.

Cipher machines

For centuries, most encryption was
done painstakingly by hand, aided
sometimes by simple abacus-type
machines and the liberal use of squared
paper. Polyalphabeticity, first proposed
in 1466 by the Italian architect Leo:
Battista Alberti, at the request .of the
Pope’s secretary, gradually established
itself as the dominant form of high-
grade encryption and was the basis for
the first successful coding machines and
later for on-line machines. A series of
early rotor machines were devised from
about 1916 by Hebern, Koch, Damm and
Scheribus and a basically similar
machine but using six wheels and a
drum or cage to generate the key was
developed by Hagelin in 1934.

Most machines had a number of in-
terchangeable rotors, electrically wired
between input and output contacts as to
form a whole series of polyalphabetic
substitution ciphers. With say six ro-
tors, there can be some 268 letters before

Plain
Inverse text
Rx data
2 manipulation

Key scource |
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the cipher alphabet sequence repeats,
although the authorized users (with
identical machines and rotors) only had
to know which permutation of rotors to
use, their initial settings and usually
some further permutations made pos-.
sible, for example, by a manually ad-
justable jackfield.

Those who devised rotor machines
had every reason to believe that they
would be secure against all then-known'
methods of practical cryptanalysis; the
combined efforts of codebreakers in
Poland, France and at Bletchley Park,
and the work of Friedman in the United
States, showed this not to be the case.
The Enigma-type machines of the Ger-
mans and Japanese (more complex
forms of a machine developed and
patented for commercial use) provided
a massive input to the codebreakers for
subsequent distribution as Ultra,
Purple, etc. Methods of successfully
attacking even single short messages in
Hagelin cipher text with known plain
test, or longer messages without this’
aid, have been described. Nevertheless
there is no evidence that all rotor-type:
machine ciphers have been broken,
even with computer assistance, as it is
possible to add to their complexity in
many ways, for example by increasing
the number of rotors.

Digital coding

In one sense all cipher text intended for
telegraphic transmission involves the
use of digital codes. Morse code, for
example, can be classified as a binary
non-return-to-zero digital code. How-
ever modern practice is to convert the
plain text into digital form particularly
for on-line systems and only then make
it secret by combining the resultant bit,
stream with a running key, also in
digital form, Fig. 3. If the running-key is

used only once (one-time) the resulting
dryptosystem can be considered uncon-
ditionally secure. On the other hand, if,
for example, a simple pseudo-random
bit generator is used to provide a shift-
register sequence, which need not re-
cur, then it is essential to use non-
linear logic. If linear logic is used, Diffie
and Hellman claim that the resulting
cryptosystem can be broken in a few
seconds on a minicomputer. It was this
vulnerability that led IBM to investigate
non-linear block ciphers in which the
plain text is divided into separate
blocks, with each block operated on
independently. Such a cryptosystem
using simple substitution requires an
extremely large number of key bits. The
IBM approach has therefore been to use
relatively few key bits but to subject
each block of text to a very complex
series of transformations, including
both transpositions of order and sub-
stitutions based on the derived keys.
The aim has been to produce a com-
putationally secure cryptosystem com-
prising a large number individual cryp-
tosystems each of which employs the
same algorithm yet which can be deciph-
ered only by someone who can generate
the correct, though relatively short,
unique key sequence. From a manufac-
turing viewpoint, there are clearly
significant advantages if a high propor-
tion of all commercial/industrial data
security systems can be made using just
one standard encryption algorithm. The
user also gains because systems become
compatible. In 1977, what might at first
sight seem an absurdity was published
in the USA: a “standard” for a secret
encryption system. But, of course, only
the algorithm is public property: the

individual short digital sequence used to’

generate the key stream for the
authorized users is still kept secret,

Fig. 2. Simplified form of polyalphabetic substitution enciphering.in which the position
of each letter of the original text (plain text) is shifted along the alphabet by an amount
determined by the corresponding letter of the key. For example N+ B8=P. A cipher text
letter may thus represent any letter of plain text except itself. If the running key is truly
random and of unlimited length the cipher cannot be broken.

ABCDETFGHI JKLMNOPQRSTUVWXYZ

1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 .
PLAIN TEXT DN O VWV st eSS H T SERSTER R VIESE b Fr 5Oy RurAyy Lngle
RUNNING KEY B A C. E B Z ONEREKSNRENEHE G J N S U F
SHIFT 2 1 3 5 4 2615 16 11 18 8 9 7 10 14 19 21 6
CIPHER TEXT PR P ZE NS EAVWIRUSERRU R URRNE IV Yo ER T JGHR

Fig. 3. Simplified form of digital polyalphabetic cipher. Random running key acts
individually on each bit of the digitized plain text to produce an unconditionally secure

cryptosystem.
A/D CODE A B c D Sid
00001 00010 00011 00100
PLAINTEXT T H E Q U | e K B
DIGITIZED
PLAINTEXT 10100 01000 00101 10001 10100 01001 00011 01011 00010
RUNNING KEY 0110 . 11001 00110 10101 11101 01010 00010 01140 11011

TRANSMISSION

11000 10001 00011 00100 01001 00011 00001 00101 11001
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involving great care in key manage-
ment and key distribution. The basic
key generator may be in the form of a
sealed, potted module. .

Digital systems have a further
important advantage: their use is not
confined to text but, provided that the
system is fast enough, it can be applied
to real-time digitized speech, thus pro-
viding telephone and radiotelephone
scrambling or privacy systems much
more secure than with the traditional
forms of analogue scrambling.

Digital encryption can be applied also
to computer installations even where no
data transmission links are involved to
prevent unauthorized users from with-
drawing information or to prevent soft-
ware piracy.

Cryptanalysis

The moment anything is committed to
paper or fed into an electronic store as
plain text or as encrypted messages, it
becomes vulnerable to an eavesdropper,
whether by interception, data theft or
physical access. If the encrypted
material cannot be read by the eaves-
dropper with the help of cryptanalysis
then it can be deemed secure. Never-
theless a determined eavesdropper in
such circumstances will seek to acquire
examples of known plain text, for
example from message files before they
have been ‘enciphered, or after they
have been deciphered, or from subse-
quent release in paraphrased form, or by
being re-enciphered into a non-secure
cryptosystem. Any code or cipher, even
one which like a one-time "cryptosystem
is defined as unconditionally secure, is,
in practice only as secure as the
circumstances surrounding its use.

An eavesdropper faced with cipher
text that cannot be deciphered often
retains the encrypted material in the
hope that success may come later, when
perhaps some of the plain text will have
come into possession as described
above; or when time has allowed careful
observation of what happens after the
receipt of the message by the addressee.
Many cryptosystems that may be diffi-
cult to break into purely from the en-
crypted messages may reveal their
algorithms or their keys when attacked
with known text and this information
may then open the lock to other
messages past and future using the
same cryptosystem.

If all else fails a computer can search.
the encrypted message using all or some,
of the possible key permutations until a
meaningful result is achieved. Modern
digital systems may require a very ex-
tensive search indeed; a key of 100
binary digits will represent 21% possibil-
ities, a mind-boggling total.

In the years BC (before computers)
cryptography depended for absolute
security either on keys of unlimited
length, great ingenuity in the use of
algorithms, or by doubling or tripling
the various processes (e.g. double-
transposition ciphers). Today the
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emphasis is on making the transforma-
tions of the plain text so complicated

it would be totally uneconomical to
search out all possible solutions; such
ciphers are then termed computatio-
nally secure. However not all ciphers
that are thought to be secure against
computer attack may be so in reality.
According to Martin Hellman, “At pre-
sent mathematicians lack the tools for
proving systems to be computationally
secure and the history of cryptography
'demonstrates all too well that sup-
posedly unbreakable systems have'
hidden flaws”.

Security of codes

The so-called one-time pad, that is to
say the provision of truly random paired
~ keys of unlimited length, has long been
accepted as one of the few systems that
are unconditionally secure. The use of
such a system however involves many
practical difficulties, including the pro-

tapes. If used for multiple-address
‘messages then the loss of one pad puts
the entire system in jeopardy; if
operated only with paired-users the
production and distribution costs be-
come formidable. Physical security of
machines is important and personnel
may sometimes by suborned.

In practice the cage and keywheels of
the Hagelin machine and the rotors of
Enigma, Sigaba and the British Typex
machines provided the workhorses for
high-grade traffic until the development
of purely electronic, on-line systems
based on digital techniques.

Many systems may be relatively
impregnable against a listener who has
access only to the enciphered messages,
but may be fallible if some or all of the
plain text of some of the messages is
known. There are various ways in
which this situation may arise, either
from system faults, human errors or by
deliberately inducing the user to send a
message of which at least some words
| will be known to the codebfeaker. Then

again it is usually necessary for the
| sender to include key groups which
provide instructions for the decoder, or
indicate the priority of the message and
! which may reduce its security. The
‘ techniques of traffic analysis, particu-
‘ larly when applied to military com-
‘ munications, can provide valuable in-
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| that even with massive computer power

duction and distribution of the pads or’

Fig. 4. Basic outline of the NBS data encryption standard in which the plain text is
divided into 4-bit bytes and subjected to 18 stages of substitution and transposition.
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. Fig. 5. Basic arrangement of DES shows the form of structure of the data manipulation
and derived key generation; pattern is repeated man y times and provides non-linear

logic.

telligence even when the code remains
unbroken. Deception techniques, in-
cluding the holding and subsequent
re-transmission of an operational
message at a different time, or (where
the code can be broken) the alteration
of its contents may be less applicable to
the commercial than the military scene,
but cannot be disregarded altogether.
Deception operations which were aided
by the use of codes thought to be secure
or in which warning check signals were
disregarded included the now well-
known British “Double-Cross” and the
German “North Pole” exploitation of
radio links.

Human fallibility, including failure to
operate strictly the signalling rules of a
system, plays an important role in
cryptanalysis. It was once my ex-
perience to decode a message made
secure by a one-time pad with a plain
text that read: “Hawker is not repeat
not to have access to the code books”.
When I duly presented this to the ad-
dressee, he laughed and told me to
continue decoding his messages as be-
fore! Humans have a habit of defeating
systems.

The existence of a communications
channel carrying coded messages pro-
vides a strong temptation to unauthor-
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ised users, who seek access to the
channel for their own purposes, When
the Americans built an elaborate de-
fence microwave network in Vietnam it
was regularly used and much
appreciated by the Viet Cong. At a
lower level, signals personnel may esta-
blish their own private netvg,orks of
communication.

Data encryption standard

During the past few years the relatively
open study of modern cryptography,
particularly by IBM and at Stanford
University, California, is leading to a
better understanding of the require-
ments of systems for the protection of
commercial and administrative data
transmission. The IBM work has led
directly to the establishment of a data
encryption standard (DES) for the safe
transmission of sensitive (but not highly
classified) information. DES is based on
work by IBM, including six years deve-
lopment work by Tuchman and Meyers
of the Communications Systems Deve-
lopment Lahoratory in Kingston, New
York originally for a cash-dispensing
scheme for a London bank. The US
National Bureau of Standards with the
advice of the American National
Security Agency have established the
Standard and provides a test bed for the
validation of hardware based on this
complex non-linear algorithm device
design is checked for malfunctions and
to ensure that the output can never
contain the key or plain text. However,
the establishment of DES has already
sparked off a vigorous debate as to the:
degree of security it provides and
whether it would not have been better
to develop an alternative, probably
more secure, system of a new form of
cryptosystem, known as ‘“‘public-key”
systems (third column).

DES provides a ciphering algorithm
or set of rules involving both substitu-
tion and transposition techniques and
capable of being implemented in cur-
rent ls.i. technology: Figs 4, 5 and 6.
Each data block passes through-18
data-manipulation stages in which 16
different internal coding keys are de-
rived from a 56-bit main key (with 64-bit
input coding). This provides 2% or 10V7
keys, presenting a codebreaker with the
need for a truly massive search, always
provided that nothing is known about
the enciphering key. Diffie and Hell-
man, advocates of the public key sys-
tem, pointed out that knowledge of

even a quite small part of the basic key’

would greatly reduce the search req-
uired, and that ls.i. technology now

makes it possible to contemplate

searches of gigantic proportions. They

postulate a decoding machine using a’

million L.s.i. chips, that could search 102
keys per second, so that even the full
10!7 keys could be searched in about a
" day. This modern version of “Colossus”
would cost an estimated £10-million,
with an average cost per solution of
about £2500. While only a very few
organisations, including governments,
could positively contemplate building
such machines, the mere possibility
tends to send shivers down the spines of
those who are intending to trust their
data security to the NBS standard.
There is some suspicion, reflected in

Fig. 6. Simplified arrangement of the
NBS-certified Intel 8294 data-encryption
40-pin I.s.i. chip which forms a
microprocessor peripheral capable of
implementing DES up to speeds of 640
bits / second or at higher speeds by
parallel connection of devices.
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American comments, that the National
Security Agency may not be over-keen
to promote the adoption by the business
community of codes that they could not’
themselves break and that they persu-
aded IBM to opt for a 56-bit key.
Memories die hard of NSA’s Project
Shamrock which is alleged to have
scanned all telegraph and telex traffic
passing in and out of the United States
for key words (British readers feeling:
complacent should recall the 1967
cable-vetting furore). .
Several systems using basically simi-
lar techniques have been proposed or
developed for application to computers,
including home computers, where no
data transmission is involved, to pre-
vent unauthorised users from with-
drawing information or to prevent soft-

. ware piracy. An 80-bit key is used by

Cryptext for a low-cost home computer
system and a cryptomicroprocessor has
been proposed by Best. The idea is to
encipher computer programs or stored
data and then decipher them .as each
instruction is fetched for execution.

Public-key systems

Although the DEC algorithm is being
widely, if at times hesitantly, welcomed.
by industry and commerce, and suitable
l.s.i. devices are appearing on the mar-
ket and incorporated in systems, it has
to be accepted that it is a system of
limited security, even though nobody
has yet proved publicly that this is the
case. An alternative family of novel
cryptographic techniques, known as
“public key cryptography” has recently
been advocated on the grounds of pro-
viding greater security in the long-term,
although at present it is at a less ad-
vanced state of development.

Public-key systems were first pro-
posed by Merkle, Diffie and Hellman‘at
Stanford University; in these, only the
addressess would hold the deciphering
key which would not be available to the
person enciphering the message or date,
Fig7. -

It is claimed that public-key systems
overcome the problem of distributing
key generators or one-time tapes by
separating the enciphering and de-
ciphering functions. In effect they pro-
vide a technique by which the sender of

- the message enciphers it for a particular

addressee without herself having the
ability to decipher it. The rather convo-
luted mathematics of public-key cryp-
tography has been set out in some detail

. by Hellman in Scientific American

(August 1979) and no attempt is made to
reproduce here the 10-page explanation
given here.

But, in brief, several systems have
been proposed in which the family of
enciphering transformations can be
separated from the family of de-
ciphering transformations in such a
way that given a member of one family
it is not feasible to find the correspon-
ding member of the other. Front-
runners among these systems are the

MWW americanrad
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RSA public-key cryptosystem devised
by Rivest, Shamir and Adleman (whose
initials make up the “RSA”) and so-
called “trapdoor knapsack” system by
Merkle and Hellman (trapdoor is meant
to indicate a one-way or irreversible
function, while the term knapsack is
derived from a class of mathematical
puzzles that require the solver to deter-
mine how many rods of the same

" diameter, but of differing lengths, would

completely fill a given knapsack).

In practice, a public directory would
indicate the addresses’s encryption key
number but not his private individual
decryption key. The system depends on
the mathematics of number theory, that
is the study of the properties of integers.
Encryption- -decryption ‘“mates” are es-
tablished by using integers that
separate the two algorithms. In a much
simplified sense, the system can be
thought of as depending more on
multiplication than the traditional
polyalbabetic shifting (addition) of the
running key and the plain or partly
coded texts as already outlined in Figs 2
& 3.

In the RSA system, developed at MIT,
the security is based on the concept that
multiplying is easy to a computer but
factoring is extremely difficult. For
example, whereas two 100-bit factors
can be multiplied electronically in a
fraction of a second, the reverse process
of factoring them might take a million
years even with a one-microsecond in-
struction time,

All the public key systems that have
been proposed face the criticism that
compared with the systems based on
the DES they are only at a relatively

early stage of development — and for

this reason may never be fully deve-
loped for commercial applications.

An advantage of public key techni-
ques is that they are “read only” sys-
tems and so, for example, would not
permit data read out from remote in-

struments’(in say a host country) to be

doctored en route. Yet at the same time
-a decryption key could be made avail-
able to the host country. Similarly they
can also provide an authentic digital
signature as it is no longer possible for
an addressee, himself or at any of his
terminals, to encipher a message pur-
porting to come from the addressor as,
of course, can be done with all conven-
tional cryptosystems. The public-key
approach clearly has many attractions,
especially in eliminating or reducing
many of the problems of key distribu-
tion and key management.

Secure — but how secure?
At the 1979 British Association meeting,

- Sir Noman Lindop, former chairman of
 the Home Office data protection com-

mittee claimed that the UK lags behind
Europe in enforcing legislation to pro-
tect the public from the abuse of

~ computer-stored personal data and that

we are becoming “anillicit data haven.”

While security of data transmission is

only one aspect of this subject, it is one
#
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that seems likely to be of increasing
concern to systems designers. As David

Kahn states in his introduction to The’

Codebreakers — “codebreaking is the
most important form of secret intel-
ligence in the world today”. Its ramifi-
cations are now spreading well beyond
the confines of the military, diplomatic
and intelligence communities.

Codebreaking can be helped by ana-
lysis of the electrical interference
radiated by nearby coding equipment or
even by directing strong radio signals at
the equipment and then analysing what
occurs, rather as analysis of the sounds
emitted by electromechanical coding
equipment could provide arteavesdrop-
per with valuable clues as to its opera-
tion. Cryptanalysists are by no means
restricted to theoretical methods of
solvmg codes, and for example an elec-
trical fault, or irregular pulse shapes
thay provide useful information.

Many electronic engineers in the UK
are today directly concerned with the

implementation of data protection sys--

tems; the current American con-
troversy about DES, however, shows
the desirability of drawing on the past,
pre-electronic history and experience of
cryptography. Nobody wants to keep
re-inventing the wheel, or more
importantly, re- mventmg square
wheels. The disasters as well as the
successes of British cryptography
should not be forgotten. How many
lives and ships might have been saved if,
for example, the Admiralty had heeded

Lord Louis Mountbatten’s advice, when.

he was Fleet Wireless foicer in the
1930s, to develop mathine codes
offering greater security than the hand

‘codes then in use? In the outcome the

broadcast instructions to the British
and Allied merchant ships were read by
the German Beobachter-Dienst until
the autumn of 1943 and many of the
Royal Navy messages were read in the
first year of World Warll. ,

=Those American cryptographers con-
cerned at the danger of uncritical
acceptance of NBS’s DES by industry
concur that this is a difficult system to
break and that it could well fufil all
normal commercial requirements for
the next 5-10 years — but stress that
users. must recogrise that it provides
only limited security against a deter-
mined eavesdropper. The greatest
danger of a cryptographic system
remains, as always, the false sense of
security it may give. ]
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Fig. 7. Simplified outline of a public key
system in which the key and basic
algorithm used by the sender can be
publicly known but each user keeps
secret the decoding key. The form of data
manipulation used by the sender prevents

‘decoding except by a holder of the

particular decoding key for which the
message is enciphered.

Further reading

The following sources have been used passim
in this article:

Whitfield Duffie and Martin E. Heliman, Privacy.
and authentication: .an introduction tg crypto-
graphy. Proc IEEE, vol. 67, no. 3, March 1979
(with extensive biblography).

Martin E. Hellman, Mathématics of public-key
cryptography, Scientific Amewcan «August
1979.

Harvey J. Hinden, LSI-based data encryption
discourages the data’ thief, Electronics, June
21,1979,

John Beaston, One-chip data-encryption unit

‘accesses memory directory, Electronics,

August.2, 1979.

Harvey J. Hinden, New security planned for
data, Electronics August 16, 1979.

‘Bob German, Encryption the key to security,

Elactronics ¥Weekly, September 12, 1979

Miniature, ten-line
telephone exchange.

Several small errors, for which we

“apologize, crept into this article in’the

August issue. Firstly, the open contact
of A; on p.42 should go to the open
contact of D,, not the junction of FC,
and the 470ohm resistor. Secondly, the
make contact connected to the closed
contact of D, is FC,, not FC,. Lastly, in
Table 2 on p.45, the relays operated on
called-line 2 are SB and HB. ’
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As you like it: circuits or fields

An introduction to Poynting’s Theorem

by D. A. Bell,.F.Inst.P., F.1.E.E.

Like Faraday [Maxwell] looked upon
the role of conductors in electricity as

a minor one, since they served only as -

terminations of the lines of force of
the surrounding electric field.
Encyclopedia Britannica

Physics offers several other examples of
dual representation — light waves and
photons, electrons as particles or waves
(electron diffraction) — but only in
electrical phenomena are the two dual
representations, circuit and field,
always and exactly interchangeable. It
is only in the present century that there

has been such a tremendous develop-.

ment in the techniques of circuit ana-
lysis, while earlier scientists such as
Faraday (1791-1858), Maxwell (1831-
1879) and Poynting (1852-1914)
regarded fields as pre-eminent. (It
should be added that fields involve the
use of vectors, and often difficult
geometric problems, whereas circuits
involve only the algebraic manipulation
of one-dimensional quantities.) The de-.
.velopment of waveguide and associated
techniques, for which circuit represent-
ation is impracticable, may tend to
redress the balance.

The first question asked nowadays is
“Are fields real?” Those who ask this
question overlook the fact that the
established alternative to fields is
action-at-a-distance. We are so used to
the idea of gravitational attraction that
it needs an Einstein to remind us of the
problem which much concerned people
before Newton, namely how can the
sun exert a force on a planet across
millions of miles of empty space? Elec-
tric and magnetic fields were intro-
duced to ‘explain’ similar remote forces
in electromagnetic phenomena and
Maxwell showed that such fields could
be propagated as waves, in empty space
as well as in material media. (See “No
radio without displacement current”,
Wireless World, August 1979.) Evidence
in support of this idea of electromag-
netic fields is the fact that their velocity
of propagation can be observed. An
interesting example of this is that a
circular loop of wire acquires radiating
properties, i.e. becomes a useful frame
aerial instead of simply an inductor,
when the time taken for the magnetic
field to spread from one side of the loop
to the other becomes a significant part
of the period of the alternating current
which is producing it.

So acceptable is the concept of fields
and waves in substitution for action-at-
a-distance that scientists are now
looking for gravity waves (without
much success so far). It is true that
discarding the “luminiferous aether”,
which was supposed to be an all-
pervading medium supporting elec-
tromagnetic waves, means that fields
which were originally thought of as
“states of stress in a medium” must now
be regarded as “properties which exist
in space”, but is this more difficult to
accept than other indispensable con-
cepts of modern physics, such as the
wave nature of the electron and the
quantisation of energy? The difficult
concept of wave mechanics (sometimes

" described in terms of “waves of pro-

bability”’) provides the theoretical basis
for the whole of modern solid-state
technology. Einstein’s proposed solu-
tion of the problem of gravitational
action-at-a-distance was to enhance
Newton’s law, that a force-free moving
body continues in a straight line, by
replacing ‘“‘straight line” by ‘“shortest
line in ‘curved’ space” with the ‘curva-
ture’ being due to the presence of mass.
The ‘curvature’ of space by the presence
of mass is just as far from everyday
experience as fields in empty space.
Whichever way you go, modern physics
demands faith in something which is
not comprehensible in term of everyday
experience: the laws of physics demand
acceptance because they produce a
coherent structure of theory which

accords with all experimental evidence.

Let us now look at the simplest
example of the circuit/field equi-
valence, namely the energy stored in a
charged capacitor made up of two plane
parallel electrodes separated by a
dielectric which may be anything from a
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Fig. 1. Electric field and charges in a
parallel plane capacitor.

vacuum to high-permittivity ceramic
(Fig. 1). From a circuit viewpoint we say
that the work done in transferring
charge g from one plate to the other is
qv where v is the potential difference
between plates at the time of transfer.
Since v increases as the charge builds up
the total work done (and therefore en-.
ergy stored) is expressed in terms of the
final charge and potential difference as

WSG9 (M, 41 (1a)

using the relation Q= CV. But according
to the theory of electromagnetic fields,
the energy stored in the dielectric is
%DE per unit volume where E is the
electric field-strength and D is a field
quantity equal in magnitude to the
charge per unit area of the conducting
surface bounding the field (“‘the surface
on which the lines of force end”, as’
Faraday and Maxwell would have said).
But E is V/d and D, being equal to the
charge per unit area of plate, is Q/A;
and the volume occupied by the field is
dA. Thus the total field energy should be
Wj=(dA)(%:DE) _ _
=(dAYA(Q/AXV/d)="%QV ..... )
which is the same as (la) so the equi-
valence works in this case. A minor
caveat is that the formula ‘“%DE per
unit volume” has been rigorously
proved only for the average over an
infinite volume (because the proof de-

" pends on the rates at which different

vector field quantities vanish at in-
finity) but it has always worked when
applied to particular finite cases,

But what is the significance of the
extrafield quantity D which was slipped
into the derivation of equation (2) and
was said to be equal to the charge den-
sity at the boundaries of the field? In a
well behaved dielectric (linear and iso-
tropic) D is simply equal to ¢E where ¢ is
the dielectric constant of the medium.
But what is the dielectric constant of a

vacuum? This is where we tend to get a

conflict between physicists and engin-
eers. Physicists used to use the c.g.s.
system of units, ih which the dielectric
constant of vacuum is unity and so D is
equal to E in a vacuum. (Before
assuming that they are the same thing,
as well as being equal in magnitude,
note that it was the rate of change of D,
not E, which Maxwell called displace-
ment current.) Some physicists argue
that they must be identical, because the
only physical entities which really exist

WWAAM. americanrad



B p—— e e —

WIRELESS WORLD, SEPTEMBER 1980

are space and sub-atomic particles; and
the difference between D and E in a
material medium is due to the reactions
to the field of the various charged
particles in the medium. From an
'engineering, viewpoint, however, it is

convenient to split the fields between

“cause” and “effect”, the former being
independent of the nature of the
medium. In electrostatics the total
value of D integrated over a surface is
equal in ST units* to theenclosed charge
from which the “flux of electric induc-
tion” D originates (Gauss’s theorem).
This is always true, whatever the
medium, so D can be regarded as a
primary field which emanates from

. charge, the “cause” of any observed

phenomenon. Then the electric force
field E is an “effect” of which the mag-
nitude is found by dividing D by the
(dielectric constant ¢ of the medium,
‘which for a vacuum is ¢, =8.854 x 10-12,
(The units are farads per metre.) The
reason why ¢, is not made unity in the SI
system is to enable the system to incor-
porate ampere, metre, kilogram and
second as basic units. One can test
directly the inverse-square law of force
between two concentrated charges, but
one will need a constant of proportion-
ality like the gravitational constant in
the formula for the gravitational force
between two masses. If the formula for

force between two charges

_ 1% ~
Force Reie T e 3)

is to apply with force in newtons, charge
in coulombs and distance in metres,
then for a vacuum e must be given the
value cited above for ¢ . The right-hand
side of equation (3) can be split by
introducing electric field of force E:
Force=q,E,
where v
q
4ner?
The subject of magnetism has been
confused by the use of permanent mag-
nets and is more complicated because
the simple (scalar) relationships of
electrostatics have to be replaced by
vector relationships. The equation for

2=

‘the element of force between two cur-
rent elements of lengths dl,, dl, and’

current strengths i,. i, is

dF=t_ idl, xi,dl, xa,
4 r2
where heavy type indicates vector
quantities, a, is a unit vector in the r
direction and the crosses indicate vec-
tor or cross products rather than arith-
metic multiplications. This also can be
split into a current and a field of mag-
netic force,
dF =idl, xB,xa,

where idl
Bz=4%. B (6)

If B is uniform along the length of a
current-carrying qonductor, and

* SIunits are an international set of units, by
now universally adopted, which are mostly

-identical with m.k.s. units.
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Fig. 2(a). Equivalent circuit of a

source G connected by a transmission
line to a load L, (b) circuit of (a) simulated
with a multi-turn centre-tapped inductor;
fc) as (b) but winding of inductor reduced
to a few turns; (d) inductor winding
reduced to a single centre-tapped turn.
{The connecting wires are only indicative
and not at all practical.)

throughout at right angles to it, equa-
tion (6) can be simplified to an arith-
metic relation

PTG 2o a1 sl S )

which can be used, for example, to
predict the force on the coil of a
moving-coil loudspeaker. From Max-
well’s fourth equation, expressed in
terms of H and D rather than B and E,
dD .
curlH=J+ qp e (8)

we see that H depends only on currents
and charges (J is current density) and is
independent of the rhedium. Engineers
have long regarded H as a ‘“‘cause” and
called it magnetomotive force, while the
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magnetic flux B is regarded as an
“effect”: one has to provide the appro-
priate magnetomotive force in order to
establish the desired flux in a given

. magnetic circuit. Unfortunately the

electric and magnetic systems are not
quite symmetrical since in the electric
system field D is continuous across a
boundary between different media, but
in the magnetic system field B is con-
tinuous. This is related to the point that
‘lines’ of D terminate on electric charge
while ‘lines’ of B are always closed
loops.

After this lengthy digression to estab-
lish electric and magnetic fields we can
come to Poynting’s theorem (proposed
by J. H. Poyrniting in 1883) that the flow
of energy in an electrical system which
is usually expressed as the circuit
quantity vi can alternatively be ex-
pressed in terms of the power flow per
unit area of a surface drawn through
the electric and magnetic fields sur-
rounding the conductors. In vector
notation this flow is represented by the
Poynting vector

B SESAHE, N B e s SR 9)

The vector P is at right angles to the
plane continuing E and H and its mag-
nitude is EHsinf where 8 is the angle
between E and H; and in most cases of
interest E and H are at right angles so
that the magnitude of P is simply EH.
The coaxial cable provides an example
in which the fields are known and
limited in extent (within the cable); but
it involves a little mathematics to deal
with the radial non-uniformity of the
fields and has therefore been relegated
to the appendix. A strip transmission
line provides an example with simple
rectangular geometry (if one neglects
fringing at the edges) and provides an
opportunity to enlarge on the measure-
ment of H in amperes per metre. .

The circuit shown in Fig. 2(a), with
the inclusion of the capacitances in
dotted lines, is the lumped equivalent
circuit of a transmission line between a
source G and a load L. Note that we are
not in any way restricted as to
frequency. The source G may be simply
a battery supplying d.c. or an a.c.
generator; and the load may be simply a
resistance or a complex impedance. In
the latter case there may be a phase
angle between electric and magnetic
fields, but this is taken care of by the
fact that the Poynting vector uses in-
stantaneous values of field and the
average power flow is to be found by
averaging P over a complete cycle of the
alternating current. In Fig. 2(b) the
inductive part of the equivalent circuit
is shown as a solenoid of length b
wound with a fairly large number n, of
turns of thin wire carrying a small cur-
rent i,. The load is inserted at the centre
of the inductance. If end effects are
neglected, the magnetomotive force is
LIS Badatlao0sando Jha o de o0 (10)
In Fig. 2(c) the coil has been re-wound
with a small number n, of turns of
copper strip carrying a larger current U
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As long as n,i, is equal to n,i, the value
of H will be the same. In Fig. 2(d) the
process has been pushed to the limit,
with only one turn. Alternatively the
changes can be thought of as taking the
original winding with groups of dif-
ferent numbers of turns in parallel in-
stead of in series. Clearly the number of
turns, or the series/parallel connectijon
of turns, does not matter as long as the
total current circulating around the
solenoid is kept constant. For Fig. 2(d)
in particular one can write
H=i/bamperes/metre .......... an

It is a simple matter to squash the
inductor of Fig. 2(d) into the strip
transmission line of Fig: 3. The magnetic
field in the space between conductors
will remain unchanged at H=i/b A/m.
Assuming for the moment that the re-
sistance of the transmission line is negli-
gible so that the potential difference
between the two strips is v throughout
the length, then with separation d the
electric field is E=v/d volts/metre. The
magnitude of the Poynting vector for
power flow per unit area through a
cross-sectional surface is f
P=EH=(v/d)(i/b) .......... L. (12)
But this is per unit area and the area of
cross-section is bd so the total power
flow is bdP = vi.

If the voltage drop along the line is
not negligible, the conditions near the
upper strip are as shown in Fig. 4. The
electric field no longer consists only of
the component v/d normal to the strip:

From source

l

-l

¢——— b ——— i

s o ]

To load

Fig. 3. Strip transmission line.
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Fig. 4. Directions of fields and of
Poynting vector near a lossy plane
conductor.

there is also the component R;i corres-
ponding to the volt-drop per unit length
of conductor. The resultant electric field
is E' and consequently the modified
Poynting vector P’ does not point
straight along the gap, but has a com-
ponent (proportional to R,i and H and
therefore to i?R;) pointing into the con-
ductor. This indicates a flow of energy
from the field into the conductor which
matches the i2R loss. The Poynting
vector method of calculating power
flow is always exact, and you may use

either the circuit or the field calculation,

whichever is more convenient. One
obviously uses the field calculation for
waveguide and radiation problems.

APPENDIX

Power flow in a lossless coaxial cable.

A cross-section of a coaxial cable having
inner and outer radii a and-b is shown in Fig.
Al. Calculation is simplified if it is assumed
that (a) the working frequency is so high that
one can neglect penetration of the currents
into the conductors and (b) resistive voltage
drop along the length of the conductors is
negligible. (In fact conditions (a) and (b) are
not independent since the skin depth de-
pends on the resistivity.) At distance r from
the centre the magnetic field is

Hi= i/ 2mnaae SETS S, S SR ry BT .. (AD)
We know that the electric field is greatest at
the inner surface and decreases towards the
outer, but its relationship to the difference of
potential v between the two surfaces is not
obvious. By using Gauss’s theorem as in the
procedure for finding the capacitance be-

tween coaxial cylinders it can be found that

at radius r

E=v/rin(b/a) ......ccooiviioini.. (A2)
(In is the symbol for a natural logarithm,
otherwise denoted by log,.) The power flow
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Fig. A1. Cross-section of coaxial line
with inner and outer conductors of radii a
and b. The direction of power flow,

E X H, is into the paper.

dW through an annulus between radii r and
r+dr is given by the magnitude EH of the
Poynting vector multiplied by the area 2ar.dr
of the annulus. (The direction of the Poyn-
ting vector is of course parallel to the axis of
the coaxial system.)

dW=EH . 2ur.dr=iv.dr/[rin(b/a)] . (A3)

The total power flow is then

b
v dr
W= f e i 5. B Ad
In(b/a) <a r @
But the value of the integral is In(b/a) so
Wiy . Ty, ol . ey @i (A5)

If the resistance of the conductors is
significant, then just as in the case of the strip
line there will be a component of E parallel to
the length of the system and a component of
the Poynting vector pointing'into the con-
ductors to account for the iR loss. @)

‘Telecommunication System Engineering, by

Roger L. Freeman, is described as “a text-
book and ready reference for the student,
practising engineer, planner and telecom-
munication engineer.” The view of telecom-
munications adopted is the widest possible,
since in 480 pages radio is only allotted 66,
which does seem a little cavalier, to say the
least. The main body of the book is therefore

concerned with the communication over

telephone circuits of voice messages, data
and facsimile, in analogue and digital forms.

In the field the author sets out to coverit is
difficult to imagine a more complete treat-
ment, starting as it does with a diagram of
two telephones, a cable and a battery, and
finishing with the concept of digital data
networks and the economical technical
planning involved in national networks. The
author is American, which may mean that
some transatlantic terms are unfamiliar,
although he has used the UK engineers’ term
‘bearer,’ for example, to denote the signal-
carrying medium. The book is published at
£17.70 in hardback by John Wiley and Sons
Ltd, Baffins Lane, Chichester, West Sussex,
PO19 1UD.

KS

Practical Hi-Fi Sound, by Roger Driscoll, is
the latest in a long line of books intended to
clarify the absurd technospeak so carefully
built up by makers of sound equipment. The
main difference between this one and a great
many of the others is that this author keeps
his object well in mind and does not fall prey
to the temptation to show his own technical
superiority.

The treatment is not detailed, but rather
seeks to answer the questions which would
be asked by someone who wanted to know
some of the background to the present state
of audio equipment. The two introductory
chapters are concerned with musical sounds
and their reproduction, being followed by
two sections on equipment, including
building instructions for a loudspeaker. The
acoustic performance of the listening rooms
is dealt with in the final chapter. The book
fulfils its avowed purpose admirably and can

|
|
|
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be recommended. Itﬁgm_g&wmn;mg

published by Hamtyn, Astronaut House,
Hounslow Reéad, Feltham, Middlesex, TW 14
9AR.
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Simple alternatives to the

monostable

Using low-cost gates for non-critical timing circuits

by D. Price

In comparison with other i.cs, c.m.o.s.
monostables are rather expensive, the
4528 package costing about £1 for two

circuits. In a non-critical situation, for’

example when a reset pulse is required,
cheaper solutions are available.

A 4093 NAND Schmitt trigger, cos-
ting about 16p per gate, provides the
basis for a satisfactory alternative. Ref-
erring to Fig. 1, the high input imped-
ance of a c.m.o.s. gate ensures that, in
the absence of other constraints, the
voltage at B follows the voltage at A.
However, gate protection diodes and
the bias resistor modify the voltage
performance in the following way. After
a long quiescent period, the input vol-
tage V_ will be high and the output low.
If a negative pulse is applied by G, the
input to G will go low and the output
will go high. After a time determined by
R and C, but not equal to RC, the output
will fall. The input potential
must be kept low for the duration of the
pulse, otherwise the output will be pre-
maturely terminated. A positive going
excursion from G, will drive V,_ above
the power supply rail but, as soon as a
voltage of V* + 0.5V is reached, the
gate protection diode starts to conduct
and dissipates any excess change. The
circuit is therefore quickly reset. If the
resistor is taken to the negative rail, all
of the pulse directions are reversed.

The output pulse length is determined
by R.and C. As an approximation,
assume that the trigger point of the gate
is half way between the two power rails.
Using the formula V = V*e-¥R¢ and
substituting V. = V+/2 gives e"RC=14,
Therefore, t~0.57RC.

This principle can be used with two
inputs simultaneously as shown in Fig.
2, which gives two gated monostables.
However, the NAND property of the
gate will not allow the resistors to be
connected to the negative rail.

If a slow fall time can be accepted,
which is often the case, an ordinary gate
can be used as shown in Fig. 3 where a
three input NAND becomes-a trio of
gated monostables costing about 2p
each. If an inverted output is required,
replace the NAND with an AND gate or
take all of the resistors to the negative
rail and use a NOR gate.

During the off transition of the gate,
both output transistors are switched on
and are dissipating power. For this rea-
son, long time constants, i.e. slow tran-

iohictory com

sitions, should be avoided. Adding a
diode to the external components of the
above circuits produces a monostable
which is activated while the input is
low, and the RC time constant occurs
after the input goes high, see Fig. 4. A
somewhat more complex arrangement
can provide two time constants as
shown in Fig. 5. Although this circuit is
not a conventional monostable, it is
useful if, for instance, a delayed switch
on and off is necessary.

A wide range of RC values can be
used with ¢.m.o.s. but, to avoid excess-
ive dissipation and possible damage to
the gate protection diodes, capacitor

values below 100nF should be used. This

"does not apply to Fig. 4 and 5 as the

circuits do not use the gate diodes. At
the other extreme, less than 10pF may
cause trouble due to the c.m.o.s. input
capacitance, see Fig. 6. The voltage
induced at N by a negative transition
of V,is ‘/le:\f«md this may not activate
the Schmitt trigger. If the trigger is
activated, the time constant will be
much shorter than anticipated.

Almost any resistor value above 1k(
can be used, and for long time constants
a reverse-biased diode is a useful Kigh
value resistance. The resistance limit of
10%) is set by the input impedance of the
gate.

input

’
Premature
termination

Output
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Not enough effort is being put into finding
better ways of utilizing the radio spectrum,
according to Richard Kirby, director of the.
CCIR. Speaking at a recent IEE conference in
London devoted to this subject he said that
studies of spectrum utilization ought to be
better recognized as a legitimate and chal-
lenging discipline of communication science.
Many university faculties and research
budgets did not recognize this fact. “The
subject may be seen only in a limited per-
spective of radio interference protection, a
necessary but mundane appendage to system
development. Or, if seen in a broader per-
spective, as fundamental study to expand the
utility of the spectrum as a resource, there is
a question of support; return on investment
is uncertain, indirect, and long-term. It is
clear that there are not very many Ph.D.
theses on spectrum utilization topics. Some
of the best talent in communication science
ought to be encouraged to explore and deve-
lop this field. It would seem to me that the
IEE is in a good position to foster this”.
Earlier Mr Kirby gave an outline of the
work in this field that the CCIR (a per-
manent body of the ITU) will be doing in the.
aftermath of the 1979 World Administrative
Radio Conference at Geneva. He indicated

NEWS QIF TS MO 15|

‘More work on spectrum utilization
needed’ says CCIR chief

five main areas:

regional satellite systems, the role of h.f. and
improvement of equipment standards from
the point of view of spurious emissions and
unwanted responses.

* “First, as regards bandwidth-efficient;
interference-resistant modulation: the

‘dominant trend to digital systems for ter-

restrial and space systems alike, mobile,
fixed, and ultimately even television, is being
greatly spurred by the rapid development of
very large scale integrated circuitry . . .
Spread spectrum has already proven advan-
tages for rejection of narrow-band inter-
ference and reduction of interfering power
spectral density. It remains to be seen
whether, by the additional processing gain of
correlation codes, an ensemble of spread-
spectrum systems can share a given band of
spectrum more efficiently than narrow band
signals. The new processing technology
should have a great bearing on “multi-user

- communications”, i.e. techniques by which

one or more transmitters are simultaneously
communicating with one or more receivers
over a common channel in the radio spec-
trum. “Packet radio’’, a related random-
access concept, is promising not only for

New Racal company set to
on cheque-less banking

A further step in the trend to electronic
banking methods has been taken with the
formation of a new company, Racal-
Transcom Ltd, which the company claims
will be a prime mover in eliminating the need
for cheque books and paperwork in many
financial transactions.

The systems which Racal Transcom in-
tends to introduce will be designed to
eliminate much of the paper work which
possible users such as banks, credit com-
panies, finance houses, airlines and retail
organisations have to cope with.

Announcing the formation of the new
company, Ernest Harrison, chairman and
chief executive of the Racal Electronics
Group said, “Electronic funds transfer will
have a major impact on the retail world, and
its international growth potential is ex-
tremely large. Eventually it could affect’
almost everyone who makes a purchase,
pays for a service or uses a bank.”

Racal-Transcom is a subsidiary of Racal-
Datacom of Salisbury, Wiltshire and the
design team responsible for thg development
of the new systems over th¢ last two years
will be located in separatg’ premises on the
same site.

cash in

A Racal-Transcom point-of-sale terminal being
demonstrated in a busy supermarket. The
customer is using a hand-held device to key in
her personal code which, for security, must
correspond with the encoded account number
on her banker’s card, which is placed in the
terminal. The customer’s bank account is
automatically debited and the shop’s account

. credited for the goods purchased.

bandwidth-efficient.
modulation, frequency re-use, domestic and-

data, but also for speech. A resolution of the-
WARC has asked the CCIR to give special
attention to studies of these new digital
techniques which could lead to a whole new
approach to channel assignment and the
possibility of greatly expanded use of the
spectrum compared with present-day
frequency division. At the same time, there is
increased emphasis on bandwidth conserva-
tion schemes. Some television bandwidth
compression techniques are very promising.
More conventionally, single-sideband is
finally being seriously considered for sound
broadcasting. The CCIR has been asked to
intensify its studies of means of transition to’
single-sideband broadcasting”. The coming
hf. broadcasting conference, while commit-
ted to double sideband for the next plan, also
had on its agenda the specification of an s.s.b.
system suitable for future broadcasting.

“Frequency-re-use is the objective of some
of the most important developments in an-
tenna systems for satellites and terrestrial
communications alike. It is also the motiva-
tion for important propagation research,
especially at frequencies below 40GHz where
the main features of propagation are already’
known. Questions such as how much polari-
zation discrimination can be .achieved in
practice, as under rainfall conditions, and
how small antenna beamwidths can be
maintained through the atmosphere, might
‘at one time have been considered second-
order questions. They are now central to
frequency re-use, as are anomalous propa-
gation effects such as ducting and scintilla-
tion.”

One of the most important technical topics
for the future of radio communications was
the efficient use of the geostationary satellite
orbit. “One method to increase the efficiency
of the use of the orbit is by reduction of
inhomogeneity. Sharing is more difficult, less
efficient, among a variety of beamwidths,
power levels, and receiver sensitivities than
among a homogeneous set of these system
requirements. So only a degree of
homogeneity can be sought, in terms of the
range of certain parameters. Other aspects
being studied are the level of permissible
inter-network interference, and the antenna
characteristics for both earth stations and
satellites.” The CCIR preparatory work for a
satellite conference in 1984 was centered on a
CCIR working party, which would now also
consider methods for ensuring equitable
access for all countries to the geostationary
satellite orbit.

The h.f. part of the spectrum was ‘“‘seen as
the most economical method for thin route
intermittent communications which do not
yet justify microwave or satellite links . . . It.
may remain most susceptible to congestion
and interference. Thjere 'is a considerable
technical challenge here to make systems i
more interference resistant.”

WAWAN. amerioanrad



WIRELESS WORLD, SEPTEMBER 1980

Open Channel (CB) implications in
decisions about model control band

‘Announcing the government’s intention to
exempt users of model control transmitters,
metal detectors and pipefinding equipment
from the need to licence such equipment, the
Home Secretary said that current holder -f
licences would be able to “pursue their
hobbies exactly as now, and that . . . this will
lead to less bureaucratic control and greater

. freedom for individuals.”

He said that he would be bringing forward
proposals in the next few months in relation
to the Wireless Telegraphy Act 1949 and at a
later stage to identify other categories of
radio device which can be dealt with simi-
larly. n

Approximately 93,000 licences for model
control equipment had been issued up to the
end of 1979 and when the new regulations
come into force, these licences will be for-
‘mally revoked. A simplified form of the
existing operating conditions will be used so
that frequency and output power require-
‘ments will remain unchanged. In general,

users of the model control band (27MHz) are

restricted to 1.5W radiated power, and the
current licence fee is £2.80 for a five-year

" period.

The licence fee for pipefinders and metal
detector equipment is £1.40 for five years and
the number of licences issued has risen from
2,000 in 1972 to 150,000 in December 1979,
reflecting the substantial growth in the use of
such equipment b}7 treasure-hunting en-
thusiasts. However, exemption of metal
detectors from licence requirements does not
in any way absolve users from the need to
obtain permission to enter, search and dig

‘land and to keep off protected archaeological

'sites.
Equipment will no longer be subject to the

type-approval procedure, so the exempting
regulations will set out the simple technical
conditions which will have to be met so as to
avoid interference to other radio users. The
conditions will be framed so that they cover
all existing type-approved equipment.
Almost simultaneous with William White-
law’s announcement was Timothy Raison’s
disclosure that the Home Office had received

7,800 letters on the subject of c.b. and 40

petitions carrying thousands of signatures.
Inreplies to questions he said that the annual
cost to the Post Office of investigations into
complaints of interference to “non-broadcast
services” and into all forms of illicit installa-

tion or use of radio equipment, was about £1

million. The costs incurred in dealing with
illicit use of 27MHz were not recorded
separately and “no figures are available for
the cost of controlling imports of prohibited
equipment.”

He also revealed that from 1st January to
30th April 1979, 94 persons were prosecuted
in connexion with unlicensed installations or

'use of ¢.b. equipment at 27MHz, and a further

135 cases are pending. In 1978 a total of three
persons were convicted of such offences and
in 1979 the total had risen to 91. Minister of
State at the Treasury, Peter Rees, disclosed
that 721 sets were seized by Customs and
Excise in the first quarter of 1980 and a total
of 2,250 during 1979.

One interpretation of these official trends

‘might be that the government wishes to give

no more than the appearance of movement
on the Open Channel issue. With c.b. en-
thusiasts becoming more vocal as a result of
continuing stalling tactics from both
government and Home Office (the discussion
document promised in April has not

materialized), it may be that licence exemp-
tion for model users is a red herring designed
to, on the one hand, suggest more freedom of
access (it is only an official sanction) to the
spectrum, and on the other hand to con-
solidate the decision not to introduce Open
Channel at this frequency.

De-regulation could have the effect of
encouraging more widespread use of 27MHz
by modellers, who might then very jealously
guard their spectrum “slot”, perhaps even
introducing a “self-policing” activity . . .
“Kamikaze model aircraft crashes in flames
on illicit radio shack.”

The only positive conclusion to be drawn
from these government pronouncements is
that something may well happen at some
future date, having been duly considered and
fully costed.

News in brief

The Mobile Radio Trade Association, formed
in 1978, was set up with the intentjon of
obtaining for its- members effective:
representation with both manufacturers and
statutory bodies. The association’s aims and
an outline of the facilities it can offer to
interested companies or fleet operators are
available from its offices at 9-11 Lower
-Addiscombe Road, Croydon, Surrey, Tel:
01-680 4444. The annual membership sub-
scription is £50 plus v.a.t. g {

South London College will be running a
course of eight lectures, the first starting on
14 October, 1980 and the last on 2 December
1980, entitled “Optical Fibre Communica-
tions.” The course is intended to provide a
comprehensive technical introduction to
optical communication devices and systems
and their application to multi-channel
telephony and wideband services. The course
fée for London students is £9 and applications
should be made to A. A. Rowlands, South
London College, Knights Hill, London SE27
0TX. Telephone 01-670 4488,

Plessey expands and contracts

The Secretary of State for Industry, Sir Keith

Joseph, officially opened the Plessey p.c.b.
plant at South Shields on July 11th, and also
formally introduced the new company —
Plessey Circuits Ltd.

The aim of the plant, ‘which represents an
investnient of £5 million, is to produce mainly
plated-through-hole (p.t.h.) p.c.bs on a large
scale for marketing in the UK and in Europe
at competitive prices by using modern mas-
king, etching and plating techniques and a
production line which is almost completely
controlled by a central computer. V.d.us,
strategically placed at each point in the line,
give all the information required by the pro-

. cess operator including audible ‘“cautions”

and “warnings” of out-of-tolerance condi-
‘tions such as high etch bath temperature, etc.

The plant has a production capacity of
over 2.5 million p.c.bs a year and currently
has a workforce of 185 people, which is
expected torise to 300. Plessey pre-tax profits
for the year ended March 31, 1980, were 30%
up at £60.1 million. In a cold and precise
paragraph released in June, the company
also refers to “extraordinary items . . . (£4.7
million) . . . “which includes the cost of
eliminating the lo<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>