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Australia A$ 2.70
Canada C$ 3.25
Denmark DKR. 33.26
Germany DM. 7.00
Greece DRA. 190.00
Holland DFL. 8.50
italy L 3700

New Zealand NZ$ 3.00
Nerway NKR. 26.00
Singapore M$ 6.60

US.A $3.75

Self.zero a.c./d.c. voltmeter SR
Microcomputer organ interface
atellite tv aerial alignment
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NEW AND FREE FROM GSC.

NEW an exciting range of projects to build on
the EXP300 breadboards.

NOW anybody can build electronic projects
using ‘‘Electronics-by-numbers”, its as ‘‘Easy
as A, B, CwithGS.C!"”

FREE project

MUSICAL DOORBELL OF THE 3RD KIND
You've seen the film, now haunt your visitors
with the tune! .

Each time the doorbell is pushed the eerie

tune plays out, then switches off to conserve
battery power.

HOW DO YOU MAKE IT.

Our FREE project gives you clear “‘step-by-
step”’ instructions. For example “take
Resistor No.1 and plug it into hole numbers
B45 and B47".

“Take IC No.1 and plug it into hole numbers
E35 to E42 and F35 to F42, (pin 1 on the
IC goes into F35)"

"Take. . " Well! why not “clip-the-coupon’’
and gkt your FREE step-by-step instruction
sheet and your FREE 12 projects with each
E XP300 bought and your FREE catalogue
and. .

.
!
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EXPERIMENTOR BREADBOARDS

The largest range of breadbozrds from GSC.
Each hole is identified by a letter/number system

EACH NICKEL SILVER CONY/CT CARRIES A LIFE-TIME GUARANTEE.

All modular construction means that any Experimentor
breadboard can be "snap-locked’ together to build
breadboards of any size.

EXP325
The “one chip’ breadboard
Takes 8,14, 16 and up to 22 pin IC’s

bars.
EXP350
L™ . The "beginners-
I breadboard’

For limited period
you can have FREE
12 "Electronics by
Numbers’ PROJECTS

. T

.
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The most ‘widety-bought’ breadboard
Don‘t miss out on our ‘NEW AND FREE’ projects
They can be built on the E)XP300

EXP600

The Hobbyist microprocesscr’ board
EXP650

The ‘one-chip micv_opmce;;u' board
EXP4B

‘Snaps-on’ four extra bus bars

PB6

The ultimate breadboard kiy

PB100

The most kit for the least money

WW - 006 FOR FURTHER DETAILS
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Has 130 zontact points including 2 bus

GLOBAL SPECIALTIES CORPORATION

NEW AND FREE FROM G.S.C.
24 HOUR SERVICE.

Tel {0799} 21682 with your Access, American Express, Barclaycard
number and your order will be put in the post immediately.

TO ORDER JUST CLIP THE COUPON.

Unit Price inc. Quantity
P &P + 15% VAT Required

Experimentor
Breadboards

l enclose cheque/PO for £

Debit my credit card No

Expiry date ... RO
Please send free catalogue: Tick [ | Dept. 7P

Telephone {0799) 21682.
Telex 817477. Dept. 7P

GSC Unit 1, Shire Hill Ind. Estate
Saffron Walden, Essex, CB11 3AQ.



Infra-red scan of the earth from
Meteosat, by Mike Christieson, with
the north at the bottom. Large red
area is Sahara.

NEXT MONTH

Norman McLeod — one of the few
radio engineers involved in
campaigning for new stations
outside the BBC and IBA — suggests
how new radio services can be
accommodated and up-dates
technical thinking on the subject.

Direct coupling to the telephone line
gives better security and lower error
rate than acoustic coupling ina
duplex modem design using
standard data channel frequencies.

In’ representlng logic with mixed
intentions”, M. B. Butler argues that
by emphasnsmg the distinction
between iogic and voltage, mixed
logic eliminates confusion caused
by forcing a fixed relationship
between the two.

Current issue price 80p, back issues (if
available) £1, at Retail and Trade Coun-
ter, Units 1 & 2, Bankside industrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor.

By post, current issue £1.23, back issues
(if available) £1.80, order and payments
to EEP General Sales Dept., Quadrant
House, The Quadrant, Sutton, Surrey
SM2 5AS Tel: 01-661 8668.

Editorial & Advertising offices: Quad-
rant House, The Quadrant, Sutton,
Surrey SM2 5AS.

Telephones: Editorial 01-661 3614. Ad-
vertising 01-661 3130. See leader page.
Telex: 892084 BISPRS G.

Subscription rates: 1 year £14 UK and
£17 outside UK.
Student rates: 1 year £9.35 UK and
£11.70 outside UK.
Distribution: Quadrant House, The
Quadrant, Sutton, Surrey SM2 5AS.
Telephone 01-661 3248.
Subscriptions: QOakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 3DH. Telephone: 0444 59188.
Please notify a change of address.
USA: $44 surface mail, $93.80 airmail.
Business Press International,
Subscriptions Office, 205 E.42nd Street,
NY 10017.
USA mailing agents: Expediters of the
Printed Word Ltd, 527 Madison Avenue,
Suite 1217, New York, NY 10022. 2nd
class postage paid at New York.
Business Press International Ltd 1983
ISSN 0043 6062.
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And then buy from us! Electronic Brokers, a leading supplier of Electronic Test and Measuring Equipment,
has been established for over sixteen years. Our Distribution Division handles the major names in the industry:
Philips, Fluke, Hameg and |.C.E. These products are stocked in depth at our premises in Central London, ready for

or inverted selection Repetition, delay,
duration and amplitude selectable. TTL

triggerng and synchronous gating
5886

-

Philips PM5712 Pulse Generator b
Small light weight, compact and portabie
unit suitable for laboratory use. Range 1Hz
to SOMHz. Three pulse modes plus normal

Philips Electronic Test & Measuring Equipment

* EEEEEEEM| 5% |

Philips PM6667-01 Counter
High resolution, 7 digit LCD
display, computing counter ranging
from 10Hz to 120MHz. Auto
triggering on all waveforms and
duty cycles. Self diagnosis
routine and 15mV BMS sensitivity
PMB668-01 [£425] covers 10Hz to 1GHz
and the PMBB68-02 (£551) has a high
stability TXCO

Oscilloscope »
Performance packed scope that you can
carry into tough service environments

-4 Philips PM3217 50MHz
Oscilloscope
High 2mV sensitivity, dual trace,
8 x 10cm display with smali spot
size, high light output and dluminated
graticule, auto trigger mode, TV
triggering on line and frame. Full X-Y
display facilties. Comprehensive
second time base facility. Compact
dmensions and low weight

| £933

Philips PM3254 75MH:z

Fast trigger circuits meet all applications
to over 1O0OMHz. TTL triggering is
standard. A triggerview 3rd channel and
full X-Y display facilities. Tough light weight

compact package with shoulder strap

£1092

compatible Extenswe facilities for external

o i

-4 Philips PM5131 Function

Philips PM2521 DMC

Mult-function test bench DMM for lab and
workshop use. DC accuracy 0.03%, with
resolution to 10uV, 1nA and 10mQ on a 4?
digit LCD display. Auto ranging, true RMS,
relative reference, dB, frequency and time
measurements. Optional accessories
extend the measurement capabilities
£338

Full Product range:-
PM2517X DMM — portable 4 digit, autoranging
PM3207 Osciioscope. 15MHz, 5mV/div . dual trace with

TV tmggerin £385
PM3215 Oscilloscope, SOMHz, 2mV/dw. General purpose £754
PM3219 Oscilloscope, 50MHz. 2mV/dwv | dual trace

storage, delayed sweep. alternate time base £2675

£172

PM3256 Oscilloscope — as PM3254, plus delayed
sweep and alternate time base

PM5107 Funcuon Generator — sine, square, wave. low
distortion 10Hz — 100kHz

PM5132 Function Generator — as PM5131 . plus pos
and neg pulses. adjustable duty cycle

www americanradiohistorv com

£1196
£295
£595

Generator

High performance, 0 1Hz to 2MHz
generator with sine, triangular and
square waveforms. Stepped and
variable output attenuation. Vernier
frequency adjustment. Variable DC
offset. Internal and external sweep
facilities. TTL output. ideal for
educational, service'and general
purgose laboratory use

£395

PMS501 Patiern Generator - 5 different PAL
atterns for colour and black/white TV

PM5519 | Pattern Generator — 20 combination PAL
patterns, electronic tuning

PM5705 Puise Gererator, O 1Hz - 10MHz, 10nS,

general purpose

ies a
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us first.

prompt despatch to all parts of the Country. Electronic Brokers offer full technical support and expert advice
on all aspects of electronic test and measuring. Visitors are welcome to our showrooms where all products
are on display and demonstration. For customers wishing to order by phone, we offer a 24 hour answering service.

HAMEG

ICE Analogue Handheld
Oscilloscopes

Multimeters
1.C.E. 680G Analogue Multimeter

Wide range of
measurement

Hameg HM705 70MHz
Oscilloscope
General purpose scope
g with a multitude of
operating modes and

Hameg HM204 20MHz
Oscilloscope

High performance scope
with peak value triggering
up to 5S0MHz. Versatile

Hameg HM203-4
20MHz Oscilloscope
Designed for general
purpose applications in
industry and education.

W trigger facilities triggering faciities and Versatile triggering capabilites with
L 20 Extremely bright and well variable hold oft contro! performance to at least high sensitivity
£ 3| defineddisplay, with Dual trace, delayed sweep ~ 40MHz. Dual trace, X-Y 20K9/V) and
—-= Bx 10cm screenand mode, Z modulation, X-Y operation, TV triggering, igh accuracy
L2 { nternaliluminated operatior, internal add and nvert mode and [DC1%f.s.d.)
1 ol graticule. TV triggering, lurninated graticule and component tester make Mirror scale, §
fo0ke § | -new- § Z modulation. X-Y display component tester the price/performance protected
LR [ l facilities and sweep delay complete the attractive ratio of this scope most meter movement and fully
@ @ ly a ¢ | mode. Dualtrace specification attractive screened against magnetic fields
ta-at "oy el £588 £365 £264 Large range of accessories. £25.00

Microtest 80

HM103 Single trace 10MHz 2mV/cm component HM204-N \Withlongpersistence CRT £390 40 ranges, accuracy DC 2%, 20KV £19.00
tester £158 HM705- NWmh\ong persistence CRT £628 Supertester 680R
HM203-4N Withiong persistence CRT £289 Supporting ies avail

B0 ranges, accuracy DC 1%, 20KQ/v £32.00

FLUKE Handheld and ench/PrtabIe DMM’s

Full Supporting 'l

o accessories
. Fluke BO60A Fluke 80268 Fluke 8050A Bench/ Fluke 8010A Bench/ ?:;;!‘*:g:. available
1:2'3'45 Handheld DMM Handheld BMM ortable DMM Eortable DMM = ,J‘J iy /
213 Versatile DMM with 42 The new addition to nigque functions and fine xceptional - m OCC ] # 7/
oocig dgtlLCDdsplay and the Fluke range. A 3% performance from this performance and /7
™ impressive specification.  digit LCD meter with 4% digit LCD micro features from this 7 @
Ten functions inciuding true RMS capability processor-based DMM low cost 32 digit o
. conductance, frequency, Eight functions Nine functions include dB, LCD DMM. Seven /7 N
w dB, true BRMS and including conductance  conductance, true RMS functions  including e /7 <
Ui relative reference and high speed audible  and relative reference mode. conductance, diode Lest, &
s 2 made. Audible continuity  continuity. 2 year Selectable impedance 10 Amp current range and true RMS b°
= and comprehensive warranty applies to references. Comprehensive  capability Extended measurements with /
=0 e accessories extend this rugged general accessories and NiCd optional accessories. Ni/Cd battery /
s Lhecapabilities purpose meter battery option. option avallable. Qo
£295 £180 £315 £210 // o
80228 3': dgit handheld DMM £99 B8024BJ3': digt handheld DMM, with enhanced B8012A-01Recnharage Ni-Cd battery / o(o
80218 3" digit handheld DMM functions option 310
with audio continuity £120 BO10A-01Rechargeable N-Cc battery option . £240 B050A-01 Rechargeable N-Cd \(\Q
B8020B 3: digit handheld DMM B012A3'% digit bench/portable. low ohm, version battery option £345 / & K
with conductance ranges  £150 {mans pwr] £280 BO62A 4':digithandheld DMM £230 7/ "\é‘ & ¢
/7 3 &

Lo e
Electronic Brokers Ltd., /&
61/65 Kings Cross Road, o
London WE1X SLN. s
Tel: 01-833 1166 //@@0“ )
Telex 298694 AP AP RO
200 FOR FURTHER DETAILS

WwWWwWw americanradiohistor? com
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\NFORMATION

AVAILABLE

% ESSEXBUFFERBOARD
24 INPUTS + 12 OUTPUTS
1 + 4 HARDWARE TIMERS
1 ¥ ESSEX OPTO-ISOLATOR
! BOARD

Essex Electronics Centre \Q\iaataas

Wivenhoe Park, Colchester, Essex CO4 3SQ
Telephone: Colchester (0206)- 865089

-~
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A great variety of tools ano sets to help you turn most
any Metric fastener or adjusting screw you're likely to en-
counter . . . hex socket set screws and cap screws, hex nuts,
| A or hex head cap screws, and whatever.
- - - - T4 EREGUENCY LOFIECR All tools precision made for exact fit. Bright nickel chrome
L " f nutdriver shafts and protective black oxide finished hex
- S B o socket screwdriver blades. Plastic (UL) handles shaped for
® ® . . perfect grip and balance.
Imagine the ideal COMPACT SETS
l l a FIXED HANDLE NUTDRIVERS
hand held test set. = No. 99-PS-41-MM
A g g f | (7 Metric hex
® minimum of controls. | socket blades,
: extension and
Audl An oscillator that covers .r——‘— \ H handle)
i i ; i)
the audio spectrumina S ST O il
HEX SOCKET SCREWDRIVER i -

Smgle €€ep. BLADES for use interchangeably
es e Alevel meter in Sehriesdlgg plain and ratchet / -
. type handles.
that measures directly i___,_,.-”— o
1-MM n| !
-

in dBs over 74dBs. And a frequency counter that 1 ; R
reads the oscillator or meter input. / e o

Small enough to operate anywhere, and precise extansion P
enough for any professional application. R %

The Loft TS1 is manufactured by the Phoenix
Audio Laboratory Inc., and distributed exclusively Replacement Blades and Shanis Soarately avaiiable for 99 Series
by fl'vu_rnkey Full cataiogue available on request

It's price £249.00.

Call us now for ﬁuﬂ[ﬂ:mke Cables
more information. WG
Brent View Road LONDONNW97ZEL Distributed by SPECIAL PRODUCTS DISTRIBUTORS LTD
01-202 4366 81 Piccadilly ‘London W1V OHL

WW — 028 FOR FURTHER DETAILS WW - 022 FOR F[}RTHER DETAILS
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{ RECORD DECKS

SINGLE PLAY

Large Turntables

240 volt AC. Post £2

Make Model Drive  Cartridge

BSR P170 Rim Ceramic

BSR P232 Belt Ceramic £24

GARRARD 6200 Rim Ceramic

GARRARD Delux Belt Magnetic £40

BSR P232 12 volt Magnetic £24
AUTOCHANGERS 240 VOLT

BSR Budget Rim Ceramic £16

BSR Delux Rim Ceramic £18 \

MAINS PRE-AMP FOR MAGNETIC CARTRIDGES to low |
gain amplifier. 10mv to 2 volt, mono £5, stereo £7.P&P £1

HEAVY METAL PLINTHS Post £2
Cut out for most BSR or Garrard decks. Black or

silver grey finish, black trim. Size 16x13%in. £4
DECCA TEAK VENEERED PLINTH. Post £1.50

Superior finish with space and panel for £5

small amplifier. Board is cut for B.S.R.
18%in.x 14Vain x din. Black/chrome facia trim. Also with
boards cut out for Garrard £3. Tinted plastic cover £5

TINTED PLASTIC COVERS Post £2
1774x13%x3V4in. £5 18Yax 122 x3in. £5
17Yax 9% x3%2in. £3 143 x 12V2x 274in. £5
16%2x15x4Y2in. £5 16%x13xdin. £5
17x12%x3%in. £5 14%2x 138 2%in. £5
22%x 137X 3in. £5 17Vax13%ax 4V4in. £5 |
21Y2x14Vax 2V4in. £5 21x13%x4%in. £5
23%x14x 37%in. £5 30%ax 1338 x3Vain. £5

THE “INSTANT” BULK TAPE ERASER  £9.50 Post 95p
Suitable for cassettes and all sizes of tape
reels, AC mains 200/250V. Hand held size
with switch and lead (120 volt to order).
Will also demagnetise small tools

and computer tapes.

Head Demagnetiser only £5.

BATTERY ELIMINATOR MAINS to 9 VOLT D.C.
Stabilised output, 9 volt 400 m.a. U.K. made in plastic
case with screw terminals. Safety overioad cut out. Size
5x3%ax2%in. Transformer Rectifier Unit. Suitable
Radios, Cassettes, models, £5. Post £1.

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy
build kit. Controls up to 800 watts AC mains with plastic
case 4 x 3 x 14in, £5, less case £4. For brush motors,
power tools, drills and lighting. Post 65p.

EMI 13'2x8in. LOUDSPEAKERS

Model 450A, 10 watts R.M.S. with moving
coil tweeter and two-way crossover; 3 ohm
of 8 ohm. “Final Clearance”. Post £1.50
SUITABLE BOOKSHELF CABINET ’

Teak Veneers £6.50. Size 18x11x6in. Post £1.50.

RELAYS. 6V DC 95p. 12V DC £1.25. 18V £1.25. 24V £1.30
ALUMINIUM  CHASSIS. 6x4—£1.75; 8x6-£2.20;
10x7-£2.75; 12x8-£3.20; 14x9-£3.60; 16x6-£2.50;

16x10—£3.80; 12x3 £2.20; 14x 3 £2.50.
ALUMINIUM PANELS. 6x4-55p; 8x6—90p: 14x3-90p;
10x7-£1.15; 12x8-£1.30; 12x5-90p; 16x6-£1. 30
14x9-£1.75; 12x12—-£1.80; 16x10—-£2.10.
ALUMINIUM BOXES. 4x4x1'% £1.20. 4x2%x2 £1.20.
3x2x1 £1.20. 6x4x2 £1.90. 7x5x3 £2.90. 8x6x3 £3.
10x7x22 £3.60. 12x5x3 £3.60. 12x8x 3 £4.30.
ALl ANGLE BRACKET 6 x4 x%ain. 30p.
BRIDGE RECTIFIER 200V PIV 2a £1. 4a £1.50. 6a £2.50.
TOGGLE SWITCHES SP 40p. DPST 50p DPDT €0p.
MINIATURE TOGGLES SP 40p. DPDT 60p.
RESISTORS. 10Q to 10M. VaW, W, 1W, 2p; 2W 10p.
Low ohm 1 watt 0.47 to 3.9 ohm 10p.
HIGH STABILITY. Yaw 2% 10 ohms to 1 meg. 10p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p.
PICK-UP CARTRIDGES SONOTONE 9TAHC £3.80.
BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3.
PHILIPS PLUG-IN HEAD. Stereo Ceramic. AU1020 (G306 -
GP310- GP233-AG3306, £2. A.D.C., QLM 30/3 Magnetic £5.
GOLDRING G850 £6.50, GB0O £8.50. STYLUS most Ceramic
Acos, Sonotone, BSR, Garrard Philips Diamond £1.50 ea.
MAGNETIC STYLUS, Sony, JVC, Sanyo, Goldring, etc. £4.
LOCKTITE SEALING KIT DECCA 118. Complete £1.
VALVE OUTPUT Transformers push/pull 15 watt £14;
30W £18;50W £20; 100W £24. Post £2. 100V/Line 20W £3.75.
MICROSWITCH, 50p, Mlnlature 65p. SPDT.
ANTEX SOLDERING IRON ‘C’ 15W £5.25. 25W “X25' £5.50.
WAFER SWITCHES. 14" dia. 60p ea.
1P 12W; 2P 2W; 2P 6W; 3P 4W; 4P 2W; 4P 3W.
FERRITE ROD. 6" x 2", 6" x38", 8x5/16'" 50p
XLR Lead Plug £2.40. Lead socket £2.76
XLR Chassis Plug £2.20. Chassis Socket £2.55.
BANANA 4mm Plugs/Sockets, red/black 20;
JACK PLUGS Mono Plastic 25p; Metal 30p. Sockets 25p.
JACK PLUGS Stereo Ptastic 30p; Metal 35p. Sockets 30p.
FREE SOCKETS — Cable end 302 Metal 45p.
2.5mm and 3.5mm JACK SOCKETS 25p. Plugs 25p.
DIN TYPE CONNECTORS
Sockets 3-pin, 5-pin 15p. Free Sockets 3-pin, 5-pin 25p.

85 3-pin 20p; 5-pin 25p; Speaker plu% 25p; Sockets 15p.

HONO PLUGS and SOCKETS ea. 20p; Double sockets 30p.
Free Socket for cable end 20p. Screened Phono Plugs 25p.
B.N.C.PLUGS £1. Sockets £1. Free Sockets £1.10.
U.H.F. PLUG 50p. Socket 50p. Reducer 20p Coupler 50p.
306 ohm TWIN RIBBON FEEDER 10p
300 ohm to 75 ohm AERIAL MATCHING TRANSFORMER £1.
U.H.F. COAXIAL CABLE SUPER LOW LOSS, 75 ohm 25p yd.
COAX PLUGS 30p. COAX SOCKETS 20p. Lead Sockets 65p.
NEON INDICATORS 250V, round 40p. Rectangular 45p.
MORSE CODE TAPPER AND BUZZER SET £3.
CAR CASSETTE MECHANISM. 12V Controlted Motor Stereo Head £5

MINI-MULTI TESTER NEW

De luxe pocket size precision moving
coil instrument. Impedance + Capacity
— 4000 o.p.v. Battery included.

11 instant ranges measure:

DC volts 5.25, 250, 500.
AC voits 10, 50, 500, 1000. £650
DC amps 0-250pA, 0-250mA.  pogt 65p

Resistance 0 to 600K ohms.

De Luxe Range Doubler Model,
50,000 o.p.v. £18.50. 7 x5x 2in. Post £1
43Ranges 1,000V, AC- DC 20 meg,etc

PANEL METERS

50pa, 100pa, 500pa, 1ma,
5ma, 50ma, 100ma, 500ma, 1
amp, 2 amp, 25 volt, VU
2Yax2x1%s.  Stereo VU
3Yax1%x 1in. £4.50 Post 50p

RCS SOUND TO LIGHT CONTROL BOX

Complete ready to use with cabinet size 9x3x5ir£
3channel. 1000 watt each. For home or disco 27
Input 200mV to 100 watt. AC 200/250V. Post £1.

OR KIT OF PARTS £19.50, LESS CABINET £15

Disco bulos 100 watt, blue, green, yellow, red, amber,
screw or bayonet £2 each. Post £1.50 per six.

“FUZZ" lights, red, blue, green, amber, 240V. £23.Post £1
200 Watt Rear Reflecting White Light Bulbs. Ideal for
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post
£1.50. Suitable panel mounting holders 85p.

RCS “MINOR"* 10 watt AMPLIFIER KIT £14
This kit is suitable for record players, guitars, tape
playback, electronic instruments or small PA systems.
Two versions available: Mono, £14; Stereo. £20.

10W per channel; size 9%2x3x2in. SAE details.
Fullinstructions supplied 240V AC mains. Post £1.

RCS STEREO PRE-AMP KIT. All parts to build this
pre-amp. Inputs for high, medium or low imp £ 0
per channal, with volume control and PC Board Post 650
Can be ganged to make multi-way stereo mixers

\\\\\\\\\

Rz /7///;

0Cveurs

MAINS TRANSFORMERS Post
250-0-250V BOmA, 6.3V 35A, 6.3V 1A £6.00 £2
350-0-350v 250mA, 6.3V 6A CT £12.00 £2
220V 25ma 6V lamp £3.00 220V 45ma 6V 2 Amp £4.00 £)
250V 60mA, 6V 2A €475 €1

Step-Up  115v 10 240v 150w £3. 250W £10. 500WE12.00 £2
GENERAL PURPOSE LOW VOLTAGE

Tapped outputs available

2amp.3,4.5,6,8,9,10, 12, 15, 18, 25 and 30V
1amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60
2amp. 6. 8,10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60
3amp. 6, 8,10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60
5amp. 6, 8, 10,12, 16, 18, 20, 24, 30, 36, 40, 48, 60

o
3
o
o
3

mMmm
aRsRR2
83388
RBRRG

58-10-16V. Y2amp. £250 £1  15-0-15V. 1 amp £4.00 £1
6V. 2am £2.00 £1  15-0-16V. 2amps £4.50 £1
6-0-6V. 142 amp. €350 £1 20V amp £4.00 £1
9V. 250me. £150 £1  20-0-20V 1 amp £450 £1
9V.3amp £450 £1  20-40-60V 1 amp £4.50 £2
9-0-9V.50ma £1.50 £1  25.0-25V 2 amps £5.50 £1
9-0-8V. 1 amp £350 £1  28v1 ampTwrce £6.00 £2
10-0-10V. 2amps £4.00 £1  30v12amp £4.50 £1
10-30-40V. 2 amps £4.50 £1 30V 5 amp and

12V.100mra £150 £1 17-0-17 2a £5.50 £2
12V. 750 ma £250 £1 35V 2amps £450 £1
12V 3amEs £450 £1  TOROIDAL 30-0-30V 4a
12-0-12V. 2 amps £4.50 £1  and 20-0 20V Y2a £10.00 £2
CHARGER TRANS Post  RECTIFIERS Post
612 voit3a 4.50+£2 612 voit2a £1.10+80p
6-12 voit 4a mso-n:z 6-12 voit 4a £2.00+80p
SPEAKERS £22 pair rost 2

TEAK VENEERED CABINET

11x8%x7in, 15 watts

50 to 14,000 cps. 4 ohm or 8 ohm
OPUS TWO 15x 1012 X% 7%in 25 watt
2-way system £39 pair. Post £3

LOW VOLTAGE ELECTROLYTICS Wire ends 10p
1mf, 2mf 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100
mf, 250 mf. All 16 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47
mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/25v; 100 mf/10v; 150
mf/6v/10v; 200 mf/10v/16v; 220mf/4v/10v/16v; 330

mf/dv/10v; 500 mf/6v; 680 mf/6v/10v; 1000 mf/2.5v/4v/10v;

1500 mf/13v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/dv,
500mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 80p.
1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p.

2000mF 6V 25p; 30V 42p; 40V 80p; 1500mF 100V £1.20.
2200mF 63V 90p. 2500mF 50V 70 ; 3000mF 50V 85p;
4700mF 63V £1.80. 4700mF/40V

NON POLARISED CAPACITORS — REVERSIBLE

1mF 250V 25p; 1.5mF 100V 25p; 2.2mF 250V 30p; 3.3mF
100V 40p; 4.7mF 100V 40p; 10m 63V 40p; 32mF 50V 25p.

HIGH VOLTAGE ELECTROLYTICS

2/500V  45p  32+32+16/350V 90p " 8+16/450V 75p
8/450V a5p  100+100/275V  65p 16+16/350V 80p
16/350V 45p  150+200/275V  70p 32+32/350V 85p
32/500V 965p  32+32+32/325V 75p 32+32/500V £2
32/350V 50p  50+50+50/350V 95p  50+50/300V 50p
50/450V 95p  8+8/500V £1  80+40/500V £2

CAPACITORS WIRE END High Voltage

.001, .002, .003, .005, .01, .02, .03, .05 mfd 400V 10p.

“1MF 400V 15p. 800V 20p 1000V 25p.

.22MF 350V 12p. 600V 20p. 1000V 30p. 1750V 50p.

.47MF 150V 109 400V 25p. 630V 30p. 1000V 60p.
TRIMMERS 30pF, 50pF, 10p. 100pF, 150pF 20p S00pF 30p.
MICROSWITCH SINGLE P LE CHANGEOVER 40p.
GEARED TWIN GANGS 365+ 365+ 25+ 25pF £2.

BRASS SPINDLE EXTENDERS 85p. Couplers 65p.
VERNIER DRIVE DIALS, 36mm £2.50, 50mm £3
SLOW MOTION DRIVE 6:1 90p. Reverse Vernier drive 90p.
TRANSISTOR TWIN GANG. Japanese Replacement £1
SOLID DIELECTRIC 100pf £1.50, 500pf £1.50

HEATING ELEMENTS, WAFER THIN (Semi Flexible)
Size 11>9x Yein. Operating volta ge 240V, 250W approx.
Suitable for Heating Pads, Food Warmers, Convector

U.K. RETURN OF POST iIIIAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

NEW [ baker | Star sound

high power full range quality
loudspeakers. British made.
Ideal for Hi-Fi, music P.A. or
discotheques. These loud-
speakers are recommended
where high power handling
and quality is required.

MODEL INCHES OHMS WATTS TYPE  PRICE POST
MAJOR 12 4-8-16 0 HI-Fl £16 £
SUPERB 12 8-16 0 HI-Fl 2% £
AUDITORIUM 12 8-16 45 HI-FI 24 £
AUDITORIUM 15 8-16 60 HI-Ft &’ 2
GROUP 45 12 4816 5 PA f16 £
GROUP 75 12 4-8-16 7% PA 20 £
GROUP 100 12 8-16 100 Guitar £26 £
DISCO 100 12 8-16 100 Disco €26 £2
GROUP 100 15 816 100 Guitar £35 £2
DISCO 100 15 816 100 Disco £35 £

BAKER AMPLIFIERS BRITISH MADE

NEW PA150 MICROPHONE PA AMPURER £129

4 channel 8 inputs, dual impedance, 50K-600 ohm 4 channel
mixing, voluma, treble, bass. Presence controls, Master volume
control, echo send return socket. Slave sockets. Post £3.

BAKER 150 Watt AMPLIFIER 4 Inputs £99
For Discotheque, Vocal, Public Address. Three spesker outlets
for 4, 8 or 16 ohms. Four high gain inputs, 20 mv, 50K ohm.
Individual volume controls “Four channel” mixing. 150 watts 8
ohms RM.S. Music Power. Slave output 500 M.V. 25K.ohm.
Response 25 Hz — 20kHz + 3dB. Intsqral Hi-Fi preamp separate
Bass & Treble. Size — 16" x8'' x5 Wt — 14lb: Master
volume control. British made. 12 months’ guarantee. 240v A.C.
mains or 120V 1o order. All transistor and solid state. Post £2.

100 Vot Line Model £114. MONO SLAVE £80.

New Stereo Slave 150 + 150 watt 300 watt Mono £125. Post £4.

| Complete Disco 150W. Twin console + amplifier + twin
speakers. £330. Carriage £30.

ELECTRONIC ECHO CHAMBER £8S. Post £2
BBD Delay System 30 m/sec to 200 m/sec. Variable echo
and direct sounds. Maintenance free. 240V AC.

DISCO GRAPHIC MIXER EQUALISER £95. Post £2
4 Channel stereo, 5 band graphic, red + green LED, VU
display, headphone monitor, mic + override swrtch

RCS offers MOBILE PA AMPLIFIERS. Outputs 4-8-16 chms
20-wett RMS 12v DC, AC 240v, 3 inputs. 50K £46 PP £2.
40-watt RMS 12v DC, AC 240v, 4 inputs. 50K £75 PP £2
Mic 1; Mic 2; Pheno; aux. outputs 4 or 8 or 16 and 100v line
60-watt RMS, Mobile 24 volt DC & 240-volt AC mains. inputs 50K.
3mics + 1 music. Outputs 4-8-16 ohm + 100 volts line £95 PP £2

Battery on:! Portable PA Amplifier 10w complete mike and
speaker, OK for meetings, crowd control, stalls, fetes, traders,
parties. Shoulder strap feature. £25 post £2.

R.C.S. 100 watt RM.S.
VALVE AMPUHER

4 Channel mixing. Master
treble, bass and volume
controls. 5 Speaker outleats,
suits 4, 8, 16 ohm. Disco
group. £128, Carr. & ins. £15.
60 WATT VALVE AMPLIFIER,
3 mixer inputs, 4-8-16 ohm, 100 volt fine. § controls, 2 mic inputs
plus 1 input switchable for mic, phono, aux. Treble and bass
3 volume controls, 7 valves. £59. Post £3.

FAMOUS LOUDSPEAKERS
”SPECIAL PRICES”

MAKE SIZE WATTS OHMS Pﬂlsgﬁ POST
k4

WHARFEDALE TWEETER din 8 £1. £1
GOODMANS  TWEETER W%%ein 25 8 £4 £1
AUDAX TWEETER 4in 0 8 £6.50 £1
AUDAX MID-RANGE din 50 8 £1.50 1
SEAS MID-RANGE  41%in 100 8 £125 £1
AUDAX WOOFER H) 8 £10 £1
GOODMANS  HIFAX Tvax 4% 100 wie £27 £2
GOODMANS  WOOFER 8in 25 48 £650 £1
GOODMANS  HB 8in 60 8 £1250 £1
WHARFEDALE  WOOFER 8in X [} £9.50 £2
CELESTION 01sCo 10in 50 16 £19 £2
GOOOMANS  HPG 12in 120 0”5 295 £
GOODMANS  GR12 12in %0 "5 s £
GOODMANS  HPD 12in IZB V5 25 £
GOODMANS  HP 15in 250 1 8 2
GOODMANS  HPD 18in 230 ] £20 £4

SPEAKER COVERING MATERIALS, Samples Large S.A.E.
B.AF. LOUDSPEAKER CABINET WADDING 18in wide 35p ft

MOTOROLA PIEZO ELECTRIC HORN TWEETER, 3%in. square  £5
100 watts. No crossover required. 4-8-16 ohm, 7%x3%in.  £10

S

CROSSOVERS. TWO-WAY 3000 c/s 30 watt 8 £3. 100W £4.

3-way 950 cps/3000 cps. 40 watt rating. £4. 3 way 60 watt £6. 100W £8.
LOUDSPEAKER BARGAINS. Please enquire, many others.

4 ohm, 5in, 7 x4in, £2.50; 6%in, 8 x 5in, £3; 8in, £3.50. 6%%in 20W £7.50.
8 ohm, 254in, 3in, £2; 5x 3in, 6x 4in, 7x4in, 5in, £2.50; 6%4in, 20W £7.50
8x5in, £3; 8in, £4.50; 10in, £5; 12in, £6.

15 ohm, 2Y4in, 3%4in, 5 3in, 6x 4in, £2.50.6%4in 10W £5, 8in £4. 10in £7.
25 ohm, 3in, £2; 5x3in, 6x4in, 7 x 4in, £2.50. 120 ohm, 3%in dia. £1.

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS

POTENTIOMETERS Carbon Track

5kQ2 to 2MQ. LOG or LIN. L/S 50p. DP 90p. Stereo L/S two sheets of metal or ceramic, et

C.
£1.10. DP £1.30. Edge Pot 5K. SP 45p. ONLY 69p EACH (FOUR FOR £2) ALL POST PAID.
Dept 1, 337 WHITEHORSE ROAD, CROYDON

RADIO COMPONENT SPECIALISTS Open 9-6. Closed all day Wed. Open Sat. 9-5.

Books and C Lists 32p p king charge 65p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT,

£3.95. Post 65p
Heaters, Propagation, etc. Must be clamped between |  a parts and instructions with Zener diode printed circuit,
mains transformer 240V a.c. Output 6 or 7%20r9 or 12V d.c.

up to 100mA or less. Please state voitage required.
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Industrial/ .
Commercial Quartz Oscillators

Power
Amplifiers

SYSTEMS

Specifications (Direct Output): BGW Model 620B DIL compatible contigurations
OUTPUT POWER CMOS and TTL outputs
200 watts minimum sine wave continuous power output per channel Wide temperature ranges
with both channels dnving 8-ohm loads over a power band from 20Hz quuc“dﬁ one pu]sc per day 1060 MHz
10 20kHz The maximum Total Harmanic Distortion at any power level M . lard i rears ]
from 250 milliwatts to 200 watts shall be no more than 0 25% Many standard frequencies from stock Interface
1kHz Power 240 watts into 8 ohms per channel, both Quartz
“hannels operating, 0 25% Total Harmonic Distortion \l fetuils of o Devices
Morc details of specifications trom imi
Intermodulation Less than 0 06% from 250 miliwatts to I L)
Oistortion rated power .
Small Signal +0. ~3dB, 1Hz 10 70kHz N
FrequencyResponse  +0. 0 25dB, 20Hz to 20kHz T S TewRge N
QIMErsct TA u
HumandNoiseLevel.  Better than 100dB below 200 watt: / ‘ e
lunweighted, 20Hz to 20kHz Crewk 6o
S rewkerne (o,
Damping Factor Greater than 120 to 1 at &chms and TkHz [ 'l’el(c: 462332:(“1 1“33
D C Offset Voltage Less than 10 mithivolts (at output terminals) ’

Load Impedance Designed for any load iImpedance egual to of WW - 021 FOR FURTHER DETAILS
greater than 4 ohms

haven’t you '
heard of
CUBE?

Specifications (Direct Output): BGW Model 320B
OUTPUT POWER

100 watls minimum sine wave continuous average power output per
channei with both channels driving 8-ohm loads over a power band
from 20Hz to 20kHz. The maximum Total Harmomic Distortion at any

power level from 250 milliwatts to 100 wattg shall be no more
than 0.2% WW — 005 FOR FURTHER DETAILS

1kHz Power 105 watts into 8 ohms per channel, both channel
operating, 0.2% Total Harmonic Distortion

Intermodulation Less than 0 05% from 250 milliwatts to ELECTRON G U NS
Distortion rated power

Small Signal +0. —3dB, 1Hz to 50kHz TV T BE M

FrequencyResponse  +0, —025dB, 20Hz 10 20kHz P ENTS

HumandNoiselLevel  Better than 100dB below 10C watts If you are Rebuilding or Manufacturing TV Tubes — We are the
(unweighted 20Hz to 20kHz) ![t_a\?dTln% sulpgllers of Electron Guns and TV Tube Components to the

Damping Factor Greater than 150 10 1 at 8 ohms and 1kHz Techrl:oligc. ustry. We specialise in all aspects of Electron Mount

D C Offset Vokltage Less than 10 millvolts (at output teriminals) Our product range includes more than ZSO&un types for Colour, In

Load Impedance Designed for any load impedance equal to or Line, Mono and Display Tubes along with Mount Parts, Bases, Get-

greater than 4 ohms ters, Sealoffs, and all other associated items for TV Tube Production.

A Full Technical Back-up and Advisory Service is available to all
customers Worldwide.

Please request our current catalogues and Data Information.

GrIFTR e

ONIC  acester

For further nformation on these and other BGW amplifiers E WARWICKSHIRE
ontact Nikki Antoniou Theatre Projects, | | M l SS l D N LTD NS‘;SDP

10 Long Acre. London WC2E GLN. Tel 240 5411 ENGLAND

Telephone: (0789) 764852/764100. Telex: 312354 Grifem G

WW - 025 FOR FURTHER DETAILS WW — 024 FOR FURTHER DETAILS
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OPUS SUPPLIES WE HAVE MOVED TO
NEW LARGER PREMISES. PLEASE NOTE OUR NEW
ADDRESS AND PHONE NUMBERS

VIEWDATA &
TERMINALS DISC DRIVE DISCOUNTS

Now that we have moved to larger FD514-18in. S/S D/D DRIVE
premises we have the space to store these FORMATTED 600KBYTE £149
superb units and can offer them to “Wire- * FD 650—8in. D/S D/D DRIVE
less World” readers at this fantastic price. FORMATTED 1.2 MBYTE £199

These superb terminals built to industrial * CASE TO HOLD TWO DRIVES WITH
specification by a world famous manufac- COSSOR POWER SUPPLY
turer feature:— * Prestel * Built in modem FAN AND CARRYING HANDLES-BRAND

receive at 1200 baud/transmit at 75 baud * NEW-ONLY £99.95

G.P.O. approved * 7 green anti-reflective )

screen * Angled display for desktop A Special Purchase allows us to offer a
viewing * Page format 24 lines/40 charac- limited quantity of these items at this re-
ters * Security lock — authorised per- markable price. The drives are manufac-
scnnel only * Slimline dimensions — tured by Pertec — are Shugart compatible
depth 14.1 inches, width 11.9 inches, and have a 90-day warranty.

height 7.6 inches * Attractive beige case —
with black trim * £-I gg
LIMITED QUANTITY AVAILABLE ONLY BRAND NEW AND BOXED + CARR & VAT

TO ORDER ADD CARRIAGE AT £7 PER UNIT AND VAT @ 15% AND SEND YOUR ORDER TO:
OPUS SUPPLIES, 158 CAMBERWELL ROAD, LONDON SE5 OEE
TELEPHONE 01-701 8668 r
GOVT, EDUCATIONAL AND OFFICIAL ORDERS WELCOME Bor

WW - 063 FOR FURTHER DETAILS

x 1 Mmsme * ¢« | P. F. RALFE ELECTRONICS

i ' GENERATORS * » e % DC POWER SUPPLIES +#
Ad | TF2002A/S  (illustrated)
e 10kHz-72MHz. AM/FM. £750 % APT. Ex-computer supplies. Program variability 6-
e 2 TF2002. As above but AM % 30V DC (secondary taps & resistor). Connections
«* only. £450 »*» supplied. Three sizes available, 5A, 7'2A & 10A.
& MARCONI TF1066B. AM/FM Generator. 10- » Prices £20, £25, and £30 respectively (p&p £3.50).

470MHz. 0.2uV-200mV output. FM Devia- i

¥ tionup to + 100kHz. £550 * FARNELL. Current limited. 13-17VDC @ 2A £15. 27-
¥ MARCONI TF995A/5. AM/FM Generator. % 32V@ 1A £10.12V @ TA£10(+ £1.50 p&p).
: 5‘;&@; dewfggn mgg;(;fgS covering 24 * COUTANT 5V @5A {7 x5x 3'). £20 (+ £1 p&p).
x AM/FM. ) ' : VARIABLE 0-30V @ 1A. Volt-metered. £25 (+ £1).
& g;ﬁ?z”otzzlgsfgﬁhg’r/fm Se'g"gé_g,igg' » FARNELL 5V switching @ 60 Amps. (Measures 13 x
& 118185 and 450-470MHz. FM fxed devia. % gy b BT Gl GO G Gl A
& tions of 3.5 & 10kHz. AM fixed 30%. £225 » .

MULLARD Dual +12' ? .
% ‘DOLBY’ NOISE WEIGHTING FILTERS A el RN

Cat. No. 98A. Noise weighting filters for CCIR/ARM A bulk purchase of Advance series 'scopes enables

signal-to-noise ratio measurements. As new units. us to offer the fo.lowing fully reconditioned, guar- * % STEPPER MOTORS * Kk
£40 each (+£1 p&p). anteed units as follows. ¢
_BECKMAN TURNS COUNTER DIALS 0852000 20MHz dual-trace. 10mV/cm. (2002Y & 2003X P.|.s) £200. | jBrandnewjstockiolASTHO SY NATvpelZ0BME
Miniature type (22mm diam.). Counting up 082100 30MHz dual-trace. 10mV/cm. (plug-in units as above) £230. 055 stepper motors. 28V DC. 24 steps penrev.
to 15 turn "Helipots”. Brand new with | 052200 25MHz dual-trace. 10mV/cm STORAGE. 2005X plug-in £316. :!?ar?'\zt;::rtgwu:hgt1&19?’:!?&20:"4'?/2'9‘: frg v
moum'nag,._._'ns,,tr.f’c“o"& Only £2.50 each. N.B. All these prices INCLUDE 15% VAT. Securicor despatch if required + threaded. Weight 160z. Price each £15p(p&;
* ‘VARIACS —SPECIAL PURCHASE * £10 ea. We also have in stock various optional plug-in units such as 50p). Connections supplied.
We now have a stock of used but excellent condi- Differentiafl (IISOuV‘) Yéirgp.,l Sweep-delay X-amp, etc. Please call for de- = —=
tion, fully tested, variable {0-260V} transformers at tails. For full spec please. -
thelfollowinglratings: ADVANCE VM77D Millivoltmeters. 1mV.4 5MHz. Reduced to £25 I m,.co,i‘."%!“sg,"?sﬂﬂ‘m- MALOGHE A
BERCONenciosed)ia2 SOLD | WOELKE ME104C. Wow & Fiutter Meter £90 P HSTIRE (IS IntAEEny

FSD. Wide-band to 10MHz.

BERCO {non-enclosed) 8A.
{no c| ) MARCONI TF2603. Frequency range b0kHz-

£25.00+£2.50 pp f ; 00
BERCO (non.enclosed) 10A AIRMEC 4 Trace Display Oscilloscope Type 279 (17’ CRT).

£28.00+£2.50pp | MARCONI TF2343A Quantization Distortion Meter.

ZENITH (enclosed) 8A £26.00+£2.50 pp ; - 1.5GHz. High Sensitivity from 300uV.
o0 8 i f ey Do ' | MARCONTe 2ol A Sand ceneratcr, 1 S, MARCON T2 B s ot
Phase Variacs. P.O.A. : A "9 1fa b AC/DC 300mV Full scale to 300V {1kV DC). Re-
SERVOMEX VLF -unction Gen. .002Hz-2KHz. Variable Phase. sistance ranged. AC Frequency range 20H
* HEWLETT-PACKARD AM Signal Generator. 10-480MHz. 608C. 1500MHz : quency rang =

Switchable 1W & 10W FSD. Internal 3.5 & 8 Ohm ROHDE & SCHWARZ AM Signal Generator. 0.3-1GHz. 'SDR’. —_ —
load impedances, Housed in grey enamelled case TELONIC 1006 Sweep Generator. 450-850MHz. v BRUEL & KJOER *
6x6x3'". Large easy to read 3'' sq. meter. Scope TGL Spectrum Analyser Types SA108 & 102. 0-500MHz. | Model 2006 Heterodyne Voltmeter. AM/FM/
output provision. £10 (+£1). Brand new units. Use with CRO having external X-input. POA. Voltage measurements ¥o 240MHz '
HEATHKIT Model AW-IU. Internal load switchable Sa gt : _
3, 8, 15 & 600 Ohm. Meter scaled 0-50W (+dB BELL & HOWELL + DISC CARTRIDGES + C DE LYON V AC
scale). 5 Ranges from 5mW-50W FSD. Mains MICROFICHE VIEWERS BASF 12-Segment Single Hard | * LAUDE S 240

owered. £25 (+£1). Type SR5. Screem size 9x5'". Re-  Disc Cartridges. Brand new sur- | REGULATORS

RCONI TF833A. 1mW-10W Full scale in 5 cant small quantity now avail. £55 plus stock. £20 ea. . " q
ranges. Impedances 2.5-20K Ohm in 48 steps. Small quantity available of constant voltage mains

Direct calibration in Watts and dBm. £85 (+£2]. * SWEEPERS * * A MUIRHEAD * regulators. Continuous current rating 5A. Model

L no. CVR-1200. Input 204-252V. Output adjustable
GPO JACK SOCKET STRIPS. 20 WAY Type 320 (3- | JELONKC = Sweep  generator CSIMILE UNITS 200-254V AC 0.3%. 45-65Hz, Condition a5 new.
pole) £2.50 ea. Type 520 (3-pole with switching sMVstzm type 3. Fitted wit MUFAX ‘COURIER’ facsimile re- | ({Dims— 11"'x7"'x6'". Weight 20Kgs). Price £95 ea.
contacts) £4 ea. Please include 35p each for | Marker attenuatcr, Detector plug-  coiver type K441-CH and transmit- | 4 Carriage £5.
postage on these. GPO type 316 jack plugs for | I UNitS ’%'"I_? Generator covering  ters K400 AMCH in stock in excel- | ——— = —_—
above 20p ea. (10+ post fres). Plus VAT please. 800-1500MHz. £325 lent condition. * ROTRON INSTRUMENT *

ééso '?1““' stock of new, mint condition 720 Type, | B EASE NOTE. All the pre-owned equipment shown has been carefully * COOLING FANS
—— tested in our workshop and reconditioned where necessary. it is sold in * Supplied in excellent condition, fully
*

Y CONSTANT VOLTAGE TRANSFORMERS 4 ¥ first-class operational condition and most items carry a three months’ | tested.

‘ADVANCE VOLSTAT; Type. Modei MT140A. guarqntee. For our mail order customers we have a money-back scheme. 115V, 45x4.5x1.5" £4.50. 230V £5. 115V. s
Mains input 190-260V AC. Output 230V AC @ epairs and servicing to all equipment at very reasonable rates. PLEASE [ 3x3x1.5" £4 + postage ea. 35p.

150W. Price each £20 + VAT + £2 carriage. ADD 15% VAT TO ALL PRICES. | Also brand new 230V at £6 ea. ww-10 X

*
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HORIZONTAL OR L

VERTICAL RANGE FROM 3-10 SOCKETS
ALL EX-STOCK!
SPECIALS TO ORDER

OLSON ELECTRONICS LIMITED

WHEN
IT COMES'
TO POWER
FOR RACKS

IT MUST BE OLSON

5-7 LONG STREET LONDON E2 8HJ
TEL: 01-739 2343 TELEX 296797

WW - 027 FOR FURTHER DETAILS

RADIOCODE
CLOCKS

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems.

Applications

Automatic master clock and slave controller.
Synchronisation of separate equipment and events.
Programmabie energy management system.
Computer clock/calendar with battery backup.

Data logging and time recording.

Process and equipment control.

Broadcasting, Astronomy, Navigation.

Satellite tracking.

00020000

If you have a time or synchronisation problem,
write or phone for further details of our portable
and new microcomputer-controlled Radiocode
Clocks.

Circuit Services
Unit 19, Parkengue, Kernick Road Industrial Estate
Penryn, Falmouth, Cornwall - Falmouth 76007

WW - 011 FOR FURTHER DETAILS

METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be inade to order

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAY’'S INN ROAD, W.C.1. Phone: 01/837/7937
Telex: 892301 HARTRO G.

WW — 020 FOR FURTHER DETAILS
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Pneumalically operated telescopic masts. COMPUTER COMPANY LIMITED
o s
25 Standard models. ranging from 5 metres t a "
Y £ choice for microcomputer components
1o 30 metres. S
]
BBC MICROCOMPUTERS | INTERFACE DEVICES TL507 133
Madel B 95 | 6402 380 | 725 1.60
Model B +Disc Int 441.95 | 75107 0.47 | 741 0.14
75110 056 ;:g g-;‘;
BBC MICRO DISC DRIVES | J2129 o
BBC31 Single 100K 229.00 | 75160 2.56
BBC32 Dual 100K 340.00 | 75161 280 | REGULATORS
BBC34 Dual 400K 649.00 | 75162 395 | 78L05 0.30
Alldiscdrives include allCables, | 75172 1.95 78L12 0.30
Manual & Utilities Disc. 75173 1.44 78L15 0.30
75174 1.32 7805 gg
BBC MICRO UPGRADEKITS | 75175 1. 7812 -
BBCAZB Complete ATOB 4475 | 72182 B2 | e
-BBC1 16K Memory 18.00 5188 0.37 7912 0.45
BBC2 Printer 7550 § 757 21| &5 FP13
BBC3 Disc 95,00 | 75189 o || %0
BBCA Anslogue 670 | 75451 HER 4 | v e
BBCS Serial & RGB 7.30 | 75452 g i
75453 0.22 LM323K 4.50
e By I 645 { 75454 022 | LM338K 6.25
itling service available 75468 0.88
75491 0.31
BBC MICRO CONNECTORS | 75492 042 | DATA CONVERTORS
BBC21 Printer Cable 13.00 § AY31015 D2 300 UPD7002 Dt 426
{not assembled) AY31270 647 } ZNa2s D1 345
BBC22 User Port Connector AY38910 D6 4.40 | ZN426 D1 300
& Cable 2.46 | AY52600 D2 670 ZN427 Dt 599
BBC23 Cassette Lead 3.50 { DPB304 D! 250 | ZNa2s Dt 475
BBC24 7 Pin Din Plug 0.60 | mCiasg D1 037 | zNa29 Dt 210
BBC25 6 Pin Din Plug 0.60 | MCr489 D1 037 § ZN432 D1 13.00
BBC26 5 Pin Din Plug 0.60 NC3242A 6.30 ZN449 D1 255
MC3446 D1 gsg
MC3448A D1 37
BBC MICRO ACCESSORIES | wmC3480 D5 730 | CRYSTALS
BBCA45 Joysticks 11.30 MC3487 D1 200 1MHZ 275
BBC67 Eprom Programmer 57.95 MC14411 D1 765 i
18432 MHZ 1.92
MC14412 9.45 ¥ apmHZ 0.64
RO32513L D1 650 | amnz 096
B88C MICRO SOFTWARE RO32513U D1 650 :
View Wordprocessor 52.00 DIL SOCKETS
WOMOS 3690 | UMF MODULATORS Pine  Tin  Gold WW
UM1111 6MHZ D1 260 8 7 16 25
ACORNSOFT UM1233  8MHZ D1 390 14 10 6 35
Full range available. Please 16 10 29 40
telephone for stock position. BUFFERS ;g :g g; g
8IL595 0.80 22 17 38 65
MEMORIES 8IL596 0.80 2 2 % 70
2114L-200NS D1 080 | 81A597 0.80 28 24 55 80
2708 450NS D2 295 8IL598 0.80 40 30 76 99
2716 450NS D1 245 | 8T26A 0.90
2716 350NS D1 495 8728A 0.90
2716 3 Rail D! 725 | 8795 030 | ZIF SOCKETS
2532 450NS D2 345 | 8T97A 030 | 24pin 75
2732 450NS D1 345 | 8T98 030 | 28Pin 820
2732 350"12 g; -‘;-;g 40 Pin 975
2764 300
4116 150NS D1 085 | LINEARS
4116 200NS D2 080 203 0.65
4118 150NS D! 3.25 LF398N 475
5516 200NS D2 9.43 IEMJOIQN gig
6116 150NS D1 3.3 M308!
6116 Low Power (M31P 0550 | | Prices ere as follows
D1 075 D5 200
150NS D2 495 LM319N 1.99 D2 100 D6 3.00
4164 200NS TI D3 395 LM324N .30 D3 125 D7 400
4164 200NS NEC D3 395 LM348N 0.60 D¢ 200 D8 500
4516/4816 100NS D2 225 | NESSSP 016 . -
4532 200NS D2 295 NES56CP 0.45
TLO10 0.39
TLO61 0.29 A fult range of the folowing
6800 FAMILY TLO62 0.49 products s carried in stock and
TI064 0.98 is listed in our FREE catalogue.
6800 D7 225 T 029
6802 D5 250 :
TLO71 029 « 74LS Series TTC
e oe &30 | mor2 047 | + 4000 Series CMOS
6821 D3 100 }L074 1.00 . T.loBi olar Memories
1081 0.26 + 9900 Seres Micros
g 2l ne 8 | ER
; 084 1.58 . . Card Edge -Type
6850 D2 110
TLO91 0.40 Connectors
ssso0 57 &3 | Tiox 0% ]« Didumpors |
i .34 « Monochrome olour
G 06 12.00 | Tlazy 062 Monitors (NEC & KAGA)
68821 D3 220 | TLee9 0.62 « Eprom Programmers &
68840 D4 6.00 TL494 1.63 Erasers
68850 D2 220 TL496 0.60 + Custom Cable Assemblies
SPECIAL OFFER! SPECTRUM 32K UPGRADE KIT £24.95
280 FAMILY Carriage Orders up to £199 are sent by 1st class post,
Z80 ACPU D2 299
280 BCPU D2 900 and £200 + by Securicor.
Z80ACTC pt 260 | 0-£100 0.50 £100-£199 1.25 £200+ 5.00 by Securicor.
280 BCTC Dt 9.00 | Prices quoted { 4 carriage charges) are exclusive of VAT
Z80 ADART D1 550 | and are subject to change without notice.
280 ADMA D2 695 | Quantity Discounts are available on many products,
ZB0 AP10 D1 275 | please ring for details.
280BP10 D1 3-00 Official Orders are welcome from Education Establish-
280 AS10 D4 900 | ments, Government Bodies and Public Companies.
Credit Accounts are available to others subject to status
Payment is due strictly nett by the 15th of the month.
%sngAMuv D4 350 Crudit Cards are accepted (Access and Visa) for telephone
8212 110 | and postal order and NO SURCHARGE is made.
8216 1.00 Out of stock items will follow automatically,
8224 210 § atour discretion, or a refund will be
g;g?A e g ;7) given if requested. 5 E
8253 4.00
8255A D5 225 ;—mmumum—g
TELEPHONE YOUR REQUIREMENTS - OR BETTER STILL SENO FOR OUR FREE CATALOGUE
6500 FAMILY 5
] 6502 D3 325 --------\
sg%A g.‘i ggo l Please complete this coupon for 2 capy of our EREE \
6 1 250 catalogue
6520A D1 316 NAME
652; gg 3.00 l
6522A 550
. 8532 D2 550 Ji 2oosess
THZ €TREET HEYBRJIDGE — MALDON Elb(:«wo?f&s I
-~
ESSEX CM3 7B ENGLAND an b 2% Iy o —————
Tel MALDON (0621) 56480 Fo1791 052200 A o e o e e e e e
FD1795 D6 28.00
Telex No 995855 Fo7ey ve 280 MIDWICH COMPUTER COMPANY LIMITED
X RICKINGHALL HOUSE, RICKINGHALL, SUFFOLK 1P22 t HH
pVD2133.04 y G TELEPHONE (0379}'DISS 898751
WV — 018 FCR FURTHER DETAILS WW — 047 FOR FURTHER DETAILS
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Eddystone Radio Limited

Member of Marconi Communication Systems Limited

Alvechurch Road. Birmingham B31 3PP, England
Telephone: 021-475 2231 Telex: 337081

A GEC Maiconi Electronics Company

Eddystone Radio now introduce
new boxes to supplement their exten-
sive range —types 27134P, 26908P
and 29830P.
Features include:

* Reduced radius corners.

* Options of shallow or deep flanged
lids.

* Optional base plate for use as a
shallow enclosure.

ALL AT KEEN PRICES.

Details on application.

WW - 062 FOR FURTHER DETAILS

Toroidal
nsformers

THE COTSWOLD
“BUDGET RANGE’ OFFERS
BUILT-IN QUALITY COUPLED

. » TO A RELIABLE
e DELIVERY SERVICE
i 4 '& MOST TYPES

——» FROM STOCK

IEC 65
VDE 0550
BS 415

TO ORDER

PHONE
TELEX, WRITE
FOR DATA SHEET

AND PRICE LIST

Cotswold Electronics L.

Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX

Tel: 0242-41313 Tetex: 897106

Sales Officein US.A.

AVEL LINDBERG INC.

Peacock Alley 116, 1 Padanaram Road, Danbury, CT 06810 U.S.A.
203-797-8698. Telex: 710-456-9984

The ICH2 is the first of a new breed of
synthesized hand-held radio transceivers.
Being synthesized, it requires no crystals

WW - 034 FOR FURTHER DETAILS

10

NEW! ICOM ICH2 SYNTHESIZED
FM HANDPORTABLE

to be set on to frequency. All that is re-
quired is to lift a recessed panel on the
top of the set and cut the correct diodes to
program the set to one or two channels.
Duplex or snmplex is obtained in the same
way. This really is a boon to the busy
dealer and convenient for the customer
who wants those extra few sets “‘yester-

The ICH2 is very versatile, coming com-
plete with a rechargeable ni- ca(? pack,
small mains charger, rubber helical an-
tenna, earphone and strong spring belt
clip. Optional extras include: A speaker/
microphone, cigarette lighter plug 12V
charging lead, 12V convertor to operate
direct from the car supply, leather and
leatherette cases, various different types
of slide on/off battery packs both re-
chargeable and dry and a desk charger
that fast charges some of the battery
packs in 1 to 1%z hours. The battery packs
slide on and off very easily, enabling a
spare to be carried in your pocket and an
exchange made in the field. Sizes are
6.5"'H x 2.6"'W x 1.4"'D, weighing 1.1lb.
Power output is 1-3 watts and covers a
frequency range of 164.975-174.975Mhz,
duplex or simplex.

Retail price is 269 pounds each plus VAT.
We are also looking for dealers for gen-
eral distribution. More details from

Thanet Electronics [@3[ICOM

143 Reculver Road, Herne Bay, Kent
Tel: 02273 63859. Telex 965179

WW — 046 FOR FURTHER DETAILS
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POWER RESPONSE DC — 45KHz + 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.

* oI'l'_li\RMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6

MS.

% 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.

% 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.

% UNITS AVAILABLE FROM 100VA-12KVA.

*
*

I

Model — M600
aavee. Analogue Associates

Tel: 0953-452477
PROFESSIONAL INDUSTRIAL ELECTRONICS

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

i
WW — 016 FOR FURTHER DETAILS

NAL TEST INSTRUVIENTS

Write or phone
for illustrated

*
L el - 1 s

.
santranics @
NCh o ans oher

% FREQUENCY COUNTERS
* ANALOGUE METERS

% DIGITAL METERS

* FUNCTION GEN

% OSCILLOSCOPES

%. POWER SUPPLIES

* LOGIC PROBE

* SCOPE PROBES

Test Instrument

catalogue and
price list.

BLACK STAR LTD.
9A, Crown Street, St.lves,

Huntingdon, Cambs. PE17 4EB.

Tel: (0480) 62440 Telex: 32339 J

WW — 053 FOR FURTHER DETAILS

SAMSONS

(ELECTRONICS) LTD.

9-10 Chapel Street, Marylebone, London NW1 5DN
Telephone: 01-262 5125
21-23 Bell Street, London, NW1
Telephone: 01-723 7851

14’ COLOUR MONITORS

Due to a special purchase we can now sell these first class
monitors at greatly reduced prices.

Specification: RGB and Sync inputs. 12 Meg bandwidth.
Vertical and horizontal shift controls. ideat for BBC micros,
etc. Mounted on strong rigid chassis and supplied WITH
isolation transformer. Take advantage now while stocks last.
£145 + VAT,

For postal details ring 01-262 5125.

TOBE
Tel. 029-34-5353 Telex 87116 Aero G
MOD approv 3 CAA approved

WW - 023 FOR FURTHER DETAILS

WW - 056 FOR FURTHER DETAILS
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EPROM EMUILATOR

EP8000

PROGRAMMER

The new microprocessor controlled
EP8000 Emulator Programmer will
program and emulate all EPROMs up to 8k
x 8 sizes, and can be extended to program
other devices such as 16k x 8 EPROMs,
Bipolar PROMs, single chip microproces-
sors with external modules.

Personality cards and hardware changes
are not required as the machine configures
itself for the different devices.

The EP4000 with 4k x 8 static RAM is still
available with EPROM programming and
emulation capacity up to 4k x 8 sizes.

@ EP8000 8k x 8 Emulator Programmer —
£695 + £12 delivery & BSC8 Buffered emu-
lation cable — £49 @ SA27128 Program-
ming adaptor — £69 & SA25128 Program-
ming adaptor — £69 & EP4000 4k x 8
Emulator Programmer — £545 + £12 de-

R
U - WL 9000 PSS tttspaggy

FEATURES

8 Software personality programming/emulation of all
EPROMs up to 8k x 8 bytes including 2704, 2708,
2716(3), 2508, 2758A, 27588, 2516, 2716, 2532, 2732,
2732A, 68732-0, 68732-1, 68766, 68764, 2564, 2764.
Programs 25128, 27128 with adaptors.

No personality cards/characterisers required.

Use as stand alone programmer, slave programmer,
or EPROM development system.

Checks for misplaced and reversed insertion, and
shorts on data lines.

Memory mapped video output allows full use of
powerful editing facilities.

Built-in LED display for field use.

Powerful editing facilities include: Block/Byte move,
insert, delete, match, highlight, etc.

Comprehensive input/output — RS232C serial port,
parallel port, cassette, printer O/P, DMA.

Extra 1k x 8 scratchpad RAM for block moving.

" ¥ zZE & R EBR

livery @ BSC4 Buffered emulation cable —
£39 @ BP4 (TEXAS) Bipolar PROM Module
— £190 @ Prinz video monitor — £99 @
UV141 EPROM Eraser with timer — £78 @
GP100A 80 column printer — £225 @ GR1
Centronics interface — £65

VAT should be added to all prices

GP Industrial Electronics Ltd.

 EXPORT ENQUIRIES WELCOME

Telex: 42513

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WW — 042 FOR FURTHER DETAILS
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P8000 — THE PRODUCTION PROGRAMMER

THAT HANDLES ALL NMOS EPROMS

L0060% 960 © 06

Checks, Programs, Compares up to 8 devices simultaneously
Handles all NMOS EPROMS up to projected 128K designs
with no personality modules or characterisers — See list
Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test

Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status
Comprehensive EPROM integrity checks — lllegal bit check,
data and address shorts, constant power line monitoring

Full safeguard protection on all sockets

Automatic machine self-test routine

RS232C interface supplied as standard

Powered down sockets

Cost effective price — £695 + VAT

Available from stock

2704
2708
2716(3)
2508
2758A
2758B
2516
2116
48016
2532
2732
2732A
68732-0
68732-1
68766
68764
2164
2564
MK2764
25128

Write or phone for more details

GP Industrial Electronics Ltd.  2i5%zsis" 7"

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WW — 043 FOR FURTHER DETAILS
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Out of this world for value!

T

Not our extra-terrestrial i < el
friend, but a versatile =
bench power supply -

e it will provide you with:

0 f0 30 volts d.c. at 1 amp or
0 15 volts d.c. at 2 amps or
1S d.c. at 2 amps or 0 to 60 volts
np or 0 to 15 volts d.c. at 4 amps.

S 'fﬁg~r@§§ the cost effective,
75~ microprocessor system
=, for science & industry

s For a few hundred pounds FLEXSY S4 can
T] undertake many applications including monitoring/

. control of scientific equipment, controliing rotating

machinery and many others. It provides:

* CONTROL BASIC and FLEXSY-AID S/W
for easy application programming.

* Both target and development system.

* Totally modular - easily reconfigured.

* Can talk to other computers.

* EPROM, battery backed-up CMOS
memory.

* 16 way 1/0, 3 timer counters and RS 232
serial interface.

FLEXSY S4 is built to STD bus standards so that
expansion is simple and inexpensive using the
wide range of plug-in STD cards available from
APOLOCO and other manufacturers.

apoloco

Truly a flexible FLEXSY! flay
C ontactyus for more information :ﬂex

APOLOCO LIMITED, 90 KING STREET, NEWCASTLE, STAFFS, ST61JB  Phone: 0782 620519
WW — 058 FOR FURTHER DETAILS
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TOROIDALS

The toroidal transformer is now accepted as the standard in
industry, overtaking the obsolete laminated type. Industry has
been quick to recognise the advantages toroidals offer in size,
weight, lower radiated field and, thanks to L.L.P., PRICE.

Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within 7 DAYS
together with a short lead time on quantity orders which can be
programmed to your requirements with no price penalty.

#Gold service available. .
21 days manufacture forurgent — .\
deliveries. )

B N SSS

% Orders despatched
within 7 days of
receipt for single or
small quantity orders.

%5 year no quibble
guarantee.

SERIES SECONDARY RMS SERIES SECONDARY RMS SERIES SECONDARY RMS
TYPE No Volts Current ERICE YRS No Volts Current BRICE Wi o Volts Current BRICE
W W W
ﬁe ﬁ?f ﬁe 120 va  4x010  6+6 10.00 300va 7x013 15415 1000
90 x40mm  4x011 9+9 6.66 110x50mm 7x014 18418 8.33
Booom & it 0SB gk
62 x34mm 0x011 9+9 083 egulation x01 +1 d egulation 7x016 5+
0.35Kg  Ox012 12412 063 £5 1 2 11%  4xQ14 18418 3.33 £742 6% 7x017 30430 500 £1 088
Regulation 0x013 15+15 050 . 4x015 22422 272 +pl&pfr72 7x018 35+35 428 +pdpf205
19% 0x014  18+18 042 +p&pLOT8 4x016 25425 240  +VATE137 7x026  40+40 375  +VATE1.94
0x015 22422 034  +VATE089 4x017 30430 200 TOTALE£1051 7x025  45+45 333 TOTAL£14.87
0x016  25+25 0.30 TOTALE6.79 4x018 35435 1.71 7x033 50450 300
0x017 30430 025 4x028 ;;g 1.09 7x028 1;8 272
. . 4x029 054 7x029 2 1.36
(encased in ABS plast|c) 4x030 240 0.50 7x030 240 125
30va  1x010 6+6 250
70x30mm  1x011 9+9 166 £5 49 160 va  s5x011 9+9 889 500va Bx016 25425  10.00
0.45Kg 1x012 12412 1.25 o 110 x 40mm 5x012 12412 6.66 140 x 60mm  8x017 30+30 833
Regulation 1x013 15415 100 +p&pL1to 1.8Kg 5x013 15+15 533 4Kg 8x018 35435 714 £1 4 38
18% 1x0t4  18+18 083  +VAT£099 Regulaton §x014  18+18 4.44 £8 43 Regulation 8x026  40+40 6.25 w
1x015 22+22 068 TOTALE758 8% 5x015 22422 3.63 . 4% 8x025 45+45 555 +p&pg.40
] 1x016 25425 060 5x016 25+25 320 +pdpgr72 8x033 50+50 500  +VAT£252
1x017 30430 0.50 5x017 30430 266  +VATE1S52 8x042  55+55 454 TOTALE£1930
5x018 35435 228 TOTALE11.67 8x028 110 454
50 va  2x010 646 4.16 5x026  40+40 200 8x029 220 227
80x35mm 2x011 949 2.77 5x028 110 1.45 8x030 240 2.08
09Kg  2x012 12412 2.08 5x029 220 0.72
Regulation 2x013 15415 1.66 £6 1 3 5x030 240 0.68
13% 2x014  18+18 1.38 N
2x015 22422 1.13 +p&pL1.35 625 va 9x017 30430 10.41
2x016 25425 1.00 + VATE1 12 140 x 75mm 9x018 35+35 8.92
2x017  30+30 083  TOTAL£8.60 225va  6x012 12412 938 5Kg ~ 9x026 40440 7.81 £1 7 1 2
2x028 110 0.45 110x45mm 6x013 15415 7.50 Regulation 9x025 ~ 45+45 6.94 .
2x029 220 022 22Kg  6x014 18418 6.25 4% 9x033  50+50 625 +pap£255
2x030 240 0.20 Reguiation 6x015  22+22 511 £9 81 9x042 55455 568  +VAT£295
7% 6x016  25+25 450 « 9x028 110 568 TOTAL£22 62
80va 3x010 6+6 6.64 6x017 30430 375 +p&pf£0o5 9x029 220 2.84
90 x 30mm  3x011 9+9 4.44 6x018  35+35 3.21 +VATEL.78 9x030 240 2.60
1Kg 3x012 12412 333 £6 66 6x026 40440 281 TOTAL£13.64
Reguiation 3x013  15+15 2.66 . 6x025  45+45 2.50
12% 3x014 18+18 222 +p&pKLIT2 6x033 50+50 225
3x015 22422 1.81 + VATE1.26 6x028 110 2.04
3x016  25+25 160 TOTAL£9.64 6x029 220 102 ALSO AVAILABLE
3x017  30+30 1.33 6x030 240 0.93 Sizes up to and including 5KVA are
3x028 110 072
3x029 220 036 manufactured to order.
3x030 240 033

The benefits of ILP toroidal transformers
ILP toroidal transformers are only half the weight and height af their laminated
equivalents. and are available with 110V. 220V or 240V primaries coded as follows

IMPGRTANT  Reguialion — All voitages quoted are FULL LOAD. Please add regulation figure to secondary
vottage to obtain off ioad votage.

For 110V primary insert "0 in place of "X in type number

For 220V primary (Europe) insert “17 in place of "X in type number

For 240V primary (UK) insert "2 in place of "X in type number

Also available at Electrovalue,Maplin, Technomatic and Barrie Electronics.

For mail order please make your crossed cheques or postal
orders payable to ILP Electronics Ltd. Barclaycard/Access
welcome. Trade orders standard terms.
Post to ILP Electromics Ltd, Granam Bell House. Roper Close
Canterbury CT2 7EP Kent England
Telephone (0227) 54778 Telex 965780
{a division of

l F ILP Electromics Ltd)

TRANSFORIVIERS

WW — 009 FOR FURTHER DETAILS

ECEIVER 150KkHz-30MHz

9
g STAND
“}\\ o ?_2‘2“

7700M communications receiver
ons to provide a receiver for re-
formance as well as being suited

e o o o o _J

We have taken the synthesised all mode FRG
and made several weli-thought-out maodificati
broadcast purposes or checkina transmitter per
to communications and news gathering use.
PRINCIPAL MODIFICATIONS: Radically redesigned front end stages yielding
improved noise figure and overload levels. TOI —2dBm (originally —21dBm) %
Flat audio frequency response on both AM and SSB % Lower AM distortion %
Balanced audio line output % Buffered IF output for monitoring iransmitted
modulation envelope on an oscilloscope % Mains safety improvements.

¢
¢
{
The receiver is available in free standing or rack mounting form and all the
original features are retained. The new am detector board achleves exceptionally 4
low distortion: THD, 200Hz-6kHz at 90% modulation —44dB, 0.6% {originally
~20dB, 10%). [
Stereo Disc Amplifier 3 and 4  Peak Devition Meter & Programme and Devia. ‘
tion Chart Recorders % Stabilizer % Frequency Shift Circuit oards w 10 Outlet ¢
Distribution Amplifier % Peak Programme Meter llluminated Boxes, Circuit ¢
Boards and Ernest Turner Movements. % Stereo Microphone Amplifier. )
[

SURREY ELECTRONICS LIMITED

The Forge, Lucks Greaen, Cranieigh, Surrey GUS 7BG. Tel: 0483 275997

P AN N PN

WIRELESS WORLD JUNE 1983

SPECIALISTS SINCE 1972
DOMESTIC OR STAGE

SIX OR 74 OCTAVES

KITS OR MANUFACTURED

An Electronic Backin
TRIO. Drums, Bass

Chord Instrument.
User Programmabie
for 50-100 scores, '
using MICrOProcessor.

PIANOS

VOCAL & (NSTRU-
MENTAL SOLOISTS!

The most advanced
farm of touch

tive action simutat- | MASTER RHYTHM
ing piano key ineria | User Programmable
by patented tech- DRUM ACHINE.

nique Twenty-four patterns.
Eight parallel tracks
Twelve instruments

sequence operation.

four mixable voices
for serious tone
variation plus
etectronic chorus
and flanger effects.

£79KIT £119 BUILT

Write or Phone for full details of our range of
high quality Kit and manufactured Electronic
Musical Instruments. Prices include V.A T, Carr
& Ins. and we operate Telephone BARCLAY-
CARD/ACCESS.

Competitive EXPORT Quotations given.

DOMESTIC PRICES

Component Kits in-
ciude Keyboard

£ | s )
LS LA s con | CLEFPRODUCTS (ELECTRONICS]
omp | 234 266 tain: Cabinets. Har- LIMITED
Ful | ag8 | a2 | ness Power AP pept. W, 44a Bramhall Lane South
\ MFD | 620 695 Bramball, Stockport, Cheshire SK7 1AH
061-439 3297

WW — 054 FOR FURTHER DETAILS
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The North of England’s own computer
systems, peripherals and
software exhibition...

__\C0MPEG
NORTH'G3

Belle Vue, Manchester.
June 21-23, 1983.

If your company owns or is thinking of buying a
computer, visit COMPEC NORTH ’83, the only exhibition
in the North of England for serious computer users and
DP professionals.

On show will be mini- and micro-computers, small
business systems, software, printers, terminals, other
peripherals, telecommunications equipment and word
processors. This exhibition offers you an unequalled
opportunity to meet and discuss with the experts,
hardware and software best suited to your company’s
requirements.

Opening times are: Tuesday June 21, 10am-épm
Wednesday June 22, 10am-6épm
Thursday June 23, 10am-4.30pm

Apply now for your
FREE ADVANCE REGISTRATION TICKETS

e

I RGaﬁTOMpEG Pleasesend ............. FREE advance registration tickets for I
COMPEC NORTH ‘83 to:
| ° Name ) ) |
' NORTH'83 = |
| Tickets, Company |
| ReedExhibitions, Address I
| Surrey House, I
1 Throwley Way, Sutton,
I Surrey SM14QQ. i
l Compec North is a Camputer Weekly exhibitian in assaciation with Systems Internatianal, Camputer Talk, Saftware and Practical Camputing, and is I
organised by Reed Exhibitians, all members of Business Press International Lid.
ol

" WIRELESS WORLD JUNE 1983



HEMMINGS

16 BRAND ST
HITCHIN
HERTS

SG5 1JE

Tel: (0462) 33031

ELECTRONICS AND
MICROCOMPUTERS

Shop open Mon.-Sat. 9 8.m.-5.30 p.m.

Ciosed all dsy Wadnesdsy

Professional quality electronic components, brand new and fully guarnmood Mail
order by return of post. Cash/Cheque/POs or Banker's Draft with order, payable to

Hemmings Electronics Ltd. Offici

ial orders from schools, colleges and universities

welcome. Trade and export enquiry welcome. P.&P. add 45p to all orders under £10.
Telephone your Access orders, using our 24-hr. Ansaphone service. Please send SAE

for full price list

VAT - All pricoi exclusive of VAT — Please add 15% to total cost including P.&P.
No VAT on export orders or books.

Static RA|
2114L- 200nS

90p
6116P3-150nS
6116LP3 150n!
450p

Dynamic RAM
4116-200nS

MEMORIES [

" CRYSTALS

2 x 15V at 100mA
2x20Vat 67mA
6VA 2 x BV at 500mA
2 % 12V at 250mA
2 x 15V at 200mA
2 X 20V at 150mA

24576MHz
3 0000MHz
35795MHz
3.6864MHz
4.000MH

4.1943MHz
5 0688MHz

18.432MHz
19.6608MHz
20 000MHz
27.000MHz
48.000MHz

75p
4164.200nS
450,

Eprom
2708-450ns

220p
2716-450nS

21
2532-450nS
2732-450nS

P
2764-450nS
495p

FLOPPY DISC

FD1791 1950p
UPD765A
1650p

CRT
CONTROLLER
SFF96364 8OOP

BZY88 Series
500mW E24
2V7t039V  8p
43V to 110V

12
BZX61 Series
1.3WE24
2V7 to 39V 15p
43V1082V 20p

BRIDGE
RECTIFERS
1A/100V  25p
1A/400V  30p
1A/800V  40p
75492 70p | 2A/100V  40p
AY-3-1015D 50p

300p 7Dp
AY-5-1013A

300, 10A/400V 280p
35A/400V 315p l
BY164 52p

TRIACS
TIC206D  S5p
TIC226E  95p
T2800D  95p

UPD7002 450p
Z80ACPU 350p
Z80APIO  300p
Z80ACTC 300p
ZBOADART DIACS
750p | 293V

25p

OPTO ELECTRONICS
LIGHT EMITTING DIODES (LED)
3Imm Red 10p
3mm Green 15p
3mm Yellow 15p
5mm Red 10p

5mm Yellow 15p

— in 1/2 Litre Water

PCB TRANSFERS

Make your own Printed Circuit |——

Boards with Alfac Etch Resist

PCB Transfers

*Dvadw your artwork on 0.1

Fi

% Transfer to copper
using carbon paper

% Burnish the Alfac transfers to
the board using a spatula
using carbon marks to assist
in accurate alignment

“ Use Alfac chemical eraser to
correct mistakes

% Etch in Ferric Chloride

board

ECS800/1 0.1’ Edge Connector
EC902/10.156'’ Edge Connector
EC908 0.063"' Pads
EC9100.094"" Pads
EC9110.189"' Pads
ECS400.016" Lines
EC9410.031° Lines
EC9420.039*' Lines

EC943 0.049" Lines
EC9440.061" Lines
EC9450.079"' Lines

EC946 0.100" Lines
EC9470.124"" Lines

CHASSIS MOUNTING
6-0-6V at 100mA
9-0-9V at 100mA
12-0-12V at 100mA
15-0-15V at 0.64
9-0-9Vat1A
12-0-12Vat 1A
15-0-15V at 1A
30-0-30V at 0.5A

We now have in stock the new

Epson printer, the FX-80, which

replaces the MX80 £/T Ill. If you

thought the MX80 was 8ood you

will agree that the FX-8i

brilliant. All the MX80 features

are there plus the following

extras

%160 cps print speed

#80 cps special guiet mode

*Program selectable character
set which can be downloaded
from your computer

%9 different bit image modes up
to 1920 dots per line

% Print styles emphasised,
condensed, proportional, elite,
italic and alt MX80 styles

*Pro I'?ram control of skip-over

oration, number of

columns character sets

*Fully compatible with MX80
control codes

£395- VAT

SECURICOR £8

Y EPSON FX-80 %

EC950/1 0.031'* 90° Bends
EC950/2 0.061"" 90° Bends
EC951/1 0.031°" 30°, 45°, 60°

Bends
EC952/2 0.061" 30°, 45°, 60°

Bends

EC960/1 TO-5 Transistor Pads

EC933/1 IC Pads

EC997/1 IC Pads with tracks be-

tween pads

5identical sheets in sealed pacl(
p

Individual sheets
Spatula AR4 for burnishing 45p
Alfac Chemical Eraser P
Alfac Precision Grids: Polyester
fitm, matt  finish 0.14mm
thickness, 20 lines/in
A4100p; A3 195p
Double Sided Fibreglass Board
1/16" lhlcknass, 10z Copper
35p; 5”X8”60p
Datlo Etch Reslst Pen 85p
Ferric Chloride Crystals Dlssoalge |

PRINGE MONITOR
A 12""monochrome monitor
24MHz video bandwidth ideal for
most personal computers, word
Frocessmg, scientific work etc
INPUT VIDEO
1 volt p-p composite video
EXTERNAL CONTROLS
Contrast, brightness, vertical
hold, on/off
INTERNAL CONTROLS
Horizontal width, linearity,
frequency, phase, focus, black
level, vertical height and linearity
TECHNICAL CHA%ACTERISTICS
Scan 625 lines/50Hz, Deflection
110°, Character display 80 bv 24
lines, Video input PHONO, X-ray
radiation to |[EC spec no 65
SCREEN PHOSPHORS
Black/white, green, or oran
Green or orange filters avail abla
to order

£98 + VA
SECURICOR £6

Microminiature Printed Circuit
Relay Single Pole Change-over
Contacts rated 2A or 125V maxi-
mum contacts are Gold on Silver
Patladium Pins on 0.1" Grid

5V dc 560hm, 12V dc 320 ohm,
24V dc 1280 ohm 95p

Panel Clip 3mm or 5mm 4ap
Chrome Bezel 3Imm 35p
Chrome Bezel 5mm

Square LED 5mm x5mm Red 25p

Green or Yellow

Tri-colour LED

A Red and a Green LED which
produces Yellow when both are

on 70p
Red flashing Led 3Hz at 5V 45p

INFRARED

TIL32 PN Gallium Arsenide IR
Emmmg Diode Power Output
Trp 1.2mw 54
L38 PN Gallium Arsenide |
Emrmng Diode Power Output
Typ 12m! 50p
TIL7B NPN Silicon Phototransis-
55p

TIL100 Large-Area Silicon PIN
Photodiode 70p

7 SEGMENT DISPLAYS
TIL3120.3" Red Common Anode

105p
TIL313 03" Red Common Ca-

05p
HA1141R 14mm Red Common

HA1143R “14mm Red Common
Cathode .. .140p
25mm Helght Common Anodz%

0f

INCANDESCENT BULBS
Lilliput LES (T11/2} 6V or 12V16p |
Capless 6V 60mA

80mA 20p

NEONS
Panel Mounting Neon with Self
Contained Resistor for 250V 48p

UGHT DEPENDENT RESISTORS
ORP 95p

LIQUID CRYSTAL
DISPLAY MODULES

PCIM177 Fre(}uency Counter 5
Digits, 0.35 SW, MW, MHz,
K| zAnnuncualors Sample and
Hold Capability, Reset Capability,
25 Selectable If Offsets,
Prescaler Available,
Incandescent Backlighting,
Supply Voltage 5v, peratmg
Current 4mA S5p
PCIM 175 Digital Voltmeter 3 ’/1

digits, 0.5"", Decimal
Point, 200mV Full Scale tnput,
True Differential Input,
Guaranteed 'O’ Reading, Single
9v Operation, Power
Consumption 20mW, Accuracy
0.15%, -/~ 1 Count,

Temperature drift BOppm/C Low
Battery Indicator

Both Modules are supplied wnh '
a data sheet.

- el
TEMPERATURE METER

A fully self-contained digital tem-
perature meter, battery operated
with an LCD display
A Temperature ranqe 0-99.9°C
dAccuracy 04l +/-0.2°C
40- 70°C +/-0.4°C
* 70-99.9°C /--1.0°C
“Battery 9v alkaline, Lifetime
approx 1year

*External temperature probe
£16.

TRANSFORMERS

PCB MOUNTING TYPE
All types have dual primaries of
0-120, 0-120 for inputs of 120V or
240V - Prnimary and Secondary
wound on a Split Bobbin provid-
ing superior Isolation
3VA 2 x 6V at250mA

2 x 12V at 125mA

THE COMMODORE 64
MEMORY SIZE
sthtﬂem memory 20K ROM 3K

User area 38K RAM or 54K if
BASIC Interpreter is not used
SCREEN DISPLAY
Full colour dispiay 25 by 40
255 combinations of screen and
border colours
16 Text/Character colours
displaying atphanumerics or PET
raphics
onnectionto a TV setora
colour or monochrome monitor
UHF modulator internal to the
computer
GRAPHICS
High resolution graphics 320 x
200 pixels
62 predefined graphic symbols
available from the keyboard
displayed in normal or reverse in
all 16 colours
SPRITE GRAPHICS
High resolution moveable object
blocks 24 pixels wide by 21 pixels
deep
Up to 8 Sprites which can be
layered for 3D effects
Sprites can be one of 8 colours or
muiticolour up to 4 different
colours in one sprite
Sprites can be moved
independent of text, graphics or
otger Sprites

Music Synthesis chip provides 3

voices, 8 octaves 4 waveforms

sawtooth, triangle. pulse or noise

Programmable attack, decay,

sustain and release

Programmabile filter — low pass,

band pass, high pass or notch

outputs

Variable resonance and master

volume control

INPUT/QUTPUT

User port with R$232C

Cartridge port for games and

ROM based software

ﬂoystick/paddle/ligm pen ports
NGUAGE

BASIC interpreter future options

are BASIC compiler, Pascal,
COMAL, LOGO and FORTH

£299 + VAT

SECURICOR £6

WW — 045 FOR FURTHER DETAILS
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EXCELLENCE No1

with a 2 Year Guarantee -

“G” monitor range 1.8to 54 MHz, 1 to 500 W direct plus Two

Tone Generator

® Ideal for SSB, AM, CW etc.

Large clear freq. diai

Also AVAILABLE a range of more than 20 Osertioscopes from 1to 100 MHz

VOLT OHM METER VT 108

DCV, ACV and Ohms with 30 sec. memory

0to 1500 VDC-0.1t0 1500V AC —0.1 ohms to 1000 M ohms
15 Hz to 5 MHz Bandwidth — Battery or AC Adapter (opt.)

® Prices from approx. £99

OSCILLOSCOPES
CO 1303D and 1303G

DC to 5 MHz

10 mV/div. with Var Atten.

4int. sweep speeds 10 Hz
to 100 KHz
Int. and Ext. Sync.

Prices from just over £130
Direct Deflection Terminals

n "D can monitor RF to
450 MHz.

RC OSCILLATOR
AG 202A

20 Hz to 200 KHz
Sine and Square wave
10 V rms from 600 ohms

> 60 dB of O/P attenuation

< 0.5% Distortion
Large Scale and smooth
precise tuning

Ext. Sync.

AG 203 10 Hz to 1 MHz < 0.1% Distortion
SG 402 AM SIGNAL GENERATOR
100 KHz to 30 MHz in 6 Bands

100 mV of variable O/P with Int. and Ext. AM
Prices from approx. £66

VARIABLE
POWER SUPPLIES
PR 601A and PR 602A

Output 0-25V/3A
3 Preset Voltages
Large Accurate Meter
Low Ripple and Noise

Auto. constant I protection

Visual indication of |
overload

Real Time, Digital Storage, Battery Portable, X-Y and Programmable

DMMs
meters

Frequency meters

Vanabie Power Supples

Electronic Voltmeters
Noise meters

Power and DIP
Signal Sources, AF

Rf.Function, Sweep, TV Pattern and Stereo - Wow and Flutter etc. etc

Ask for FREE Data and Prices

House of Instruments

Clitton Chambers, 62 High Street
Satfron Walden, Essex CB10 1EE
(0799) 24922 Telex. 818750

Tel

Extended
CREDIT s
available

LARCLATCARD

VISA

Qe j1iy S

s 1y fip

()')! AJJ O

Y

1 osunariojiod ;i

imodwod

DAY |

yjaod 1y

aannodwod 1y sruvu.l

1

competitive hi?  House of Instruments Ltd.
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(w)m_ ¢ Modular

Amplifiers
the third generation

Due to continous improvements in components and design 1LP
now launch the largest and most advanced grneration of
modules ever,

for money.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with ILP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5

connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders.

BIPOLAR MODULES

Protecton- Full Joad line. Slew Rate 15v/ps. Risetime 5us. S/N ratio. 100db.
Frequency response ( 3dB) 15Hz 50K Hz. [nput sensitvity: 500mV rms.
Input Impedance 100K f1  Damping factor. 100Hz >400

PRE-AMP SYSTEMS

Module | Moduls | Functions Current | Price inc.
| Numbar Required VAT
g | _ = b 1 |
‘ e e/ Tuner T ape OmA | £7.60
| | .
ge D
pie/Batance
| M

v 1

. 1 |
Most pre-amp modutes can be driven by the PSU driving the man power amp
A separate PSU 30 is available purely for pre amp madules if required for
£6.47 VATI. Pre-amp and mixing modutes = 18 different variations
Please send for details
Mounting Boards
For ease of construction we recommend the B6 for modules HY6—HY 13 £1 05
{inc. VAT) and the B66 for modules HY66-HY78 £1.29 {inc. VAT

Modute | Output Load DISTORTION Supply | Size WT | Price
Number Power |impedance | T.H.D. 1.M.D. Voltage mm gms inc
| Wans ) Typ at 60Hz/ Typ VAT
rms 1KHz  7KHz 41
+ 0.U15%  <U.V0E 18 | 76 x 68 x U 2au | t8.4¢
| < 1 5 x 68 x £9.5¢
| <0.00 1 7 4 £18.69
) <0.006% ar
| <
1 < 6
| o1 <0.006%
| <0 006 S
<0.006%

MOSFET MODULES

= — -
Module | Output Load DISTORTION | Supply [ sie | Wt | prics
Number | Power | Impedance| T.H.D. (.M.D. | Voitage mm [gms | in
Watts ( Typ at 60Hz2/ Tvp VAT

[ rms 1KHz  7KHz 4:1 i |

S 12 | <0.0 <0.006% | 1 [az0[¢
MOS 248 < < x |

4 5 £ a }6% |
.-M I. l< — SO0 l — i’

Protection  Able to cope with complex loads without the need for very special
protection circurtry {fuses will suffice).

Slewrate:  20v/ps. Rise ume: 3ps. S/N ratio. 100db

Frequency response (—3dB) 15Hz — 100KHZ, Input sensitivity 500m'/ rm

Input impedance 100K {1 Damping factar: 100Hz > 400.

'Nm to | LP’ In Car Entertainments

c15
Mongo Power Booster Amplitier to increase the output of your existing car radio
or cassetie player t0 3 nominal 15 watts rms.

Very easy to use.
Robust construction £9.14 {inc. VAT)
Mounts anywhere 1n car

Automatic switch on

Quiput power maximum 22w peak into 441

Frequency response (—3dB) 15Hz 1o 30KHz, T.H.D. 0.1% at 10w 1KHz

S/N ratio {DIN AUDIO! 80dB, Load impedance 301

tnput Sensitivity and Impedance (selectable] 700mV rms into 16K £ 3V rms into 841
Size 95 x 48 x 50mm. Weight 256 gms

c1515

Stereo version of C15

Size 95 x 40 x B0. Weight 410 gms.

£17.19 {inc. VAT)

POWER SUPPLY UNITS (Ir at al tra
[ Model For Use With Pr [ Model | For Use With Price cnc._: | mModet For Use With Price inc. |
Number vaT | Number | VAT Number VAT
U 2 Tor2 | £11.93 [Psus2ax [ 2xHv124 €17.07 | PSU 72X | 2 » HY 248 £22
U4IX [1or2H ) 4| €138 PSU 53X | 2 x MOS128 £17.86 PSU 73X | 1 x HY364 £22.54
PSU 42X |1 x HYV128 | £15.9¢ PSU 54X | 1 x HV248 £17.86 SU 74X |1 x HY368 .2
PSU 43X |1« MOS128 £16.7€ PSU 55X | 1 x MOS248 £19.52 PSU 76X | 2 x MOS248 1 x MOS368 £24.2¢
PSUBIX |2x HY128. 1 x HY244 | £170 PSU 71X | 2 x HY248 £21.75
— _ — —J | S J

Please note: X in part no. indicates primary voltage. Please insert "0’ in place of
X for 110V n place of X for 220V, and ""2” in place of X for 240V.
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Unicase

Over the years | LP has been aware of the need for a complete
# packaging system for it’s products, it has now developed a

unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down to
the fast nut and bolt to build a complete unit without the
need for any special tools.

Because of |LP’s modular approach, “open plan” construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
“no frills"’, low distortion, {<0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UCT draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

Power Slaves

Our power slaves, which have numerous uses i.e.
instrument, discotheque, sound reinforcement, feature in
r addition to the hi fi series, front panel input jack, level
control, and a carrying handle. Providing the smallest,
lowest cost, slave on the market in this format.

UNICASES - -
Price inc.
| HIF1 Separates VAT '
uC1 Preamp €299
LP1X 30 + 30W/4--8L) Bipolar i1 F £54.95
UP2X 60w/4L2 Bipolar M £54,95 I
UP3X 60w/8802 Bipolar Mc F £54.95
UP4X 120W/441 Bipolar M F £74.95 l
UP5X 120w/852 Bipolar o 1iF £74.95
UPEX 60w/4-800 MOS M - £64.95 i
UP7X 120W/4—-8£) M Mono 1iF £84.95
Power Slaves o o - i
[VERD ¢ 60wW/4 0, Bipolar Power Slave £59.95 i
uUs2x 120W/4 L1 Bip¢ Power Slave £79.95
US3Xx 60wW/4—-88L MOS Power Slave £69.96 E
US4 X 120W/4--84L MOS Power Slave £89.95 |
Please note X in part number denotes mains voltage. Please insert in place of i
X tor 110V, 1" in place of X for 220V (Europel, and 2" in place of X for 240V

U.K.} All units except UCT incorporate our own torodal transformers,

CAN HANDLE... o6

ll.- POWER AMPLIFIER  MO360

TO ORDER USING OUR FREEPOST FACILITY

Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journal. By sending your order to our
address as shown at the bottom of the page opposite, with FREEPOST

clearly shown on the envelope, you need not stamp it. We pay postage for
you. Cheques and money orders must be crossed and made payable to |.L.P.
Electronics Ltd. if sending cash, it must be by registered post. To pay C,0.D.

please add £1 to TOTAL value of order.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

Post to' (LP Electronics Ltd., Freepost, §

s p Graham Bell House, Roper Close
. % # Canterbury CT2 7EP. Kent. England
Telephone: (0227) 54778

ELECTRONICS LTD |57 10227) 64723,

Please send me the following

Total purchase price

| enclose ChequeD Postal OrdersD Int. Money OrderD

Please debit my Access/Barctaycard No.

Name

Address

Signature

WW — 008 FOR FURTHER DETAILS
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CX80 coour

MATRIX PRINTER

Dumps, etc.

New low price

£795 + vArT

At last a low-cost Colour Matrix Printer for
Text, Graphics, Histograms, Colour VDU

Colour printout is quickly assimilated,
makes graphics more understandable
and is an ideal medium for the presen-
tation of complex data or concepts.

Compatible with most microprocessors,
programme makes the CX80 easy to use.

The CX80 is a product of our own design

pricing available.

INTEGREXR LIMITED

prints in 7 colours — sophisticated internal

Dot Addressable + 15 user programmable characters, 96 ASCII and 64 graphics
characters in rom. Centronics interface with RS232 and IEEE488 options. Apple Il
interface gives dot for dot colour dump. New viewdata interface prints out two pages
side by side in full colour. See Prestel 200650.

and development laboratories. It represents

a British breakthrough in colour printer technology. Colour brochure on request. OEM

Portwood Industrial Estate, Church Gresley
Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432. Telex: 377106

PRINTED GIRCUITS

FOR WIRELESS WORLD PROJECT

Audio compressor/ limiter—Dec. 1975—1 s.s. (stereo)
Cassette recorder—May 1976—1 s.s. 2l
Audio compander—July 1976 —1 s.s.

Audio preamplifier—November 1976 —2 s.s.
Additional circuits—October 1977 —1 s 5.

Stereo coder—April 1977—1d.s. 2s.s. I
Low distortion disc amplifier (stereo)—September 1977 —1s.s .
Low distortion audio oscillator —September 1977 —1ss. .. . . .
Synthesized f.m. transceiver—November 1977—2d.s. 155
Morsemaker—June 1978—1d.s. .. . .. .

Metal detector—July 1978—1d.s . P
Oscilloscope waveform store—October 1978—4 d.s.
Regulator for car alternator—August 1978—15s.s
Wideband noise reducer—November 1978—1d.s.
Versatile noise generator—January 1979 —1s.s.
200MHz frequency meter—January 1979—1d.s. .
High pertormance preamplifier —February 1979—1s.s.
Distortion meter and oscillator—July 1979—2ss
Moving coil preamplifier—August 1979—1 ss
Muiti-mode transceiver—Qctober 1979—10d.s. . . . . .
Amplification system-Oct. 1979—3 preamp 1 poweramp .. .. . . .
Digital capacitance meter—April 1980—2 s.s.
Colour graphics system —April 1980—1d s.

Audio spectrum analyser—May 1980—3 s.s.
Multi-section equalizer—June 1980—2s.s. .. . . . £8.00

' Floating-bridge power amp — Oct. 1980 — 1s.s. (12V or 40V) . .. . £4.00
Nanocomp 6802 or 6809 — Jan., July, 1981 — 1d.8. 18.8. i £9.00
Cassette interface — July, 1981 — 1s.s. £1.50
Eprom programmer — Jan., 1982 — 1 d.s. £4.50
Logic probe — Feb., 1981 — 2d.s. £6.00
Modular frequency counters — March, 1981 — 8s.s. ... ... £20.00
Opto electronic contact breaker (Delco) — April, 1981 — 2s.s.
CB synthesiser — Sept. — 1d.s.
Electronic ignition — March, 1982 — 1s.s.

Boards and glassfibre roller-tinned and drilled. Prices include
VAT and UK postage. Airmail add 30%, Europe add 10%. in-
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL
CONSTANTINE, FALMOUTH, CORNWALL

-£4.20 each
£7.50°
£18.50

. £10.50

£4.00

WW — 012 FOR FURTHER DETAILS
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The lightweight
mast with
101 applications

The smoothly operated QTM Mast comes fitted with
handpump or can be vehicle mounted with ‘Power Pack’ for

extension and retraction. Available in a range of heights up
to 15 metres, the QTM mast can provide the ideal answer

for:
® Mobile Radio Telephone

® Police Mobile HQ (UHF)
@ Field Tetecommunications
@ Floodlighting

# Anemometer and Wind
Measurement

® Environmental - gas
sampling collector

® High level photography
® Meteorology
® And a host of other uses

CIARK MASTS

Find out more about the QTM series by writing or phcning:-

UK.

CLARK MASTS LTD . (W W)
Evergreen House, Ringwood Road,
Binstead. Isle of Wight,

Engiand PO33 3FA

Tel: 1sle of Wight (0983) 63691
Telex 86686

EUROPE
GENK TECHNICAL PRODUCTS NV (W.W)
Woudstraat 21, 3600 Genk
Belgium

Telefoon 011-380831
Telex 39354 Genant B

WW - 017 FOR FURTHER DETAILS
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TEST EUUIPMENT CENTRES sect'sxoncaneex

HAND HELD sWith {ree carry case
KD25C 13 range 0.2A OC 2 mag ohm £24.95

KD305 =16 range 10A OC. 2 meg ohm £29.95
KD30C=26 range 1A AC/0C 20 meg ohm  £34.83
KD55C=28 range 10AAC/0C 20 megohm  £38.05 BENCH MODELS
% 6010+ 22range 10A AC/0C 20 meg chm £34.40 TM353e 27 range LCO 2A AC/0C £86.25
[ 7030+ As 8010 but 0.1% basic. £41.30 TM355e 29 range LED 10A AC/0C £86.25
KDB15s18 range 10A 0C.2 meg pius Hie tester £39.98 TM351e 28 rangs LCO 10A AC/0C £113.85
189M 30 range 10A AC/0C. 20 meg plus Hfe 2001 26 rangs LCO 10A AC/0OC plus 5r|nol
tester £69.95 Cap.Meler with case £108.00
HAND HELD AUTO RANGE TMA51 4% digh LCO every lacility |0.02%) £171.00
DM2350a21 range 10A AC/0C 20 meg ahm 1503a &, ﬂloll LCO avery facility {0.05°0} £|7| .00
|Minlature) £49.95 1503Ha 003% basic version of above £189.00
HD30 16 range 0.2A AC/0C 2 meu ohm £41.9% e0ptional carry case £6.84
HD30/8 As abovs plus cont. bu zzer £44.50 = ¥ N
HD31 22 range 10 AC/0C 2 meg shms plus conl, NAYS BAR AIN
buzzer £58.95 sENT FOR
+0ptional carry cass £2.95 ! b e
FREQUENCY COUNTERS | %IOGZQ‘GOA}EGENERATORS
/240v

{1 = oo n14g
LT %a.T TREY

FUMCTION : All sine/square/triangle/TTL. atc
T6100 1 HZ - 100 KHZ £90.00
50| T610202HZ - 2MHZ

8110DA 8 digit LED bench 2 ranges i00MHZ £77.00 | py(SE

T6105 Varlous facilifies 5 HZ - 5 MHZ

PFMMA 200 MHZ hand held pocke! 8 digit .
LED £87. £166.75 §

uluun:onun bench 2 ran 8" 000 MKZ £113.85 £97.75
O i £178.00 | ADID : Multband Sinb/ Sauire

TF200 = 8 diglt LCO 200 MHZ £186.75 | LAB27 10 Hzto | MHz £80.85
& 0ptional carry case £6.84 :fzozn 20 Hz 1o 200 KHz (List £84.50) £83.50

Prescalers - Extended range of most counters
TPB0O0 800 MHZ £43.
TP1000 | GHZ £74.00

ELECTRONIC INSULATION TESTER
YF 501 500 V/0-100m with carry case £683.00

MULTIMETERS

(UK C/P85p)

C7081 50K/V 2! ranges.

Range doubler 10A DC

SPECIAL PRICE £15.95
ETC5000/5001 21 ranges. S0K/V.

Range doubler. 10A OC. £1850 ©
TMKS500 23 ranges 30K/V. 12A 0Cplus

conl. buzzer

£59.85
£78.35

$G402 100 KHz to 30 MHz [Last few)
L8617 100 KHz to 150 MHz

AUDIO o RF e FUNCTION ¢ PULSE

0SCILLOSCOPES _——— |

Full specification any modal on raques|. SAE by u
‘HM’ Saries HAMEG: "SC' THANDAR:
‘C8 Series TRIO: '3 Serles CROTECH

SINGLE TRACE
£23.95 3030 15 MHZ 5mV. 35mm tube plus componant

NH56R 20K/V. 22 range pocket £10.95 | tester C/P £3.00 £177.10

EU102 14 range 2K/V pocket £5.95 %m 10A® Miniature 10 MHZ battery norlablzl_”

830A 26 range 30K/V. 10A AC/0C overlead ’ NMIOS 15 MHZ 2mV. 6 x 7 display pius

%ﬁf:";ﬁ :tacriqc 100K /V. Large scale £23.8 componntlesterC (RE300 AC ad 5%5:81 k]
a [{

TDAAC/0C plus Hie £36.95 ;Iganlmnzl carry case £6.84 adaptor £

3£12
DUAL TRA(:E (UK C/P £4.00)
HM203/4 Bual 20 MHZ plus component

AT1020 18 range 20K/V Deluxe ptus Hie
tester £17.50

ST303TR 21 range 20K/V plus Hie tester ~ £18.95 | ypgiar £303.60
YN 360TR 19 range 20K/V plus Hin tester  £13.95 | CS1562A Dual 10 MHz (List £321.00) £269.50
3131 Oual 15 MHZ + component tester £276.00

CS$1566A Qual 20 MHZ All facilities List £401.351

HM204 Oual 20 MHZ plus component tester
sweep deldy. £419.75
©$1820 Oual 20 MHz with extra facililles

|List £508.30) £485.00

VARIABLE POWER
SUPPLIES ux c/p£1.00)

PP2410/12/24V.0/1A.
£35

. ?(ll"noull. Pno:; g‘rs Y10 co.es
PP243 3 amp version £59.95 . .
PS 13078 8/15V 7 amp twin meter  £24.95 X1-XI0 £10.50 X100 £16.95
HIGH VOLTAGE METER

DIGITAL THERMOMETER /

TH301LCO -50 Cto -750" with
thermocouple

AC CLAMPMETER
$7300 0/300A: 0/800

VAC. 0/1 Kahm 8 ranges

With carry case UK C/P 65p)

LOGIC PHOBES

LP10 10 MHZ \
LDPQ78 50 MHZ with carrv cm

nd accessorles

Direct reading 0/40 KV
20K/Volt. (UK C/P85p) £23.00

DIGITAL CAPACITANCE [

METER
0.1 pt to 2000 mid LCO 8ranges
DM6013  £52.75 (Carry case £2.95]

" | TRANSISTOR TESTER

Olrect reading PNP: NPN. stc
£2

£28. 50

TC1
{UK C/P 65p|

TALOCUE,
SEND LARGE‘

AUDIO €L€CTROﬂIC A€ (Ui
301 EOGWARE ROAD, LONDON W2 1BN, TEL: 01-724 3564 m E g

ALSO AT HENRY'S RADIO. Ordar oy Pox win CHEOUES/ACCESW
404/406 EDGWARE ROAD. LONDON W2, TEL: 01-723 1008 e e T A
uniess advised

Cubegate
Limited
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Accurate Digital Multimeters at
Exceptional Prices Revepitabitriigy

28 RANGES, EACH WITH FULL OVERLOAD
PROTECTION

SPECIFICATION MODELS
6010 & 7030

* 10 amp AC/DC

* Battery: Single 9V drycell. Life: 200 hrs

* Dimensions: 170 x 89 x 38mm.

* Weight: 400g inc. battery.

* Mode Select: Push Button.

* AC DC Current: 200UA to 10A

* AC Voitage: 200mV to 750V

* DC Voltage: 200mV to 1000V

* Resistance: 2000 to 20MQ2
input Impedance: 10MQ2

° Display: 3% Digit 13mm LCD
Q/ioad Protection: All ranges

OTHER FEATURES: Auto polarity,
auto zero, battery low indicator, ABS
plastic case with tilt stand, battery and
test leads included, optional carrying
case.

Quantity discount for trade on application.

Add 15% to your order for VAT. P&P is free of charge.

NEW HM 102 BZ
SPECIFICATION

DC Voltage: 0-25, 1, 2.5, 10, 25, 100, 250, 1000
volts 20,000 ohms/volt.
* AC Voltage: 0-10, 25, 100, 250, 1000 volts
10,000 chms/volt.
Decibels: -20 to +22d8
DC Current: 0-50, 500uA, 0-5, 50, 500mA
Ohmmeter: 0-6 Megohms in 4 ranges.
30 ohms Centre Scale
* Power Supply: One 1.5V size ‘A’ battery (incl)
Size & Weight: 135 x 91 x 39mm, 280gr.

HM 101 POCKET SIZE MULTIMETER
SPECIFICATION

* DC & AC Voltage: 0-10, 50, 250, 1000 volts,
000 ohms/volts
Decibels: -10 to +22d8
* DC Current: 0-100mA
Ohmmeter: 01 Megohm in 2 ranges,
60 ohms Centre Scale
* Power Supply: One 1.5V size ‘A’ battery (incl)
Size & Weight: 90 x 60 x 29mm, 92gr. incl. battery
battery
* Price £6.50

Payment by cheque with order

FaancLavcan)

ARMON ELECTRONICS LTD. or B accepted

Cottrell House. 53-63 Wembley Hill Road. Wembley Middlesex HA9 8BH. England

Telephone 01-9024321 (3 ines )

WW — 037 FOR FURTHER DETAIL

TELEX No 923985

6FT. PARABOLIC

DISHES

FROM ONLY £85 rLusv.ar.
/’

6ft. dia. dishes, feed horns and electronics for
use in 4GHz satellite reception. GaAs Fet tran-
sistors, SMA connectors, P.T.F.E., etc. available.

Please send s.a.e. for full details and data sheets.

Harrison Bros.

]

< ;
> p.&R. COMPUTER SHOP %
IBM GOLFBALL PRINTERS from £70 EACH + V.A.T.

INTERFACE FOR IBM GOLFBALL £40 + V.AT,

*BRAND-NEW LA36 DEC WRITERS—SALE £200 EACH + V.AT.
CENTRONIC 779 PRINTERS—£325 + V.A.T.

CENTRONIC 781 PRINTER—-£350 + V.A.T.

POWER UNITS, 5-VOLT 6-AMP—£20 EACH

FANS, PCBs, KEYBOARDS AND LOTS MORE

8-INCH IBM FLOPPY DISC DRIVES.
COME AND LOOK AROUND
SALCOTT MILL. GOLDHANGER ROAD

HEYBRIDGE, MALDON, ESSEX
PHCNE MALDON (0621) 57440

VWW — 048 FOR FURTHER DETAILS

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX
Tel. Southend (0702) 332338

Electronic Distributors

¥ [RADFORD|

Audio Measuring Instruments,

Audio Amplifiers, Loudspeakers and

Loudspeaker Components for the
professional and enthusiast

RADFORD AUDIO LTD.

10 BEACH ROAD
WESTON-S-MARE, AVON BS23 2AU

TEL. 0934 416033

WW — 029 FOR FURTHER DETAILS
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The New FFD
Components and
Equipment Catalogue...

ey & 3 O

AIDS g oy TG SOHR E )
: . Ca ngl. .
m&-f:‘ ables: 45N Tolephone: o1

2 Otrope.j, 371892/3
4 S0 WiRs R MEASURng.. o1 0N W1
WITCL VG AIDS 1 RS INSTRUMENTS |
: ES. FA Rs &gAcxﬁ &mmﬁg?s%c’gl\xmu

=UATORS il LEVEL METE!

=i, Tt -
———— -

available on request free of charge.

Those who are involved in cabling and
interconnection of audio, video, data and instrumentation
signals will find this catalogue an invaluable tool.

The experience of over a decade in this field has been applied
to the selection of a range of components and equipment —
many of which are now exclusive to FFD.

= — CONTENTS ——

AUDIO M Adaptors [ Attenuators i Connectors [l speakers il Balancing Amplifiers [ Distribution Ampl-
Curly Cables T Faders [ Headphones and Headsets fiers M Intercoms [ Line Amplifiersi Tape Recorders @
Intercoms [ Jackfields i Leve! Meters and Drivers RN Ryl i
i 8 fcomone Cabs et iy, STUPIOACCESSONIES MO et yecon B

air Cables @ Patch Cords [ Switches [l Tape Recorders - »
@ Terminal Blocks phone Stands and Booms [l Warning and Status Lamps il
WIRING AIDS [ Cable Markers @ Ties and Fixings i De-
solder Guns @ Fish Tapes M Lacing Thread i Sleeving
Sleeves and Fitting Tools @ Soldering Irons @ Wire Strip-

VIDEO [ Cables f Coaxial Connectors @ Delay Lines
Filters @ Jackfields [ Patch Cords f

DATA [ Coaxial Cables @ Connectors M Fibre Optic pers and Cutters
Cables, Connectors, Line Drivers and Multiplexers [ HARDWARE @ Cabi <

: A’ abinets il Cable Winders @ Duracell
Jackfields fl Multi-pair Cables f Patchcords [ Batteries il Equipment Housings fl Mains Connectors
STUDIO EQUIPMENT i Active Monitoring Loud- and Filters @ Mains Testers i Racks M Test Probes fl

FUTURE FILM DEVELOPMENTS

36/38 Lexington Street,London WIR 3HR, England. Telephone: 01-4371892/3.
Telex: 21624 ALOFFD G. Cables: Allotrope-London W1

WW — 052 FOR FURTHER DETAILS
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\ Worldwide Export: Gotham Export Corporation, 741 Washington Street New York NY10014 /
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Looking for a Distortion
Measurement System?

The Amber model 3501 is quite simply the highest performance. most featured.
yet lowest cost audio distortion and noise measurement system available.

It offers state-of-the-art performance with THD
measurements to below 0.0008% (—102dB),
maximum output level to +30dBm and noise
measurements to below — 120dBm,

ouTrut |[ﬂl
ml“ | - I f‘-‘
00 m IM

op r——— L]

It has features like automatic operation. optional . 1 FILTERS
balanced input/output and powerful IMD ' e
measurement capability. It includes comprehensive
noise weighting with four user changeable filters. ; .
Unique features like manual spectrum analysis and
selectable bandwidth signal-to-noise measurements.

The 3501 is fast, easy to use and its light weight

and small size make it very portable. It can even be
battery powered:

Amber Electro Design Inc. 4810 Jean Talon West. Montreal. Canada H4P 2N5. Telephone {514} 735 4105
am er Ring to-day for a demonstration

Scenic Sounds Equipment Limited
97-99 Dean Street, London W1V SRA Telephone: 01-734 2812/3/4/5 Telex: 27 939 SCENIC G

WW — 026 FOR FURTHER DETAILS

Get startedin ) |
”Flbre Optlcs

... with our

new fibre

optic ‘
experimental

kit. |

intest

" Model 467

The 3%2 digit hand portable True RMS
DMM with LCD digital and analogue
display —another Simpson firstin the UK.

‘ The world famous 260

Fitco Dptra Rewerkomatsl Rit

The Simpson analogue multimeter that is the world's
largest selling AMM. 27 ranges cover AC and DC volts,

- | \DCcurrenf resistance and dB.
| a——
Features include: | [\\g Clamp-on

W 0-10Mbit/s (NRZ) guaranteed to UESIEE
15m with Polymer Cable. (Can be
extended by using a glass fibre).

® TTL Compatible.

No tools required to terminate cable.

Fully tested modules.

® Complete with transmitter, receiver
connectors and 5m of Polymer
Cable.

M Also a full range of components for
glass systems available.

—= Electroustic Ltd.
—— 0 Step Terrace, Winchester, Hants.
= Tel. 0962 60916, Telex: 877255.

WW — 032 FOR FURTHER DETAILS

The new 296-2 for
faster testing of motors,
transformers and circuits.
All models measure up
to 300 Amps AC RMS.

now see the rest

Write now for technical information on
our fullrange of precision instruments

Z)
Bach-Simpson / 82

Bach-Simpson (UK} Limited, ~

155

Trenant Estate, Wadebridge, Comwall, PL27 6HD. 0“ W\
Telephone: (020881) 2031 Telex: 45451 Ca\’a\ofg/
\ ¥
L=
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is an alternative to AUTOMATIC TEST EQUIPMENT which can be very expensive.
MICRODOCTOR is perfectly adequate for diagnosing faults in microprccessor boards
or computers in the REPAIR SHOP oronthe PRODUCTION LINE. Reports are PRINTED
on the integral thermal primer. Tests supported are CHECKSUM. RAMTEST, WAIT,
READ. WRITE, |/0 READ, 1/0 WRITE. DUMP IN HEX, DUMP IN ASCII, TEST DATA
LINES (for shorts between data. address and rails), SEARCH (for two specified bytes}.
MAP (print a memory map of ROM, RAM. 1/0 and EMPTY SPACE}. Suoports both
multiplexed and non-multiplexed address data. Standard software will also
DISASSEMBLE in Z80 mnemonics — other disassemblers cost extra. 3rograms for
board-testing can be written in MINUTES — and retained for MONTHS even if the
power is switched off (CMOS RAM is backed-up with rechargeabie battery). Capacity is
15 different programs of 12 tests each. Included are two PROBE CON “IGURATION
CARDS (One Z80. other uncommitted), PROBE with 24 inch cable and 40-pin DIL plug
— and POWER SUPPLY

OPTIONAL EXTRAS

6502 Disassembler Card . P . ......£35.00
6800 Disassembler Card I o .£35.00
8085 Disassembler Card .. . ... £35.00
Clip-over PROBE (only needed if uP is soldered-in) .£35.00

Thermal Paper (10 Rolls} cad. ,22.00
. ... £6.50

Spare configuration cards

£1950

Yhand §

74 2080 z0mt; Logie Auatyserl]

Dataman Designs Retrafit for 742050

Gives R.S. 232 output facility for printed STATE and TIMING diagrams. also
DISASSEMBLES in Z.80. 6502 or 6800 mnemonics on-screen or to printer

£295.00
Olivert: Uypeancten Interfaces

for ET121 and ET221 machines which permit the typewriter to be uszd as a DAISY
WHEEL PRINTER for computers implementing the RS232. |EEE 488 PET) or
CENTRONICS PARALLEL busses. almost all computers in fact. Great “or word
processing and letter-writing! Same price. fitting free if requested {you pay carriage on

typewriter if we fit) ’ £195.00
Uttra Tiolet Eprom Erasene from £33.00
[/
/
/ N 00
o ’ ' / ) 4 7
0 /
/ / 1 AN ‘

£169

uses the MOST POWERFUL LANGUAGE OF ALL — direct ASSEMBLER MNEMONICS.
MENTA has VISUAL AIDS to program development which the big systems fack: a TV
display of PROGRAM, REGISTERS and STACK, single-step operation {watch the cursor
move from instruction to instruction, see the register-contents change, obsarve stack
operations. atc.) BUGS can be fixad immediately without reassembling. Full speed
operation is supported too — with or without BREAKPOINTS. Designed originally for
the Schools’ Council to teach microprocessing. MENTA is a complex CONTROLLER in
its own right, like any other Z80 system. with practical, commercial applications in
ROBOTICS. Features include CASSETTE INTERFACE, ASSEMBLER/EDITOR. serial
DISASSEMBLER.

24 bits of 1/0 — also TV FLYLEAD. POWER SUPPLY and COMPREHENSIVE MANUAL
with SOURCE- CODE LISTING.

MODULES AVAILABLE

Universal Input/Output Device ... . . . £21.00
Analogue to Digital Converter ... . £18.00
Digital 1o Analogue Converter .. b . .£14.00
D.C. Motor and Current Buffer s . £12.00
Switching Input Module Analogue/Digital . £10.00
Pupil Reader. .. N, £3.00
Teacher’s Guide . . £2.50

+VAT

Softy Etrnom

Drogrammer/Emalato

SOFTY has functions equal. at least. 1o equipment which sells for over £500. SOFTY
EMULATES AND PROGRAMS 2716, 2733. 532 EPROMS. {The type is selected by a
personality switch. SOFTY will copy any of these EPROMS to any other). SOFTY has a
HEX KEYPAD, a fast CASSETTE INTERFACE, a MEMORY MAP TV DISPLAY with
powerful editing — such as INSERT. DELETE. SHIFT-BLOCK and manyother facilities —
too many to list here. #5232 SERIAL and CENTRONICS PARALLEL routines for INPUT
and OUTPUT are standard. The price includes TV FLYLEAD, POWER SUPPLY and ROM
EMULATOR CABLE WITH 24 PIN DIL PLUG. SOFTY is used as a DEVELOPMENT
SYSTEM for new products or just as a STAND-ALONE EPROM PROGRAMMER

(/ (/
OMBARD HO / /
ORNWALL ROAD
DORCH R. DOR D R ‘
elephone: Do z B D3U b8UObLOL
ox 418442 DATAMA
or. Red Star. e 0 excess .0 0.00
p ould be added Add 0 e
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Shure microphone mixers.
Compact. Portable. Robust. Reliable.
The combination you want to see.
The mix you want to hear.

M267 For professional broadcasting, M268 For PA, paging, professional
recording and sound reinforcement. standard tape recording and as an
add-on to existing systems.

¢ Z
For further information, including full colqur leaflet, & t make it
write to Dept WW/ any clearer.

HW international 3-5Eden Grove, London N7 8EQ. Tel: 01 +,07 2717,
Www 9L P OR FURIHER DEVAILS

bt PREP ey
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Script — or ad
lib?

Technology advances at such a rate, and
the possibilities for changes in life-styles
proliferate to such an extent, that the
broad view of a new society — a perceived,
intentional direction for development —
scarcely exists.

There is discussion; books and articles
are written, there is even a Minister for
Information Technology — a term which
seems 1o cover a great many activities only
tenuously connected with information: yet
no document in the public domain
propounds any kind of lucid policy on
future development in, at any rate, our
own field.

In place of action, there is reaction;
instead of assertion, there is reply; and it
seems that there is a plethora of means, but
no clearly defined end. A flood of
affordable computmg power has, in spite
of at least ten years’ notice, taken those
who bear respon51b111ty for the direction of
effort by surprise, and the predictable
result is that communication of all kinds —
telephones, data, videotext — i
developing in an amorphous, uncontrolled
manner, which, if it is left alone for much
longer, may be uncontrollable.

It cannot be said that there is an agreed,
imposed policy, but what passes for it is
nearly always drafted after the eventin
reply toa development that is already
under way. Clearly, it is not only potential,
if slow-moving, users of the new
technology who need to be educated in its
use, but also those who should be
channelling development towards a goal.

Some of this may be the result of the
‘solution seeking a problem’ type of

evolution in technique which is now
common. For example, the emergence of
teletext from its original role in transmitter
control into the field of domestic
information display was extremely slow,
simply because a market for it had to be
created: there was no perceived
requirement for teletext before the
possibility existed. Now it is available, but
it is under-used and does not fit easily into
any probable over-all scheme of
communications.

In the same way, the somewhat aimless
insistence that schools must possess
microcomputers is a panic measure, taken
several years too late, to cope with the
entirely predictable availability of cheap
computers. No one had demanded that
computers should be designed to enable
schoolchildren to be taught programming
or logic. If that had been the case, it seems
unlikely that we would now have
thousands of future computer users who
will have to unlearn Basic in favour of
structured language.

We need a comprehensive, imaginative
view of the future of society in which
electronics technology is developed to
order, in which demand comes before its
satisfaction. If this does not come about,
and since almost anything is (it seems) now
possible, society will be ordered by
technology: what engineers can do people
will be required to employ.

To formulate a policy for the desirable
exploitation of techniques that do not yet
exist is not exclusively a political exercise.
Technologists must be in consultation with
government so that politicians are
informed on what is possible and are able
to take the broad view. Only after that
should development of the technology
begin, when there is a part for it to play.
The play must come before the actors, and
we need a good script.

WIRELESS WORLD JUNE 1983
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Precision analogue
voltmeter

Suitable for making measurements in a.c. and d.c. circuits and for some uses in audio, this
design overcomes one of the drawbacks of conventional analogue instruments — drift.

Despite all the advantages, real and
claimed, for the digital voltmeter, the ana-
logue meter still has a definite role to play
in radio and electronic engineering. Not
that the author has anything against inte-
grated circuits or digital displays, far from
it; but it does seem all too easy to get
carried away with the fashion instead of
recognising the needs of the end user.

Yet there are some clear cases where the
accuracy and fine resolution of digital
meters offer a considerable step forward in
measurement. Examples of some of these
are strain gauges, weighing machines, tem-
perature measurement and the indication
of static or slowly varying quantities.

On the other hand, the digital meter is
quite inappropriate when one is measuring
a variable quantity where the rate of
change may be as important as the absolute
value of the quantity being measured.

Another situation in which the analogue
meter has a decided ergonomic advantage
is the one in which several similar quanti-
ties are being monitored simultaneously.
One can quickly assimilate that all are
about the same, the odd one out being
immediately obvious and ‘tweaked’ as re-
quired. High-resolution digital meters
would no doubt all read slightly differently
and the odd one adrift would not be nearly
SO apparent.

In the author’s workshop both analogue

and digital meters are used; and recently in
the course of a general upgrading exercise
it was decided to rebuild the equipment
containing the analogue meter and to see if
economic improvements could be made.
The old instrument had given good ser-
vice; it was based on a long-tail pair circuit

by W. J. Hornsby,
M.LE.R.E.

using fets (Wireless World, May 1968). Its
input resistance was 50 megohms which
was quite adequate, but it was subject to
zero drift needing frequent manual correc-
tion during an evening at the workbench.
The starting point of the new design was
to list the advantages of the digital meter

Fig. 1. Complete circuit of the voltmeter.
Component values for the input divider are
shown for the 50M12 version, with values
for a 10M2 version given in brackets.
These resistors should be 1% tolerance
types or better. C;, allows the meter to read
a.c. signals standing upon a d.c. bias. The
7650 is a chopper-stabilised op-amp
offering a low input offset voltage and wide
bandwidth.

and the deficiencies of the analogue model
and form a schedule of items requiring
attention if the new analogue design was to
be an improvement.

Generally, for good quality instruments
of either type there are differences to a
greater or lesser extent in price, robust-
ness, accuracy, input resistance, estab-
lishment of polarity, zero-drift characteris-
tics and power consumption.

The task therefore was to produce a new
analogue meter circuit which retained all
the good qualities of the old but offered a
better degree of satisfaction in as many of
these characteristics as possible.

Design aims

Three very important criteria had to be
met. The final product had to be relatively
inexpensive, it had to consist of readily
available components in standard values
and it had to be suitable for home con-
struction.

The original input resistance of 50 me-
gohms was probably as high as could be
reasonably expected using standard
switches and glass fibre p.c.bs. Neverthe-
less some users may prefer the industry
standard of 10 megohms; and as will be
seen later, there are certain advantages
from adopting this or even a lower resis-
tance. The design of the input divider
should be such that a common shunt can

+5V.

J. ' ! T G ! #
B ORANGE é REDE
R22 < R Ry, SRS R
G D1toD,D78&08 germanium “ & i < oS L,
A Cin Ds&Dg silicon 330 7100k 1100k 7 100k 330
Input 100n
Tomv ~
m ICe) 06
4L5M Py
(9M) 15 S‘\ | A
1
-
wszwofnv L > -'*'1\53 s 2N
(900KI> 8] 0G08
}_ . =l { y]ca3ng
LSS Y 03 D1 o St )~
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R25 < 10k
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s |7 > Wi A4 7650

floating if
required
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%25}1
e %
i 3
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Fig. 2. Power supply options for the voitmeter. The unit may be powered directly from a
split supply, either ground-referenced or floating; from a 9V battery with an op-amp to
provide a centre rail; or else from a single +5V supply, with a d.c.-to-d.c. converter i.c. such

as the ICL7660 to generate a negative rail.

Fig. 3. Any of the power supply options can
by accommodated on the author’s p.c.b.
For a 9V battery supply,a 741 op-amp is
fitted at the ICs position; Rys is connected
between points 3 and 11, Ry between
points 3and 15; point 2 is linked to point
13, point 6 to point 12, point 4 to point 11
and point 7 to point 14. For a single-rail 5V
supply, an ICL7660 is used for ICs; Cg
should be fitted between point 2 and point
4, its positive terminal to point 2 (R,5 and
R,s are not required); and links should be
added between points3and 13, 5and 9, 8
and 14.

be applied to the input for the measure-
ment of current or to test dry-cell activity
for instance.

One factor affecting both the price and
robustness of moving-coil instruments is
the quality of the meter movement. Tradi-
tionally, good quality instruments use sen-
sitive movements giving f.s.d. (full-scale
deflection) at low currents, but they are
rather delicate. So what are the objections
to using a more robust, higher-current
movement with an amplifier?

Possibly the most annoying failure of
active analogue meters is drift. The more
one has to amplify small signals, the more
one amplifies this undesirable effect. The
most serious zero-drift errors occur at the
front end because these are amplified by
the remainder of the circuit. Therefore the
first amplifier must be a good one. It must
also have an input resistance several orders
of magnitude greater than the input di-
vider chain, and this is not easy to achieve.
The author came to the conclusion that the
digital boys had got it right with chopper
front-ends, but the only chopper i.cs read-
ily available had insufficient input resis-
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tance and the inverse feedback ratio would
have meant that the meter would make an
ideal signal injector! The next stage was to
look for a self-zeroing chopper op-amp.

A search revealed an i.c. whose input
current was guaranteed less than 10pA and
was said to be typically of the order of
1pA. This looked a possibility but it was
designed not for zero drift but for
minimum offset between the input termi-
nals (typically 0.7uV). However, in a feed-
back op-amp circuit if the offset is zero and

one input is referenced to zero then one:

has a self-zeroing amp!

The other difficulty with the more ro-
bust type of meter movement is mechani-
cal stiffness. This can be shown on a ro-

bust meter by slowly bringing it up to a set’

voltage and noting the reading, then bring-
ing it slowly down to the same value. In all
probability a difference in scale reading
will be shown.

It is noticeable however that some in-
struments used for measuring alternating
quantities are quite crude yet capable of
following the signal quite well because the
movement is ‘kicked’ every half-cycle by
the input. A similar effect could be
achieved in a d.c. meter by adding to the
d.c. signal an a.c. component of low value
but sufficient to overcome the stiffness. As
an added bonus the chosen i.c. (ICL 7650)
has its oscillator output conveniently
brought out, an ideal starting point for this
a.c. ond.c. “wobble”.

The 7650 also has a facility for prevent-
ing saturation of its output by effectively
pulling up one input pin with the other
just before limiting occurs (implemented
by connecting pin 4 to pin 9), thus improv-
ing the speed of recovery from overload.
This facility should not be used here, since
it is better to see that the meter is in
overload than to suffer an incorrect read-
ing.

Digital meters are self-polarising, allow-
ing one-handed operation if one lead is
clipped to a convenient reference point.
An analogue meter could achieve the same
advantage if it were designed as an a.c.
type with the non-linearity usually
associated with these meters removed, al-
though some means of showing the

polarity would then be required. This
leads to the conclusion that a one-hand
a.c.-d.c. design is possible leaving range-
switching as the only manual operation.
Even this could be automated, but this
would present problems in maintaining the
input resistance and would add appre-
ciably to the cost.

If an a.c. signal to be measured stands
on top of a d.c. bias, then a blocking capa-
citor is necessary at the input. This is most
easily accomplished by adding an auxiliary
input terminal buffered by a capacitor.
This facility is not easily implemented
automatically in this design and it was
considered that further complication of
what is essentially a simple circuit was not
worth the expense. Remember that this
capacitor must charge through the input
divider and will take some time in view of
the high input impedance. Also, during
this time the meter will try to read the d.c.
value of the bias. This may cause a tempo-
rary overload condition until the input ca-
pacitor has charged.

There is one further problem to be
overcome in an a.c./d.c. design and that
concerns form-factor correction. A simple
meter and rectifier assembly will read the
mean value of an alternating quantity,
whereas it is usually the r.m.s. value which
is required. In most electronic meters,
including digital types, a separate gain-
adjusted amplifier is provided for this pur-
pose and has to be switched in. If this
design is to be truly ‘one-hand, no
switching’ then a means of detecting an
a.c. signal and automatically adjusting the
gain (at least for sine waves) must be pro-
vided.

Circuit description

The circuit diagram of the instrument is
shown in Fig. 1. IC, is an operational am-
plifier which automatically arranges for
minimum offset between its input termi-
nals. Since one terminal is referenced to
zero through the input divider the stage is
self zeroing. It is arranged to have a gain of
10 or 3.3 to give the x1/x3 facility. This
stage is essentially a preamplifier and can
be frequency compensated.

IC; is the main amplifier feeding the
rectifiers and the meter; its gain is set at
about 5 by Ry; and Rj3. Since the rectifiers
are in the feedback loop of the i.c., their
forward voltage drop and non-linearity are
reduced by a factor equal to the open loop
gain of the amplifier, to negligible propor-
tions.

Each time the output of IC; passes
through zero it must jump a step voltage
equivalent to the voltage drop of two meter
diodes in series, and the time taken to do
this is a function of the slew rate of the
amplifier. When this time becomes a signi-
ficant part of the signal being measured
then overall accuracy suffers. It is for this
reason (and to limit the output swing) that
germanium diodes, not silicon, are recom-
mended for the meter circuit. In the
author’s case a batch of surplus diodes was
obtained and those with the best forward-
to-reverse ratio were chosen.

IC; is a comparator obtaining its power
supply from the 0 and 5V rails only. Its
inverting input is centre-referenced be-
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tween these supplies by Rjs and Rye. Its
non-inverting input is connected to the 5V
supply by R4 and the output of IC; by R;3
such that when the output of IC; is zero
then IC; is balanced. If the output of IC,
goes positive then IC; turns on Tr;, which
lights the red led, and at this time Tr, will
be cut off. If the output of IC; goes nega-
tive Tr; will light the green led and Tr;
will be cut off. D5 and D¢ ensure that each
transistor turns off fully when necessary
(so that only one led will be lit at any one
time). In this way the polarity of the input
signal is indicated. The use of a single
supply rail for IC3 ensures that it will not
be affected by any imbalance between the
positive and negative supplies.

The output of IC; does not remain static
at zero volts because it is constantly trying
to self-zero around the meter diode
voltage-drop, being prompted to do so by
the small switching spikes at its output as a
result of its internal circuitry. Since neglig-
ible current passes through the meter no
reading results, but this 400mV swing at
the output of the i.c. (though not across
the load) triggers IC3 and causes both leds
to light, giving a useful ‘on’ indication. In
addition because this swing is considerably
in excess of any offset present in ICj it is
not necessary to provide offset adjustment
for IC3; and because it is a comparator as
distinct from an amplifier there is no need
for the frequency compensating capacitor
usually associated with this type of i.c.

A second output of IC; is taken to Dy
and Dg where it is rectified and used to
charge Cg. This voltage is used to operate
the electronic switch IC4. IC; must have a
cmos output stage to give sufficient output
swing for this purpose.

The operation of the electronic switch is
as follows. Assume first the condition of
either an a.c. input or the circuit in an idle
condition. Both leds will flash at the signal
rate or in sympathy with the self-zeroing
efforts of IC;. Now the DG308 requires
cmos input conditions: that is, it will
operate when the input to the switching
terminals is about two-thirds of the supply
voltage. In this circuit the DG308 is con-
nected across the full positive and negative
supplies but its switching terminals for
switches 1 and 2 are already at half the
supply (0V) because they are tied there by
R;1. When Cg charges from the output of
IC; its voltage is added to this so that the
potential is raised sufficiently to operate,
the switches.

S connects Ryg in parallel with the main
load resistor Ry to lower the load value and
hence increase the current in the meter
giving form-factor correction (x1.1) to
convert the mean value reading to r.m.s.
The output voltage of IC; changes only by
the additional voltage drop across the

meter; the voltage across the load does not

change because this is determined by R,
Rjz. S; holds S3 in the off condition to
prevent its operation via Ry3. LED; and
Rj; can be added to indicate that S; and S,
have operated. This is something of a lux-
ury, however (particularly in a battery
operated model), although it can be useful
during testing.

If we now assume that a d.c. condition is
connected to the input then the output of
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Fig. 4. The author’s printed circuit, shown full-size. The large amount of copper left on
the board helps to keep it stable; it also improves thermal tracking between
components, minimising the effect of thermally generated e.m.fs. Note the guard-ring
around the input pins of the 7650 to prevent current leakage from adjacent tracks. This
ring is not at earth potential but at the feedback potential recommended by the

Fig. 5. Component layout for the printed circuit of Fig. 4.

IC; will be steady causing the appropriate
led to light. In addition, Cg will not be
charged through D7 and D3 and as a result
will discharge through R;; until it assumes
OV. In this case S; and S; will not be
operated. With S; normal S3 will operate
to the 5V positive rail via R;3. S3 connects
the clocking oscillator from IC; (which
swings from OV to nearly 5V) to the
control terminal of S4 which will be caused
to operate and release at the clocking rate
of 200Hz. S4 in turn connects and discon-
nects Rg in parallel with the main load
resistor Rg. This action imparts a 200Hz

www americanradiohistorv. com

wobble to the meter although its effect is
not observed by the user. This is used to
overcome stiffness in the meter movement.

Once again the output voltage of IC;
changes only by the change in voltage drop
across the meter; the voltage across the
load is still held constant by R;; and R;;.
The current in the meter changes accord-
ing to whether S, is operated or not at any
instant. The mean value of Rg, Ry is that at
which the meter is calibrated.

The reader will notice that the value of
the wobble current is proportional to the
reading being observed. This is no prob-
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lem however because if the reading is so
low that the wobble is ineffective then it is
time to change to a lower scale! It is essen-
tial that the wobble is reduced to zero at
no-input to prevent its causing the slight-
est variation in the output of ICy; this
might otherwise feed through and trip IC3
at low d.c. readings, changing the circuit
over to the a.c. mode. It is for this reason
also that the wobble cannot be applied any
further forward in the circuit.

From the above it will be seen that the
meter circuit assumes an a.c. input condi-
tion when idle. If a d.c. condition is input
then Cg must discharge through Rj; to
convert to d.c. measurement. The time
taken to do this is a function of the voltage
at which the DG308 switches release. If
R;; is too low then Cg may have difficulty
in charging.

If the change over time is critical (for
instance in assembly testing) then Ry
could be made variable and adjusted to the
optimum point. In the unlikely event that
a DG308 is obtained which operates at the
static half-way potential it will be neces-
sary to connect the lower end of Ry to a
high resistance potential divider across the
whole supply so that under d.c. mea-
surement conditions the potential on the
DG308 switching terminals is just below
the operating level. This condition was not
met in the samples used by the author.

No meter movement protection was in-
cluded in the circuit because under operat-
ing conditions the output of IC, limits at
about twice the f.s.d. All the i.cs will
withstand the full supply potential at their
input terminals, so the only danger is
overload at the circuit input terminals
(which will withstand up to 5mA input
current). Overall protection therefore is a
function of the protection resistor R;.

Variations on a theme

Now that we have seen the full circuit we
can see also how it can be built in different
versions.

The utility model for d.c. use consists of
IC; and the meter with no rectifiers. Ry,
Rj; can be adjusted to give the gain re-
quired and only a single load resistor is
required. There is no polarity indication
and the input leads need to be reversed for
the two polarities of input.
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Fig. 6. Wiring the input selector switch Sy. It
is essential to use switch-wafers with good
insulating properties: a suitable choice is a
pair of miniature wafers type 327-349 from
RS Components, together with a shaft
assembly 327-311. Position 7 on the switch
is for use with the author’s resistance-
measuring unit.

The economy model includes the meter
rectifiers allowing one-handed operation;
but there is no polarity indication nor any
form-factor correction.

The popular model includes 1C3, Try,
Tr; and the leds but nothing from C; on-
wards. We now have polarity indication
but no form-factor correction.

The GT model includes IC; giving
form-factor correction and wobble if the
oscillator output of IC; is used. This cir-
cuit would be suitable for d.c. and a.c.
measurements provided the frequency was
limited to a few hundred hertz.

Finally there is the de luxe model,
which incorporates the full circuit, giving
an acceptable response well into the audio
range.

Any of these versions may be built on
the suggested p.c.b.

Input divider and preamplifier
Several factors including the input divider,
the protection resistor, the internal roll-off
and the device input capacitance restrict
the gain at higher frequencies. Neverthe-
less, the performance particularly on one
selected range can be extended well to-
wards the top of the audio spectrum if both
the first amplifier and frequency compen-
sation are included.

To expect IC; to provide all the gain
well into the audio range is not practical
because of the low gain-bandwidth pro-
duct of the device when driving the meter.
It is necessary to reduce its gain and to add
IC,; to compensate. Both amplifiers be-
cause of their internal circuitry produce
small switching spikes at their outputs, so
it is desirable that the second of the two
amplifiers should have the lower gain to
reduce the possibility of the spikes pro-
duced by IC, being amplified by IC; to the
extent that they look to the meter circuit
like an a.c. signal.

For the best possible response, we also
need to use the lowest acceptable value of

In common

T
ov

input divider and if brave enough,
dispense with the protection resistor R;.

The p.c.b. includes spaces for fitting
four components Rg,C3 and R7,Cy4 across
R, and Rs respectively. These components
effectively reduce the value of the lower
feedback resistors as the frequency in-
creases, thereby increasing the gain of the
stage. This cannot be fully effective on all
ranges because of the variable effect of the
i.c. input conditions on the input divider.

To give the best margin of safety the
author recommends that the circuit is built
with both IC, and IC; fitted. Then for d.c.
and 50Hz only, use either a 50MQ or
10MQ divider (whichever is preferred)
and a 1IMQ protection resistor. If a.f. mea-
surements are contemplated then use a
10MQ divider or even scale down by 10;
use no more than 100k} protection (or
strap out the protection resistor and re-
strict the input switch to positions 2 to 6;
and finally experiment with the feedback
components to correct one range accu-
rately. The feedback capacitors of course
have no effect upon the d.c. measuring
capability.

The author has built two versions. One
is mounted in bench equipment for d.c.
measurements only. It has an input divider
of 50 megohms and 100 k() protection.
The second, a portable model, includes the
resistance measuring unit to be described
in a later article. It uses a 1M} input
divider and 10k(} protection (50V on the
lowest range). This input configuration
means that a system switch can be used for
voltage, current and resistance (Fig. 8
shows the connections). The response of
this meter is reasonably flat up to about
6kHz on all ranges without correction. By
making C3 (x1) 820pF and C, (X 3) 220pF
the response on the 100mV range is better
than 2% (one scale division) up to 20 kHz.
With correction at this frequency the 1V
range is 6% high and the 10mV range
about 10% high.
Power supply options
There are three convenient methods of
powering the circuit (Fig. 2.) and any may
be fitted to the p.c.b. (Fig. 3). The sim-
plest is to connect +5V, 0V and -3V
supplies to points B, C and D respectively.
This allows the circuit to be ground-
referenced.
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Fig. 7. Probes for r.f. and d.c.
measurements. Components should be
mounted as close to the probe tips as is
practicable.
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For the second option a 741 i.c. is used
as ICs. A 9V dry battery can then be con-
nected across B and D. The non-inverting
input of ICs is then referenced at half this
supply (4.5V) and the i.c. is used as a unity
gain follower, its output providing the OV
centre point. This method is convenient
and inexpensive for portable instruments
where ground-referencing to the supply is
not required.

The third option allows the use of the
instrument with a single 5V supply. In this
case a 7660 negative voltage converter is
used for ICs. This i.c. mirrors the +5V
supply to produce —5V. It contains an
oscillator and rectifier assembly to produce

a negative output which is adequate,.

though only under lightly-loaded condi-
tions. It is for this reason that ICz and the
leds are driven from the +5V supply
directly. ICs has only to feed IC;, IC,, IC4
and the !mA meter current.

The whole circuit excluding the leds
consumes 6mA at f.s.d. The total con-
sumption is therefore a function of how
high the user is prepared to push the value
of the led series resistors to reduce the led
current. Only one led is lit at a time, and
with 330 ohms in series the total current is
of the order of 12 to 15SmA.

Construction

This design was centred around a lmA
meter. Those used by the author were
surplus voltmeter types with the voltage
multiplier resistors removed. Beware of
current types, however: with their shunts
removed, these are rarely found to have
ImA movements.

Although the component count has been
kept to a minimum, the parts used should
be of the best quality available. There is no
point in having test equipment which is
inferior to the items being tested. A glass
fibre p.c.b. is essential and the input
switch should be of ceramic construction
or of a suitable modern insulating material
especially if the 50 megohm version is
contemplated. A suggested p.c.b. is shown
in Fig. 4, the associated component layout
in Fig. 5 and the input switch in Fig. 6.

A point to note about the p.c.b. is that
the 7560 i.cs have a guard ring around
their input terminals (pins 4 and S) to
prevent the possibility of leakage from
adjacent pins. This ring is not at earth
potential but at the feedback potential, as
recommended by the manufacturers.

Although the circuit itself is stable it was
found with the prototypes that there was
pickup from the meter leads inside the
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plastic case when the p.c.b. was attached
to the meter. To overcome this a screening
board of ordinary p.c.b. material was
fitted between the circuit p.c.b. and the
meter and attached to the circuit board by
soldering at the corners.

Construction is fairly straightforward. It
is best to fit the links first to make access
easier. In the prototypes the connections to
the board were made by means of stand-up
loops soldered to the p.c.b. Leads to the
X 1/X3 switch were screened because they
lay across the board; this was done by
placing them inside the sheath of a piece of
coaxial cable with the core removed. The
input divider resistors were arranged
around two wafers of a l-pole 12-way
switch. Careful siting or screening may be

necessary to prevent stray pickup or inter-:

action with the circuit board.

The author’s bench model has a meter
movement of the type that includes two
mountings intended for small incandescent
lamps to illuminate the scale. Two very
small leds were mounted on stand up wires
so that they just showed above the opaque
part of the cover, bringing them into the
same viewing area as the scale. Two lamp
leads were already provided and two more
were added. The leds were held close to
their bodies and the leads bent forward
and downward to get a ‘soft’ right angle
turn. The bulb clips were removed from
their mountings for soldering to prevent
the plastic case melting.

Calibration

To calibrate the instrument, a good quality
voltmeter (digital?) and a variable voltage
source are required. In addition, if a.c. and
audio facilities are to be provided then a
signal generator with a calibrated output
will be needed.

First set all the trimming resistors to
half way and the x1/x3 switch to X1,
Give the construction a final check and
then power up the circuit. At this point
both leds should glow as IC, hunts about
its zero. Switch the input to the 10V scale
and apply +5V to the input. The red led
should light and the meter indicite some
where about half scale. Adjust Ry for
exactly centre scale. If an oscilloscope is
available and is connected between 0V and
the output of IC; the wobble will be ob-
served as the changing potential across the
meter. The wobble should not be observed

across Ry;-Rj; proving that the Joad
voltage is held constant by these resistors
and that only the current is changing due
to the changing load Rg-Rg.

Now operate the X3 switch and increase
the applied voltage to 15V, this time ad-
justing Rs for centre scale. Reverse the
input leads and check that the reading is
the same as before, but that the green led is
now lit. Inequality between the positive
and negative readings is more likely to be
due to leakage in the meter rectifiers than
to unequal amplification in the i.cs.

Using the same procedure check the
readings on the other scales using appro-
priate input voltages. Any inconsistencies
between ranges are likely to have arisen
from inaccuracy in the input divider,
leakage effects (especially in the SOMQ)
version), or else stray pickup in the test
leads. Some variation can be expected but
this should not be too significant in a well
constructed circuit.

To set up the a.c. ranges, begin with a
low frequency (about 50Hz). To ensure
minimum stray pickup, terminate the gen-
erator leads in a low impedance. Select a
suitable range and apply the generator.
Check that both the leds are lit, and that
the meter reading is somewhere near that
which is expected, then adjust Ry to give
the correct reading (LED; if fitted will also
be lit at this stage).

Calibration at the higher audio range
will only be appropriate if suitable input
divider and protection resistor are used.
Switch to the chosen range, adjust the
values of C3 and C4 to give the desired
result, remembering to test with the meter
in its final casing.

R.f. measurements

A useful addition for radio engineers might
be the means to measure r.f. voltages. It is
a simple task to construct an r.f. probe
(Fig. 7); this produces a voltage equivalent
to the peak-to-peak value of the signal.

Component notes

Ci, Cy, Cs, and Cg should be radial-lead
polycarbonate types. C;-C;; are miniature
tantalum bead capacitors. For the close
tolerance resistors, a range of 0.5% metal
film resistors is available from Ambit In-
ternational. Cermet trimmers areé recom-
mended for the variable resistors. The in-
tegrated circuits may be obtained from RS
Components or Technomatic. VWV

The author’s bench-modal
voltmeter. The two leds
mounted on the meter scale
indicate the polarity of the
input. The U-shaped screen,
which is made of printed-
circuit material, helps to
prevent pick-up from the
meter leads.

Kevin Read
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LIVING AND PARTLY
LIVING

In your March editorial you write ... “the
performance of audio systems is at the stage
where it takes a collection of instruments to
measure the difference between the original and
the reproduction”. This may be true in Quad-
rant House, with its wall to wall waterfalls: out
on the shop floor it is quite a different story, or
lack of story.

After many years in a London garret I have
moved to a mansion in the country. The equip-
ment, rich in character, which I have been using
has been banished and I am under orders to buy
a conventional system.

Virtually no technical information is available
from any dealer, either the smart store in SW1
or 3, or the specialists within a 10-mile radius of
my home. The only loudspeaker response figure
I have managed to find is 16dB down at, [ think,
SO0Hz, making the 3dB point at 400Hz, or tele-
phone quality.

The only listening room I have found was
almost a cube, lined with peg-board. It brought
back memories of long-dead aunts as the
speakers were switched. Mellow, crisp, or the
language associated with the days of Henry
Hall.

I have designed, in my time, a lot of equip-
ment for broadcasting authorities, and have
never heard the words ““it sounds all right”’. Is
there any manufacturer of complete audio
systems who is not fudging his data sheets?

T. Roddam
London.

DESIGN FOR LIVING

Have you noticed how difficult it can be for a
person in a wheelchair to hold a coherent
conversation with the person pushing?

In these noisy times it invariably entails the
pusher having to bend over or pull the chair
back, with the “pushee” craning his or her neck
for both to hear.

I have wondered whether there is any mileage
in producing a simple two-way device with
throat microphone and earpieces to facilitate
easy conversation in these circumstances. I am
sure this can only make life easier for both the
disabled and the people who have to push them.
P. Sivers
London W10.

PHASE-SHIFTING
OSCILLATOR

In the article in February 1982, Mr Rosens
states that ‘consumer-grade’ variable resistors
gave trouble owing to poor contact.

Cy and Ry in the all-pass, phase-shifting cir-
cuit can be interchanged. In the oscillator, this
step allows an ordinary twin-gang capacitor to
be used for the fine control of the frequency, as
shown in the diagram. A welcome contrast with
Wien-bridge and bridged-T oscillators is that
the common connection (frame) of the capacitor
does not have to be isolated from 0V. Resistors
R can be switched in decades (or semi-decades,
if desired) for the coarse control. Close-
tolerance resistors are more readily obtainable
than are close-tolerance capacitors, facilitating
the use of a common scale for all the frequency
ranges.

If the maximum value of Co is 530 pF, for
example, then Ry must be 15SMQ for Mr
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Rosens’s lowest frequency of 20 Hz. The opera-
tional amplifiers should have field-effect input
stages.

W. Pleass

Saffron Walden

Essex

BBC ENGINEERING

May I quote from Pat Leggatt’s interesting and
informative article in the November issue, ‘BBC
Engineering 1922, onwards’. In the radio and
television studios, and in outside broadcasts,
producers have nearly all the technical facilities
they need, with very satisfactory quality and
reliability, to give their creative ideas full scope.

The word ‘quality’ struck a sore point. [ have
written on three occasions to the BBC regarding
poor picture quality from video tape sources,
and received only one, and that unsatisfactory,
excuse. Perhaps Mr Leggatt or any other BBC
engineer can explain through this journal how
such degradation can occur.

It is the quality of video tapes and, more
recently, the effects machines to which I object.
The tapes exhibit poor bandwidth, chroma
noise and dropouts. Many new items using the
so called e.n.g. system are of worse quality than
can be made by an amateur using his domestic
video recorder. Perhaps this is excusable given
the ‘one off circumstances of news items.
Surely, however, it is inexcusable to occupy
almost half the spectrum to 1GHz to put out
four tv channels, capable of excellent quality,
then bandwidth limit the signal source? Or to
install high-power transmitters with large acrials
and to coerce the public to use good aerials and
receivers, then to transmit noisy programme
material.

What has happened, why do we see sparkling
quality from cine film then life through a judd-
ery haze from tape?. The poor resolution from
tape must produce fatigue, hence disinterest,
even in a viewer who does not consciously
perceive the inferior quality, as the eye contin-
uously artempts to focus on an impossible
subject. Could this be the reason many advertis-
ers stick to cine film?

The BBC has an unsurpassed history of excel-
lence and ‘firsts’, as Mr Leggatt describes, in-
cluding the digital video recorder, and yet years

after video tape was introduced into tv broad-
casting the standards are actually falling, not
improving. The independent channels have led
the way to poor video, no doubt because of cash
restraints.

I write this letter not because I dislike the
BBC but because I greatly respect its standards
and enjoy the product. Please, whoever is con-
cerned with picture quality, don’t stoop to the
American level.

R. G. Brown
Notts

AUDIO SWITCHING

The design constraints Mr Robinson (Letters,
January 1983) is working under are not fully
known but there may exist usable means round
his problem of switching audio at logic levels.

First choice might be to investigate the
DG202,212,221 family (Siliconix often second
sourced by Harris). Apart from the internal
latches these perform as his diagram. The
DG221 has internal latches but the switch sense
is inverted.

Another way might be to try a DG308 and a
resistive drive from an open collector output as
in the sketch. It relies on the switching thres-
hold of the device lying within the range of 3.5
to 5 volts. Indeed a similar trick may be possible
with 4016/4066 types if the switching threshold
lies within a similar range on a 10V supply.

I +5V
2k
Transistor
of ofc
gate S
6k8 13
Control } DG 308
210k
-5V
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Finally, if level shifting is required, the 74C907
open drain p-channel buffer could be used to
replace the three resistors and transistor shifter
which was shown.

Allen Mornington-West

Lockerley

Hampshire

BINAURAL
RECORDINGS

For some time now the manufacturers of large
portable stereo receivers have been offering
some kind of processed stereo, with a variety of
names implying width or depth. The effect is
certainly interesting. I thought perhaps the ar-
rangement described by J. H. Buijs (Wireless
World November, 1982) might produce this, or
similar, effect.

However, it was obvious from even a cursory
glance that there is something odd about the
circuit he provides. For example, why use three
different kinds of op-amps, and why mix op-
amps that use a single supply with those that
require a dual supply? Further investigation
reveals a number of other oddities, such as:

— The “power” transistors following the input
stage are not needed. Mr Linsley Hood, for
example, has been using TL072 amplifiers in a
600 ohm system without difficulty, and has des-
cribed his work in Wireless World.

— The 1 microfarad capacitors driving the
second pair of amplifiers are not needed. The
input impedance of the stage is high, and the
driving impedance is below 5 ohms. With dual-
supply amplifiers in the first stage, the common
mode voltage is essentially zero at this point.

— The corner frequencies for the second pair of
amplifiers are both below 10 Hz. The 2k2 resis-
tor could be replaced by the 330 ohm resistor
and the circuit made frequency-independent
without producing an audible difference.

— When the first stage amplifier is switched
from inverting to non-inverting, its gain
changes from —3 to +10/13, and not +3 as
might have been expected. This will result in
non-symmetrical cross-talk which cannot be
corrected for by this circuit.

— When the third stage amplifier is switched
from inverting to non-inverting, its gain
changes from —1 to +1/2, not +1 as might have
been anticipated. This does not correct the gain
error in the input stage.

It may also be that the switch is labelled
incorrectly — the author’s discussion of the
cross-talk circuit (Fig. 7) indicates that the re-
quired inputs for loudspeakers are L. and —R.
This would seem to indicate anti-phase cross-
talk. With the input switch as shown, whether
or not the gains of the various stages are correct,
the cross-talk will be in phase when the switch is
in the loudspeaker position.

In spite of these shortcomings, I was still
interested enough to build the circuit. Rather
than use a switch for headphones/speakers, I
made two versions of the circuit, one with the
phase inversions and one without, and with the
stage gains kept symmetrical. Each version used
the quad amplifier T1.074.

With in-phase cross-talk the effect is scarcely
detectable. With anti-phase cross-talk the stereo
image seems a little wider, but the effect is very
subtle.

To improve on this situation, I constructed
the circuit shown. This circuit may be regarded
as an op-amp version of the “sound source
width” control given by Mullard in their Tran-
sistor Audio and Radio Circuits book. My ver-
sion 1s adjustable from full in-phase cross-talk to
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In-phase

’ + Left output

A

Anti-phase

full anti-phase, but as Mullard pointed out,
more than about 25% anti-phase cross-talk is
not needed; indeed it produces a decidedly odd
sound.

For those who wish to try the compensation
discussed by Mr Buijs, with a circuit that does
not involve inductors and a whole variety of
amplifiers, my circuit can probably be modified
to give the same result. If the in-phase side of
the potentiometers is grounded, and the invert-
ing amplifiers in the input side given a low-pass
characteristic — say a simple roll-off at 1kHz —
it is very likely that the audible results will be
similar to the arrangement given by Mr Buijs.
With this method, however, the amount of
cross-talk is adjustable.

Harold Kirkham
Sunland, CA
USA

ELECTROMAGNETIC
DOPPLER

I believe I can give a simple and logical answer
to Mr Kennaugh (WW March 19 ’83). I don’t
think it is necessary either to dispute relativity
or to draw a distinction between the acoustic
and e-m cases. In all media the wave velocity is
constant with respect to its own medium; what
varies is the frequency and wavelength of the
wave. This is a postulate — I do not offer proof.
It is true of soundwaves.

Let ¢ be the wave of velocity in the medium
and let vy and vy, be velocities of a source and an
observer, both with respect to the medium.

A wave which would be emitted by a station-
ary source at frequency f, and wavelength o is
actually indicated at A=A (1—vy/c). And it is
received by the observer at Ay, =As+Aop-Vop/c.
Thereforery(1—vy/c)=hop(1—vor/c), and since
Mofo=Asfs=hobfob="C,

b-d\/\/\z—-——4
In-phase
N — AN — oy
—]
+ Right output
Anti-phase
Cc—V,
fo/fob= :
C—Vob

If, as in the e-m case, the velocities w.r.t. the
medium are not known, it should be noted that
if v and v, are much smaller than ¢, them by
Binomial theorem,

C=Vs ..
C_vob_(l vy/c) (1+vop/c+...)

(vs— Vob)__ c—(Vs—Vob) _ C— Vel
C C C

~=]—

(Ifv,. is small, fo,=f, even if v and v, are not
small).

On the subject of Mr Kennaugh’s point about
destructive interference, surely photons don’t
fail to explain it any more than e-m waves do?
The energy still has to escape somehow. As for
polarization, why shouldn’t photons be pola-
rized somehow?.

D. Hall
Coventry

MODULAR

PREAMPLIFIER

In November 1982 you published an article by
Mr J. L. Linsley Hood on a modular preampli-
fier, using bootstrap filters with a 3rd order
response, as described in the appendix on p. 64,
giving four equations each for high and low-pass
sections. Invevitably, these are duals of each
other.

I liked these circuits and performed some
algebra on them. In addition to considerable
simplification, the algebra revealed that if Mr.
Hood’s recommendations for the design of these
filters are followed, then one can come unstuck.
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Dealing with the high-pass filter and re-
arranging the third equation, a quadratic in
y(=R/R3) is obtained, namely

+y(2-Co/(C;.Q¥)+1=0. Since the quotient
‘of the coeffs of the y2 term and the constant
equals 1, it follows that the two roots are mu-
tually reciprocal, i.e. that one should be able to
interchange R; with R; (C; and C; for the low-
pass), which was verified experimentally with-
out any change in the performance of the filter.

Assuming that a Q of not much less than V2
is desirable for steepness of cutoff, for y real we
get C,/C;=8. One can see immediately that a
ratio of 10 would be advantageous, bearing in
mind the cost of odd sized values of capacitors.
Substituting C,/C;=10 it is found that, for y
positive, 2<Q°<2.5, conveniently in the de-
sired range.

With C/C;=10 and solving for y, it is found
that, for Q2=Zr 2.4, there is a linear
relationship expressible as Q’=(7.8-y)2.6, y
lying between 1 and 2.62. A choice of y=2.2 is
again advantageous, as 2.2 is a multiplier in all
the ‘series’ and provides easy choice of resistors
(capacitors for the low-pass). This value of y in
turn fixes Q*=2.15 with Q=1.47.

Summarising, we have C,/Ci=10,
R/R;=y=2.2=Ry/R;, and Q*=2.15, with
duality defining the low-pass configuration as in
Fig. 16 in the article. It is worth repeating here
that equ. (i) imposes constraints on the C,/C;
ratio, reflecting on y, Q and the turnover fre-
quency. Just selecting Q and y as indicated by
Mr Hood can lead to an unrealisable filter.

After some small computation and defining
R,Co=1/(2.%.f;) — ‘n’ standing for the normal
roll off frequency/time constant relationship —
and substituting for C; and Ry (from their
ratios) one obtains: C{Ry(HI)
= C,R/V22 xQ" and CRyLO)=
(C,R/V22) xQ”, the last term in Q being a
‘correction factor’ insisted upon by all the
experimental filters! This construction gives a
maximum peak of about 5 dB.

In addition, from equ. 1 and 4 of the article,
by eliminating frequency, we have: C3R3
HD=C|Ry(1+y)=3.2C|R; and C3R3
(LO)=C;Ry(1+v)Q’=6.9C|R;.

If maximum flatness is required in the res-
ponse, then it is best to use a lower resistance for
R3 than obtained from the equations and use a
trimmer pot, as the response peak is strongly
dependent on the precise values of the two resis-
tors and two capacitors — and their ratios — of
the bootstrapped filter.

Construction: For a high-pass filter with a
cutoff frequency f; of 1250 Hz, R,C,=127us,
giving C|R;=127/(V22x1.21)=22.4us or InF
and 22kohm. C;=10C,;=10nF and
R1=2.2R;=48kohm (a high 47k).
C3R3=127x3.2us, or 22nF and 18k4, a 16k re-

sistor and a 4k7 trimmer, say.

Finally, a band-pass filter using two bootstrap
filters in cascade fit easily enough in terms of the
relative interface impedances and can be con-
structed with a dual TLO72 op-amp, over the
audio frequencies and higher. Overall ripple can
be within about 0.5 dB.

R,C, = Time constant of desired cutoff.
CiR;=R,C,/5.68

R;=2.2ZR;

Cz = lOC]

C3R3=3.2C|R;

CiR;=R,C,/3.87

Theydon Bois
Essex

The author replies:

I would like to thank Mr Duval for his com-
ments, which I have read with interest. The
summary of the design data which was given on
page 64 of the November, 1982 Wireless World,
was not intended as a complete design pro-
gramme, though the equations quoted are
correct and adequate.

The full mathematical anlysis of this circuit in
its high-pass and low-pass forms was given by
me in Electronic Engineering (July 1976, pp55-
58), from which the design summary was
extracted. The calculated and measured per-
formance of these filters, as so described, was
checked over a range of Qs and operating fre-
quencies, with several different component
relationships, and was found to agree with the
predicted transmussion within 0.2dB, which
satisfied me that my calculations and formulae
were indeed correct.

If it would be of interest, I have worked out a
suitable programme to allow the performance of
this filter to be calculated using either a Texas
TI58/59 programmable calculator or a Hewlett
Packard HP-65. For the sake of completeness, I
have done the same exercise for the Sallen and
Key design, which shows up the differences
between these filters at the higher attenuation
levels.

I would like to take the opportunity, while
writing, to remedy some of the errors and omis-
sions which had crept into this series of articles,
and to which my attention has been drawn.

Power amplifier WW August 1982.

I had omitted the types of some transistors. Try,
Tr2=BC447. Trs, Tr6=MPSA-93 (the base
connections of these were shown reversed on the
p.c.b. layout Fig. 21) Tr;3=2SJ49. Try,
Tr;=BF259. Try3=BC212. Tr;o=BC182 (not
on outpu: heat-sinks). I had also shown C; and

01 &} R1 R3
->—-| +1 '—1—> —— \J'- +1 N
R1 C1
€z R2 o

+— R3< A— (5
3

R2§ EQI

{a) High-pass {b) Low-pass
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its associated zener the wrong way round.
Sorry! The supply line bypass capacitors can be
made as large as the constructor wishes, and
these can be bypassed by small non-polar capa-
citors (0.1uF) with advantage. The majority of
these errors were corrected by WW in Sep-
tember 1982, p63.

On a more theoretical note, in my description
of the design of the power amplifier, July ’82,
p66, I had referred to the need for a wide band-
width and good linearity in an amplifier in
which positive feedback was to be used, in that
p.f.b. will worsen these characteristics. This is
true. However, if any significant amount of
p.f.b. is to be applied in a circuit using both
p.£.b. and n.f.b., it is essential the bandwidth of
the p.f.b. loop must be less than that of n.f.b.
one, or otherwise the amplifier will oscillate
at some frequency at which the n.f.b. has
disappeared.

In the design shown, this p.f.b. bandwidth
limiting function is performed by Rj¢ and Cjs. [
am grateful to my correspondent, Prof. M. D.
Cherry, of Monash University, for a reminder
on this point.

Ls protection circuit

In the p.c.b. layout, Fig. 26, IC; (74C02) is
shown viewed from the top, and pin 6 should be
connected to pin 7, and to OV. In the diagram
this is obscure. However, since National
Semiconductors, who appear to be the sole UK
suppliers of the 74 compatible c.m.o.s. i.c.s. of
this type, appear to be phasing these out in
favour of the similar but much faster
“74HC— -’ series, and as an initial step have
substantially increased the cost price, it is prob-
ably worthwhile to amend this p.c.b. layout to
use the similar, but much cheaper CD4001 i.c.,
which has a different pin layout.

Microphone amplifier
Try1, which is not specified, should be a 2N5457

Rumble filter
C43, the input bypass capacitor, should be
1000pF (1nF) not 1uF.

Finally, the overall performance, at 1kHz and
1V rms should have been quoted as ‘less than
0.01%’ — not 0.10.

DISCUSSING
RELATIVITY

Should inquiry into relativity theory be en-
couraged? J. Kennaugh (Letters, March 1983)
complains of the inaccessibility of the theory’s
consequences to mechanistic explanations.
Could this not reveal a degree of misconception
with regard to the theory’s foundations? At the
point of departure of the argument for the
special theory are the two conjectures which
Einstein dubbed “postulates” in his paper of
1905'. The first postulate, not at variance with
the conventional laws of mechanics, is by
Einstein’s own admission, incompatible with
the second, which offers utter frailty in the face
of the challenge of potential empirical refuta-
tion. From these conjectures, the theory is de-
veloped under the constraints of mathematical
rules, devised as an artifact of the intellect to
form a closed, internally consistent logical
system. Thus the theory is not necessarily
matched to the realities of the physical world
nor, indeed, to the requirements of concepts,
which constitute intellectual effort, to accom-
modate to physical observations.

On encountering difficulties in adapting the
consequences of the theory to the intrusion of
facts we can adopt one of two approaches; we
reject it as of no further assistance to our endea-
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UETTUERS

vours in interpretation and understanding, and
seek to construct a new theory, or we contrive to
protect the old theory. The adoption of the
latter course may appear to be questionable if
we would claim commitment to the scientific
method, and might seem to imply some alterna-
tive concern as our motivation. The pursuit of
this suggestion could prove of interest else-
where, but for the present let us take note of a
remark reported recently in the press, of Profes-
sor David Bohm: “But the question is whether
physicists will regard explanation as important
at all. The trend in physics at the moment is to
discount concepts and only to take seriously
what you can compute with equations”z.

Now let us make a conjecture of our own. If
astronomers employing refined techniques of
measurement should acquire evidence which
supported the contrary to the second postulate,
i.e. that each emitting body is fixed in its indi-
vidual medium of energy dispersion; if this
should be brought about, or perhaps some other
observations be made to the same effect, are we
then to accept that a certain section of the scien-
tific community would disdain from taking the
reports seriously?

Could not J. Kennaugh and, indeed, many
others, suffer from misconceptions not only of
relativity theory, but of the expectations we
have of physicists? These people receive consid-
erable encouragement in material terms for their
somewhat exotic and extravagant activities; but
should inquiry into relativity theory be en-
couraged, as well? Could we hope to sce the
debate developing further in these pages,
perhaps? The open-minded policy of the
editorship would appear to be, indeed, en-
couraging.

Colin Francksen

Farnborough,

Hampshire.
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GRAVITATIONAL
WAVES

Beginning with the publication in Wireless
World (Oct. 1978) of Dr L. Essen’s “Relativity
and Time Signals”, I had been following closely
the lively discussion regarding the validity of
certain postulates of Einstein’s theory of relativ-
ity (the twin paradox, etc.) and other such im-
portant topics which you kindly had given space
in your magazine. I, as well as many other of
your readers, appreciate the fact that though
Wireless World is essentially a technical publica-
tion it, nevertheless, is giving room — when
other doors are seemingly closed — to writers of
differing views particularly when the subject of
discussion is fundamental theory. This is an
excellent example for not separating practice
from theory and thus involving technologists
with current problems even if related indirectly
to their fields.

Equally I congratulate you on the new series
of articles by Dr W. A. Scott Murray dealing
with the various problems of modern physics
and the hidden contradictions seriously un-
dermining its seemingly imposing outer
structure. Certainly, this is the way to let the
layman feel that all is not not the word of God
and therefore lead him to question rather than
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to accept blindly as a word of faith, all the stuff
pumped into his mind since early school days.

However, the real reason I am writing you
concerns an article related to our discussion that
had appeared in Scientific American (The Gravi-
tational Waves from an Orbiting Pulsar, Oct.
1981) which should be of special interest if its
conclusions are accepted to be true. In this arti-
cle, the writers claim to have proved beyond
doubts: the “existence of gravitational waves”
and of settling the question of “relativity of
time” or the “twin paradox” as it is known in
popular relativity parlance. For over a period of
six years they had been measuring the decaying
orbits of the binary pulsar PSR 1913+16 and
found the accumulated shift in the time of
periastron passage amounts to be about 0.04
second a year. According to their argument (and
relativity), the source of energy for gravitational
radiation belongs to orbital motion. And if this
loss of energy is very large, such as is the case
with this pulsar system, then it leads to a mea-
surable decrease in orbital period which they
had successfuily detected.

After further explanation of “time dilation”
and how it was proved by experiments involving
atomic clocks flown by jets, they conclude that
this orbital decay is caused by gravitational
radiation and not due to possible collisions with
stellar gas or other matter such as is the case
with an artificial earth satellite orbit decaying

mainly because of collisions with molecules in

the upper atmosphere. Also there is no mention
of the fact that part of the decay can be caused
by loss of mass by the pulsar due to ordinary
conversion of mass into radiant energy or the
mass lost through the agency of the mysterious
and very strong radiowave pulses from the pul-
sar, The authors finally hint that other workers
are trying to detect these very weak radiations in
the laboratory when suitable equipment become
available. Surely many await the results of these
experiments as the factors mentioned above
would then be ruled out.

I appreciate possible comments from Dr Es-
sen or from other interested readers regarding
'this new development as I am personally still
not in total sympathy with all the claims of
Einstein’s theory of relativity. Such responses
may indeed be reassuring if only to keep the
door open — which has been so, thanks to WW/
M. Zaman AKkil
Safat, State of Kuwait
17th April 1983.

RED SHIFT

Nicholas Kirk’s letter on the “Red Shift” (WW
February 83) questioning whether it might not
result from simple loss of energy rather than
expanding universe is very interesting.

Had it not been for the semi-religious appeal-
ing idea that all things must have started from a
single point, would all that effort have gone into
the “expanding universe”? One can almost sug-
gest starting a research which has as its starting
point the assumption that light loses frequency
in proportion to the distance it covers. And bya
well-known amount too!

G. Kubba
Putney

Mr N. K. Kirk echoes exactly my own queries
in his letter (Wireless World February) but for
different reasons.

My first point is of general principle. We are
told that there is no such thing as perpetual

motion. Whenever there is relative motion
between two things which have interaction
between them (for example photons in gravita-
tional fields) then energy is given up, which
frequently manifests itself as Joss of velocity.

My second point is connected with the experi-
mental evidence to support Einstein’s theory
that light is refracted by very strong gravita-
tional forces. The refraction of photons passing
very close to the surface of the sun shows that
photons are affected by gravity.

Can anyone conclusively demonstrate that the
velocity of photons, as they pass through the
gravitational fields of inter-galactic space more
or less continuously for many millions of years is
absolutely and utterly unaffected by so doing,
because this is an essential requirement for the
receding universe theory if it is to be based on
observed spectral red shift.

On the other hand, if the velocity is reduced
by some finite amount during its enormous
journey, it would produce an apparent spectral
red shift.

J. Snowden
Managing Director
Rediffusion Service (Singapore)

SENSITIVE?

I have come upon one or two cases of people
who have acute sensitivity to electricity and to
electrical devices, such as television sets, com-
puters, radios, electric lights, etc. T would be
very interested to hear from any readers who
experience this effect, or who find even the
presence of electricity disturbing. I wish to
make a study of this condition and any reports
that readers send me will be treated with com-
plete confidentiality.

Michael Shallis

Department for External Studies

University of Oxford

CABLE AT
MILTON KEYNES

Speaking as a user of the Milton Keynes cable tv
system for the past two years, [ have found the
reliability of the system leaving a lot to be de-
sired, since the system has failed on average
once every two or three weeks. If it should fail
after 6.00p.m., then it would remain out of
service till next day, and even when it was
working the quality was well below broadcast
standard — as measured using Marconi tv a.t.e.
For all this, every user contributes £12 p.a.
towards its up-keep — the argument being that
you get a better picture from the cable than “off
air”’; in reality this is not true. Although Milton
Keynes is in a fringe area, it is still possible to
get a better picture from a modest loft-mounted
Yagi.

In addition to the overall poor picture quality,
the system also radiates very badly into the 2m
amateur band: most of this radiation comes
from poorly screened distribution amplifiers.

It is to be hoped that the Milton Keynes
system does not set a precedent for future
systems and that others learn by its flaws.

Fibre optics would be the obvious answer to
some of the problems, but the more complex a
system gets, the more likely it is to fail, so all in
all I intend to stick to my little Yagi in the loft
(which cost me £5.50), to save myself £12 p.a.
and still have a better picture.

Tim Forrester
Milton Keynes
Bucks
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A programmable
eprom eraser

Discipline for wayward eproms: a companion-piece for the eprom programmer described
by the author in the April and May 1982 issues

Literature on programming eproms is
readily available from manufacturers:
timing, voltage levels, loading factors and
so on are all well-defined. But on the
subject of erasure there is only brief
mention of the need to use hard ultra-
violet ... integrated dosage ten watt-
seconds per square centimetre ... and
then there follows a warning to the effect
that all locations must be fully erased be-
fore the device is reprogrammed. Several
graphs are reproduced which purport to
demonstrate the effect of under-exposure,
but there is nothing to say what this means
— or why it should be avoided.

Before an eprom can be re-programmed
it must be exposed to ultra-violet radiation
of a short wavelength (hard u.v.), which
raises each memory cell to a logic 1 level. If
an eprom is set to all-0 and then erased, it
is not surprising that the logic 1 level is
reached at different times during the
u.v. exposure — particularly when one
considers the very small dimensions of the
conductors on the silicon. Figure 1
represents a novel way of demonstrating
the program-cycle: the hysteresis curve
normally associated with mechanics and
the properties of magnetic materials.
Under the influence of temperature and
bus-loading, the threshold of logic will
shift (as with most logic devices) and this is
said to be the reason for the need to over-
erase. The erasure rule is to give the eprom
four times the clearing time (i.e. the time

s . Starter
T

i)
L

Fuse UV tube

ceramic
L O=———c=ex
2A

Mains
time meter

8W choke

by H. S. Lynes

to reach logic 1 level). This is sometimes
expressed as T + 3T, where T is the time
taken to erase the least-eager bit. Thus if
the slowest bit takes eight minutes, the
correct exposure will be 32 minutes.
Where eproms are to be reprogrammed
regularly, it is recommended that they
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Logic 0 ) Logic 1
|
i
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Fig. 1. The program-erase cycle of an
eprom. The shaded area may vary with
temperature, voltage and bus-loading.
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Fig. 2. The ultra-violet tube with its wiring

and the relay interface. The two time
indicators shown dotted are optional.
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should be set to logic 0 and colour-coded
for the time the slowest bit takes to clear.
Unfortunately it is difficult to check the
logic-state of the eprom whilst it is in an
eraser — they are usually just light-tight
boxes with timers. It is possible that many

.eproms are ‘under-erased’ because of this

and because time is always pressing.

The eraser described here can be
made programmable — and it is perfectly
feasible to make it intelligent so that the
correct exposure may be given and data
presented to the operator for future
reference. There is plenty of scope for
research into pattern sensitivity and it may
be noted that some eproms do erase in
alternate groups of 16 locations.

Construction

The author’s eraser is shown in the
photograph. The case can be metal, as the
prototype, or wooden. An aluminium box
20cm by 7.5cm was covered with a sheet of
paxolin to style the lid and to provide
insulation for the steadying hand whilst
the drawer is opened. The drawer slide
and handle were obtained from a rack
module, to simplify construction of the
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Fig. 3a. A light-dependent resistor
monitors the output from the ultra-violet
tube. The optional capacitor is a tantalum

type.
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Fig. 3b. The light-dependent resistor
assembly.
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- —- easo)
] \Copper
= : -, e camrrree:
{d} Next layer prepared,
to take solder blobs
Pin 1 Pin 24
Boo\rd D common co;nmon
Board O oloYo 0 0 of \lo o
C\ colocoocod O[0°0,0
I ® 000000 7 1
@0 0]C 00 Q7 COfpper
® 0 Olo % g strip
LS
=" Underside =
view

{e) Plan view, shown for 24-pin sockets
Pin 1 is common to the three

Note: (S must be separated

Fig. 4. Preparing the zero insertion force i.c.
sockets for the author's do-it-yourself
multi-layer circuit board.

precision part. A flexible ribbon cable
joins the z.i.f. (zero insertion force)
sockets on the drawer to the switches,
relays and electronics contained within the
case. Mounting the choke for the u.v. tube
externally on the side opposite the drawer
provides some stability and reduces the
effect of its magnetic field. Modern
chokes, however, do get hot and it may be
necessary to prevent hand-access. The
choke is rated for 8W, although the most
commonly available ‘replacement’ u.v.
tubes are nominally 4W. They are
estimated to have a useful life of 5000
hours and the effect of increasing their
power will be to reduce this slightly —
unlike conventional tubes they have no
phosphor to overload or contaminate.
Take care not to touch the quartz envelope
as this will lead to premature failure.
Suitable chokes can be obtained through
trade electrical suppliers, usually ‘to order’
and at a cost of about £3. With an 8W
choke the total erasure time will be in the
order of 15 to 30 minutes. A v.d.r.
transient-suppressor should be wired
across the choke to reduce interference.
For the same reason, the mains supply
should be separate from that of the
microprocessor if possible. The tube
supply is switched by a ‘continental’ relay
with both poles in series, protected by a
CR network as shown in Fig. 2. This
diagram also shows the port interface and
the reed switch used as drawer interlock. A
47 ohm resistor is placed physically close
to the reed to prevent line-capacitance
problems, making it necessary touse a 15V
supply.

It is usual to have a ‘snap’ action to the
drawer over the last Smm of closure —
during this the interlock should operate.
The action was achieved by a strong spring
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Paper seal Aluminium case

T Drawer
inner seal

Drawer outer seal

Plastic foot
{a)
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- {b)
Limits of
interfock
switching
&

Fig. 5. Detail of the method of sealing the
light-tight drawer. Good sealing is
essential to prevent damage to the eyes
and skin from the short-wavelength ultra-
violet radiation.

and a roller. It may be found necessary to
strengthen the case to ensure the parts
remain perpendicular throughout the
travel. No provision has been made for the
eraser to be used without the host
processor since this would remove the
safety aspect of the drawer switch. It is
essential to have complete regard to safety
since the tube radiation is harmful to eyes
and skin.

In the prototype a motor-driven timer
was wired across the tube circuit as a check
on tube-life and also to calibrate the
electronics. If only a tube-life check is
required an electrolytic (mercury)
indicator may be wired across the (12V)
relay. As a further check on tube operation
a light-dependent resistor was included
(Fig. 3a) suitably buffered and protected
from the effects of the u.v. by 2mm of
glass. It should be placed close to the z.i.f.
sockets — three sockets will fit under the
tube. Although it is only a go/no-go
indicator it must be fairly close to the tube
since l.d.r.s do not respond greatly to the
u.v. and blue parts of the spectrum. If
possible shield the l.d.r. from the tube
heaters, which could give a false indication
since they will emit plenty of infra-red.
When the tube is working the l.d.r.
resistance will be typically 700 ohms. The
dark resistance is about 1 M(}.

Wiring the z.i.f. sockets

A neat solution has been found to the
problem of wiring a large number of
similarly-connected sockets: they can be
wired on two layers of Veroboard
stripboard, with the first row of pins
connected to (say) the top board and the
remaining rows to the bottom board. In
the case of most i.c. sockets there is
insufficient lead-length to reach the second
board, but with care in purchasing it is
possible to obtain z.i.f. sockets with longer
leads. They must be dismantled and filed
flat to remove the anti-wicking mouldings
as this gives just sufficient lead-length for a

neat solder connection. Fig. 4 shows the
stages in construction. The finished
‘layered’ p.c.b. is strong and shows high
insulation resistance after treatment with
clear cellulose (car-paint type) where the
second row connections pass through the
first p.c.b. The connections to the CS pins
have to be made separately so that the i.c.s
may be enabled individually. Make certain
the z.i.f. socket is working correctly when
it is reassembled prior to mounting on the
p.c.b. — removal is not easy!

The drawer seal (Fig. 5)

It is essential that the unit is made
completely light-tight and it is
recommended that the drawer be double-
sealed so it may be safely opened beyond
the point where the interlock operates. A
double seal is achieved by making a second
aperture about 6mm inside the main door
— an inner door is shut against this by
means of a flexible seal, for which black
paper is ideal. The main door should be
considerably larger than the drawer
aperture and the facing surfaces should be
matt black. It is important to light-proof
the seams of the box: again, black paper or
the backing from a roll-film may be used.
Note that ozone is produced by the action
of u.v. on oxygen — a means of ventilation
should be provided if this would consitute
a hazard.

Internal circuitry (Fig. 6-Fig. 8)

The prototype contains all the port
buffers, several leds and a bleeper as well
as the mains (u.v.) relay and the power
supply relay. Another relay was
incorporated as there were insufficient
poles on the mode selection switch (this
switch selects the power and CS pins for

Table A
Connections between the 6522 and 25-way
”“D” connector. The pin numbers are
moulded on the connector. The sequence
changes at PB, to aid wiring.

Pin 1 [A, Pin11 (B, Pin 8 BIRQ(bacEglane)
2 (A, 12 [82 17 IRQ
3 PAg 3 PB, % —
L PAq 25 PBy 15 0V
5 PAp 2, PBp 1% +5V
6 PA3 '3 PBy
7 Pa, 2 B,
o5 2 oo
9 PAG 20- P86 PBb 3 PB7
10 PAq 19 FBq must be linked

Table B
Port designations for the 6522,

PA4
Mode-switch position
PAg

PAS Bleeper

PA3 21 f socket No 3
PA, " " No2
PA " " Not

PAg Photo-detector
CAT Mode-switch interrupt
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(@) o—

~5V switched
O~

+12V
switched

O—ﬂ 93 >:J Timer only
i l 1j B 2716 (5V)
2532
PC3C —e- _l )
6522 / 6522 g N 6522
Pag .G /1 PA, '.C f Pag | cs/a,
Relay A/1 [ Relay A/2 Relay A/3 /l
O—/ o—

|

L.

‘Pin 20
relay
Relay A
L-pcle clod
[

Yellow
3
—

T

O

5

O—/] Dbmn/o—Wu b

-
. |

ov

b-b-m
*Pin 19’ CB ‘Pin 2V S
commoned commoned
PG I
+5v
switched o R €
+VO * Yyy ¥
PA
(A10— OPAg
! 10k 10k -OPAq
%m { d ?m %w
Relay A/t ==100n 100n i
L ToT | a
Table C
40-way ribbon-cable identification. No. 1 is tracer.
1 PA4 13 PCO 25 PB2 29 PA7 } mode selector switch
2 PAS 14 PA1 26 PB5 30 PAS6 (truth table shown below)
3 PAO 10 oV 27 PB4 31 PAS bleeper
4 PA6 16 PC1 28 PB3 32 CA1
5 PA7 17 PC2 33 PA1 No. 1 select
6 OV 18 PC3 split 34 PA2 No. 2 select
7 PC7 19 PB7 ribbon 35 PA3 No. 3 select
8 PC6 20 -5V here 36 PAO photo-detector
9 PA3 21 +12v 37 +5V paralle! wiring necessary
10 +5v. 22 PBO 38 +E§>/ because of cross-section
11 PA2 23 PB6 39 0 of copper conductor.
12 +15V 24 PB1 440 oV

1-28 inclusive go to 8255
29-40 inclusive go to 6522 via D-Connector, see also Table A.

Z.i.f. socket wiring to ports of 8255:

ort (ribbon}

AO 3
PA1 14
PA2 1
PA3 9
PA4 1
PAS 2
PA6 4
PA7 5
PCO 13
PC1 16
PC2 17
PC3 18
Data bus:
PBO 22
PB1 24
PB7 19
Miscellaneous:
PC6 8
PC7 7

d.c. supply relay
a.c. supply relay

2532 2716(5V) 2708 PA6 PA7 mode
A0 A0 0 0 timeronly
A1l A1 A1 0 1 2708s
A2 A2 A2 1 0 2716s
A3 A3 A3 1 1 2532s
A4 Ad4 A4
A5 A5 Ab
A6 A6 A6
A7 A7 A7
A8 A8 A8
A9 A9 A9 Notes: A10is not usea

A10 A10 - with 2708s. A11 is not

Al — = used with 2716s or 2708s

DO
D1
17

WIRELESS WORLD JUNE 1983

0=
0= (see also Fig. 2)

Truth table for mode switch:

Fig. 6. Wiring the mode selection switch.
The numbers 18/1, 20/2 and so on refer to
pin connections to the 2.i.f. sockets. For
example, 20/2 denotes pin 20 of the second
2.i.f. socket. Relay A is a sensitive (high
resistance coil) relay controlled by the
switch: it provides a convenient means of
switching pin 20 of the z2.i.f. sockets and by
means of a simple capacitor charging
system it produces a positive-going CA;
pulse. Relay A is shown in the energised
state because the mode switch is drawn in
the 2708 position. The switching
associated with pin 19 and pin 21 of the
2.i.f. sockets carries power supplies: the
switch wafers used must be break-before-
make types. The relay supply is not
switched as it provides switch-position
data by means of the four diodes
associated with PAg and PA;.

the three eprom types). The extra relay
changes the CS pin connections and
provides an interrupt if the switch is
moved after the program has started.
There is a fourth position of the mode-
switch which prevents connection to the
eproms so that different devices may be
erased to save time, if necessary; this
position is labelled “timer only” and the
user is prompted to enter the desired time
in the range of 1 to 99 minutes via the
keyboard. The switch position is initially
checked by program by means of the diode
network connected to PAg and PA; of the
6522. Note that some switch-banks must
be break-before-make types. Table C
identifies the ribbon cable that forms the
only connection between this unit and the
microprocessor: it is conveniently split to
37-way and 25-way subminiature ‘D’
connectors.

Operating features

The following features were incorporated
for convenience in operation and program
development: one l.e.d. corresponding to
each CS, one l.e.d. corresponding to each
supply rail, and a single l.e.d. to indicate
when the appropriate supplies were
connected to the z.i.f. sockets. A small
self-oscillating bleeper was incorporated
for prompting and a filtered direct-viewing
window for the u.v. emission.

Software hints

Using the programmer described in my
previous articles (Wireless World April and
May 1982), I found that I had a lot of
checking to do — ensuring that all
locations are set to hexadecimal FF is not
easy. A “Space?” program was developed
to search for consecutive FF bytes. With
2716 and 2532 devices, blocks can be left
blank and used later. For convenience in
slotting-in data I arranged to make the
program display the starting and stopping
addresses of the blanks — but since FF
can occur in a genuine program it is
necessary to provide some form of user-
control. This difficulty is overcome by
asking the operator to define the minimum
number of contiguous bytes to be found.
Thus the screen is not cluttered up with
odd FF locations when the data table is to
be slotted in (requiring, say, five bytes).
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A q— 2, 2 —
0 } > To 8255
M D r 4 & —>0
+5V
S 3k ——O]
A : P f 6522
24 B1LS97 T S
B
’ - TALSO0S —9
J 2
A7 T
1 19
ov S hex 500
30 04 10 to 8255
- > +5vo.——-t: hex 503
0 (S
A18-
. § e
1l 04 hex 700
811597 1 00 to
] i ! hex 70F
1 - B Address selection oS
4 L (see Fig 8) To 6522
A g
RIW .
from fig.§ 1 OL', 00
DOJ i b 19 Data buffer enable {active low) O<l[ <
 76LS245 k Bi-directional data To 8255 etc.

With care this same program can be used
for checking the erasure of eproms by
setting the number of contiguous bytes to
1 (unity) and also checking for any areas
which are known to be faulty or which
have failed to erase in a given time. This
check will normally occur every half-
minute and makes use of two facilities
available in another peripheral outside the
6800 family — this is the 6522 versatile
interface adaptor (v.i.a.) by Rockwell.
Table A gives the port-designation for a
25-way “D” connector. The 6522 is used
here as a peripheral port and a timer
combined. Thus in this project two
peripheral i.c.s are used: the 8255 for
address and data and the 6522 for chip-
selects, relay and interfacing as well as an
interrupter by combining the two 16-bit ¢;
dividers. A further description of the 6522

Fig. 7. Address decoding for the 8255 and
6522.

is given in the appendix although readers
are urged to obtain a copy of the Rockwell
booklet which covers this i.c. The basic
connections were given in the previous
articles, but there are some additions; Fig.
7 and Fig. 9 cover both the 8255 and the
6522.

Appendix: the 6522

The 6522 versatile interface adaptor is a
dual eight-bit bi-directional port, with two
16-bit presettable counters and a shift-
register (which is not used in this
application).

It features programmable interrupt
which can be used 1o effect intervals from

+5V
S x2k7
4 dil switches >
set address X’
— ™ & \
A B
12 3
Address bus —"c i] :
A )
E 1 To 8-in
— NAND gate
—o" 0= Ai
Aﬂ‘ 1 P
l’___«/c i\
A1g ﬁ]
——0v 74LS136

Fig. 8. Address selection switching: this fits into the address-decoding circuit of Fig. 7.
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microseconds to hours if the two timers are
joined. For longer delays it would be
possible to use the longest interval to
decrement a number set in ram and restart
the interrupt time — however for intervals
extending over several days a real-time
clock is probably a better solution.

There are 16 registers which may be
addressed 0-F; these are decoded from
A700 to A70F. It is suggested that con-
structors should mark the Rockwell

H. S. Lynes was educated at Shiplake
College, Henley-on-Thames and at
Merton Park College of Further
Education, where he obtained an HNC
in electronics. Afteg an apprenticeship
at the Electrical Research Association,
Leatherhead, he adapted to various
roles in both sales and R & D including a
short spell when he operated his own
company. At present he is employedin
technical sales for a large electronics
company and is based in the Midlands.
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Reset 6522 pin 34

Reset > : > Reset 8255 pin 35
R/W 6522 pin 22
R/W \ >c R/W T4LS245 pin1
/ 00
WR 8255 pin 36
"_DD——— RD 8255 pin 5
¢
5 / Not need zsiz 8255 Gasspiies
ot needed by
\ 04
®, 08
/ Fig. 8. Logic for con -
verting outputs from a
\ 6800 processor for use
v.m.q. with an 8255 and a 6522.
/81LS97 bus buffer (octol}

booklet with the addresses against
each register. Note that the book-
let refers to decimal numbers for the
registers and that register 11 (actually
A70B) is described on pl13 and p16. The
6522 requires a system clock signal ¢;,a
RESET, CS and R/W in addition to the
data-bus and four low-order address lines,
which connect to the Register Select pins.
For interrupt control of the processor the
IRQ output should be buffered as in Fig. 9
— the led output is useful for program
development though not essential.

The two timers are each 16-bit and may

Register D

b t fl e o
Interrupt flags Part A

Register £

Interrupt enable

[ BN T T AT =

be concatenated by a hardware link PBg-
PB; and by software using two registers:
A702 (to make PB; an output) and A70B
(to make timer 1 put a square-wave on PB,
and timer 2 accept an input on PBg). This
takes two of the ports but is a small price to
pay for the facility. Note that the timer
accuracy is a function of the system clock
alone, although very short delays will be
modified by the software handling of the
interrupt.

In the author’s system ¢, is 625kHz and
this produces satisfactory delays from
microseconds to over 1 hour. For systems

}Mode-smtch position
Bleeper
CE for eprom No3

i)

for eprom No.2

~

for eprom No1

CA., mode-switch

o ]—

interrupt

[- ]
—
=)
x

Registers

D e N W e

o Port BO‘ B5 not used

W E e i R i)

Fig. 11. Block diagram of the 6522 “'versatile interface adapter’’ showing features used in this

project. Note that both ports may be bit-programmed as inputs (although PBg and PB; are
‘lost’ to the timer function). The interrupt lines CA ;. and CB;.; are not all bi-directional. The

input to timer is from the system clock and it is essential that this is not prescaled since it is

used to enter register data along with CE and R/W (see also Fig. 9).
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—QO+5V

Pin 21
6522

To [RQ
bus

Fig. 10. Interface for Interrupt. The led is
useful during program development.

with ¢, at IMHz, delays will be shorter by
a factor of 0.625 if the same time-values are
used. To keep things simple, timer 1
division is kept at FFFF,¢ which
represents a division of 65 536y making
output at PB; about 9.5Hz. The necessary
delays may be obtained by writing to
timer 2 provided the v.i.a. and processor
have been configured correctly. It is wise
to determine a “time-factor’’ by entering a
large division and determining the delay.
For my system the timer 2 factor is 4.74 per
second. Thus for a one minute delay the
value to be written into timer 2 is 4.74 X 60
= 284,¢. In hexadecimal this is 011C,¢, but
this is not the value to be written to timer 2:
Rockwell insist on reversing the time
value, so the entered number will be
1C01,. With the system suitably
conditioned and with a “service IRQ”
routine there will be an interrupt one
minute from the start of the countdown.
Note that there is an interrupt flag register
A70D,¢ which contains seven source flags
(only the one from timer 2 is used here)
together with a master flag which only
clears when all the other flags have been
removed.

To guard against the possibility of the
mode-switch being altered by mistake, it is
wise to make use of the CA) interrupt line
using the relay contacts shown at the bot-
tom of Fig. 6. This puts a positive pulse on
CA; and causes an interrupt to occur if
A70C is properly configured with A70E
enabled.

The author’s eprom eraser. On one end of
the cabinet is the handle of the light-tight
drawer; on the other is mounted the choke
Yor the ultra-violet tube.

Footnote

Since the earlier articles appeared, Fairchild
have ceased to supply the 2708. Perhaps it was
not made clear that the 25V program pulse is
only critical when programming 2708s;
however, there may be some improvement in
reliability through adhering to the rise and fal!
characteristics which the buffer circuit ensures.
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To design an electronic device to help

" the disabled was the brief we gave our

readers in setting the competition;
and from the entry registrations al-
~ ready received, it seems clear that a
good number of ideas of real value to
the handicapped are on the way.

One entrant who is himself disabled
is Mr Bernard Nock, of West Brom-
wich. Mr Nock, an electronics teacher,
has some difficulty in getting around;
although not perhaps in the way you
might at first think. His difficulty, he
says, is operating the rather fiddly
dashboard switches in his car. He's
. working on a solution, and it will prob-
ably come in the shape of a kind of
hand-held key-pad which would plug
~ in to the wiring loom of the car,
~ perhaps underneath the bonnet, to ex-
tend the electrical controls of the
vehicle to somewhere more accessi-
ble. The advantage of a plug-in unit
would be that it could be removed
easily when the time came to sell the
car. However, Mr Nock may not be
confining himself just to straightfor-
ward logic devices and relays: with
speech-synthesis chips and voice
recognition techniques developing so
~ fast, he is day-dreaming about the
possibility of a voice-controlled car.
There are cars that talk now, so why
shouldn’t they listen too?

The ability to get about is something
that many disabled people cannot take
for granted; and so cars and mobility
feature in quite a number of propo-
sals. Among them, no doubt, will be
the entry from Mr Frederick Box of
Yardley Wood. Mr Box is a former Lu-
cas employee who started his own
business, Autronics Ltd, when he was
made redundant; and he tells us he
has a number of bright ideas under
consideration for the competition.

In Porthcawl, Mr Gerald Don is busy
dealing with an everyday frustration
for many arthritic people — the busi-
ness of getting in and out of their front
doors. Most door locks require fairly
nimble fingers to open and close
them, but if you have arthritic hands it
can be difficult even to get hold of the
key. Mr Don’s project is a simple
conversion for a standard Yale or
similar type of lock, enabling it to be
opened by a hand-held infra-red
transmitter. Additional receivers in-
side the house would enable the user
' to let visitors in without having to get
up and go to the door. To ensure

There's
still time to
enter

security, the user would have a secret
code-number to punch in.

Some related problems are being
tackled in an entry to be submitted by
Hudson-Gillen Associates of Ipswich.
Tony Hudson and Pat Gillen are
working on an automatic control
system to help disabled people within
the home. The system is to include an
assistance alarm for use in emergen-
cies. And Mr Martin Roantree, an
electronics engineer who works in
Harlow, is designing a 'sound sensor’
to help the blind in what he hopes will
be a wide variety of ways.

Several competitors are putting in
useful work on what might be termed
navigational aids for the blind. Guide
dogs may be an effective aid to getting
about, but they are quite expensive to
train and maintain. Whether electron-
ics can render them obsolete yet re-
mains to be seen; but among the bids

so far are an electronic direction finder
from Mr John Wheable of Stanstead
Abbotts, a microprocessor-based
ultrasonic guidance system from Dr
Tony Heyes of the Blind Mobility Unit
at Nottingham Universty, and an
electronic 'blind man’s compass’ from
computer consultant Mr Charles Laine
of Marlow.

An aid for the blind of a different
sort is being devised by electronics
engineers David Joseph and Graham
Norman of Applied Robotics Ltd in
East London. This one is to enable
blind people to identify the contents of
tins and packages before opening
them, without the use of braille.

The cost of microcomputer chips
has lately fallen to the extent that it
makes economic sense to use them
even in relatively trivial applications,
and computer techniques will un-
doubtedly be evident in many of the

Ry

entries to the competition. The physi-

cally disabled are as interested in
computers as anyone else; and a pro-
ject which promises help for some of

them is going on at the Department of &

Biomedical Physics and Bioengineer-
ing at the University of Aberdeen. Dr
Michael Bolton and his colleagues are
developing a device which will enable
people without the use of their hands

to operate a conventional computer :

by mouth-pressure.

Behind the entry from Mr Phil Pick-
ersgill, an electronics engineer who
lives in Wokingham, was in approach
recently from a speech therapist who
needed an aid for patients suffering
from a disability known as continuous
speech. These people are unable to
put in the pauses which should
separate their words and their speech
is hard to understand. An hour of

%

training with the speech therapist

every week does help but it is often
not enough. With the therapist's co-
operation, Mr Pickersgill is now
testing prototypes of his device, which
allows the patient to practise at home.
If he forgets to pause, it buzzes a
gentle reminder.

If all this has prompted some ideas
for a contribution of your own, there
may still be time to send in your entry.
We have asked competitors to register
their wish to take part by June 30th,
1983, although they have until Octo-
ber 1st to complete their designs and
submit them to the Editor. Registering
an entry does not commit you to any
particular project — and indeed sev-
eral of our entrants are still keeping
their options open.

One stipulation we make is that the
device must be an electronic one. In
other words, new kinds of tin-opener
are not eligible; unless, that is, they
involve something like robotics
perhaps. With computer projects, we
would want to see more than just the
software. More information, together
with a list of the rules and an entry
form, appears on page 98 of this issue.

Entry is open to all, including indi-
viduals, schools, colleges and profes-
sional design teams. The prizes are
substantial enough to be an en-
couragement even to the busiest engi-
neers, whether professional or ama-
teur; but we hope that the real win-
ners will be the disabled themselves.
In that sense, even the unsuccessful
entries may be successful. AVVWV,




Network design by
calculator

Using a TI-59 calculator to design equalizing networks for filters

Equalizing networks are frequently de-
sirable to provide equalization for filter
characteristics in transmission systems.
This article gives a new program which
computes the component values of the
equalizer in the form of a bridged-T net-
work of any structure. A circuit suitable
for lowpass and bandpass filters respecti-
vely is given in Fig 1. According to the
theory of four-terminal networks, the
bridged-T may be considered in the form
as given in Fig. 2, since the values of L,
and C; are the dual of C) and L, respecti-
vely. With a little computation, the atte-
nuation a(w) of the equalizing network can
be put in the form

2 2 7
= longK5+(K§+u; KH]? + (iml_(.,Ks)
4[ K+ @Ky

Here, the parameters K1, . . . K5 may be
computed according to the network ap-
plied. For the networks as given in Fig. 1,
the expressions for K are summarized in
Table 1, where all components are norma-
lized to the resistance Z.

The program is based upon the approxi-
mation of two normalized values. R; and
C, are used in the first case, whereas in the
second case the approximation of three

by Kamil Kraus

values are taken R, C; and L,, supposing
only the attenuation « at a given frequency
w is known. The initial guess of parameter
values influences how rapidly the itera-
tions converge. In the first case consid-
ered, the iteration process takes about 11
minutes and about 18 minutes in the
second one. The program encounters 431
steps.

To be able to examine the program
quickly the following example is given.

Z1
74 72
o — A\ — V -0
22
Z1
o= 4 —0

Fig. 2. Duality of L and C allows bridged-T
to be shown in this standard form.

(a)

network.

Ly (4
R1
VvV
4 Z
O\ /\/ AN\ ————0
R2
Input Output
o S
Cz.[ L2
O O

L2
el [ ey
L1 C1
R1
A
4 4
o e S AVAVAN .l O
CZI
R2 <
Input Output
—- .
ca“'.[ (3
O~ O

(b)

Fig. 1. Suitable circuit to equalize lowpass (a) and bandpass (b) filters, using bridged-T

Input values

STO00:0
STO 03 : wu=6.912455.10°rad/s
STO 04 : »=6.725680.10°rad/s
STO05:C,=1.10"
STO14: AC,=1.10""°
STO 15 : AR,=0.01
STO 16 : INV 2nd log 0.085

/ a=0.85dB /
A=1.10""to X=t

Computed values
R,=855
Cy=4.47.10""
L,=0.0468
R,=263.2
C,=2.082.1075
L;=1.005.10"°

wg?=1/L1C4

IMOIND

Program to compute component
values of network for lowpass and
bandpass filters

LRN
RCL 1

INV 2nd Xzt

A

D

2nd Lbl A

2nd St. Fig 0 ,
RCL4:RCL3=X2~1=i§T06X STO7
RCL O0XRCL 4XRCL 5=X*SUM 7

RCL 6XRCLO=: RCL 7=STO 7xRCL 6=
STO8+1=ST0O 10

RCL OXRCL5XRCL7=STO9

2nd A’

2nd Lbl 2nd A’ R
RCL9XRCL 10xRCL 4x2=X%STO 11
RCL 4xRCL9=X?STO 12

RCL 8 XZSUM 12

ARGHEL 1= 12 continued on page 54

Table 1 )
Constants for expression of
attenuation « (w)

Fig. 1(a)

_ KR,
KIZ+(wC;R,)?

K3=K1 K2
K4=K2C1R,
K5=1xK3

Fig. 1(b)

~ KiL;

28 2 W o=rd
(K1—w2CqL2)? +(K1wLs/Ry)

K3=m2»<15<2L2/R1
K4=K2(w?C1L,—K1)
K5=1+K3
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Timing data transfer

A simple technique for measuring the speed of data transmission between

Undoubtedly, although fibre-optic trans-
mission systems are growing rapidly in
importance, the most popular techniques
for interlinking localized computers are
still based upon the use of some form of
wire cabling. The speed of transmission
that can be achieved with cable systems
depends upon the type of cable used, the
nature of the interface circuits that are
employed and higher level factors such as
the type of software data exchange proto-
cols and error checking that is performed
on the data.

We have recently been involved in the
interlinking of a variety of different
microcomputer systems’*2. The work that
has been undertaken was orientated to-
wards an investigation of the use of
multiple microprocessor networks as a
means of improving the user interface with
microcomputer database systems: experi-
ments designed to measure the speed of
data transmission between some of the
component computers arose as an ancillary
interest and gave rise to a simple technique
for measuring data transfer speed.

Measuring procedure

During the transmission of data between
two micros, one acts as the transmitter
while the other acts as the receiver of data.
A third microcomputer, attached to the
transmitter, can be used to measure the
duration of the data transmission transac-
tion, and is referred to as the timer. The
experimental arrangement is depicted
schematically in Fig. 1(a). Communication
between the timer and the transmitter is
via an appropriate /o port within the
latter: if such a port is not available, a
specially designed memory-mapped in-
terface can be fitted. For simplicity, the
systems to be described are all based upon
a suitable /o port within the transmitter
and, in all cases, the ports that have been
used provide t.t.l. compatible signal levels.
Most of the experiments have involved the
use of a MOS Technology 6522 Versatile
Interface Adapter (VIA).

The measuring process depends upon
the transmitter changing the status of an
Yo line just before the commencement
(and just after the termination) of data
transmission — see Fig. 1(b): a program
running in the timer monitors the status of
this /o line. When it detects the high-to-
low transition it starts counting upwards
from zero, continuing until the program
subsequently detects the low-to-high
transition which indicates the end of data

Department of Computer Science, Teeside
Polytechnic.
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microcomputers.

transfer. The value of the count contained
within the timer can then be used to com-
pute the data transmission period, T,
which may be achieved by the use of a
previously prepared calibration graph(s).
Alternatively, the known execution times
of the program instructions can be used to
calculate a loop cycle speed for the timer
program, which can then be used as a
multiplicative conversion factor.

The timer program used in the mea-
surements is shown in Table 1. It is
written in 6502 assembler code, which is
subsequently run on a Commodore PET

by Philip Barker Ph.D.

microcomputer*®. It could easily be
converted to run on other 6502 based
systems (KIM, APPLE, AIM, etc.) by
changing the addresses of the data direc-
tion register (DDR), user port (USER),
print subroutine (PRINT) and the value
assigned to the location counter at the start
of the assembly.

The program uses the PET’s 6522 VIA
pin (PAO) for its connection to the
transmitter. Zero page locations 0, 1 and 2
are used to store the count value. Once the
program has been activated, it goes into a
wait state until the status of pin PAO goes
low: as soon as this happens it enters its
counting state until forced out of this when
PAO goes high again. Notice that prior to
entering the wait state the program dis-
ables all interrupts (using the SEI instruc-
tion) to prevent the c.p.u. being called
upon to perform any other ancillary tasks
(for example, keyboard scan, clock up-
date) while the data transmission period is
being measured. Once the timing loop has
terminated, system interrupts are again
enabled (via the CLI instruction).

To test the program, an arrangement
similar to that shown in Fig. 1(c) was used.
The timer program was employed simply
to measure the length of time for which a
debounced switch circuit was held on:
after each timed interval the contents of
memory locations 0, 1 and 2 were exa-
mined and a total count value then com-
puted. The results of some typical experi-
ments are presented in Table 2(a). A graph
of the total loop count was then plotted
against the elapsed time as recorded by the
stopwatch, these results being shown in
Fig. 2(a). The timer program’s loop execu-
tion time, as derived from the graph, is
thus 36/(22.7% 10%) which is equivalent to
1.6x 10~ seconds.

The alternative approach to estimating
the timer pregram’s loop cycle time de-
pends upon a knowledge of the speed of
execution of each of its component instruc-
tions. These are usually tabulated in pro-
gramming manuals or hardware system
specifications® for the 6502 chip. For the
instructions involved in the timer program
the relevant values are:

LDA 4cycles
AND 2cycles
BNE 2cycles

INC 5cycles
BNE 3cycles

Total: 16 cycles

The BNE instruction can take 2, 3 or 4
cycles — depending upon whether the
branch is taken and whether the branch
operation involves crossing a page bound-
ary. Since no page boundaries are crossed
the values to be used in this case are 2 and
3. A value of 2 is used for the first BNE
instruction since this branch is never taken
— at least, until the end of the interval

{a) Experimental arrangement

Transmitter Receiver
1/0 port i/o purt
! Data |
PAQ
/o purt
(b) Transmitter t/o pin status
Logic high (+5V}
R, S
Start of _4 . End of
transmission transmission

{c) Timer test circuit

Debounced
2 switch Timer
% \ circuit
Stop watch
SN7404
Pl LI

Fig. 1. Measurement technique using
microcomputer as timer. Changes in status
of i/o time at (b) determine counting
period, test circuit for timer being shown at

{c).
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{a) 3032 PET
30.
g /
220 g
= i
> 1
g !
310 ‘
= :
0 H
0 10 20 30 40
TIME IN SECONDS
{b} 8032 PET
30
% .
< 20 L
= 1
-4 ]
> '
S :
210 < :
S / :
0/ ;
0 10 0 * 30 40

Fig. 2. Graph of time against total loop
count gives loop execution time for 3000
and 8000 series PET micros.

being timed. A value of 3 is used for the
other BNE instruction since this branch is
virtually always taken — except when
SUMH and SUMU are incremented.

The approximations used in the above
formulation for the total number of cycles
are reasonable since, if one assumes that
the microcomputer clock speed is such
that one cycles takes one microsecond,
then the loop c;vcle time is easily calculated
to be 1.6x107° seconds. This is in reason-
able agreement with the value derived by
the graphical approach.

In the data transmission experiments
both a 3000 and an 8000 series PET have
been used as a timer. Converting the 3032
program (see Table 1) for operation on the
8032 computer only required changing the
address of the PRINT routine from
$CA1C to $BB1ID. Timing experiments
analogous to those performed with the
3032 computer could then be conducted
with the 8032 system. The results are
shown in Table 2(b) and are presented
graphically in Fig. 2(b). From this graph,
the loop cycle time can be estimated as
36/(22.9%x 10%), that is, 1.6X 107> seconds.
This agrees closely with the value observed
for the similar program running on the
3032.

From the experiments described in this
section it is easy to see that the timer
program offers a convenient means of mea-
suring data transmission speeds. It is
limited, however, in that the smallest time
interval it could measure would be about
16 microseconds, which means that in our
experiments we could not measure trans-
mission speeds faster than about 16 Mby-
tes/s (PET-to-INS8060 transfer) or 2048
Mbytes/s (PET-to-PET transfer).
However, because the transmission speeds
involved in our systems are well below
these limits this inherent limitation of the
timer is of little concern.
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Some data transfer
measurements

Three different examples of microcom-
puter interconnection are described here.
Two of these involve the use of parallel
interfaces: in one case the standard IEEE-
488 port is used’ while in the other the
direct linking of i/o ports is employed. The
third example involves the use of a serial
interface involving the use of a one byte
buffer.

PET-ta-PET transfer. The arrangement
of the equipment for this transfer opera-
tion is shown schematically in Fig. 3. In
this experiment, the data lines associated
with the IEEE port of the 8032 were
directly linked to the corresponding data
lines of the IEEE port on the 3032 PET. A
third PET system, another 3032 (not
shown), was used as the timer. The
transmitter then used its PA6 output line
to interconnect with the timer’s PAO input
pin. Some of the other user-port lines
within the transmitter and receiver were
employed as control lines to effect the
handshaking of the data presented on the
lines of the IEEE port. Four control lines
were used: DAV (data valid), EOT (end of
transmission), ACK (data acknowledge)
and RFD (ready for data), implemented
via user port connections PAOQ, PA2,
PA1/CAl, and PA3 respectively. In the
case of the ACK signal a choice between
CA1l and PAL at the transmitter end of the
link could be used to decide whether this
was (CAl) or was not (PA1) latched.

The details of the transmitter and re-
ceiver programs (in both BASIC and as-
sembler) are given elsewhere!, and may be
used to send the contents of memory loca-
tions $2000 through $2FFF across the data
link from PET]1 to corresponding locations
within PET2. Inspection of locations 0,1
and 2 in the timer yielded the results
shown in Table 3(a). The transmission
experiment was repeated five times giving
an average count value of 26369, which
gives a transmission time for the experi-
ment of 26369x1.6x107°, or 0.422
second. Since a total of 4096 bytes was
transferred during this interval, the aver-
age transmission speed was therefore 9706
bytes/s.

PET-to-INS8060 (SC/MP) transfer. The
experimental arrangement for this transfer

is shown in Fig. 4. Notice that the pins
used for interfacing the INS8060 are t.t.].-
compatible!>!® and so could be directly
connected to the appropriate user port pins
of the PET. This approach was not used
because we wished to investigate the addi-
tional programming overhead associated
with using a serial-in-serial-out (siso) regis-
ter as a buffer.

The way in which this interface works is
as follows. The PET uses its serial shift
register (which is a part of the 6522 VIA)
to put data (serially) into the SN741.S91
buffer. When this operation has been com-
pleted, the PET signals ‘data valid’ to the
SC/MP through the latter’s SENSE-B in-
put line. The SC/MP then generates clock
pulses (on its FLLAG-0 line) and strobes the
data out of the buffer into its extension
register via its serial input pin (SIN). After
eight strobe pulses, the SC/MP acknow-
ledges receipt of the data via its FLAG-1
line, which is attached to the PET’s PA1l
input pin. When the transmitter has
passed across all the data, it signals the end
of transmission by driving the EOT line
high, which causes an interrupt in the
SC/MP, causing it to jump to a special
interrupt handling routine. Notice that be-
cause of the SC/MP architecture (and the
mode of operation of the PET shifger) the
passage of a data byte from transmitter to
receiver causes bit reversal. Thus, it is
important for the transmitter to reverse the
bit pattern of all the data bytes before they
are transmitted. This is done (for all of the
data) prior to entry to the data transmrs-
sion loop and so the time required to do
this does not contribute to the data transfer
interval. The programs for the transmitter
(in 6502 assembler) and the receiver (in
INS8060 assembler) are presented else-

where!.

The SC/MP system used for the experi-
ments had available only 256 bytes of ram
in which to store data. In view of this, only
a limited volume of data could be trans-
ferred to it. The results for the transfer of
256 bytes of data from the PET (locations
$2000 through $20FF) to the SC/MP are
presented in Table 3(b): the average value
for the count is 12443 which corresponds
to a data transfer interval of 0.199 and,
since only 256 bytes were transmitted, the
average data transfer rate was thus 1286

ST Fig. 3. Transferring data between PETs. A [m———

e third PET is used as the timer. PET 2 J

| transmitter | recaver | |

2 ..jS; i LX X3
Model 8032 Modet 3032
[ 1EEE ] [user [ uUser | IEEE ] ]

L DAV PAg | ‘
£oT PA7 %
ACK PAtor CA1 ‘
- |
- RFD PA3 1
\ e’ '
\ 8-bit parallel transfer 5y
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bytes/s. Notice that the ratio of 9706
(parallel transfer) to 1286 (serial transfer)
is 7.55. As might be expected, byte serial
transfer is about eight times slower than
byte parallel exchange.

Z80-to-PET transfer. For these experi-
ments a SOFTBOX system was used'’.
This is essentially a plug-in hardware de-
vice that is designed to provide the PET
microcomputer with access to the CP/M
operating system’: the control software
necessary to run the system is supplied on
a 5.25in floppy disc: a disc unit is thus
essential in order to use the SOFTBOX
interface. The way in which the unit at-
taches to the PET’s IEEE bus is illustrated
schematically in Fig. 5. As can be seen
from this diagram, for these experiments,
an 8032 PET was used as a timer — inter-
connection of the two PETs was achieved
via the PAO user port line on each of the
machines.

Within the SOFTBOX is housed a Z80
microprocessor that runs at a clock speed
of 4MHz. In addition, there are 60 Kbytes
of ram and rom to store the CP/M BIOS
code?. The Z80 communicates with the
PET’s IEEE bus via two Intel 8255 peri-
pheral support chips!!, the interconnec-
tions between the PET and the Z80 being
illustrated in Fig. 6. When the Z80 system
become active, it takes over control of the
PET’s disc drive and printer (see Fig. S).
The PET itself then acts as a dump termi-
nal to the Z80 system.

In addition to storing the CP/M BIOS
code, the rom contained in the SOFTBOX
provides many other useful routines. They
may all be accessed by user programs run-
ning on the Z80 memory space via a series
of jump vectors located at address $F003
and above. Two useful entry points within
the rom store are PEEK and POKE - the
POKE routine transfers data from the Z80
memory space across to that of the PET via
the IEEE bus, and PEEK is complemen-
tary to POKE. This entry point can thus
be employed to move data in the reverse
direction — from the PET back to the
Z80. In both cases, the Z80 register pairs
BC, DE and HL are employed to hold the
relevant transfer parameters: B and C
specify the size of the memory image
involved, while the relevant source/target
addresses are held in DE (for the PET) and
HL (for the Z80). Details of the architec-
ture of the Z80 (and Intel 8080) are given®.
A simple program for performing timed
data transfer from the Z80 across to the
PET is depicted in Table 4.

The program is written in 8080 assem-
bler. First, a 4096 byte region of memory
is initialized. Each byte within the defined
area (with base address SBDATA) is set to
the arbitrarily selected value $AB. The
POKE entries immediately following the
initialization loop then set the data direc-
tion register of the PET and also put the
signal level on PAO to logic high. The call
to the dynamic debugging tool (DDT) is
then used to check that the data area has
been set up correctly; it also provides a
processing interrupt that enables the timer
program running on the 8032 to be put
into a wait state. When the program in the
Z80 is restarted it uses a series of POKE
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commands to (a) start the timer counting,
(b) pass across the data to the PET, and
subsequently, (c) switch off the timer by
forcing the 3032’s PAQO line into a high
logic state. As in the previous experiments,
processor interrupts are disabled prior to
the data transfer steps and re-enabled im-
mediately after it.

The timer count values extracted from
the 8032 zero page locations (0, 1 and 2)
are presented in Table 3(c). As was the

PET1

“ transmitter |

Fig. 4. Data transfer from PET to SC/MP.

case in the other experiments, mea-
surements were repeated five times in
order to check their reproducibility, giving
an average count value of 40273. The data
transfer interval calculated from this value
is thus 0.644s which corresponds to a
transfer rate of 6360 bytes/s.

The program presented in Table 4 runs
within the environment of the CP/M dy-
namic debugging package?, which was
used to take advantage of the interrupt

Model 3032 Model 8032
[ User port f User port 1
e5 B e -~ f=] o
TEEREFERE|E
Timerenable PAy
[} .
L EQ . Sense A ‘ 45V
DAV = Sense B
_l o SLIMP
o 2| 2 _ Flog0 | inssoe0  |[SIN
5| o 2
h=} 0 O
Bl 5 5 !
ﬁ = S L ACK Flag 1 Flag 2
! ! Clock -
\lj ¢ Clock enable
b
Clock
Data in SN7LLSH1 Data out Suuuunnnoy
SISO o
Timer
PA
el 0l gos2timer
3032 PET 3
A and B denote (P/M disc drives
TEEE port | [User port B * A
' Pho S 4022 printer
L04LO disc drive unit
— N
TEEE 488 bus
W ( | w r
Softbox . RS-232-C port

Corvus
hard disc unit

Fig. 5. Using SOFTBOX with PET.

Other
1EEE devies
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Table 1. Program for using PET as timer, convertible for use with other 6502

micros.

0001 0000 ;TIMER

0002 0000 B 2.0.6.0.¢

0003 0000 ;

0004 0000 ;USING PET AS A TIMER

0005 0000 ;

0006 0000 DDR=59459

0007 0000 USER=59471

0008 0000 PRINT=$CA1C

0009 0000 SUML=$0000

0010 0000 SUMH=$0001

0011 0000 SUMU=$9(002

0012 0000 $5000

0013 5000 A900 START LDS #$0

0014 5002 8D 43 E8 STA DDR ;ALL PINS AS INPUT
0015 5005 A900 LDA #$0

0016 5007 85 00 STA SUML ;ZEROISE LOW COUNT
0017 5009 85 01 STA SUMH ;ZEROISE HIGH COUNT
0018 5008 85 02 STA SUMU ;ZEROISE ULTRA COUNT
0019 500D 78 SEI :DISABLE INTERRUPTS
0020 S500E ADAF E8 WAIT LDA USER

0021 5011 29 01 AND #3$01 ;WAIT FOR PAOD

0022 5013 DOF9 BNE WAIT ;TOGO LOW

0023 5015 EA NOP

0024 5016 ADA4F E8 TIMER LDA USER

0025 5019 29 01 AND #$01

0026 501B DO 15 BNE END

0027 501D E6 00 INC SUML  ;INCREMENT LOW COUNT
0028 501F DOF5 BNE TIMER

0029 5021 E6 01 INC SUMH ;INCREMENT HIGH COUNT
0030 5023 DOF1 BNE TIMER

0031 5025 E6 02 INC SUMU ;INCREMENT ULTRA COUNT
0032 5027 DOED BNE TIMER

0033 5029 58 CLI

0034 502A A93B LDA #<ERR

0035 502C A050 LDY #>ERR

0036 502E 20 1CCA JSR PRINT

0037 5031 00 BRK

0038 5032 58 END CcL!

0039 5033 A959 LDA #<TUP

0040 5035 AQ050 LDY #>TUP

0041 5037 20 1CCA JSR PRINT

0042 503A 00 BRK

0043 503B 0D ERR BYTE $D,$A, ‘ERROR — INTERVAL TOO

LONG’,$D,$A,$00

Table 2. Results of timer calibration.

(A) 3032 PET
TIME SUMU SUMH SUML Total Rounded
Total x 10°°
5 04 BE 38 310,840 31
10 09 AB 19 633,625 6.3
20 13 96 77 1,283,703 128
30 10 1F A3 1,908,643 19.1
40 26 04 97 2491543 249
Weight 65536 256 1
{B) 8032 PET
TIME SUMU SUMH SUML  Total Rounded
Total x 10
5 05 17 6B 333,675 33
10 09 75 64 619,875 6.2
20 13 32 8C 1,258,124 12.6
30 10 25 79 1,975,673 197

0 % 3%  AB 2504363 250
Weight 65536 256 1

Table 3. Results of timing data
transfer.

0043 503C 0A

0043 503D 45 52

0043 5056 0D

0043 5057 0OA

0043 5058 00

0044 5059 0D TUP
0044 ' 505A QA

0044 505B 45 4E

0044 5070 0D -

0044 5071 OA

0044 5072 Q0

0045 5073 .END

facilities provided by the RST 7 instruc-
tion. To prove that the environment pro-
vided by DDT did not influence the speed
of transmission, a further experiment was
conducted. This necessitated re-writing
the transfer program in such a way that the
RST 7 calls could be dispensed with. In-
stead, the same effects were achieved
through appropriate use of the CP/M
BDOS routines for console output
(CONOUT) and input (CONIN).
CONOUT was used to display a prompt
character on the 3032 screen. The Z80
processor then went into a wait loop until a
pre-defined escape character (*) was typed
on the 3032 keyboard. When the prompt
character was displayed, the 8032 timer
was started and the escape character then
typed — thereby releasing the Z80 for its
data transfer activity. The results obtained
using this approach are listed in Table
3(d). As there is no significant difference
between the results in Tables 3(c) and 3(d)
we conclude that the DDT package did
not influence the speed of execution of the
program shown in Table 4.

A final set of experiments was
conducted to see if the speed of transfer for
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.BYTE $D,$A, 'END OF TIMES INTERVAL’, $D,$A,$00

PET-t0-Z80 transmission was the same as
that which was observed for Z80-to-PET
transfer. To do this a new program was
written, similar to that shown in Table 4,
except that, instead of using the SOFT-
BOX POKE entry, it used the PEEK rou-
tine for block data transfer. The results of
this set of experiments are presented in
Table 3(e). Comparing these results with
those of Tables 3(c) and 3(d) suggests that
transfer in this direction is about 10%
slower — probably due to the different
ways in which the PEEK and POKE
firmware is implemented within the
SOFTBOX unit.

It is interesting to observe that parallel
data transfer using the standard IEEE-488
bus (Z80-t0-PET) is about 30% slower
than that encountered in the other parallel
transmission technique (PET-to-PET) that
was used. This discrepancy is probably
due to the additional overhead associated
with the need to specify listener/talker
addresses when transmitting data over an
IEEE bus.

The maximum speed of transmission
that can be measured using this simple
method is given by the relationship

A: PETTD PET TRANSFER
Expt. No. SUMU  SUMH  SUML Total

1 00 66 FE 26,366

2 00 67 00 26,368

3 00 67 00 26,368

4 00 67 00 26,368

5 0o 67 00 26,368
Weight 256 1 26,369 (Av)

B:PET TD SC/MP TRANSFER
Expt. No. SUMU  SUMH  SUML Total

1 00 30 Al 12,449

2 00 30 9% 12,438

3 00 30 9B 12,443

4 00 30 95 12,437

5 00 30 Al 12,449
Weight 256 1 12,443 (Av)

C: SOFTBOX TO PET — CASEA
Expt.No. SUMU  SUMH  SUML Totat

1 00 0 58 40,283

2 00 90 4F 40,271

3 00 0 aF 40,271

4 00 90 4D 40,269

5 00 90 51 40,273
Weight 256 1 40,273 (Av)

D: SOFTBOX TO PET — CASE 8
Expt. No. SUMU  SUMH  SUML Total

1 00 90 43 40,265

2 00 90 51 40,273

3 00 90 4A 40,266

4 00 90 4B 40,267

5 00 90 61 40,289
Weight 256 1 40,272 {Av)

E: PET TO SOFTBOX
Expt. No. SUMU  SUMH  SUML Total

1 00 81 C2 45506

2 00 B1 B2 45490

3 00 B1 CC 45516

4 00 B1 D5 45525

5 00 B1 BF 45503
Weight 256 1 45,508 (Av)

S§=V/1.6x10° bytes/s, where V is the
volume of data (in bytes) that is passed.

In the experiments that have been des-
cribed above a fairly expensive timing ele-
ment was used — far too costly to dedicate
solely for timing measurements. However,
where such machines are used as general
laboratory tools!'? an approach of this type
is not unreasonable. Indeed, in the
machines used in our laboratory the timer
software shown in Table 4 is permanently
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held in a rom module fitted to the
microcomputer’s memory-expansion sock-
ets. This rom module also contains a

Table 4. Program for timing transfer from 280 to PET.

variety of other useful firmware that is 3000 = TOPET EQU 3000H :TARGET ADDRESS FOR DATA
frequently required for other laboratory EOOO = S%gﬁ';/\ E8U 2020H gg_}JS(SZE RAESSEE%SSESASTA
S g . 84F = U EQU 59471 ;
applications; for example, terminal emula E843 - DDR  EQU 59459 ‘PET DATA DIRECTION REGISTER
tion, data smoothing, pattern matching 0001 = N1 EQU 1
and so on. FO69 = POKE EQU OFO069H ;SOFTBOX POKE ROUTINE
Those situations that do not permit the 1000 = NSEND EQU. H4096 :NUMBER OF BYTES TO SEND
0100 ORG 100
U3 el o ge“eraé p”.rbp(:iseb labora[oﬁ; 0100 3830  BEGIN MVIA,30H .GENERATE TEST DATA
microcomputer (as described above) wou 0102 210020 LXI H,SBDATA ‘LOAD SOURCE ADDRESS
require a less costly approach — easily 0105 36AB  FILL: MVI M,0ABH :MOVE VALUE TO MEMORY
achieved through the use of less expensive 0107 23 INXH _ ,
single board microsystems. Indeed, we 8]88 2(2:0501 SIQIAZPFTLL /ALL DONE?
have used a KIM micro'?® to perform .
exactly the same measurements that were ;INITIALISE TIMER
undertaken by the 3032 and 8032 timer ;
systems — at about one seventh the cost. If 010C 010100 LXIB,N1 R
d be, further substantial cost reduc- ouaE Jueess LX| 0.DD
e ) , 0112 215101 LXI H,DDRVAL
tions for the timer system could be 0115 CD69F0 CALL POKE ;SET PET DDR
achieved by simply wiring up a 6502 8”% ?12;2% Béil %'UPORT
c.pau.,a6?22 VIA, some rom and a simple O11E 215201 LX| H TMRSTOP
I SR 0121 CD69F0 CALL POKE ;SET PAO HIGH
The author is grateful to Small Systems 0124 FF RST 7 :CALLTO DDT
Engineering Ltd (UK) for their encourag- 0125 00 ERKL NOP :PUT TIMER IN WAIT STATE
ing help and invaluable assistance during ‘SEND DATA TO PET MICROCOMPUTER
the preparation of this paper. He is also : | DISABLE INTERRUPTS
. 0126 F3 D ;
continued on page 58 0127 010100 LXI B,1
012A 114FES8 LXI D, UPORT
012D 2155301 LXIH,TMRGO
The author s , 0130 CD63FO CALL POKE :START TIMER
Philip Barker is a Principal Lecturer in 0133 010010 LXIB,NSEND
the Department of Computer Science at | 0136 110030 LXI D, TOPET
Teesside Polytechnic. He is a graduate 0139 210020 LXI H,SBDATA
of the University of Wales, a Member of 013C CD69F0 CALL POKE ;SEND DATATO PET
both the ACM and the IEEE, and a Fel- 013F 010100 LXI18,1
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Enigma

A detailed examination of the German World War Il cipher machine

In 1974, Group Captain Winterbotham
was authorized to publish The Ultra Secret
War. This book! — and a stream of publi-
cations following it — revealed that during
the Second World War the Government
Code and Cipher School at Bletchley Park
(BP) had managed to decrypt a substantial
part of all the messages sent by the Ger-
mans via radio. How the information so
obtained was put to use for the Allied
Forces under the code name Ultra has been
well documented by Ronald Lewin?. Most
of these intercepted radio messages were
encrypted by using the Enigma cipher
machine. The German High Command
had an even more complicated and safer
device than Enigma, called Geheimschreiber
(secret writer) which was an on-line en-
cryption unit combined with a teleprinter.
Plaintext was typed in and appeared as
printed plaintext at the other end. The
Geheimschreiber was intended to be used on
land-lines which were available in most
cases between the more or less permanent
locations of the High Command. The
system could be used via radio as well.
Nevertheless, it can be safely stated that
the majority of messages BP operated on
were in Enigma-cipher. The publicity that
has been given to the work at BP has made
Enigma a well-known device, although the
descriptions of Enigma that can be found
in literature remain rather superficial, e.g.
by Jones®.

Enigma, how it works

Explaining the principles of cryptography
is outside the scope of this article. An
introduction into this fascinating field has
been given by Hawker?, and very thor-
ough treatment with lots of historical back-
ground is provided by Kahn®. Modern
developments in cryptography are
discussed by Diffie and Hellman® who
provide an extensive bibliography. It suf-
fices to state that Enigma works on the
principle of substitution: for every letter in
the plaintext a different letter is substi-
tuted as ciphertext. An extra feature is that
the alphabet, from which the substituted
letters are taken, is changed with every
step.

The machine is housed in a wooden box
measuring 34 cm x 28 cm x 15.5 cm and
weighs 12 kg (Fig.3). According to Bauer,
the wooden box indicates that the machine
described here was used by the German
Navy; the Army and Air Force had their
Enigmas in metal boxes. Figure 4 shows
Enigma with the lid in the upright posi-
tion, ready for use.

The data to be encrypted is entered via
the keyboard. It is to be noted that the
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and the cracking of the code.

By D. W. Rollema, PAOSE

keyboard contains no keys for figures:
where these appear in the plaintext, they
are first written out in letters. When a key
is depressed, the letter to be substituted in
the ciphkertext is indicated by a glowlamp
illuminating one of the letters in the round
windows. So when key D is depressed, for
instance, an O may light up as the substi-
tution.

The electrical path between the keys and
the glowlamps is not a straightforward
one, and changes every time a key is
depressed as shown in Fig.5, taken from
the operating manual, Fig.2. Here key Q is
depressed. Current from the battery flows
via contact 46 of key Q to a pair of jacks,
also marked Q (see also Fig.6). When no
plugs are inserted, the jacks are jumpered
by contact 45. The current now continues
through contacts on a set of five static and
moving rotors 44, the ones on the extreme
right and left being the static ones, called
Eingangswalze (entry rotor) and Umkehr-
walze (reversing rotor) respectively. The
current is returned here and traverses the
rotors again and on to another pair of jacks
E. Here the plug at the end of a cord is

inserted. The plug at the other end guides
the current via jack pair W on to glowlamp
W and from there finally back to the
battery.

So depressing key Q in this example
lights up lamp W. By following the current
path the reader can easily discover that

Dv g 13

Pruf-Ne 9479
I Dv.g 13 Pruy-Nr {0

MGehenn !

Gebraudysanleitung

fur die
Chiffricrmaidyine Enigma

Tom 1211937

Unveranderter Andydrud

Voerlin 1940
Gedrudt 1n der Rerdsdrudicrel

Fig. 2. Instruction manual for the use of
Enigma.

Fig. 1. Mr Arthur Bauer, PAOAOB, in his shack at Diemen near Amsterdam. He is the owner
of the Enigma machine that forms the subject of this article. For his amateur radio
contacts, Mr Bauer uses exclusively German World War Il communication equipment.
Here he is seen typing on a “"Hellschreiber” teleprinting machine. Behind the
He//stheiber, a 1937 transmitter can be seen.
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Fig. 3. The author’s daughter Jolande
carrying Enigma in one hand and a box
with two extra rotors in the other.

depressing key W would result in lamp Q
being lit. This mutual relationship be-
tween keys and lamps is essential in the
process of decrypting a ciphertext.

Figure 6 shows the arrangement of jack-
field and cords (Stecker). There are 26
pairs of jacks and 13 cords to connect
them. In practice only ten of the cards
would be used: the six jack pairs without a
plug inserted are automatically jumpered,
as shown for jack pair Q in Fig.5. The
plugs have two pins of different diameter
so they can be inserted in only one way. All
the rotors (Walzen) can be removed from
the machine, except for the entry rotor, as
can be seen in Fig.7: this has 26 contact
pads arranged in a circle. The reversing
rotor is normally left in the machine and
has 26 contact pins that protrude from the
surface under the action of springs, as
symbolically indicated in Fig.5. It sits on
the shaft that can be seen in Fig.7 on the
left.

Between the entry rotor and the revers-
ing rotor, a set of three other rotors is
inserted, taken from a total of five. The
two remaining rotors are Kept in a small
wooden box (Fig.3 and 4). The rotors are
first rigged on the shaft (Fig.8) and then
inserted in the machine: Fig.9 shows the
rotors in place on their shaft. By moving
the lever on the extreme left in Fig.9, the
complete set of rotors is compressed to-
gether so that the sliding contact pins on
one side of a rotor touch the contact pads
on the adjacent one. Each contact pin on
one side of a rotor is internally connected
to a contact pad on the other side. The
arrangement of these internal connections
is different for each of the five rotors.

As mentioned earlier the current path
between keys and lamps is changed at each
key depression. Each time a key is
depressed, the rotor on the right moves
one twentysixth of a revolution. That
means that all contacts move up one step.
After 26 key depressions the rotor has
made a complete turn and at that moment
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Fig. 4. Enigma ready for use with the box
for extra rotors on the right.

the rotor in the middle moves one step.
When the middle rotor also has completed
a revolution, the rotor on the left moves
one step, so that after 26°=17,576 key
depressions, a certain combination of rotor
setting will he repeated. Figure 7 shows
the mechanism. Three levers, each having
a forked shape at their top end, move
upwards when a key is depressed. The
fork of a lever can engage the toothed
wheel at the side of a rotor and move this
wheel one step (see Fig.10), which hap-
pens with the right rotor every time a key
is depressed. For the middle and right
rotors the levers are prevented from engag-
ing with the toothed wheel. To engage
these, the forked lever not only has to
move upwards, but inwards — towards the
shaft of the rotors — as well. Excessive
inward motion is prevented by the lever
coming ‘to rest against a ring on the adja-
cent rotor to the right of it. In Fig.8, this
ring can be seen on the side nearest the
matchbox. The lever is free to move in
only one position of the rotor to the right
of it, where the ring is notched in figure 08
in Fig.8.

Apart from the fact that three rotors
have to be selected from five and each of
the three rotors can be put into each of the
three possible positions in the machine,
the Germans introduced one more varia-
ble. If the rotor shown in Fig.8 is placed in

Fig. 6. Arrangement of plugs and jacks.
Note contact pins of different size jacks
preventing insertion the wrong way round.
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Fig. 5. This page from the instruction
manual shows the path of the electric
current in Enigma.

the machine in the position on the right, it
is clear that when the lever for the middle
rotor is at position 08, it can move the
middle rotor one step. Now there is not a
fixed relationship between the ring with
the numbers and the body of the rotor
carrying the contacts: the ring can be
turned with respect to the rotor, as shown
in Fig.11. It is obvious that this then
changes the relationship between the inner
wiring of the rotor and the notch position
at which the adjacent rotor is moved one
step forward.

Figure 8 also shows a knurled wheel that
protrudes through the metal top that nor-
mally covers the mechanism of Enigma
when in use (Fig.4). By means of these
wheels, the cipher clerk can move the ro-
tors to any starting position, indicated by
the figures on the rings showing in the
windows next to the wheels. This permits
the operator to set the key for a message to
be enciphered, as explained later.

As has already been mentioned, Enigma
operates only on letters; nevertheless,
figures are used to indicate the position of
the rotors and also the keys used for enci-
pherment. Here a simple one-to-one
relationship exists between the 26 letters of
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the alphabet and the figures 1 to 26. To
help the cipher clerk, this relationship is
put on the instruction card inside the lid of
the machine (Fig.12).

Using Enigma

The cipher instructions for using Enigma
were changed from time to time and dif-
ferent procedures could be in use within
the Air Force, the Army and the Navy.
Figure 13 shows the title page of the in-
structions for Enigma, issued on January
12, 1940. For each month, a list was issued
with Tagesschliissel (keys of the day); one
for each day. Figure 14 shows part of a
page from the encryption manual with an
example for the fourth day of the month.
The key of the day contains three ele-
ments. The first is the Walzenlage i.e. the
numbers of the rotors (I to V) to be used
and the position where they are to be put
in the machine. In this example, rotors I,
IIT and II are to be used in that sequence
from left to right. Then there is the
Ringstellung (setting of the rings on the
rotors); in the example the rings are to be
set to 16, 11 and 13. The third element is
the Stecker (plugs and jacks). The example
shows which pairs of jacks are to be con-
nected by cords, ten of the thirteen cords
being used. This completes the key of the
day. All Enigmas that were used in a radio
network were set to the same key at 0000
hrs, according to these instructions.

When the cipher clerk is handed a mes-
sage to be encrypted, he first replaces all
figures by letters (e.g. drei for 3). The clerk
now selects one of the Kenngruppen
(marker groups) shown in Fig.14 bottom
right; the group OPW for instance. He
may change the sequence e.g. into POW
and add two fill-in characters, purely arbi-
trarily chosen. The resulting group of five
letters is entered on the message form. In
the example, the group might be ZAPOW .

The clerk now selects a Grundstellung
(initial setting) of three letters, e.g. WEP.
This corresponds to figures 23 05 16 and
he sets the three rotors accordingly. This
setting is different for each message and
for each part if the message consists of
more than one part (it was forbidden to
select as settings groups such as AAA

.ZZ7Z, words, abbreviations, call-
signs, traffic indications such as QRM,
letters that follow each other on the key-
board such as ERT or those in alphabetical
order e.g. ABC or CBA). The cipher clerk
then selects a Spruchschliissel (message
key), also of three characters, for which
the same rules apply, say XFR (24 06 18).
This group is keyed in and the three letters
that are indicated by the glowlamp (e.g.
HFI) are entered at the top of the message
form, together with the three letters of the
Grundstellung. So this group may look like
WEP HFI. Finally the cipher-clerk resets
the three rotors according to the message
key XFR and starts typing the text to be
encrypted. He reads aloud the lamps
lighting up and an assistant enters the ci-
phertext on the message form. He does so
by arranging the ciphertext into groups of
five letters. The form can now be handed
to a radio operator for transmission.

The cipher-clerk at the receiving end
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first has to set his Enigma to the key of the
day used for encryption of the message.
This may be a different day from the one
on which the message was encrypted. The
cipher-clerk therefore looks for the marker
group ZAPOW that was transmitted from
the top of the message form. He deletes the
fill-in characters Z and A. The remaining
group POW is put into alphabetical order
OPW. Referring now to his table of keys of
the day, he finds that the marker group
belongs to the fourth day of the month. He
then proceeds to set his Enigma according
to the day key for day 4.

He now sets the three rotors to the initial
setting WEP (23 05 16) which he also reads
from the received message. Now he types
in the group HFI, that follows the
Grundstellung. He then reads the message
key XFR from the lamps. The rotors are
next set according to the message key XFR
(24 06 18). Engima is now ready for de-
crypting the message and the cipher-clerk
text is typed in, group by group. The
plaintext is read from the glow lamps and
an assistant enters it on a new message
form.

The complicated system of initial setting
and using a message key does not add any
more security to the system than that al-
ready provided by the key of the day,
because once the key of the day is known,
all information regarding initial setting and
message key can be found immediately
from the received message. It must be
assumed that the Germans added the com-
plications of initial setting and message key
to confuse an intercepting cryptanalyst try-
ing to find the key of the day from the
contents of the message.

The procedure outlined in the manual of
13 January, 1941 contained at least two
modifications from the one issued on 8
July, 1937, according to Lt. Col Lisicki in
ref.7. It is possible that issues before that
on 8 July, 1937, have also differences. In
accordance with that older instruction
manual, the initial setting formed part of
the key of the day and was taken from the
table for the relevant date. It remained the
same for 24 hours, and was not sent with
the message. Instead, the cipher clerk,
after setting Enigma to the key of the day,
adjusted the rotors according to the
Grundstellung, read from the table, e.g. 01
12 22. He now selected a message key, say
XFR and entered this fwice on the key-
board. This yielded two cipher groups of
three letters, e.g. HFI KLB and these
were written on the message form to be
transmitted. Then he reset the rotors
according to the message key XFR (24 06
18) and proceeded to key in the plaintext.
Decryption proceeded as described
previously, except that the Grundstellung
was not read from the message as received,
but from the table of keys of the day. After
setting Enigma accordingly the group HFI
KLB was keyed in and this provided XFR
XFR, twice the message key. Decryption
started after setting the rotors according to
the message key. The double encryption of
the message key turned out to be a blessing
to the Polish and British cryptanalysts, as
we will see later.

Lisicki’states that on September 15,
1938 the German Army and Air Force
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Fig. 7. The shaft with three rotors has been
removed from Enigma. The actuating
levers and entry rotor at the right can now
be seen.

Fig. 8. Rotors with contact pins on one side
and pads on the other. Note the notch in
the ring with the numbers at position 08,

; i A D F M &
Fig. 9. Looking into Enigma with the cover

lifted. The shiny cylinder to the left of the
rotors is the reversing rotor.

changed the system. The Grundstellung
was no longer used for the whole day, but
the cipher clerk chose a different one for
each message which he entered on the mes-
sage form in plaintext. The rotors were
then set to this Grundstellung and the mes-
sage key was entered twice, as before. The
resulting encrypted message key was also
entered on the message form. When the
war started, the double encryption of the
message key was replaced by a single one.

Not being a cryptologist, I fail to see
how the Grundstellung, changed for every
message, but transmitted in plain text,
could be an improvement over the 1937
system. There the Grundstellung was not
sent and had to be found out by the in-
tercepting cryptanalyst, even though that
once found, it could be used for the whole
dav and not for just onc message.
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History of Enigma

The principle of Enigma was patented in
1919 by a Dutchman, Hugo Alexander
Koch. The ideas developed by him were
feasible, but not very practical. The true
piloneer was an engineer from Berlin, Dr
Arthur Scherbius. By July 1923, Scherbius
was on the board of the Chiffriermaschinen
Aktiengesellschaft (Cipher Machines Cor-
poration), which had been established at 2
Steglitzer Strasse, Berlin, to make and
market the invention which Scherbius
christened Enigma®?. The Scherbius
model, which went through various stages
of improvement, contained many of the
basic concepts finally incorporated in the
Germans’ military versions. David Kahn®
has recorded that Scherbius exhibited the
Enigma at the 1923 Congress of the Inter-
national Postal Union, and the following
year got the German Post Office to ex-
change Enigma-enchiphered greetings
with the Congress.

Scherbius produced an elaborate sales
pamphlet in English under the title “The
Glow-Lamp Ciphering and Deciphering
Machine Enigma”. Unfortunately the
commercial world in the twenties had no
use for ciphers: the businessmen of the
world, to which Scherbius’ pamphlet was
addressed, showed no enthusiasm. Scher-
bius himself went bankrupt and his
patents passed into other hands?.

The German military forces were the
first to detect and exploit Enigma’s pos-
sibilities for the purpose of making her
military communications more secure.
They had good reasons. In the years fol-
lowing her 1918 defeat and the Treaty of
Versailles, Germany had a good deal to
hide. A system which enabled military
messages to be transmitted in an appa-
rently unbreakable cipher was irresistible.
So on 9 February, 1926 the latest Scher-
bius model was introduced into the Ger-
man Navy. It is logical that the Navy came
first, as radio is the only way for ships to
communicate and is open to interception
by the enemy. The Army can always use
the telephone. In 1928 the German Army
also adopted Enigma, although the
machine did not possess the jackfield at
that time: this feature was introduced by
the Army in 1930 and the Navy followed in

1934. In 1935, the Air Force adopted
Enigma as well. By that time, the commer-
cial model of Enigma had been withdrawn
from the market.

It is dangerous to use a cipher system
over a long period and so it is necessary to
make alterations to prevent interceptors
finding ways to crack the cipher. The in-
structions for using Enigma were revised
from time to time, but the machine itself
was regularly updated as well. Three ro-
tors were used up to 15 December, 1938.
Then the German Army and Navy added
two rotors, enlarging the number of pos-
sible combinations. There are ten ways of
selecting three rotors to be placed in the
machine out of a total of five and the three
selected can be put in the machine in six
different ways. The Navy added a seventh
rotor in 1938 and shortly before the
outbreak of war even an eighth one. Five
were kept in the box and three in the
machine. Three rotors can be selected out
of eight in 56 different ways.

As the war progressed, further modifica-
tions were deemed desirable, especially for
the radio traffic with submarines in the
Atlantic. These were attacking the Allied
convoys and were directed entirely by
radio by Grand Admiral Dénitz from his
submarine command centre. It was, of
course, vital that these command lines
were not compromised by the Allied forces
cracking the cipher. Therefore, the Ger-
man Navy introduced a new version of
Enigma on February 1, 1942, which had
provision for a fourth rotor, to the left of
the three existing ones. In this fourth posi-
tion, and only there, was inserted what the
Germans called a “Greek rotor”, de-
signated “Alpha”. From March 1, 1943, a
second Greek rotor, “Beta”, which could
change places with ‘Alpha’, was put into
operation. “Gamma” followed later that
year and so increased the number of
“Greek rotors” to three. The fourth one
came in 1944.

By the end of the war, several new
models of Enigma were under test. for
instance, a new standard machine to be
used by the Army, model “M-5" and a
considerably improved model “M-10" for
the Navy. I have found no evidence that
these new versions were actually intro-
duced.
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Cracking the Enigmia cipher

Before we turn our. attention to the inge-
nious ways ‘that were found to decrypt
Enigma-enciphered messages without
knowing the key of the day and the mes-
sage key, it is interesting to get some idea
of how many different keys Enigma can
provide. German wartime cryptologist
Waldemar Werther gives the following es-
timate.

For each setting of the three rotors, the
period after which the same current path
through the rotors reappears is given by
26%-262=16,900.

The number of permutations with three
rotors is six. The three rings can be set in
26°=17,576 different ways. From the 13
cords with plugs only ten were actually
used; the number of different cord connec-
tions is about 150.7x10'2. The total
number of keys is, of course, the product
of these figures and this works out at the
astronomical figure of about 4.5x10%.
Note that this is with only three rotors!
When the number of rotors is increased
the number of combinations rises consid-
erably (as we have seen, the Navy finally
used up to eight rotors plus four “Greek”
rotors).

Some people think that with a modern
digital computer it should be possible to
“test” all of these possibilities to find the
correct one used for a message, but even
with a very fast machine this would take
decades to accomplish. This is quite apart
from the question of how the computer,
without any human intervention, is to
know when the correct setting has been
found.

No, this was not the way cryptanalysts
tackled the problem. Their approach was a
more subtle one in which certain peculiari-
ties of Enigma were exploited to the full.
We will mention two. As the same key
secting was used both for encryption and
decryption reciprocity had to exist be-
tween cleartext and ciphertext. If for in-
stance, encrypting the character “A” re-
sulted in an ““S” in the ciphertext, then an
“S” in the clear text would have become an
“A” when enciphered (provided it had
been in the same place in the text, of
course). Similarly a character can never
become itself when encrypted.

The first cryptanalysts who succeeded in
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cracking the Enigma cipher were: Polish:
Lt. Colonel Dr. Tadeusz Lisicki was per-
sonally involved and he gives a fascinating
account of it”. It is a little known fact that
the Polish secret service had no difficulty
in reading the Russian ciphers used in
their military wireless communication dur-
ing the war between Russia and Poland
(1918 to 1920). The resulting information
was used by the Polish High Command in
a way very much like Ultra was in the
North African battle during World War II,
and proved to be instrumental in bringing
victory to Poland. The Polish cryptana-
lysts were also at home with the ciphers
used by the German Army and Navy from
1918 onwards. This comfortable situation
for Poland lasted until the Germans intro-
duced Enigma. For several years the
Polish cryptographic service struggled to
find ways to crack the Enigma machine
cipher, but all currently known methods
failed. It was then decided to reinforce the
department with young men, not
hampered by traditional thinking and with
a good knowledge of mathematics and the
German language. The university of Posen
ran a special course on cryptography and
this was attended by twenty students who
were in their last two years of mathemat-
ics. Three of these bright young students
joined the Polish cryptographic service in
1932 and already by early 1933, had suc-
ceeded in decrypting German messages
sent by radio!

It should be realised that the civilian
model of Enigma had been on the market
for some years and such a machine was in
the possession of the Poles. Nevertheless,
the military version had several new fea-
tures and certainly the internal wiring of
the three rotors was unknown to the Polish
cryptanalysts.

Crucial for the success was the German
encipherment procedure at that time in
which the Tagesschliissel (key of the day)
also contained the (initial setting) which
remained the same the whole of that day.
The cipher clerk picked a Spruchschliissel
(message key) of three characters for each
message. As mentioned earlier, this three-
character message key (XFR in the
previous example) was keyed in twice, with
the machine set according to the key of the
day: the resulting cipher group of six char-
acters was sent as the beginning of the
ciphertext. This meant that the first and
the fourth character originated from the
same character of the message key. The
same applies for the second and the fifth
and the third and the sixth character. The
German cipher clerks in those days often
used message keys like AAA, ABC, etc.,
which were later forbidden. Given a suffi-
cient number of messages sent with the
same key of the day, this enabled the
Polish cryptanalysts to find the message
keys and also the plaintexts.

The internal wiring of the rotors was
determined in a similar manner. This was
accomplished using the fact that keying in
the message key twice meant that the rotor
on the right moved six steps. The middle
rotor moves only after 26 steps of the right
one. So there is a chance of 21 in 26 or
about 81% that typing in the message key
moved only the rotor on the right. The
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middle, left and fixed reversing rotor in
that case can be considered as a fixed cur-
rent path. It certainly was not as easy as it
may seem from this simplified story (it
would be out of place to go into details
here, as they are so well explained by Li-
sicki’ but the young Polish experts suc-
ceeded in finding the internal wiring of the
rotor on the right. The three rotors often
changed places and so eventually all of
them had been in the right position often
and long enough to allow their inner
secrets to be solved.

As already mentioned, the encipher-
ment procedure was changed in 1938 (ini-
tial setting changed with every message,
but entered in the clear on the message
form) and later that year, a fourth and fifth
rotor were introduced. This posed new
problems for the Poles. Two methods were
introduced to find the rotor settings and
plug and jack arrangement for a series of
messages. One was a mechanical device
called “Bomba” and the other was based
on the use of stacks of punched cards.

Lisicki relates how the Germans made a
characteristic cryptographic blunder that
enabled the Poles to find out the internal
wiring of the fourth and fifth rotor. The
SD (Sicherheitsdienst) also used Enigma,
but the plaintext was first encrypted using
a hand cipher before it was submitted to
Enigma. The Poles could not read the de-
crypted Enigma messages and concluded
the SD was using a different system, un-
known to them. This situation continued
until the word eins (“one’”) popped up in
one of the decrypted texts. The Poles
realised that the cipher clerk had been
given a ciphertext containing the figure
““1”: as Enigma cannot operate on figures,
“]1” was written out in full and then en-
crypted. The Poles very quickly succeeded
in cracking the hand cipher and from then
on the SD messages could be read as well.
When the German Army and Air Force
introduced the fourth and fifth rotor in
1938 the SD did the same, but without
changing the encipherment procedure! That is
to say, the SD kept on using a fixed initial
setting for a whole day. So there were two
different systems used side by side and this
enabled the Poles to find out the inner
connections of the two new rotors.

Failure by the enemy to stick to the
ground rules of cryptography is often the
key to success for the intercepting crypt-
analyst.

Another failure in the same category as
the one just related is for a message to be
sent by radio in a relatively simple hand
cipher, for instance by a secret agent on
enemy territory, and then retransmitting
the same message in a higher-level cipher
over a radio network. This is a basic mis-
take that should never be made in crypto-
graphy, but it happened in WW II. A third
example also stems from WW II. The Ger-
man ccmmanders had to send in daily re-
ports cn the condition of their unit; e.g.
logistics, etc. If nothing particular had
happened, the commander might send
Nichis zu melden (nothing to report). Of
course the signal was encrypted by
Enigma. If Bletchley Park next day re-
ceived a message of the same length from
that unit and which was known not to be

.
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Fig. 12. Inside the lid of Enigma. From top
to bottom we can see the holder for spare
lamps. Then a dark green glass for
covering the lamps in bright sunlight to
improve readability. The white sheet
containing instructions for the
maintenance of Enigma and a conversion
table from letters to figures at the bottom.
Finally two spare cords with plugs.

involved in any action, then a good guess
might be that the message was again Nichts
zu melden. If the guess was right, it would
be a simple matter to find the key used.
The cryptographical mistake made here is
that such short messages should always be
stuffed with meaningless characters to in-
crease the length.

We return now to the Polish secret ser-
vice. With war becoming imminent, the
Poles decided to share their knowledge
with the French and British Secret Ser-
vices. This happened in a series of meet-
ings. The British and French each received
a Polish-made Enigma as well. The one for
the Government Code and Cipher School
arrived on the evening of 16 August at
Victoria Station, carried by the French-
man August Bertrand, and it was per-
sonally handed over to Colonel Stewart
Menzies, the then Deputy Head of the
British Secret Service?. So when the war
broke out a few days later and the GCCS
moved to its wartime station at Bletchley
Park, it started its operations on a firm
base. Not only was it familiar with the
strategies developed by the Poles for
cracking the Enigma cipher, it also had
details of the “Bomba” and an actual
Enigma machine.

There still remained a lot of work to be
done. To be able to crack a cipher or code,
a certain minimum number of messages in
that cipher or code is required. Cryptolog-
ists call it the *‘critical mass”. The more
messages that are sent using a certain ci-
pher, the greater the chance it will be
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Fig. 13. Instruction manual for encryption
using Enigma.
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Fig. 14. Page from the encryption manual
showing an example of the Key of the Day.

cracked by the enemy cryptanalysts. It is
therefore mandatory not to use the
cryptosystem for too long a time. As we
have seen, the Germans made changes to
the system several times, before and dur-
ing the war, while Enigma was in use. One
such change occurred when the number of
rotors was increased from five to eight for

Enigma encrypted signals between subma-
rines in the Atlantic and their home base in
Germany. This made Bletchley Park
“blind”’ until May, 1941. On the seventh
of that month, a German trawler called
Miinchen was captured. This ship
transmitted weather messages from off the
Lofoten. Enigma was destroyed by her
German crew, but the instruction manuals
for its use fell into the hands of the British.
Two days later, 9 May, 1941, an even
better catch was made. After having
attacked an outbound convoy south of
Greenland, German submarine U110 was
forced to the surface and Captain Julius
Lemp surrendered. A boarding party re-
trieved intact the eight-rotor Enigma and
cipher documents from the submarine.
Bletchley Park now possessed the Enigma
settings for the next two months. By the
end of that period, the “Bombs” at Bletch-
ley Park (developed after the Polish
“Bomba”) had been adapted to the 336
different rotor positions that are possible
with eight rotors instead of the 50 with five
rotors. This meant that BP was no longer
“blind” to the Hydra cipher, as it was
called by the Germans.

Another black-out occurred on 1 Feb-
ruary, 1942. On that date cipher Triton was
introduced with the submarines in the At-
lantic. This meant that a fourth rotor,
called “Greek rotor alpha”, was added to
the left of the existing three rotors in
Enigma, increasing the period after which
Enigma returned to the same substitution
alphabet from 16,900 to 439,400. No
wonder BP was in trouble! It was eleven
months later, at the beginning of De-
cember, 1942, that the cryptanalysts suc-
ceeded in breaking the Triton cipher for
the very first time. There were initially
long delays in deciphering, but from Jan-
uary 1943 onwards, decrypts became faster
and more regular. As already mentioned,
another “Greek’ rotor, Beta, was intro-
duced on 1 March, 1943. The progress in
the art of cryptanalysts that had been made
at Bletchley Park can be demonstrated by
the fact that this new cipher was broken
into by the twentieth of that same month!

Prof. Rohwer’ gives a fascinating
analysis of the Battle of the Atlantic. He
shows that at each black-out of Bletchley
Park, convoy losses increased drama-
tically. To understand this one should
know that the extensive Anglo-American
radio traffic with convoys was conducted
in Naval Cypher 3, an old hand code that
was used for too long and as a result was
broken into by the Germans. Grand Ad-
miral Dénitz therefore knew exactly when
convoys were to sail and what courses they
steered.
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Forth computer

In describing memory and i/o interface circuits surrounding the 6809 microprocessor,
Brian Woodroffe introduces more features of his FIG Forth computer in this second article.

The system may be used in partial form.
Operating-system and language software
exist in eprom, so the computer will work
without a floppy-disc drive. Many compu-
ters use eprom as a bootstrap to load an
operating system from disc, making a disc
drive mandatory. Although omitting the
disc drive reduces cost by almost half,
virtual-memory features of Forth are lost,
resulting in a significant degradation of
performance. Fewer than one third of the
memory devices are essential. Parity-error
checking may be omitted. When the
system is turned on, it only demands 16K
of ram and as more is added the memory
map is changed on line, Table 1 (see over).

Circuit description
Memory. Eproms containing fixed in-
structions of the Forth machine and
M6809 peripherals pose few problems.
These devices occupy the top 16K memory
locations because the 6809 reset vector is in
this area and decoding is simple using a
dual two-to-four-line demultiplexer 1.c.
(LS139). Dynamic ram occupies the re-
maining 48K addresses from 0000 to
BFFF. Logic i.cs used to glue the main
items together are low-power Schottky de-
vices, chosen for their speed and low
power consumption. Standard t.t.l. parts
could be used, =xcept in the timing chain
for the dynamic rams and on the micropro-
cessor memory and address buses; nmos
microprocessor parts have very low driving
capability and low-power Schottky inputs
require less current than standard t.t.l.
Dynamic rams consist of an X-Y matrix
of capacitor storage cells. Access to a bit
(storage cell) is gained by first addressing
the matrix row. This address is clocked in
by the falling edge of the row-address
strobe (RAS) and data from all 128 cells in
the row are transferred to row buffers.
When the column-address strobe (CAS) is
true, i.e. low, the column address on the
address pins selects one of the row buffers,
causing its data to be passed to the output
pin. Timing constraints on these actions
are fortunately not stringent relative to the
time available in a processor cycle
Multplexing of the 14 address lines onto
the seven address pins is done with an
13242 multiplexer. In this design, writing
is carried out by the early-write cycle.
Within the early-write cycle the write sig-
nal is made true before the column-address
strobe acts. When CAS becomes true, data
on the data input overwrites that of the
selected row buffer. Then when the
address strobes become false, data from
the row buffers are returned to their res-
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pective cells, so writing the input data into
the X-Y matrix.

Two clocks, E and Q, divide the 6809
processor cycle into four parts. The first
quarter of the cycle is used to precharge
the rams and as dynamic rams consume
most power when the row-address strobe is
applied, the selected bank of rams only
receives this strobe on the rising edge of
clock Q. The address multiplexer is then
switched by a delayed Q-clock edge to
apply column addresses, leaving sufficeint
settling time before the E-clock acts.

During a reading cycle the column-
address strobe is made true half way
through a cycle (rising edge of E Clock) so
that data may be made available by the
RAS-selected rams, through the LS245
buffer, to the M6809 before its set-up
time. All of the rams receive CAS but only
those receiving RAS pass data to the bus.

Write cycle

E SV/div
RAS 2V/div.

CAS 2vidiv.

R/w 5V/div.
200ns/div.

Read cycle

www americanradiohistorv com

During a writing cycle data is not made
available by the M6809 until the second
half of the cycle so CAS is delayed until the
falling edge of the Q signal.

Refresh generator

Storage cells in dynamic rams, being capa-
citors, lose their charge so they must be
‘refreshed’. Any memory action refreshes
the selected row through data being read
into the refresh buffer and returned at the
end of the cycle. Unfortunately, program
flow will not normally refresh all the ram
rows in the allotted time of 2ms and a
refresh generator is required.

There are three ways of refreshing rams.
In burst refresh, normal processor action is
suspended and the refresh generator cycles
through all 128 rows (for a 16K ram) and
returns control to the processor for the
remainder of the 2ms. This results in the
processor stopping for 128 memory cycles
(85us at the clock speed used). Such a time
lapse is unacceptable in this application for
the disc drive can require communication
with the microprocessor once every 32us
during sector read/write operations.

So, distributed refreshing is required,
that 1s, each successive row is refreshed at
14us intervals. Distributed refresh genera-
tors demand that the processor does not
have access to memory while the row is
refreshed. The processor may be stopped
for this period but a more efficient method
is to use a circuit that recognizes when the
processor is- not using memory and
performs what is called a distributed hid-
den-refresh cycle. This method was cho-
sen.

The refresh generator divides time into
14 cycle quantums using an LS163 counter
and generates a refresh-request signal once
each period (14pus X 128 cycles = 1.7ms).
By monitoring address lines A4,;5 during
the first quarter cycle, the generator knows
when the processor does not require access
to memory. Having recognized this it gen-
erates a refresh-request signal and the
13242 multiplexer places the refresh
address on the ram address lines and all
row-address signals are set true for a quar-
ter of a processor cycle. During the refresh
cycle the column-address strobe is false to
inhibit the rams. The address multiplexer
advances for the next address and the gen-
erator does not demand further refreshes
since a flip-flop is set.

It is unlikely that the M6809 will make
14 consecutive memory cycles since all
instructions except NOP, SEX and DAA
provide non-memory cycles. Should this
happen, the refresh flip-flop being reset
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Table 1. Example of how the memory map may be changed when

more than 16K of ram is used.

FORTH HEX

SMAX DUP @ 4000 + SWAP !
S0 DUP @ 4000 + SWAP |

SP! SMAX DUP @ 4000 — SWAP !
RO DUP @ 4000 + SWAP !

TiB DUP @ 4000 + SWAP !
‘FIRST @ DUP @ 4000 + SWAP |
' LIMIT @ DUP @ 4000 + SWAP |
FIRST DUP PREV ! USE !

DPMAX DUP @ 4000 + SWAP !
DECIMAL

and the counter carry being set (refresh
quantum finished), processor action is sus-
pended by a dummy direct-memory-access
cycle which guarantees a non-memory-
access cycle.

Parity checking

Capacitance used to store data in dynamic
rams is so small that naturally occurring
charged particles (alpha particles) have a
charge great enough to corrupt data should
they hit a cell. Improved coatings on dy-
namic-ram dies have reduced this effect to
give an error rate below 0.1%/1000h for
16K dynamic memories®. It is impractical
to include error correction in small 8bit
memories but parity checking to halt the
processor when an error occurs is not.

An odd-parity bit, generated by an
LS280 parity checker when a byte is
written into memory, is stored with the
other eight bits. During the write-cycle the
parity-ram data output is in its high-im-
pedance state and the floating EO input is
high. The parity device output is clocked
into the ram input and correct parity is
looked for when memory is read. On read-
ing, the data output drives the parity
checker and the error signal is passed to
the error latch with the row-address strobe
signals. If an error exists, the RAS line
concerned is latched, a led indicates which
memory bank contains the error, and the
processor halts.

Memory speed and drive

Input characteristics of dynamic ram are
quite different from those of t.t.l. Ram
inputs are capacitive, which especially
affects signals common to many inputs like
RAS, CAS and WE, and they require little
direct current. When driven directly from
low-power Schottky t.t.l. these inputs can
cause considerable overshoot that can re-
sult in exceeding device specifications and
longer access times through the time taken

( allow more data stack)

( move data stack)

( reset data stack)

( move return stack)

( move terminal input buffer)

( move Forth virtual memory buffers)

(IE ‘FIRST’ and ‘LIMIT")

( point virt. memory pointers to virt. memory)
( move limit of dictionary up)

{ return to decimal arithmetic)

for the voltages to level out.

To reduce ringing, some form af match-
ing is required. Series matching is most
appropriate since it does not increase static
loading. The ideal driver would produce a
slightly under-damped response but be-
cause t.t.]. drive characteristics are asym-
metric a compromise had to be made in the
resistance value. Control signals are driven
from LS37 clock drivers to ensure ade-
quate drive toward the SV rail. Resistance
values are not critical for this relatively
slow memory and the original even worked
faultlessly with no damping resistors and
standard L.SO0 drive.

On analysing the timing requirement of
the ram/M6809 interface I noticed that the
most readily available 200ns rams leave a
lot of spare time — so much so that these
devices could theoretically be run with a
666ns cycle time instead of the standard
lus. This was, of course, tried. Not only
was it tried with the faster M6809A proces-
sor but also with the standard device. In
both cases functioning was faultless. This
is not to say that all 1MHz parts will run at
higher speeds but certainly 200ns access
time rams will work at 1.SMHz. So for the
cost of a new crystal the through-put of the
system was improved by 50%.

Peripherals

To ensure that IMHz peripheral devices
such as the 6821 peripheral-interface
adapter and the 6850 communication-in-
terface adapter operate correctly, the
memory-ready signal (MRDY) is used.
Whenever peripherals are addressed
MRDY is held false by an L.S122 monosta-
ble multivibrator which extends the
memory-access time. An M6850 commu-
nication device forms the RS$232 interface
and the clock frequency for it is crystal
derived. Currently the 1.SMHz c.p.u.
clock only allows 1800bit/s and an external
baud generator is an attractive proposition.
Both —5 and +12V supplies are used for

the RS232 interface. Current from the
—5V supply is so low that the RS232
driver has an active current limiter; the
+12V drive is resistive.

Many of you will not have an RS232
terminal and will wish to use a separate
keyboard and domestic tv. The keyboard
interface will accept any 7bit parallel input
signal with active-low most-significant-bit
and active-low-going strobe and request
signals. Two spare hand-shake lines on the
p.i.a. and an output port could form a
Centronics-type printer port.

An EF69364A video i.c. provides timing
signals necessary for a 625-line tv; a
96364B device will provide signals timed
for 525-line tv. Control code for the video
i.c. is supplied through an LS157 quad
two-to-one-line multiplexer and for normal
display characters (p.i.a. B D;=0) a fixed
control code is set. When control charac-
ters (hexadecimal 0 to F) are used the
p-i.a. supplies the relevant code through
the multiplexer (p.i.a. B D;=1) to the
EF69364. As the c.r.t. gun scans the
screen, the EF69364 selects the character
to be displayed from the display ram and
latches it into an L.S273.

The video i.c. was designed for use with
ram that has separate data input and out-
put lines (2101 ram) so the circuit was
modified to allow 2114 rams with common
i/o to be used. Character-code from 1.5273
and row information from 69364 is
supplied as an address to a character rom
(a specially programmed 2716 eprom).
Each character position is allocated a 7-
wide-by-12-high character block.

Referring to last month’s article, the
signal name at pin 6 of ICy is active low
and should read R, as should the signal
name at the junction of IC4; pin 2 and ICys
pin 3. On page 57, pins 13, 12 and S of the
LS175 should be labelled Yy, Y, and Y;
respectively.

A set of three programmed roms is avail-
able from Brian Woodroffe at 632
Queensferry Road, Edinburgh for £23.50
inclusive. Technomatic (see advertisers’
index) will supply all i.cs mentioned in this
article.

Disc-drive interfacing is described in the
next article.

References
5. E. Westfield, Memory system strategies for
soft and hard errors, Wescon ’79.

continued from page 48

indebted to Keith Frewin, who wrote the
SOFTBOX software, for providing roms
385 and 386.
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Assembly language
programming

With the aid of examples, Bob Coates describes further instructions for the 6805 microprocessor.
Memorizing these is not important — some instructions are hardly ever used — but being

Instruction ADD adds the contents of the
accumulator to the contents of a specified
memory location. For example

AE0C LDX #0
A613 LDA # $13
D60785 ADD $785,X
83 SW1

will add the accumulator to the contents of
address 785. As previously shown, this is
AE so the result in the accumulator should
be C1 after SWI and the C bit should be
clear.

Add memory/carry to accumulator,
ADC. Analogous to ADD, this instruction
adds the contents of the memory location
and the carry bit of the condition-code
register to the accumulator contents. The
carry bit will normally have been set by a
previous ADD or ADC instruction. This
allows numbers of greater than 8bit to be
added together and is often referred to as
being multiple precision.

To demonstrate, the program shown in
Table 1 adds two 16bit numbers by placing
the first number in address locations 50
and S1 and the second in locations 52 and
53 then placing the result in locations 54
and 5S. Of the two bytes required for each
16bit number, the most significant is
placed in the lower memory location and
the least significant above it. Before run-
ning the program, place the two numbers to
be added in locations 50 to 53. Using 12C4
and 5678 as the two numbers, the result in
locations 54 and 55 should be 693C (check
using the Picotutor mo function).

The program works by adding together
the least-significant digits in locations 51
and 53 first and storing the result in loca-
tion SS. ADD is used here since the carry
bit contains no relevant data, but the bit
will be set by the instruction in this case
through, the result of adding C4 and 78
being 3C and a carry indication. Next the
two most significant bytes are added to-
gether along with the carry bit. Adding 12
and 56 will give 68 but with the carry bit
this becomes 69.

This principle can in theory be extended
to add any number of multiples of eight
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familiar with them will help later.

bits, adding the least-significant byte first
and working upward; this is how compu-
ters perform arithmetic operations on very
large numbers. Correct operation of this
program relies on the fact that STA and
LDA instructions between the ADD and
ADC instructions do not affect the condi-
tion-code register. How various instruc-
tions affect this register must be taken into
account when writing a program. Effects
of instructions on the condition-code regis-
ter are shown in the instruction table and
one can see that STA and LDA do not
affect the carry bit (C).

T A e U R R AR T e [P

by R. F. Coates

Subtract memory from accumulator,
SUB/SBC. These instructions, the latter
subtracting memory from the accumulator
with a borrow indication, operate in a
similar way to the addition instructions.
With SBC the carry bit is used to indicate a
borrowed digit from the previous subtrac-
tion step. Two 16bit numbers can be
subtracted as in Table 2 and the program
may be extended to operate on any number
in multiples of eight bits as with the addi-
tion program of Table 1. Here the 16bit
number in locations 52 and 53 is
subtracted from the number in locations
S0 and 51, the result being placed in 54
and 55. For example, subtracting 1234
from 5612 gives 43DE.

Addition and subtraction programs for
16bit numbers using 6800/6809 and Z80
microprocessors are shown in Tables 3 and
4 respectively. These processors have 16bit
addition and subtraction facilities which
make multiple-precision arithmetic much
faster using shorter programs.

These four instructions perform logical
operations on data in the accumulator.

AND. Accumulator and memory or an
immediate byte are subjected to an AND
operation and the result is stored in the
accumulator. Bit Z in the condition-code
register is set only if the operation results
in all zero bits and bit N of the c.c.r. is set
if bit 7 of the result is set, i.e., the result is
negative.

BIT. Bit test is the same as AND but only
the condition-code register is affected; the
accumulator holds its original content.
ORA. Accumulator and memory or an
immediate byte are subjected to an OR
operation and the result is in the accumula-
tor. Bits N and Z of the condition-code
register are set or cleared as appropriate.
EOR. Accumulator and memory or an im-
mediate byte are subjected to an exclusive-
OR operation and the result is in the accu-
mulator. Bits N and Z are set or cleared as
appropriate.

A short example of the AND instruction
is as follows.

030 A655 LDA #3855
032 A40F AND #$0F
034 83 SW1

The operation is clearer when the numbers
are converted to binary form.

1st number 0101 0101 $55
2nd number 0000 1111 $OF
result of AND 0000 0101 $05

A bit in the result is only set when corre-
sponding bits in the two numbers are set.
If the Picotutor register key is used to
examine the registers after running the
program, both N and Z bits in the c.c.r.
will be clear (represented by a dash) and
the accumulator will contain 05.

Now change the AND op-code in the
program to ORA (A4 to AA) and run it
again. If a bit in either or both numbers is
set, that bit will be set in the result, i.e.

Ist number 0101 0101 $55
2nd number 0000 1111 $OF
result of OR 0101 1111 $SF

Finally, change ORA to EOR (AA to
A8). If a bit in one number but not the
other is set, that bit will be set in the
result.

1st number 0101 0101 $5S
2nd number 0000 1111 $OF
result of EOR 0101 1010 $SA

CMP, CPX. These instructions compare
the accumulator and the index register re-
spectively, with memory. N, Z, and C bits
of the c.c.r. are set or reset as appropriate.
The operation subtracts the memory
content from the accumulator or index
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register value but the register is not modi-
fied, e.g.

A643 LDA #%43
Al43 CMP #%43
83 SWI

loads the accumulator with 43 and 43 is
subtracted from it by the CMP instruction.
The result of the subtraction is zero and so
the Z bit is set and N and C bits are
cleared; the accumulator still contains 43.
Two jump instructions complete this
section. These instructions are used when
the normal sequence of program execution
is to be broken and execution continued
from some other point.
Jump unconditional, JMP. We have al-
ready used JMP to terminate examples and
restart the monitor program.

BC80 JMP $80 jump to monitor

start

This example uses direct addressing. Ex-
tended and indexed addressing may also be
used but immediate addressing may not.

AES80 LDX #$80

FC JMP 0,X
would have the same results as the first
example.

Jump to subroutine, JSR. A subroutine is
a separate section of program which may
be called from different places in the main
program, as expalined in the February
issue. The jump part of the operation is the
same as for JMP, but the address of the
instruction directly after the JSR is stored
on the stack so that at the end of the
subroutine the program knows where to
return to. Examples of this will be given.

Read/modify/write instructions
Addressing modes are different when
studying these instructions. For extended
and indexed addressing modes, 16bit off-
sets are not used although theoretically
there is no reason why they shouldn’t be
(16bit offsets are used on the 6809). But
this group is used for modifying memory
or i/0 locations and since these locations
are all below FF on the 6805, offsets
greater than eight bits are unnecessary.

Two addressing modes, inherent (A)
and inherent (X), are used to modify the
accumulator or index register rather than
memory. The following programs demon-
strate all the instructions in this section.
After execution the register key should be
used to examine the appropriate register
and the C bit in the condition-code register
if it is affected by the instruction. Ram
location 60 will contain the result in the
third example.

Inherent (A)

030 A680 LDA #$80
032 4C INCA

033 83 SWI

Inherent (X)

040 AES80 LDX #$80
042 5C INCX

043 83 SW1I

Direct

050 A680 LDA #3$80

052 B760 STA $60
054 3C60 INC $60

60

056 83 SWI

Increment, INC. The three previous
examples illustrate use of the increment
instruction, incrementing the accumula-
tor, index register and memory location 60
respectively. In the last case memory loca-
tion 60 is loaded with 80 before being
incremented. In all cases the result should
be 81. The condition-code register carry
bit is not affected by this operation but if
bit seven of the result is one, bit N is set,
and the Z bit is set if the result is zero.
Changing the first line operand from 80
to FF results in wrap around, i.e. incre-
menting FF gives 00 and consequently the
Z bit is set.

Code for this set of instructions must be
carefully written. Direct and indexed
modes are represented as expected with
the mnemonic in the op-code/mnemonic
field and the direct address or offset and
suffix in the operand/address field, i.e.

INC $60
INC $60,X

but with inherent modes the register repre-
sentation should directly follow the in-
struction mnemonic and the operand field
left empty, i.e. INCX. A computer assem-
bler will interpret INC X as INC 0,X
which is indexed, no-offset mode, and
convert the instruction to machine code 7C
instead of 5C.

Further instructions in this section can

be seen in operation by inserting them in:

place of INC in the previous three
examples.

Decrement, DEC, is the reverse of
increment and decrementing 00 will result
in FF. Clear, CLR, results in 00 being
written into the specified register/memory
location. With complement, COM, the
state of each bit in the register or memory
location is inverted, e.g.

$46 0100 0110
becomes $B9 1011 1001

Negate, NEG, calculates the two’s comple-
ment of a number by subtracting the regis-
ter or memory content from zero, e.g.
00—-02=FE. Logical shift left, repre-
sented by LSL, shifts all bits in the regis-
ter or memory location to the left, i.e. bit 7
of the number goes into the c.c.r. C bit, bit
six of the number replaces bit 7, bit 5
replaces bit 6 and so on until a zero goes
into bit 0. While trying out this example it
may help to convert the hexadecimal
numbers to binary form on paper; use
different numbers, some with bit seven
set, others with bit seven cleared, to see
the effect on the condition-code register.

Rotate left, ROL, is similar to shift left
but instead of zero being entered into bit
zero of the register or memory location,
the original content of the c.c.r. C bit is
entered. If two ROL instructions are per-
formed bit seven will first enter the c.c.r.
carry-bit position and on the next ROL the
carry-bit, originally bit seven, goes to bit
zero of the register or memory location —
hence the term rotation. Nine consecutive
rotate-left operations give a full rotation
and conditions are the same as they were at
the start.

Logical shift right, LSR, and rotate
right, ROR, are similar to LSL and ROL

respectively but they work in the opposite
direction. Arithmetic shift right, ASR, is
the same as LSR but instead of a zero
entering bit seven, the original bit seven
status is retained. Shift and rotate instruc-
tions are illustrated in the instruction
tables shown on page 64 of Wireless World,
April, in the Boolean operation column.
Test for negative or zero, TST, only
affects the condition-code register. N and
Z bits are set or cleared according to
whether the register or memory-location
value is negative (bit seven is one) or zero.

Control instructions

Only inherent addressing mode is used
with control instructions. Inherent in-
structions require no operand so they are
only one byte long.

Transfer A to X, TAX, duplicates the
content of the accumulator in the index
register and TXA duplicates the index re-
gister in the accumulator, e.g.

A655 LDA #8$55
AEAA LDX #3$AA
83 SWI

97 TAX

83 SWI

In this example the first SWI provides a
break after loading the accumulator and
index register so that the register key may
be used to confirm the operation. Pressing
the cn key continues the program after the
first SWI. Now the register key may be
used to check that both registers contain
55. TAX may be replaced with TXA and
its operation examined in the same way.

Set carry bit, SEC, and clear carry bit,
CLC, allow the condition-code register
carry bit to be altered. With the return
from subroutine instruction, RTS, if a
subroutine is called by a jump or branch
instruction (JSR or BSR), the return
address is stored on the stack and the stack
pointer is moved down by two bytes; the
return address is the address of the instruc-
tion immediately following JSR or BSR.

A return from subroutine instruction,
always the last instruction in a subroutine,
causes the stack pointer to return to its
original position by taking from it the re-
turn address. The return address is placed
in the program counter and program exe-
cution proceeds. In this way the main rou-
tine is always restarted at the correct point
even though the same subroutine may be
called at different points in the program.

Reset stack pointer, RSP, sets the stack
pointer to address 07F. When the power is
turned on the stack pointer is automatic-
ally iniualized with O7F, which is the
highest ram address in the 6805. Nor-
mally, manipulation of the stack pointer is
not required.

No operation, NOP, does nothing but
use two bytes of memory and take two
clock cycles to execute. Despite that it is
useful. In precise timing applications, no
operation can be used to set a period to
within two clock cycles (1.9us at maximum
clock frequency) and it can be used to
provide gaps in programs under de-
velopment so that further instructions may
be added later.

The last four instructions in this section
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concern interrupts. An interrupt disconti-
nues the normal program flow to execute a
program section called an interrupt-service
routine (similar to a subroutine) and is
used when a function outside the normal
program requires immediate attention.
When an interrupt occurs all the registers
are stacked (saved) so that the main
program can continue from where it left
off after the interruption has been dealt
with; an interrupt can occur anywhere in
the program. A ‘vector’ or address of the
start of the service routine is taken from an
eprom location. The location of the vector
is specified by the manufacturer.

Three types of interrupt are possible
with the 6805. As will be explained later,
the processor has its own timer that may be
used to interrupt programs. Secondly a
software-interrupt instruction, SWI,
causes an interruption resulting in the re-
gisters being stacked and the program
counter being loaded with the vector at
eprom addresses 7FC and 7FD; in the
Picotutor these locations hold the monitor
program starting address. When the con-
tinue key is pressed the monitor takes the
register content from the stack and contin-
ues running the program keyed in.

The third type is called a hardware in-
terrupt. If the INT pin of the 68705 is
taken low, program execution is stopped
after completion of the current instruction,
the registers are stacked, and the program
counter is loaded from addresses 7FA and
7FB. These will have been programmed
with the starting address of the interrupt-
service routine. Hardware and timer in-
terrupts may be masked if the main
program is too important to be broken off,
bit I in the condition-code register indicat-
ing the mask status. If bit I is set, any
interrupt from the INT pin or internal
timer will be inhibited. Interrupts are dealt
with immediately if the I bit is clear.

Clear interrupt mask, CLI, and set in-
terrupt mask, SEI, are two instructions
that allow the ¢.c.r. I bit to be altered by a
program. Sections of a program that may
not be interrupted are preceded with SEI
and terminated with CLI.

An interrupt-service routine always ends
with a return from subroutine instruction
represented by RTI. This instruction is
similar to RTS but as well as taking the
return address from the stack, RTI also
takes the contents of the accumulator, con-
dition-code and index registers.

Branch instructions

The power of microprocessors lies in their
ability to take one course of action if cer-
tain conditions exist or another course of
action if they don’t exist. Conditional
branch or jump instructions allow this by
examining bits in the condition-code regis-
ter. When a specified condition is not true
sequential programming continues, but if
the condition is true, control is passed to
an address specified in the instruction
operand, e.g.

LDA #3%05
LOOP DECA

BNE LOOP

SWI
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This program loads the accumulator with
05 then decrements the accumulator
(DECA) so that it contains 04. Branch-if-
not-equal-to-zero, represented by BNE,
causes a branch if the last instruction
affecting the c.c.r. Z bit did not result in
zero. As shown in the instruction table,
DEC affects the N and Z bits according to
the result of the decrement but other c.c.r.
bits are not affected. Only if the result of
the decrement is zero is the Z bit set; the
BNE branch instruction examines this bit
and causes a branch if the Z bit is clear.
When the Z bit is set the program carries
out the software-interrupt instruction
SWI.

Where the program branches to is indi-
cated by the source-code label in the ope-
rand field of the branch instruction, here
called loop, and the program will branch to
the instruction where this labél appears in
the label field. This is on the line of DECA
so this instruction will be executed again,
decrementing the accumulator value from
04 to 03. The branch instruction is again
encountered and the Z bit checked and so
another branch back to DECA occurs.
Looping continues until the accumulator is
decremented to zero, resulting in the Z bit
being szt. Branching will now not occur
and the software-interrupt instruction
passes control back to the monitor
program. Although it means the same
thing, this type of instruction is referred to
as a conditional jump in Z80 and 8080
microprocessor terminology, rather than a
conditional branch.

The way in which the processor is told
where it must jump or branch to in
machine code has yet to be resolved. With
the 8080 this is straightforward; the single-
byte op-code for the jump instruction is
followed by two bytes containing the jump
address. An additional form for the Z80 is
a relative jump. Motorola processors only
have this form of jump.

In relative jumps a single byte following
the op-code is an offset value representing
the number of bytes to be branched back-
wards or forwards from the current
program-counter position (the program
counter points to the instruction after the
branch). In the example the branch in-
struction requires two bytes and the decre-
ment-accumulator instruction one byte so

to branch from the SWI address to the
address of DECA requires an offset of —3.
Byte two of the branch instruction con-
tains this value.

So far only 8bit bytes containing un-
signed values from 00 to FF (0 to 255
decimal) have been considered. But it is
possible to indicate the sign of any binary
number using the state of the most-signifi-
cant bit. In signed binary, 1111 1111
represents —127, 0111 1111 represents
+127, 0000 0001 is +1 and 1000 0001 is
—1. Signing eight-bit numbers in this way
limits their magnitude to 127 though.

To calculate the address to which a
branch instruction must branch to, the
signed-binary offset must be added to the
program counter after it has been incre-
mented to point to the instruction after the
branch. Signed-binary addition of the
numbers eight and five is as follows.

0000 1000 (+8)

0000 0101 (+5)

0000 1101 (sum, +13)

And addition of eight and minus five,
0000 1000 (+8)

1000 0101 (-5)

1000 1101 (sum, —13)

Clearly this is incorrect. To add signed-
binary numbers correctly the processor
would have to perform extra actions de-
pending on the sign of the number, which
would result in valuable processing time
being wasted. Representing the signed-
binary number in two’s complement form
solves this problem.

One’'s complement

In one’s complement representation all po-
sitive integers are represented in their cor-
rect binary form, i.e. +6 is represented by
0000 0110. But the number’s complement,
-6, is represented by complementing each
bit. Each zero is changed to one and each
one to a zero so —6 is 1111 1001. The
addition of +8 and —5 is now

0000 1000 (+8)

1111 1010 (-=5)

0000 0010 (sum, +2 with 1
carried)

which is nearer but still incorrect.

Two’s complements and the ins and outs
of branching are subjects of the next
article.

.
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Satellite TV aerial
alignment

A microcomputer program for field installation engineers to use on site

The coming of direct television broad-
casting by satellite is likely to present con-
siderable difficulties for aerial installers. It
has been found (for instance, by early
users of the Canadian Anik satellites) that
positioning dish aerials by hand is certainly
possible; but guesswork alone will not ob-
tain the pointing accuracy of 0.5 degrees
which is generally accepted as the required
standard. In Europe, one interested group
took two weeks to locate OTS-2 using
blind search methods. Another group de-
pended upon an outside contractor to
make North-South markings on the aerial
site prior to their own arrival. The mark-
ings were eventually found to have a mas-
sive error of 15 degrees and repeated ob-
servations had to be made to correct it.
Other groups, however, have found that a
search may take as little as a few minutes if
the satellite is a powerful one — such as
those in the Soviet Gorizont series. A spec-
trum analyser may often be the sole means

by N. L. H. Cresdee

of alignment or the primary means of
alignment.

A further problem is that it is desirable to
align dish aerials to the assigned position of
the satellite rather than its actual position.
Satellites now in orbit are allowed to drift
up to 0.1 degrees from their assigned posi-
tions before thrusters are fired to bring
them back. Although errors here may not
disrupt reception of a satellite transmission
they will degrade the quality of the
picture.

To align satellite receiving aerials syste-
matically, it is necessary to know the
precise position of the receiving site. From
this it is possible to calculate the azimuth
and elevation of the required satellite.
Consulting maps could be a laborious
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Program listing from a ZX Printer. The screen display asks for the latitude and longitude of the receiving site. It then
produces a scrolling list of satellites together with the calculated ranges and aerial bearings. From these the user can

process, however, for a professional engi-
neer installing aerials on a large scale. An
alternative might be the use of a marine
satellite navigator. It is now possible to
buy one for under £1000; and in view of
the fact that it could be used for several
generations of satellites, the engineer
might look upon it as a vocational invest-
ment. Another possibility is a magnetic
compass or a gyro-compass; but for a mag-
netic compass it would be necessary to
make corrections by consulting current
lists of angles of magnetic declination.
There might be local magnetic irregularies
1o take into account, such as the electricity
board’s transformer next door.

The single biggest problem is trans-
ferring bearings to the aerial system. If a
compact gyro were placed on the aerial
platform and true North located using the
gyro read-out, this would probably resolve
the difficulty.

When accurate co-ordinates for the re-

continued on page 71
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Microcomputer
organ interface and
music editor

Alphanumeric entry format for organ music is capable of handling the conventional
deviations from the musical score, together with other elements of musical expression.
Data representing music played on the organ may also be recorded and edited.

This interface connects a Nascom 2 Z80
microcomputer to an electronic organ or
pipe organ with electric action, and allows
three modes of operation.

Read. Music played on the organ is
stored in “data format” within the
computer ram (memory requirement
about 2K bytes per minute).

Play. Music stored in data format can
be replayed by the computer, with
speed and registration changed if
desired. Simultaneously, the organ may
be played normally, enabling a player
to practise duets.

Translate. Music typed in on the
Nascom keyboard direct from score
using the “entry format” described is
translated by the computer into data
format. “Pages” of up to 11 lines in
entry format can be edited on the v.d.u.
and up to ten such pages can be stored
for later recall.
Recordings can be edited at various levels
in any of the three modes. In particular,
any section of a recording in data format
can be corrected, deleted, repeated or
replaced by a section of another recording,
during play mode. The three modes of
operation may be interchanged to produce
a continuous recording.

Music played on the organ is read from a
cascade of 4021 registers (read mode).
Data is recorded only at an “event”, when
the status of a register changes, and
comprises the numbe and revised status
of the appropriate registers together with
the “duration” (the number of frames)
between successive events.

Play mode operates the organ via a
cascade of 4094 registers. Thus, for
example, 24 pairs of registers provide a
192bit-wide bidirectional bus to the organ
console. The c-mos registers accommodate
a range of console operating voltages.

The computer is interrupt-driven by an
external oscillator which defines the frame
rate. Connection to the computer is via two
peripheral i/0 ports.

Software comprises about SK bytes
written in Z80 machine code. Some use is
made of the Nascom 2 monitor (NAS-SYS
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by D. R. Easson

3). In the software listing, the play and
read routines are designated AP, the
translate routine MC and the edit routines
E. Various software manipulations are
listed in Appendix II.

Hardware

The circuit has two modes, read and play,
set by RD(M) or PLY(M). RD(M) reads
23 bytes per frame from the 4021 registers
via port A. PLY(M) reads 24 bytes via port
B to the 4094 registers (the first byte of the
24 is spurious and is lost, but the extra
byte allows the c.p.u. output to be timed
by FP). The byte counter can be
rearranged, in general, for counts of N and
N+1, where N is the number of register
pairs.

Fig. 1 shows how the cascades of
registers convert the eight-bit parallel
ports A and B of the Nascom 2 into an 8N-
bit parallel interface to the organ console.
The electronic organ for which the system
was developed uses 12V switching of a
matrix of 1,500 transistor switches for the
tone keying, whilst the stop and piston
switching is via t.t.l. (part of a piston
capture system). The 4094 registers,
divided between a 12V board and a 5V
board, can drive both sets of switches
without extra buffers. Diodes prevent
conflict between the register outputs and
console keying contacts, allowing duets to
be plaved by the organist and the
microcomputer.

The serial data transfer is accomplished
by signal CP (Fig. 2), from a 4047 astable
at about 0.5MHz. The frame rate Is
controlled by FP from another 4047. The
two oscillators do not need to be locked
and FP is given a range of 20-120Hz to
allow variation of replay speed. It takes
about 0.5ms to transfer one frame of 23
bytes. The speed of the software is such
that this could be halved by increasing CP
to 1 MHz, but except on a much larger
svstem only a purist would bother about

this. (The BSX20 pull-ups between the
boards introduce a delay of about 0.25us
which could easily be reduced. As it s, the
circuit will run up to about 0.7MHz CP).

The c-mos parts should have buffered
outputs, as in the Signetics HE4000B
device family, for example. Devices with
unbuffered outputs can cause excessive
delays.

The circuit is synchronized to CP by
4013(1) when enabled by FP on its data
input. Signal CPRB rises half a CP period
later and this causes a serial shift towards
and into port A (read mode). After eight
periods of CP the first byte is in port A

Interface and music editor

@ The Nascom 2 or 3 is ideal for this |
interface but it couid be easily adapted
for any Z80A machine with two paralle! |
ports. A good machine code monitor is
helpful.

® Frequent scanning of the computer
keyboard in play mode is required for
the edit functions, achieved on the
Nascom 2 by using the NAS-SYS 3
monitor routine IN (%F 62H) as part of
the frame cutput routine.

@ Pages in entry format can be saved as
8 high-level source code, suitable for
later re-working. A disc-based system
would be more convenient for such use.
@ Entry format is easy to learn. The
two-character note codes {C3 for middle
C etc.) are an established standard for
organ music. Most of the stop and note
value codes are obvious.

® The standard manual compass for
| organs is now five octaves, C1 to C6 {61
notes) on each of two or more manuals; -
Pedal compass is about 2V2 octaves C1
to F3 or G3 {30 or 32 notes). The organ
that the interface was designed for was
built to simulate an earlier classical
instrument for which its four octave |
compass would be typical, but the
additional registers could easily be
accommodated. .
@ Two-character codes are converted
by a look-up table. A conversion factor
is added to or subtracted from the ASCIl
codes to keep the table reasonably
compact. Converted codes are two-byte
addresses in the table, the contents of
which are the corresponding register

{ and bitnumbers. ;

@ The most recent development of this
device is a Forth wvocabulary which
works on a theme in data format to
produce polyphonic extemporizations.
Some harmonization rufes are included.
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register, whilst count eight in the bit
counter produces count one in the byte
counter. Count eight also strobes the first
byte asynchronously into port A latch.

Further bit counts are inhibited by STR
A, and 4058 (B) produces a negative-going
STROBE handshake pulse to the Nascom
MK 3881 PIO working in input mode
(mode I). The rising edge of this pulse
activates the interrupt request. The i/o
READY line is then reset (low). When the
c.p.u. has read the data the READY line is
again raised and this sets 4013(2). This
enables the bit counter to be cleared on
MRA when CP is high. The first CPRB of
the next byte is therefore delayed by at
least half of a CP period, which ensures
that timing is not critical.

When the 23rd byte has been read into
the port A latch, 4013(1) is cleared by the
byte counter on CD,. The circuit stays
inactive, apart from the clearing of the
byte counter by FP, until the next frame.

In the play mode, operation is generally

the same except that an extra byte is
allowed so that the c.p.u. output can be
initiated and timed by interrupts generated
by FP. The Nascom PIO (port B) operates
in output mode (mode O). In this mode,
the output cycle is started by the execution
of a c.p.u. output instruction. The first
byte read into the first 4094 play register is
spurious and eventually lost, but the
corresponding READY from the Nascom
PIO enables it to accept STROBE from the
interface. Thus the usual PIO output logic
is reversed and the interface requests data
from the c.p.u. And with this arrangement
the handshake lines are commoned in
pairs, as shown in Fig. 2.

The signal which clears the bit counter
also forms PLB, which loads the data from
the PIO into the port B 4021 after the
handshake READY goes high. Signal FP
also forms STRPLY which strobes the
4094 play registers into their latches (each
frame is held in the latches for one FP
period, i.e. until the end of FP).

Data format
The data format is (starting at 1343 or
3343)

FF MM NN pp! qql pp2 qq2 . . . FF

and where FF is the frame byte, MM, NN
are the most and least significant bytes of
the null frame count (NFC) between
events (thus duration is represented by
NFC +1), pp, are the numbers (single-
byte addresses) of registers to be reset after
delay MM NN (delay after the final frame
byte is always AA AA), and qq, are up-
dated statuses of registers pp;,.

In read mode, each frame defines an
event and has at least one set of register
data pp qq. Register statuses may be
defined more than once during a frame
(only the final status will be output when
the event occurs).

The null frame count and the frame byte
provide a relative time code. Frame byte
addresses are used as edit points (see
Editing).
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Fig. 2. In read and play multiplex control
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Entry format

There are two types of entry. One defines

events, which may be any number of notes

to be played and/or released, stops to be

drawn or cancelled, thumb pistons to be

pressed or released (don’t forget to release

them!). Care is needed not to release notes

which are not on — the organ isn’t good at

playing negative data. (An exception is the

entry L for lift which releases all keys and

pedals which may be on). And the other

defines durations between events in terms

of note values.

Events are defined by

— directory character (e.g. P, H, R, T or
S for Pedal, Hauptwerk, Rugpositiv,
Thumbpiston or Stop respectively)

— two-character note, piston or stop code
(e.g. C3, GD or P8 for MiddleC,
the General Disable or Prinzipal 8’
respectively)

— further character for black notes to
indicate sharp (Z) or flat (])

— final — if the event is a release (i.e.

subtract).
Examples

PCl1 Play pedal C1

HC3Z— Release Hauptwerk C34

RA3]  Play Rugpositiv A3

TE3 Press Thumbpiston 3 in
group E

SHP8 Draw Hauptwerk Prinzipal 8'

TGD  Press Thumbpiston General
Disable
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FP approx. S0Hz from 4047 (1)
P 0-SMHz " 4047 (2)

free-running

% Counts are N and N+1 where N is the number of registers

TGD- Release Thumbpiston General
Disable
L Release all keys and pedals

(this is useful but introduces
redundant data if the registers
are reset in the same frame).
A page may be repeated using ED77
(having escaped from play mode if used by
the direct command “.”) or edited on the
v.d.u. before the repeat if desired.
Durations are indicated by the directory
character type “;” and defined by the
appropriate note value between events at a
rate of 16 or 32 frames per quaver. + and
— add or subtract one frame each and thus
allow agogic accents. Examples:

;Q. indicates a dotted quaver
(see comment* below)

;C.+++ indicates a dotted crotchet
plus %6 or ¥32 of a quaver
;M——— indicates a minim reduced

by %6 or ¥32 of a quaver

Note values are H, D, S, Q, C, M, R (for
semibreve) and B, but dotted breves are
not permitted at 16 frames per quaver, nor
are dotted semibreves at 32 frames per
quaver. *Each group must end with a
space. (Elsewhere, spaces are optional
between code groups). The number of
minus signs must not reduce the duration
to zero or negative frames, e.g. H——— at
16 frames per quaver is not permitted.
Rests are indicated in the same way.

[T L]

The end of a page is indicated by
This is translated as the final delay AA
AA. The appearance of the screen with a
two-octave chromatic scale in entry format
and all edit
Appendix 2.

indicators is shown in

" AV f
Roy Easson, B.Sc{Econ), M.Inst.P.,
spent the early part of his career at the
Royal Aircraft Establishment and then
moved to industry, mainly with
Standard Telephones and Cables Ltd. In
1970 he joined the staff of the National
Research Development Corporation
where he has been associated with the
sponsorship of projects ranging from
the Sinclair flat cathode ray tube to the
suppression of noise from gas turbine
exhausts by active methods
(“antisound”’). The activity described in
these articles has been recreational.
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Operation

The software is entered from the back-up
store between locations 0C80 and 2000H.
Execution from 0D40 (by typing EDA40)
displays a series of options, after the first
of which part of the program is transferred
to the top of user ram (F600-FFFF). The
address FFFF is then displayed in the K
block position (see Editing section). For
each option, type the appropriate single
character response. The options are:

1. Play from 1343 or 3343? (The last-
mentioned allocates 8K of ram if
required for storage in entry format).
Play, read or translate?
(If play) Manual 1, manual 2 or both?
(If translate) Save or restore? Which
leads to:

Save (restore) which page (0-9)?

W N

You may escape from any mode to the
NAS-SYS 3 by typing “.”. Subsequent
execution from 0D40 returns to option 2
above. Save and restore also return to
NAS-SYS 3 to allow on-screen editing.
Translation into data format is effected by
executing from 0D74 for the first page and
subsequently from 0D77. Invalid directory
entries or duration codes (see entry format
section) abort the translation and display
the error message ER on the bottom line.
For editing, several memory location
addresses are displayed during operation:

Read — address of the frame byte
following the last event
Play — address of the frame byte

following the last event (four
successive  frame  byte
addresses are scrolled)

— addresses of up to four
frame bytes at selected edit
points (see later)

— address of the top of a block
of data temporarily saved by
K (see later)

Translate — address of the frame byte (in
data format) at the start of
the relevant page (i.e. after
execution from 0D74 or
0D77).

Editing during play and read modes is
effected by a number of direct commands,
summarized in the next section. Software
manipulations are summarized in the
Appendix.

During the preparation or editing of a
recording, data should be saved in the
back-up store, at prudent intervals, from
address 1340 up to the final address
displayed in play mode, plus 2 (the two
extra bytes always comprise the duration
AA AA, used as an indication to prevent
some of the edit routines from chewing up
the program). Ten pages in entry format
are included (between 140A and 21B9). It
is therefore straightforward to continue the
translation of a piece from a cold start,
some of which is in the back-up store —
even if it is partly in data format and partly
in entry format.

Editing

Entries in entry format can of course be
edited under NAS-SYS 3. The user may
translate, listen to and edit a page in entry
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format repeatedly if desired, using the
direct command A (Again — see Appendix
I for descriptions of this and other direct
commands).

Recordings in data format are edited in
play mode by noting edit points (using the
direct commands S, 2 and N, aided if
necessary by P, I, D, B, F and C). Once
the edit points have been noted sections of
recordings can be deleted, repeated or
replaced by sections of other recordings,
not necessarily of the same length, using
the direct commands J, M, K and E.

Any part of a recording may be altered
or corrected note by note using the note
code tables in the program listing and the
NAS-SYS 3 M command.

The direct commands for read mode
allow a recording to be made in episodes
by a player, with rehearsals of or repeated
attempts at each episode. (Translate mode
can be used for any really troublesome
episodes!)

Direct commands

Play mode
Full stop (return to NAS-SYS Monitor)

B Backward jump by about one line, or to
start if appropriate

F Forward jump by about one line (protected
against end of data field by AA AA)

R Restart from the beginning (or from
address set at 1055/6) (MSB at 1056)

P Pause (indicated by P on screen)

I  Increment to next event (including during
PorSor2)

D Decrement to previous event

C  Continue after pause

S Slow down to Y5 speed and note an extra
address

2 As for S but with another noted address
(address 2= address S)

N Normal speed (after S or 2) leaving the
extra address

K Keep the block of data between addresses
noted at S and 2, starting at D000 and
displaying address of top of block kept

M  Memorize two addresses noted by S and 2
(for use with E)

E Edit. This inserts a block stored by K

between two further addresses noted by S
and 2. (The “further addresses” may be
noted first and memorized by M.) If the
two addresses of the insert point are the
same, E may be repeated for multiple
insertions of the kept block.

J  Join between addresses noted at S and 2 the
upper bound being set to C000 (K before |
is optional but of course without K the
intermediate data is lost), see note below.

0 Transfer to read mode starting from the
point in the datafield where you leave play
mode

S Introduce irregularity (each duration is
incremented, decremented or left unaltered
without changing the average speed. Use N
to restore to normal. This command
provides an indicator on the display).

A Prepare to translate Page Again (sets PDP
and CF to start of page, with delay AA AA
after the start-of-page address)

Read mode

. Full stop (return to NAS-SYS monitor)

R Restart (i.e. try again) from last C unless . is
used

0  Transfer to play mode, starting from the
address set at 1055/66 (normally 1343 or
3343 as address of first register to be
recorded)

P Pause (this disables read mode without
returning to the monitor — see C and R)

C Continue after P (see R)

Note If ] is used after K but it is then desired to

restore the data to the original, set 1018/9 to

displayed block length (=XXXX - D000) L.s. bit

first, set S and 2 to the required point; type E.

Software to operate the interface in read, play
and translate modes will be described in a
later article.

Appendix 1. Software manipu-

lation
Routines directly executable from NAS-SYS 3

ED40 Initiate play, read or translate

modes

ED74 Translate first page in entry format

ED77 Translate subsequent pages in
entry format

E1030 Play mode

E11BO Read mode

E112A Block transfer to lower address

E11AA Block transfer 1o higher address

EF999 Clear screen and retitle

Note Block transfer routines are used by the
direct commands K, J and E but may also be
used independently (e.g. for making room for
an additional register change during an event)
by setting the scratchpad as indicated:

1010/1 (BB,AA) lowest source address AA BB
I1‘?12/3 (HH,GG) highest source address GG

H

})()$4/5 (DD,CC) lowest destination address CC

Highest destination address is displayed and
stored at 1016/7 (l.s.bit first). Block length is
stored at 1018/9. Transfers include both of the
limiting addresses.

Modifications

— Check or alter PDP: inspect or change
scratchpad entries at the following addresses
(L.s. bit first);

Play mode  1055/6

Read mode F645/6

Readmode F627/8 (after pause and
continue)

ED74 FDO04/5

ED77 10A4/S (as also set by “.”

from play mode)

— Setdate: see MC21*

— Cancel scrolling address in play mode: delete
CD 60 FA at 107B/D (Substitute 00 00 00,
see AP32*)

— Enable play mode to operate without
routines held at top of ram: cancel scrolling
address (see above)

— Cancel decoded PDP in Read Mode: delete
CD 60 11 at 12A8/A (substitute 00 00 00, see
AP39%)

— Reduce short durations with the direct
command S: insert 2B at 12F2 (substitute
for 00 (NOP) see E3*)

— Vary size of jump with direct command F:
alter number at FEOC (see E6*)

— Vary speed ratio with direct commands §
and 2: alter number of 19s at 12EA/FO (one
for 2:1, see E3*»)

— Vary frames per note in entry format: alter
values as shown on MC6*

— Insert routines ‘“clear screen and retitle”
after ED40: insert CD 88 F9 at FEAS/7
(don’t do this if you want to save pages in
entry format), see AP39.5*

— Alter upper bound for direct command J:
alter m-s.bit of upper bound address at 1001
(see ES*)

— Make ED74 and ED77 return to NAS-SYS
3: alter 0F08/A from C3 D8 F5 to DF 5B 00
(see MC7 and AP39.5%)

*Numbers refer to pages in the software
listing.

Appendix 2 Screen display

Mzscom Organ lnterface DRE 08/06/0)
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Programmable panpot

Designed for microprocessor control, this
panpot steers a monophonic signal into
two channels, depending on the value of a
four-bit binary word. This gives 16 sound-
stage locations. One i.c. is a quad true/-
complement buffer with resistors added to
form a digital-to-analogue converter, and
the other i.c. has two transconductance
circuits operating as current-controlled
amplifiers.

Circuit behaviour shown is for resistor
values derived from theory; these have yet
to be confirmed as the best in practice.
This design could possibly be extended to
four channels — any suggestions on this
would be most welcome.

John Lawson
Cheltenham
Gloucestershire

T.t.l.-to-cmos converter
Output of this circuit for driving cmos
devices using a t.t.l. signal swings to
within 0.2V of the 5V supply rail and will
satisfy clock requirements of a micropro-
cessor. The output load of a 7406 is formed
by a p-n-p transistor whose base is driven
by the inverter-input signal.

Paul Thompson

Department of Psychology

Glasgow University

0
t.tl input

67406

167406

Frequency-to-voltage
conversion

This versatile circuit for frequency-to-
voltage conversion at frequencies too low
for analogue conversion can be used for
frequency-ratio measurements, energy-to-
power conversion, etc. A clocked shift-re-
gister chain sees a logic 1 if the input signal
caused a rising edge in the previous clock
cycle, so the ratio of 1s to 0s in the register,
represented by the analogue output, will
be proportional to the ratio of the clock
and input frequencies.

For frequency-to-voltage conversion the
clock would be a reference frequency of,
say, 1Hz and the input frequency would be
less than 1Hz. If the register supply
voltage is 10V then each volt at the output
represents 0.1Hz. Resolution is deter-
mined by the number of shift-register
stages and accuracy of around 99% can be
achieved with the circuit shown; precision
resistors and a stabilized supply can im-

WIRELESS WORLD JUNE 1983
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prove this figure.

Originally this circuit was designed for
energy-to-power conversion with a pulse
representing SkWh occurring at most once
every three seconds and at least once every

slufpslﬁ 12 1 ]2 F L
7

out

15 seconds to give an output proportional
to power consumption at any time.

P. Chappel

Tintern

Gwent
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CIRCUIT IDEAS

_____________ S xi00 N
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Capacitance-to-voltage
converter

Designed to allow capacitors to be mea-
sured using a digital multimeter, this cir-
cuit uses synchronous detection with fet
switches and gives good linearity with high
noise immunity. Resolution on the 100pF
range is 0.1pF with a 3-digit meter. Most
digital meters operate with a SOHz ramp so
the frequency applied to the capacitor-un-
der-test is 1000Hz or 1Hz to avoid display
flicker. Four-terminal connections for the
unknown capacitor eliminate stray capaci-
tance effects and a neutralizing control
allows nulling, even with no test capacitor
connected on the 100pF range; two stan-
dard 50(} cables of one metre long may be
used.

Three i.cs on the left form a function
generator giving a triangular waveform
with rounded tops. For polarized capaci-
tors and measuring the capacitance of re-
verse-biased semiconductor junctions the
output signal may be lifted above the zero
line using S;. The second part of the cir-
cuit forms the measuring amplifier and
synchronous detector. Driven through the
capacitor, the measuring amplifier dif-
ferentiates and inverts the ramp giving a
trapezoidal output. An inverter is added to
give full-wave synchronous rectification.
Fet switches are driven by the hysteresis
multivibrator and a further inverter pro-
vides balanced switching. Three decade
steps are set in the measuring amplifier
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section and §; in the function generator
divides the measuring frequency by 1000.
Output of the detector is made symme-
trical by a potentiometer in the fet drains
to stop 2Hz jumps in the d.m.m. connec-
ted to the analogue output. Stray capaci-
tance between the generator and mea-
suring amplifier is neutralized through a
3.3pF capacitor using the neutralizing
control; if need be, the capacitor may be
made slightly larger. The same arrange-
ment reduces capacitive feedback of the
measuring amplifier. Overcompensation
here results in instability and perfect com-
pensation is not achieved because of op-
amp imperfections and stray feedback but
this is not a problem in practice. Final
setting is regulation of the generator out-
put using the calibration control and a 1%
capacitor on the 100pF range.
Semiconductor junctions may be mea-
sured which makes the instrument suitable
for matching diodes for say, diode mixers.
Ideally, with a triangle waveform at the
input of the differentiator, a normal capa-
citor will give a squarewave output whose
amplitude is proportional to the capaci-
tance value but if a linear voltage-de-
pendent capacitor is introduced the output
waveform will have sloping tops (first
waveform). After rectification the output
is a linear triangle waveform superimposed
on d.c. so the voltage/capacitance charac-
teristic can be monitored by connecting an
oscilloscope to the wiper of the detector
symmetry control. In practice the voltage/-

capacitance characteristic has square-law
properties due to field-effect phenomena
(second waveform). Diodes are matched
when their oscilloscope patterns are the
same.

Parallel damping of the unknown capa-
citor does not influence readings because
the synchronous detector is phase sensitive
and 90° out of phase results in zero d.c.
output. Resulting ripple is harmful on the
1Hz range but not using 1000Hz unless
parallel damping is too high in which case
the detector will overload. This condition
is detected by turning the range switch.
Wiring capacitance around the range
switch should be kept as small as possible.
W. B. de Ruyter
Leiden
Netherlands
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Existing technology to speed up cable tv

Three of four draft standards for cable tv
are now complete and reasons for delay of
the fourth are announced. Speaking at the

" opening of the Applications of Fibre Op-
tics Conference in London, Mr John
Butcher MP junior Industry Minister said
“draft British standards for multi-channel
downstream (outgoing) PAL-1 tv with
sound and teletext, multi-channel down-
stream f.m.-stereo radio channels and ups-
tream tv signals using PAL-1 have been
sent to the British Standards Institute and
will shortly be available for public com-
ment”’.

These standards are drafted for applica-
tion to coaxial cable systems and according
to Dol, systems based on optical fibres can
readily meet standards defined for the in-
terface at the head end and at the subscrib-
er’s equipment, but additional standards
may be needed as optical-fibre technology
advances.

Speaking earlier at the press launch of
the International Cable and Satellite
Television Conference, John Butcher
outlined aspects of Government policy
without, he said, revealing what is in store
in the White Paper on cable tv due in April
or early May. He said ‘“We have been
urged from several sources to insist on the
use of fibre-optic cable, which is a British
invention. In the longer term there is no
doubt that fibre optics will predominate,

but it is still an infant technology with a
long way to go. It needs considerable de-
velopment work. . . .

“There are no services envisaged in the
wideband cable systems which cannot be
provided on coaxial cable. If the expansion
of cable is to happen it must be funded by
commercial interests, so we can hardly
insist on optical fibre where it is not econo-
mical or has no practical justification. We
are supported in this view by the UK cable
manufacturers.

“The real argument is about network
design — the tree and branch, the system
used in the USA, or the alternative ap-
proach, the star-switched system where
this country is a world leader. The star-
switched system looked more flexible and
better able to provide the most advanced
services, but unfortunately the switches at
the heart of this technology exist only in
laboratories and in one or two pilot
schemes. It is not yet clear that they can be
manufactured in sufficient numbers to
make switched systems economically
viable, given that they may be between a
half and one and a half times more expen-
sive than tree and branch systems.”

As to the view that satellite broadcasting
and cable tv are competitors, Mr Butcher
says “I see them as complementary.” BT
said that it would make the best out of any
decision that was made on cable tv and that

Compiled from two-dimensional images produced by scanning-tunnelling microscopy, this
picture shows a silicon surface with hills and valleys 0.6nm apart that have never been seen
before. Two rhomboidal cells can also be seen. The technique gives a vertical resolution of
10""m and was developed at IBM's Zurich Research Laboratory in Switzerland to show
surface topographies of solids down to atomic level in three dimensions. Future
applications include studies of electronic properties of surfaces, the structure of absorbed
molecules, growth, structure and electrical properties of thin overlayers such as oxides and

the imaging of magnetic structures.
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it was not annoyed that coaxial cable might
be used.

The Technical Working Group set un-
der the chairmanship of Dr Eden has not
been able to complete draft standards for
handling signals used by direct broad-
casting by satellite because “it was not
until November that the decision was
made to adopt MAC-C for UK satellite
broadcasting and the decision has led to
the need to study the application of this
signal over wideband cable systems” says
the Dol.

Provision of draft standards for two-way
data is complicated by the wide range of
such services being developed. Draft stan-
dards for two-way data channels “which
appear to have the most immediate appli-
cation”, such as the BT Packet Switchs-
tream service, Teletex and Prestel, are ex-
pected to appear over the next six months.

Mobile
services

The World Administrative Radio Confer-
ence for the Mobile Services, WARC-
MOB-83, completed its updating task on
13 March after three weeks of deliberation.
A main task of the conference was to re-
view radio-regulatory provisions for mo-
bile and mobile-satellite services, last re-
viewed by WARC 79. New regulations
take effect from January of 1985.

Considerable changes have been made
concerning distress and safety at sea,
mainly with regard to the Future Global
Maritime Distress and Safety System
(FGMDSS) developed by the International
Muritime Organization for introduction in
the 1990s. Provisions for frequencies re-
quired by this new system have been
made, resulting in changes in frequency
allocations and regulations concerning
distress and safety calls. An emergency
position-indicating radio beacon for satel-
lite characteristics of other emergency bea-
cons have been reviewed. Detailed regula-
tory and operational provisions for the
FGMDSS have not yet been introduced
and responsibility for the system rests with
IMO.

Further changes have been made to ac-
commodate, among other things, digital
selective-calling of ships and coastal sta-
tions for distress alerts ans traffic control,
and the introduction of the aeronautical
mobile satellite service.

A larger World Administrative Radio
Conference for the mobile services is
planned for 1987. Two smaller confer-
ences, possibly early in 1985, will concern
Region 1 (Europe and Africa).
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Government money for
computer research

Government backing for the £350m Alvey
computer research programme is ap-
proved, but with the reservation that all
work carried out in industry should receive
50% funding as opposed to Alvey’s recom-
mendation that some projects should at-
tract 90% backing. In a statement to the
House of Commons on 28 April, Industry
Secretary Patrick Jenkin MP said “we
have considered this last recommendation
closely, but have decided that 90% govern-
ment funding does not secure sufficient
industrial commitment and could lead to
the programme becoming divorced from
industry’s needs.”

The report of the Alvey Committee (see
Factories of the Future, Wireless World,
December 1982) recommends a pro-
gramme of collaborative research between
industry, the academic sector and other
research organizations, concentrating on
four main areas of ‘advanced information
technology’. These areas are software engi-
neering, v.l.s.i., man/machine interfaces
and artificial intelligence.

The extent of the Government’s contri-
bution to the Alvev project depends on

Satellite tv
from two
directions

Two seven-year agreements have recently
been signed for use of Britain’s first com-
mercial communications satellite — one by
the BBC and the other by British Telecom.
The satellite concerned, Unisat, is to be
used by both companies for tv distribution
but on different bases. BBC will use the
satellite for broadcast tv on two separate
high-power channels — there are only two
high-power channels available — and BT
will use part of Unisat’s telecommuni-
cations capacity for distributing cable tv
programmes.

The BBC says that Unisat will provide
enough power to broadcast to the UK and
parts of western Europe and that reception
in the UK will be possible using a dish of
less than 1m diameter. Of the two channels
available, DBS1 will be a subscription
channel carrying mainly feature films and
DBS?2 will have an “international flavour”.

Not keeping all its eggs in one basket,
BT said that the satellite will be but one of
the facilities used by it to distribute tv
programmes and feature films to local
cable-tv networks. The company will also
use the telecommunications channel for
video-conferencing and data, facsimile and
telephone speech/data transfer. In signing
the agreement, Mike Ford, British
Telecom International’s chict executive for
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industry making its contribution and upon
the programme’s technical progress. Mr
Jenkin said, ‘“the Alvey report proposed
that academic institutions should carry out
some £50m of research over five years, and
industry the remaining £300m. The full
cost of this to the government would be
around £200m. This money will be pro-
vided by the Dol, the Department of Edu-
cation and Science and the Ministry of
Defence. The Department of Education
and Science will fund research through the
Science and Engineering Research Coun-
cil, mainly in the Universities. The Dol
will provide the major portion of the Gov-
ernment’s funds and will carry overall res-
ponsibility for the management of the pro-
gramme’’.

A new Directorate within the Dol
headed by Mr Brian Qakley, currently
Secretary of the SERC, will coordinate the
programme. Staffed by people from indus-
try and supported by SERC and appro-
priate Government departments, the
Directorate will report to a small supervi-
sory board chaired by Sir Robert Telford,
head of Marconi.

international business services said ‘‘we are
looking at ways in which other organiza-
tions could use part of our capacity in
Unisat.” United Satellites Litd (Unisat) is
jointly owned by BT, British Aerospace
and GEC.

Unisat, or strictly speaking Unisat 1,
consists of three satellites, only one of
which will be operational. A second satel-
lite will orbit the earth on standby and the
third will stay on earth as a safeguard. The
two space-bound satellites will be launched
into a 36 000km orbit during the second
and fourth quarters of 1986 but the deci-
sion on how to launch the spacecraft has
yet to be made; one option is Europe’s
Ariane and the other an American appara-
tus called the space-shuttle.

Cable tv white
paper

The following are extractsfrom a statement
made by Home Secretary Mr Whitelaw
concerning the Government’s White Paper
on the Development of Cable Systems and
Services published on 27 April.

“The White Paper sets out a plan of
action for future cable development. Cen-
tral to this plan is the creation of a new
statutory Cable Authority. Work is now
starting on the preparation of a Bill to be
introduced at the earliest practicable date.
The Cable Authority will have two main
roles: to award franchises to cable
operators for the provision of cable ser-
vices, and to cxercise supervision over
those services in the manner which the

White Paper describes in detail. I wish to
stress five particular aspects.

“First, pay-per-view. The Government
has decided not to follow the Hunt Report
in excluding this method of financing cable
services. Cable operators have made it
clear that they attach much importance to
it and we believe that over a wide field,
pay-per-view can be allowed without
damage to BBC and ITV services and the
many viewers who rely and will continue
to rely on them. To protect the interests of
those viewers, the Cable Authority will
have the duty to exclude from pay-per-
view events customarily covered by BBC
or ITV.

“Secondly, that restriction is in addition
to the ban which, adopting the Hunt
recommendation, we propose on the ac-
quisition by cable of exclusive rights for
the great national sporting events, such as
the Cup Final.

“Thirdly, advertising. We follow the
Hunt report in proposing that the Cable
Authority should adopt an advertising
code which in essential particulars would
follow the existing IBA code. Arrange-
ments for clearing the copy of advertise-
ments would follow broadly the pattern for
those on independent broadcasting. On
the amount of advertising, we depart from
Hunt in preferring to limit advertising on
cable, on channels broadly comparable to
ITV, to the amount allowed on ITV -
currently six minutes an hour on average.
Channels wholly or mainly devoted to clas-
sified or other advertising will however be
allowed, and these limits will of course not
apply then.

“Fourthly, foreign programme material.
Here we intend that there should be from
the outset more stringent obligations than
Hunt proposed on the use of British pro-
gramme material. The Cable Authority
will be required to see that a “‘proper
proportion’’ is shown on each channel as
appropriate; to work towards a progressive
increase in that proportion as United
Kingdom production capacity grows; and
to report progress regularly to the Govern-
ment. We are anxious to maintain and
develop the strong national production
capacity which the BBC and ITV have
helped to create.

“Fifthly, the Government is anxious
that the Cable Authority should ensure
high standards of cable programme ser-
vices. The same rules regarding good taste
and decency as apply to BBC and IBA
programmes will apply to all cable chan-
nels. There will be no exception for chan-
nels with electronic locks. As the White
Paper says, so-called adult channels have
no place on the sort of cable systems which
the Government wishes to see develop.

“Finally, in the period before the legis-
lation is enacted we are anxious to main-
tain and continue the momentum for cable
development, through interim arrange-
ments, of two kinds. First, the Govern-
ment will be prepared, under existing
powers, to authorise a limited number of
new cable svstems — not more than 12 -
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as pilot projects, each covering a maximum
of about 100,000 homes. Projects will be
chosen for offering a positive contribution
to advanced technology, a comprehensive
range of programme services and a capabil-
ity of interactive services. Secondly, we
propose to allow cable relay operators to
offer new programme services over their
existing systems for a transitional period.
Where necessary the obligation to relay
BBC and ITV services on the cable will be
dropped, provided operators offer their
customers alternative means of reception

at no extra cost. No application under
either of these interim arrangements will
be entertained until Parliament has de-
bated and approved the White Paper.

“Mr Speaker, the Government believes
that the White Paper offers an acceptable
and well-balanced set of proposals. This
will give cable an excellent opportunity for
development, with the stimulus that this
will provide for advanced technology. At
the same time they will protect public
broadcasting services and those who rely
on them. I commend them to the House.

Stereo-sound tv tests — BBC looks again

Following stercophonic-tv test transmis-
sions using a second sound carrier the BBC
is looking into an alternative method using
digital techniques. Based on the method
used for stereo tv in Germany, the two-
carrier system transmitted outside service
hours toward the end of 1982 (see News,
December 1982) was said to be ‘workable’
but the BBC feels that the digital system
might be better.

“Preliminary assessments indicate that
the digital option could give a better com-
promise between compatability and rug-
gedness” says the BBC (ruggedness pre-
sumably refers to the digital signal’s
chances of survival). There’s no hurry,
though, for the BBC also say that stereo tv
sound via broadcast satellite in 1986 could
precede terrestrial two-channel sound with
television.

Results of the 1982 tests, in which the
second f.m. sound carrier is around 7dB
below the main sound carrier some
300kHz away, confirm expectations that

sound-channel crosstalk is not a problem
and that patterning caused by beats be-
tween the carriers can be kept to a tolera-
ble level. But the method can cause buz-
zing on some existing receivers regardless
of the second-carrier level and this fact
seems to account for the not over-enthu-
siastic statement that “All in all it appears
that a system of this type might give a
largely satisfactory service, but investiga-
tions into alternatives are continuing”.

Direct-dial
carphones

Paving the way for the introduction of the
cellular mobile telephone service in 1985,
BT is to supply automatic radiophone sets
to allow motorists to make telephone calls
directly from 14 April. The company is
also extending its automatic radiophone
service to the south east in what it calls the

Eastern
Area

Areas expected to be covered by the BT
automatic-Radiophone service before the
end of this year. Users of the service can
make telephone calls directly from their
cars.

first step in setting up a national network.

Much of Britain is expected to be cov-
ered by the new service before the end of
this vear (grey areas on map). Phasing out
of existing operator-based carphone ser-
vices will then begin in these areas readv
for 1985. Equipment for Telecom Eme-
rald, as the service is called, will be
supplied to BT by Marconi and cost
around £2250. In London, the mobile
Radiophone service waiting list is not ex-
pected to end until cellular radio gets un-
derway.

continued from page 62

ceiving site have been obtained it is pos-
sible to calculate the required azimuth and
elevation figures very rapidly with a home
computer. The program presented here for
the Sinclair ZX Spectrum (16K) will calcu-
late values for 33 satellites in about half a
minute. The program may be expanded or
contracted as required and it could be
adapted to run on other computers. The
read-out could be recorded by a mini-prin-
ter and hard copies given to the customer
for future reference.

Computer program

Line 80 is a REM statement to enable
the computer to search for the program,
which may be kept on a standard C5 cas-
sette. Lines 110 to 125 ask the user to
input the latitude of the receiving site in
degrees, minutes and seconds. An audible
prompt is provided. The figures are
converted into radians by lines 130 and
135. Line 140 represents the latitude in its
complete decimal form. The procedure is
repeated for the longitude by lines 150 to
180.

Lines 900 to 970 define the various
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string variables to be used. Line 1020 is a
constant used in computing the elevation
and range of the satellite; and lines 1030 to
1036 are the various range constants mea-
sured from the centre of the Earth. Line
1150 indicates the number of pages of in-
formation to follow: a ‘scroll?”” prompt
allows each to be viewed in turn. The
names and positions of other satellites may
be substituted for those listed in the
DATA statements, but the names should
be abbreviated if necessary to a maximum
length of eight characters to avoid cramp-
ing the displav.

Lines 3510 to 3530 convert the satellite
longitude and the receiving station co-ordi-
nates into radians. Lines 3550 to 3625
compute the azimuth bearing of the satel-
lite and convert it to degrees and the lines
following do the same for the elevation.
Lines 3660 and 3670 give the range in
nautical miles and kilometres and line 3680
displays the complete results.

The program will hold, in pracucal
terms, for receiving points at up to 81°
North (or South), or points up to 77° if
angles of elevation below 5° are excluded.

It does not take account of the fact that the
Earth is not a perfect sphere; however, the
most prominent gravity gradients resulting
from this are at 79°E and 101°W, neither of
which will affect calculations relating to
satellites that can be observed from the
UK.

Further reading

IBA Technical Review No. 10, An Engi-
neer’s Vade Mecum; and No. 11, Satellites
for Broadcasting. Independent Broad-
casting Authority.

P. J. Rainger and G. J. Phillips. Direct
broadcasting by satellite for the United
Kingdom, BBC Engineering No. 115, Sep-
tember 1980.

Martin, James. Communication Satellite
Systems, Prentice Hall 1978.

Direct Broadcasting by Satellite. Report
of a Home Office study, HMSO, 1981.

The I.T.U. World Adminstrative Radio
Conference 1977. HMSO.

Wilson, R.J.P. Land Surveying. Mac-
donald and Evans, 1971. AVVV)
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Using the sun

Since the earliest days of radio the major
problem for installations in remote loca-
tions or intended for mobile or portable
operation has been less the generation of
the radio-frequency power, whether by
spark, valve or transistor, than economic
provision of the basic electrical power.

Disposable and rechargeable batteries
and even fuel-cells; hand, pedal, wind,
water, petrol, diesel generators; thermo-
electric generators, gas or solid fuelled;
small nuclear generators, etc: all have been
used, but all tend to impose limitations of
cost or weight or logistics, or reliability.
The main thrust of current effort is to-
wards further exploitation of solar power,
both for space and terrestrial applications,
despite its inherent limitations when used
in day/night situations.

While conversion efficiencies are grad-
ually improving, most recent de-
velopments are aimed at new fabrication
techniques to reduce cost compared with
high-purity single-crystal silicon. Al-
though initially amorphous and
semicrystalline photovaltaic devices pro-
vided lower conversion efficiencies, recent
developments are beginning to reverse the
situation. One major attraction of amor-
phous silicon is that large-area cells can be
fabricated.

Matsushita Electric have developed a
new screen printing process which is
claimed to be half the cost of Sunceram 2
solar cells and provides a conversion effi-
ciency of 12.8 per cent.

In laboratory work, the American com-
pany Semix Inc claims to have developed
semicrystalline silicon devices with conver-
sion efficiencies of 17 to 18 per cent, equi-
valent to the maximum figure for single-
crystal silicon (more typically 12-13 per
cent) and compared to about 10 per cent
for thin-film amorphous-silicon. Again,
this fabrication technique should, it is
claimed, halve the cost of photovoltaic
diodes.

A different approach to solar energy,

stll at an early stage, is photo-assisted
electrolysis of water with the aid of semi-
conductors. Two recent developments
could make this technique a serious rival to
the photovoltaic silicon cell: better
semiconducting photoelectrodes and im-
proved treatment of electrode surface to
stabilize it against deterioration. The re-
newed interest in photoelectrolysis has
been led by Bell Labs who are responsible
for several of the key inventions.

For terrestrial applications, solar gener-
ators are ineffective from dusk to dawn
unless used to keep charged large-capacity
storage batteries. The UK is at a disadvan-
tage, compared with some countries, in
annual sunshine statistics and, perhaps
more importantly, the average hours of
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peak sunshine. Both the IBA and BBC
have experimental solar-power systems for
low-power television relays, but in each
case including a wind generator. The IBA
installation at Bossiney, Cornwall includes
a solar-array providing some 780-watts in
full sunlight, and has functioned satis-
factorily for over 18 months.

In New Zealand, the Broadcasting Cor-
poration of New Zealand (BCNZ) began
using photovaltaic generators, in conjunc-
tion with storage batteries, for low-power
tv transposers as early as 1976. Both
BCNZ and the US Department of Energy
have reported some failures with silicon
encapsulated panels, mainly due to green
spot corrosion between cells, although
with some failures of individual cells.
However the storage batteries have presen-
ted rather more reliability problems than
the 30-watt solar array. BCNZ admit that
the batteries have sometimes run down
during winter. They had been assured by
local inhabitants that the area chosen for
the first installation was ideal for solar
power; only later did they discover that the
location was notoriously subject to heavy
fogs and had the local nickname of “Little
Siberia”.

Practical use of solar generators for re-
charging batteries for military manpack
h.f. Clansman transceivers is currently be-
ing evaluated by the British army with
American-fabricated silicon solar cells in
Plexiglass-protected arrays designed by
Tactical & Navigational Systems Ltd. Two
12 by 9 inch panels can charge 28V bat-
teries at 400mA in bright sunshine falling
to about 200mA in dense cloud. For tacti-
cal or infiltration communications advan-
tages of solar generators are the absence of
noise and their “invisibility” to infra-red
target sensors etc.

J. M. Osborne, G3HMO, of the South
London Science Centre, recently re-
minded me that what is believed to have
been the “world’s first” sun-powered
transmitter/receiver system was used
successfully by him as long ago as Sep-
tember 1954 when with a single point-
contact transistor as a crystal-controlled
oscillator and a two-transceiver receiver he
made contact with amateur stations a few
miles away on 1.8 MHz. Power came from
an array of 16 selenium photo cells which
provided just 4.5 volts at about 3mA.

Chip receivers

The trend towards packaging the entire
heart of radio receivers on to a single chip
continues. For paging receivers, including
the selective-call facilities, at least two
manufacturers have adopted direct-
conversion techniques to overcome the dif-
ficulty of forming i.f. bandpass filters

directly on the chip. However a new i.c.
device (Mullard/Philips TDA 7000) retains
the superhet approach but with the un-
usually low i.f. of 70 kHz, permitting the
use of simple resistance-capacitance i.f.
filters that are integrated on to the chip. A
feedback technique reduces wide-devia-
tion, broadcast-type signals (=75 kHz)toa
more manageable *15kHz deviation.
Apart from the device, a complete receiver
requires only one tunable resonant circuit,
14 ceramic capacitors and (for loudspeaker
output) an audio amplifier. It is claimed
that receivers for f.m. broadcast, two-way
or paging applications can be made small
enough to fit into a wrist-watch, pen, cal-
culator or key ring.

The bipolar TDA7000 is suitable for
carrier frequencies between 1.5 and 110
MHz, and has some 280 integrated circuit
elements. With 4.5 volts, consumption is
8mA with the audio section able to deliver
70mA into a 22 kilohms load. A lower-
voltage, lower-consumption version (3-volt
nominal) is promised soon.

Rather more orthodox is an alternative
device (TEAS5570) intended for a.m./f.m.
domestic or car radios featuring very
simple switching (one d.c. contact to
ground) between a.m. and f.m. For a.m.
signals, the device incorporates a double-
balanced mixer suitable for h.f. reception
to 40 MHz.

The 13th Montreux

Technical sessions planned for the 1983
Montreux television conference (May 28 to
June 2) put much more emphasis on
“round table” panel discussions than in
the past, with fewer individual papers to
be presented. The sessions reflect current
topics of interest with emphasis on cable tv
networks and home terminals, 12 GHz
direct broadcast satellites, high definition
and enhanced tv systems, digital studio
and recording systems. Many of the papers
offered have been designated ‘“‘supporting
papers” and will be published in the con-
ference book. The organisers list some 175
firms participating in the exhibition. Sun-
day, May 29, is to include a series of six
high-definition tv demonstrations from six
European broadcasting organisations —
SSR Switzerland; ORF Austria; SFP
France; TSS USSR; BBC UK; and RAI
Italy.

Figures issued recently by BREMA un-
derline the remarkably buoyant state of the
tv and video market with a record 2.934-
million colour tv sets delivered to the UK
market in 1982 (2.57-million in 1981) in-
cluding 571,000 teletext type sets predomi-
nantly UK made. Video recorder UK de-
liveries in 1982 at 2.235-million (1981
1.035-million) even exceeded US sales.
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Syledis and 432 MHz

The problem of spectrum sharing between
pulsed radio-navigational and radar signals
and communications and broadcast signals
has existed for many years. Loran on 1.9
MHz has now been phased out in the
North Atlantic (although an experimental
sea-surface radar uses this frequency off
the Welsh coast). The Russian
“Woodpecker” over-the-horizon radar
continues to follow the m.u.f. up and
down the h.f. band. In recent years there
has been increasing mutual interference
between radio amateurs using the 432
MHz band and the Syledis system of
precise position location which functions
over an extended u.h.f. range by means of
tropospheric scatter propagation. Syledis,
developed by Sertel, has been proving very
attractive for North Sea oil and gas field
operations, including seismic surveys,
platform installation, pipe-laying and
other sub-sea installations and inspections.
These are all operations that require accu-
racies of about + 5 metres at up to 200
miles from land, considerably greater ac-
curacy than is normally provided by Decca
Main Chain and Pulse 8 systems.

Syledis coverage is roughly twice line-of-
sight, using beacon equipment that can be
installed on the platforms. Although a hy-
perbolic-mode receiver was introduced in
1981, the usual mode of operation is direct
range/range measurement with beacons
switched on by the mobile unit when a fix
is required.

The system began to be used in the
North Sea about 1977-78 and in 1979 it
was decided to establish Syledis chains
covering the northern, central and
southern areas of the North Sea. The
Home Office designated 431 to 434 MHz
for the North Sea operations, primary fre-
quencies being 432.563 MHz (central),
432.513 MHz (Southern) and 432.463
MHz (northern) with secondary frequen-
cies 432.383, 432.303 and 432.144 MHz.

In the southern sector, the Dutch PTT
first authorized the use of 432.563 MHz
but later, following mutual interference
with radio amateurs, changed first to 408
MHz, where further problems arose, and
then to 437.5 MHz.

British radio amateurs have access, but
only on a “secondary” basis, to 430 to 440
MHz (with a number of restrictions). Not
only are they obliged to accept the broad-
band Syledis interference, which unfor-
tunately is mainly in the weak-signal, long-
distance 432 to 433 MHz sector of he
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band, but also since Syledis is a “primary
user” they have an obligation to avoid
using the six frequencies listed above for
the North Sea chains, where transmissions
could cause interference.

Syledis is clearly a system that will stay
and expand. The Home Office has rejected
an RSGB request to change the
“secondary” status of British amateurs or
to allocate different frequencies to Syledis.

Telecoms history

Everycne interested in the development of
technology will find exhibits of real in-
terest in “Telecommunications — a tech-
nology for change” galleries on the first
floor of The Science Museum in South
Kensington. The new galleries, opened on
March 15 by Prince Charles have been
made possible by financial support from
STC. This year marks the centenary of the
setting up of a small London office of their
original parent company, Western
Electric. The new exhibits, however,
range widely and are by no means a “com-
pany-sponsored” type of display. It covers
selectively some 150 years development,
the pre-Morse electric telegraph systems of
Qersted, Wheatstone and Cooke, the
whole span of telephony, radio, television
and data transmisssion.

One notes nostalgically the gleaming
brass and ebonite of early radio and cable,
early magazines including a Wireless World
cover for February 1915, wartime equip-
ment such as the German airborne E10K
(FuG10) and the British time-division-
multiplex microwave No 10 set as well as
early and current (Yaesu) amateur radio
equipment, including the National 1-10
super-regen v.h.f./u.h.f. receiver of about
1936. A National h.f. HRO receiver
however is dated as “circa 1935” which
would apply to the original HRO-Senior
but not to the HRO-MX exhibited. This
used the 6.3-volt metal valves and was a
1940-44 model. A German “‘suitcase” clan-
destine transmitter-receiver appears to be
an early wartime model similar to the
model used to illustrate a leaflet showing
the police the appearance of German
equipment. It would be extremely interest-
ing to know its history since it could well
have been the set left at Victoria Station in
1939 for Arthur Owens (“‘Snow’").

It was by using the equipment meant for
Owens that the ‘“Double-Cross” operation
was initially set up and lasted throughout
the war, with virtually the entire German
spy network controlled by the British
Security Service.

Here and there

An Amsat-UK question on home compu-
ter ownership to its 1500 members pro-
duced over 300 replies. Three models ac-

counted for almost 50 per cent of the
computers: Acorn-BBC Model B (61); Sin-
clair ZX81 (60); and Sinclair ZX-Spec-
trum (31). Other models that reached
double figures were: E.A.C.A. Genie (19);
Dragon Data “Dragon” (16); Commodore
Pet (14); Nascom 2 (10); and Tandy
TRS80 (10). The total of 316 home com-
puters represented some 30 different
models from 24 firms plus 5 homebuilt
units.

John Graham, G3TR, a former presi-
dent of the RSGB and a pioneer of British
air traffic control (licence number 13), has
died, aged 75.

The 80-strong Bromsgrove club is to
operate a 24-hour station at the Foxlydiate
Hotel, Tardebigge on June 21 with the
special call GBIBOY to mark the first
birthday of Prince William. It is the first
time a local club has been authorized to use
the GBI prefix.

A new h.f. beacon on 10.144 MHz has
been set up by DARC at Norden, West
Germany specifically to provide informa-
tion on auroral propagation conditions on
v.h.f. It will operate in A1A mode daily
from early afternoon to late evening.
Transmissions will include a series of long
dashes, 20 second dashes indicating no
auroral observed, 10 seconds when auroral
propagation is expected.

In brief

Over 1500 attended the 1983 National
VHF Convention at Sandown Park, Esher,
an increase of about 300 on 1982 . . . The
San Marino prefix is now T77 instead of
M1 or 9AI ... The reciprocal licensing
agreement made between UK and Rhode-
sia has recently been cancelled by the Zim-
babwean telecommunications authorities
... A new six-metre beacon, ZS1SIX is
now operating from Piketbere near Cape
Town on 50.945 MHz (16 watts power to
ground-plane aerial, 807 metres above sea
level) . . . An Amateur-Television exhibi-
tion organised by the British Amateur
Television Club is being held at The Post
House, Leicester on Sunday, May 22,
1983 and will include demonstrations of
fast- and slow-scan and narrow-bandwidth
tv and the BATC outside-broadcast unit,
trade and book stands etc ... A Malta
“9H” group of v.h.f./u.h.f. enthusiasts
have organised a 144 MHz contest for the
period June 1 to June 15 with the possibil-
ity of Sporadic E contacts with UK ama-
teurs . . . The Danish Society EDR have

.their 1983 summer camp about 10km from

Grenaa, July 9 to 17 . . . June mobile ral-
lies include: June 5 Spalding; June 13 El-
vaston Castle, near Derby and HMS Mer-
cury, near Petersfield; June 19
Skelmanthorpe, near Huddersfield; and
June 26 Longleat.

PAT HAWKER, G3VA
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Theories and miracles
Electromagnetic analogy
Impact of the photon

A more realistic duality?
Quantization and quantization
Waves of improbability
Limitation of indeterminacy
Haziness and its applications
Doctrines of Copenhagen
Judgment and prognosis
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udgment and

prognosis

Modern physics has suffered from 50 years of domination by mysticism, in the belief that
the success of the statistical quantum mechanics provided evidence of the soundness of
the Copenhagen ““quantum theory”. Once that myth is exploded the achievement of a
simpler, more realistic, physical theory of matter becomes a possibility. Surely it is worth

The classical theories of matter and
mechanics have been demonstrated by
experiment to be incomplete when applied
on the microphysical scale. The misnamed
“wave mechanics” is a disciplined calculus
of probabilities of a particular kind,
appropriate to the prediction of particle
motion on a statistical basis from given
initial conditions, and it is not a physical
theory in the true, accepted sense. The
indisciplined, non-physical wave theory of
matter, as expressed in the Copenhagen
doctrines analysed in the series, has been
thoroughly disproved, is not credible, and
should be rejected. Thus we physicists
now discover to our surprise, interest,
horror, or shame, depending on our
temperament, that today we do not possess a
fundamental theory of matter on which we
can rely.

Wanton disregard of the scientific
method, leading to its replacement by
uninhibited mathematical speculation,
enabled the insidious philosophies of Co-
penhagen to take root in modern physics.
The wave theory of matter excuses its
many obvious and abject failures by means
of a dogma of its own transcendental cor-
rectness, more after the manner of a reli-
gion than a science. Students are actually
taught that “for fundamental reasons” its
basic precepts cannot be tested by experi-
ment, and that it is in some way improper
to ask questions about fundamental mat-
ters. Science must henceforward be
content with statistical descriptions of phy-
sical events, because on its own admission
the One True Faith can provide no expla-
nations of them: they are to be accepted as
miracles. The cheerful evasion of logical
rules, disdain for concepts and conceptual
models, and complete subservience to ma-
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thematical formalism, are symptomatic of
our present disease.

When Michael Faraday began his life’s
work electricity was mysterious and
magnetism a separate mystery. Today one
is surrounded instead by all-pervading,
mystical ‘““waves”, by an indeterminate
Nature, and, worst of all, by a general
attitude of acceptance of the logical
contradictions which have followed on

by W. A. Scott Murray
B.Sc.Ph.D.

inevitably from indisciplined thinking.
This widespread, uncritical acceptance can
be overcome only by a conscious effort of
will; yet given the will to recover, our
present problem seems neither more nor
less difficult than was Faraday’s. His
approach was that of the true scientist,
carefully and systematically clearing a path
through a jungle of mysticism. His
understanding of Nature violated no
principles of logic and became as sound as
could be achieved before the discovery of
the electron. Let us emulate him.
Experimental test must be the arbiter. We
have seen the disastrous consequences
which have followed from believing
otherwise: the present-day conceptual
obscurity in the fundamentals area has
been very largely man-made. We have
been warned.

A few simple, key experiments are
asking to be done, all of them relevant to
the practical verification of the more
obvious consequences of the quantum

hypothesis. Naturally this writer would be
delighted to see results which confirmed
the general line of argument as presented,
for the route which has been mapped out
has the advantages of simplicity and
directness. We might already be very
nearly home. But there is no cause for
dismay if we are not; one has no reason to
expect one’s guesses to be right first time.
The important point is that experiments of
this kind should now be performed and
their results studied with care and an open
mind. One cannot predict the outcome of
any one of them, since the questions
embodied in them have not been asked in
quite this form before, but one can predict
with confidence that a fresh approach in
this area will lead to a succession of
invigorating surprises. Nature has a habit
of responding to sensible questions, even
though her response may not always be
quite what we expected. That is why
natural philosophers throughout the
centuries have remained dedicated men.
What, then, constitutes a sensible
question? The current confusion in our
fundamental theory and thought is so great
that we cannot tell whether or not any
question is ‘“‘sensible” until it has been put
to experimental test. Thus the existence,
unresolved, of the duality paradox in light
tells us that this is an area in which we do
not know all the answers beforehand. Such
experiments are long overdue. It is not just
a matter of deciding between the rival
wave and corpuscular theories of light,
because without substantial modification
neither theory can meet the demands of
previous experiments. The line taken in
the fourth article (Wireless World,
December 1982) was a compromise but a
consciously biased one. It carried the
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photon hypothesis fo a conclusion and
faced the consequences of so doing: “If

light consists of photons but behaves like
waves; then here is a possible mechanism
and these are the results to be expected
from our proposed experiments”’. It may
be that the concept of a discrete photon is
completely false, in which case we must
look elsewhere for a truer concept. But
whatever the truth of the matter may be,
we shall never go forward if we do not ask
such questions.

We are probably even further from._the
truth in our con¥entional concept of\th
nature of matter, because the Copenhagen
doctrines have been even more strongly
developed, and accepted, with respect to
matter than with respect to light. Indeed,
their’ dogma flatly forbids us to ask
questions about the nature of matter; to do
so would overstep the competence of the
Quantum Mechanics and therefore be
“improper”. Consequently, as I remarked
earlier, we are today entirely without a
fundamental theory of matter: the nearest
thing we now have to a conceptual model
of an electron is the Copenhagen ‘‘wave-
packet”’, a thoroughly-disproved and
misleading flight-of-fancy and (although
perthaps no more fanciful than the
mathematical electron of Dirac, that
foresees its own future)! That this state of
affairs should have been allowed to persist
for the past 50 years does not speak too
well of the performance of our professional
leaders — the so-called ‘‘scientific
establishment” — over those same 50
years. We desperately need at least some
theory of microphysical matter, preferably

one that we can believein . . . .
What form would such a theory be likely

to take? It would seem that it must
acknowledge the essential granularity of
microphysics which is so clearly indicated
by experiment, and that in consequence it
may not involve, except perhaps by way of
macroscopic approximation, the old field-
theory concepts of spatial continuity or of
“waves”. Im short, it must be a true Quan-
tum Theory from the outset, rather than
an illogical amalgam of continuity and
discontinuity. Likewide, bearing in mind
what we have discovered about the dif-
ference between inanimate physics and
animate metaphysics, we may also require
it to be a Physically Realistic theory,
strictly consistent both externally and in-
ternally with the conservation laws: no
more “‘virtual processes” and non-physical
working parameters, please! There is much
to be said for returning to older, firmer
ground and this time completing, rather
than superseding, neo-classical mechanics;
that is, accepting concepts which are post-
Planck but pre-Copenhagen.
The crux of the matter is one’s attitude
of mind. Consider the following dictum: —
“The continued success of the wave-
mechanics proves the soundness of the Wave
Theory of Matter, of which the wave-

mechanics is the mathematical formula-
tion.”

That statement expresses the currently-
accepted, “received” view. It seems to be
an axiom (self-evident truth) until one
notes that although the statistical quantum
mechanics is capable of providing superbly
accurate predictions of the measurable re-
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“Sandy’ Murray retired from the
Scientific Civil Service in 1982. Having
served in the Royal Navy during the
second half of World War ll, he took a
first degree with honouts in physics at
Manchester under P. M. S. Blackett and
a second in radio astronomy. In the
course of obtaining the first UK radar
echoes from the moon at Jodrell Bank,
he discovered the Faraday rotation of
radio waves in the ionosphere. He
joined the Royal Radar Establishment in
1954, where the most enjoyable of his
tasks was designing, and for ten years
directing, the 45ft Malvern satellite-
tracking radar, all of whose activities
were at the frontier of unmanned space-
flight. That project itself was one
consequence of a joint experiment with
the Post Office, in which the first-ever
transatlantic satcom signals were
received in England via Echo I, its other
consequence was the Goonhilly Downs
station.

Thus Dr Murray, although a lifetime
professional physicist, has never been
an academic. The subject-matter of this
series has been under development
steadily and in detail ever since his
undergraduate days, but it is only in the
past few years that he has found
enough spare time to consolidate it. He
believes that the job needed doing, but
that in the nature of things it could only
be done by an informed outsider.

sults of scientific experiments, the Copen-
hagen quantum theory or wave theory that
apparently underpins it is, frankly, not
credible as a theory in physics. Here in one
sentence we have two contradictory as-
pects of current thought, one very posi-
tive, the other very negative, as far apart as
the concepts of waves and particles. It is
important to understand what this contra-
diction really means, so let us take a topical
example.

At the time when this article goes to
press there is much excitement among
physicists, because it is thought that Dr
Alain Aspect in Paris, working with
Professor Bohm of Birkbeck College, Lon-
don, may at long last have resolved a
paradox that was first mooted by Einstein,
Podolski and Rosen (E-P-R) in 1935.
According to one report, Aspect’s team
“has proved that quantum theory is right
and relativity theory is wrong”’. The short
answer to that claim is that it is un-
founded: Special Relativity theory is not
actually under test in such experiments,
because in them nothing physical is ever

required to move at or faster than the
speed of light. (I find it amazing that
people who should know better go on ig-
noring this simple, fundamental point, but
ignore it they do, and in so doing they
happily perpetuate the contradiction we
are now examining.)

E-P-R experiments are no more than
two-particle variants of Heisenberg’s “re-
duction of the wave-packet”’, which as I
have previously suggested is not really a
puzzle at all (Wireless World, March 1983).
The story went like this, you will re-
member. Since you know — and don’t ask
me how you know, ask Heisenberg — that
only one photon is involved in your experi-
ment, and if you have already detected a
photon at one place, then you can deduce
for sure that neither you nor anyone else
will be able to detect that same photon
elsewhere. Such an obvious deduction
doesn’t seem all that clever, but Heisen-
berg introduced imaginary ‘“y-waves’’ to
explain it in his own peculiar way, and
found himself left with an apparatus full of
y-waves when the real photon was de-
tected. Getting rid of those time-expired
y-waves proved embarrassing to those
people who believed in them and helped to
sort out the metaphysicists from the phy-
sicists, in this case the Bohrs from the
Einsteins.

In the E-P-R case we are concerned with
the behaviour of closely-related particles,
such as the pair of identical photons that
radiate away from an electron/positron an-
nihilation. Experimentally, presumably
because of their common origin, it is found
that if one of these photons has the
property “x” or “y”’, so has the other. It
follows that if I have detected one of them
and found it to have been an “x”, I can tell
my colleague on the other side of the lab.
that his photon was an “x” too. Again that
doesn’t seem to be particularly clever; no
prediction is involved, and no physical
action is postulated between the photons.
But Bohr argued that by the in flight act of
observing my photon I have tampered with
a y-wave system which is common to both
photons — and that in doing so, by some
kind of remote “action’’, I have altered the
physical behaviour of my colleague’s pho-
ton. Einstein et a/ disagreed, and used
Copenhagen’s own ‘“‘quantum’ arguments
to prove their point in a famous thought-
experiment. Dr Aspect and his team now
hope to support Bohr by demonstrating a
physical action that travels faster than pho-
tons. Question: what physical action?

What it amounts to is this. As formu-
lated, the statistical quantum mechanics
does not acknowledge the existence of any
physical mechanism that could cause a
physical event to take place — anywhere.
Therefore, although its mathematical
operations seem in some as-yet unex-
plained way to be correlated with pheno-
mena that occur in Nature, they cannot be
concerned with causes. Nevertheless, phy-
sical science could very reasonably be
asked to explain that correlation, which is
an observational fact. (It is simply not
good enough to assert that photons will be
detected somewhere “because the proba-
bility-amplitude for detecting photons
there is greater than zero”. Television sig-
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of Maxwell’s equations!) What the quan-
tum mechanics actually can do, without
violating any old conservation laws or even
overriding the much-maligned but ancient
human faculty of common sense, is to
quantify the precision of our knowledge about
natural events. It does this very well in-
deed. But every attempt to attribute a ca-
pability for physical action to its mathe-
matical “‘operators” leads straight into
absurdity, so consistently that it cannot be
due to coincidence. That is the evidence.

Now the idea that the quantum-
mechanical “wave function” vy does not in
fact describe the behaviour of microphysi-
cal entities, but only the limits of human
knowledge of their behaviour, is anathema
to every quantum theorist for reasons that
are not difficult to understand. While sym-
pathising, one should not allow such sensi-
tivites to stand in the way of progress. The
positive indications are just as significant
as the negative ones. For example, the
field-theory type mathematical formula-
tion of the quantum mechanics is well
suited to handling the transmission within
its field of the imprecision of knowledge —
a metaphysical quantity which is distri-
buted and continuous in space and time.
So that aspect at least of the theory’s suc-
cess can readily be explained: “probabil-
ity” dissipates into space and time exactly
like a wave-system!*

The inverse aspect is also worth examin-
ing. The master-texts of the quantum
mechanics, the Schrodinger equations, ex-
plicitly incorporate the conservation laws
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of classical physics. That is their link with
physical reality. And then, as a byproduct
of their original ““wave” ideas — which are
no longer necessary or relevant — they
superimpose upon these laws of motion
certain variations or “spreads’ which cor-
respond to the essential indeterminacy of
physical measurements. That makes sense,
too, as a description of our knowledge.
Yet, if one subtracts out the indeterminacy
(on the ground that one is now seeking to
evaluate physical facts, rather than the
limits of our knowledge about them), it
seems that something more than the classical
laws may remain, concealed within the
“quantum” formulation. What is that
something?

Specifically, in what systematic,
underlying way do the experimentally-
verified predictions of the quantum
mechanics — an interestingly small
proportion of all its “predictions”, by the
way — differ from those of updated neo-
classical physics? (Surely in the 1980s we
can stop comparing our newest, tentative,
exploratory ideas with Victorian electro-
magnetic theory?) My guess is that the
difference between neoclassical physics
and “quantum physics” when properly
reconciled will be found to be very small
indeed, but that every one of the concepts
revealed as differences between them will
turn out to be fundamental and tremen-
dously important.. These differences will
represent or embody the laws, principles,
and physical forces, at present unknown
and unsuspected by us, in accord with
which the real world of microphysics
operates.

With these thoughts in mind I have
looked again, critically and very carefully,
at places where the experimental evidence
of microphysics diverges from the classical
mechanics of Galileo and Newton, only a
few high points of which have been
mentioned in these articles, and the fol-
lowing are my provisional findings. I have
encountered no justification for the cur-
rently-established view that the fundamen-
tal workings of Nature are mystical and
necessarily incomprehensible by mankind.
The law of causality would seem to be
obeyed straightforwardly by all inanimate
matter; the Copenhagen myth to the con-
trary arose out of a confusion of thought
that can be identified. The striking pheno-
menon of quantisation (type two), as it
appeared in Bohr’s original quantisation of
the atom, occurs much less frequently than
is commonly supposed: maybe it predomi-
nates in four places, maybe five, in all
microphysics. It has nothing to do with
indeterminacy or ‘“‘probability”’, but on the
contrary it is a precise process. I believe it
to be explainable generally by postulating
the existence of a powerful short-range

wHowbeit, it is a wave-system of a very un-
usual kind. The method of transport of “proba-
bility”” (in the form of ypXy¥) through a
Schrodinger field — according to Schrédinger’s
own mathematics — is not that of wave-propa-
gation, but of flow. Accepting that, his analogy
is every bit as good as Maxwell’s. But the “flux”
in an electrostatic field is not in physical motion
as 1s the water in hydrodynamics; such theories
are not explanations of Nature, but analogies
that happen to employ similar mathematics.

force, which is almost certainly allied to
the known “strong” force of nuclear phy-
sics (whose law may not be negative-expo-
nential with distance), and which is to be
superimposed upon the operations of classi-
cal long-range electric and magnetic forces
rather than to replace or supersede them.
This proposed “quantum” force would
seem to be in some way cyclic in its nature,
and to be associated intimately with the
dynamic mechanical structure of material
particles.

Such concepts can be provided with
substantial support on both theoretical and
experimental grounds. Much of the crucial
experimental evidence is already to hand,
requiring only reinterpretation, while
more evidence is there for the gathering,
given the will to gather it. It is a question
of attitude of mind. Then the concepts
need to be put together, to form a theory
— a realistic quantum theory — in which
the proposed quantum force would be a
physical force, not a metaphysical force,
and the electron dispensing it would be a
real, physical entity, not a ghost. We
would then have to deal with physical
theories, not miracles. So why do we not
simply accept that the elementary particles
of physics really are particles; not waves,
and get on with the jcb?

* K X

The question of the nature of matter and
radiation, which lies at the core of funda-
mental physics, is but one facet of a much
broader problem in natural philosophy.
Since the crisis has two levels I conclude
on a more general note. It is probably no
accident that the great reaction away from
realism in physics had its origin during the
post-war period 1925-1935, that same de-
cade during which European music, art
and poetry also kicked over the traces of
their classical disciplines and entered a
phase of irrationality from which they are
only now beginning to recover. That
context may help to explain the aberration,
but it does not excuse it. All the indica-
tions explored in this series support the
view that the Copenhagen myths, although
undoubtedly propounded by their origina-
tors. in complete sincerity, constitute one
of the biggest hoaxes of self-delusion of the
twentieth century: and that we have not
only allowed ourselves to fall for them but
have continued in them, fascinated by their
mystique while in our hearts knowing
them to be nonsense. We really have no
excuse for this, today. Vi
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Rather grandly we thought that we
must try to catch the ‘spirit’ of the
exhibition, to look for trends and
test the health of the electronics
industry. After visiting each stand
in turn, the general impression was
that there were a lot of switch-mode
power supplies and membrane-
switched keyboards. There was
little indication of any specific
trend apart from the obvious ones;
integrated circuits are getting even
larger, microprocessors are getting
into more diverse applications.
Many of the exhibitors seemed to
be sitting on their laurels, or have
not chosen to launch new products
at the AES. However here are some
exceptions.

Several new opto-electronic
products were on display at the
AEG-Telefunken stand;
particularly led bargraph displays.
These include a control i.c. and
require only a supply voltage and
an analogue input voltage to
operate. WW300.

Low cost metal-film resistors,
and various multi-turn trimming
potentiometers were featured on
the Allen Bradley Electronic’s
stand. WW 301.

Among the standard 19in
racking systems offered by Alusett
UK Ltd, were some new cooling
fans mounted to fit into the racks.
One-unit high assemblies can draw
90m” air per fan to give optimum
cooling performance in the
minimum space. WW 302.

New to the Ambar Components
Ltd catalogue were some Fujitsu
64K cmos eproms which are
available at only £4.98 each (as long
as you buy one thousand). WW303

Up to 5,000 2-input gates can be
incorporated in the 3-micron family
of semi-custom gate arrays from
AMI Microsystems Ltd. They
have also produced a 16-bit
integrated work station for j.c.
development. WW304

A range of switch-mode power
supplies, based on standard p.c.b.
sizes, are manufactured by Power
Products in Youghal, Ireland. The
multi-output supplies offer a
claimed efficiency of greater than
75% and may have overvoltage,
crowbar or power foldback
protection. Particular attention has
been paid to isolating the input and
output circuits by separating the
tracks on the p.c.b.s. The supplies
are available in the UK from
Amplicon Electonics who also can
provide supplies which fit into the
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available space in a
product. WW305

Astralux were displaying an
improved point-to-point wiring
pen for the Quick-Connect system.
The features which are claimed to
give more reliable and faster wiring
are the provision of positive
location for the wire which passes
through an eye in the top of the
pen; the system allows the operator
to see that the wire has engaged
properly, and the head of the tool
provides tactile feedback to prevent
the user from pushing toc hard.
Astralux also manufaciure data
acquisition reed relays and market
telecom jacks and sockets. WW306

Cetronic make a wide range of
mains interference suppression
filters, and wound components

WW 323

WW 302
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and are now oftering to design and
make filters. chokes, hand-wound
toroids, r.f. and ferrite-cored
transformers to a customer’s
specification. Cetronic
Components Ltd. WW307

Compstock were very proud of the
latest edition of their catalogue,
with passive capacitive and resistive
components from Matsushita,
Allen, Bradley, STC, Filmcap,
WIMA and Union
Carbide. WW308

Another range of switching
power supplies, made in the UK,
come from Coutant. They offera
standard ML range of multi-output
supplies, and the SL 1 to 1.5kW
range. They can produce a
prototype for a supply not already
available, in seven days. WW309

The Datacapture data acquisition
range has been expanded to include
the Thermalog which can monitor
16 thermistors with +0.2°C
accuracy. The Digilog input data
logger has 48 parallel binary inputs,
four 12-bit counter inputs, two 24-
bit counter inputs and four opto-
isolated external trigger inputs.
Both units include software for
display, read and write routines.
Datacapture Ltd. WW310

A wide range of keyboards,
including the aforementioned
membrane keyboards were on
display at the Cherry Electrical
Products Ltd stand. Emphasised
was their willingness to custom-
design keyboards. WW311

EEV’s stand featured Lucid
liquid crystal displays of both the
twisted nematic and the dye phase
change variety. There were a
number of custom l.c.dsand a 5x7
matrix display suitable for many
applications. Also on display was
their latest c.c.d. tv camera of use
for industrial, security and robotic
applications. English Electric
Valve Company Ltd. WW312

Miniature loudspeakers with
Mylar diaphragms are newly
produced by G. English
Electronics. They have a stated
frequency response of 20 to 20kHz
with 30 and 100mW versions. They
can be incorporated into
headphones, portable receivers,
domestic and office audio sound
reproduction systems. G. English
also had Mylar capacitors and were
offering to make up cables for
interconnecting equipment to any
required specification. WW313

Among the vast array of .s.i.
circuits from Ferranti (anything
froma t.t.1. circuit to a 16-bit
microprocessor, as well as all the
custom-designed u.l.a. facilities)
what caught our attention was the
ZN415, a single chip radio which
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only needed six external
components to receive medium-
and longwave transmissions and
drive headphones. Now all we need
is an f.m. version with a stereo
decoder — all on one chip, of
course! Also on the Ferranti stand
was a 3'2-digit digital voltmeter
i.c. ZN451 which could be used
with a signal conditioning circuit to
remove zero errors and give
readings with 1uV resolution.
There were also a number of new
telecom 1.cs including the
ZNPCM3 asingle channel
coder/decoder that has digital
filters, time-slot assignment
capability and operates from a
single SV supply all within a 28-pin
package. WW314

Electrically alterable roms that
can be changed a word at a time
were featured on General
Instruments Electronics’ stand;
also new to their catalogue was a
voice synthesiser module and the
PIC1654 microcomputer which has
a built-in 512 12-bit rom, on an
18-pin chip. This is said to be
especially suitable for control
management. WW315

Gresham Powerdyne Ltd have
extended their range of power
supplies to include a number of
open-frame switch-mode supplies
as well as variable output supplies
and power products in DIN
cassette and Eurocard
format. WW316

Harris-MHS have signed an
agreement with Intel and are
producing the 16-bit cmos 80C86
microprocessor which rose to fame
through its use in the IBM
micro. WW317

Several new ranges of switches
were on show at the Hamlin
Electronic Europe Ltd stand,
particularly a range of miniature
solid state switches, Mini-Mos,
which use v-mos circuits and opto-
coupling to give high-speed
switching with 2.5kV input-to-
output isolation; all within a 6-pin
d.i.l. minjature package. WW318

Recording instruments are
appropriately the speciality of the
House of Instruments (Anglia)
Ltd, who offer more than 20
oscilloscope models, flat bed and
strip chart recorders, as well as a
wide range of meters and signal
generators. On their stand, they
featured the Houston Omniscribe
strip chart recorder which uses a
direct pen-drive servo that
improves servo response and
eliminates gearing. Versions are
available for one or two channels,
automatic pen lift, remote chart
control, imperial or metric versions
and multiple span. Charts are
297mm wide and up to 30m
long. WW319

WW 305

WW 307

WWwW 319
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Up to 512 input or output
circuits may be controlled with the
Omron MIR programmable
controller which has an integral
keyboard for programming with 26
different program instructions. The
input/output modules may be
selected from a wide range which
includes a-to-d and d-to-a
converters and fast counters. A
typical system with 112
input/outputs which may be mixed
control and data recording
modules, and with 4K-words of
eprom program costs less than
£1,800. IMO Precision Controls
Ltd. WW320

International Rectifier
announced at the Show additional
ranges to their Hexfet series of
power mosfels. A low profile TO-
39 series which conforms to British
and American military
specifications. The four-pin d.i.1.
mosfets are now rated at up to
200V. They may be stacked end-to-
end to make up arrays of switches
in automatic test equipment, or to
drive displays and
solenoids. WW321

A new range of push-button code §

switches, including a miniature
switch with a built-in display, was
on display at the IVO Industries
Ltd stand. IVO have also
announced a microprocessor-
based control unit, the NP 100
which may be used for monitoring,
calculating and recording as well as
controlling machinery. WW322

Noted for their range of variable
filters, which has now been
expanded to include a number of
computer-controlled Butterworth,
linear phase and elliptical filters,
Kemo Ltd have used their
expertise in filters to build a low-
frequency communications
receiver. The Metcom receiver
operates in the 0.1 to 100kHz band
and it boasts a resolution of +1Hz.
The receiver functions as a
frequency-selective voltmeter with
variable bandwidth, and -3dB
bandwidths of 250Hz, 1kHz, 4kHz
and 8kHz. Output s/n ratio is
typically 60dB. WW323

New from Marconi Instruments
was a ‘true-RMS’ voltmeter which
was microprocessor controlled to

give direct digital readout of voltagd .

signals between SHz and 25SMHz.
Its autoranging capability allows it
to measure voltages from 2mV to
700V and it offers a choice of V
dBV and dBm units. For p.c.b.
manufacturers, they were offering
an automatic testing station which
could point out faults in tracks or
components and highlight the
faults on a v.d.u. display of the
p-c.b. while retaining a full history
of each board in the computer

memory. WW324
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In our
next
issue

Communizy radio has
no fixed fraquency
allocations as yet but
could be
accommadatec by
low-powszr
transmitters sharing
frequenciss on a grid
system s milar zo that
for cellular radio
telephones, according
to a study by Norman
McLeod.

In a subjeci that can
provoke heazed
argument, often from
deep-seated
prajudice, M. B. Eutler
asrgues far
represeniation by
mixed logic anc the
abandonment cf the
“xed convention of
oasitive end negative
icgic.

Growth in home
cemputing underlines
the need for & reliable
low-cost maans of
transmitting datz by
te:ephone. Des
Richards describes a
300 baud full-duplex
moadem tha: can be
used in auto-answer
mode.

On sale
15 June
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CONVERSATION

One of the criticisms frequently aimed at
television, and even at old fashioned steam
radio, is that potted entertainment in the
home has killed the art of conversation. If
this art implies some specially intellectual
type of discourse, I can only say I'm glad it’s
dead but I doubt if television killed it.

But, if the “art of conversation” just
means talking to each other, I wonder what
kind of families these critics belong to. Take
almost any family group not watching telly.
Are they chatting away? No, they’ve run out
of something to say; so Mum is knitting,
Dad’s puzzling over the Sunday Telegraph
crossword and everyone else has found
something to do. Then Dad remembers that
“Last of the Summer Wine” is on BBC1 and
switches on the telly. Mum then remembers
that variety show on ITV, and we immedi-
ately have a lively discussion about which
programme to watch.

Even when this is over there will be regu-
lar comment about the programme as it
progresses, usually timed to kill the punch
line of a tv comic’s joke, to mask some vital
dialogue in the play you are watching or
cause any distraction from any serious pro-
gramme that may be showing.

If you should be watching television in
company and a particularly talented singer
or instrumentalist appears in the pro-
gramme, a casual remark that you appre-
ciate the talent can ruin the whole en-
joyment. Everyone agrees with you and
collectively gives you a complete account of
the life of the artiste — marriages, ilinesses,
sons and daughters, accounts of perform-
ances — until the performance is over. And
you wish you had kept your big mouth shut.
I expect I’m one of the worst offenders.

I see no sign that television is killing
conversation. On the contrary, it is conver-
sation that is killing television — unless, of
course, the programme material is so poor
that it is not worth mentioning, and then
everyone keeps quiet.

ANYBODY SEEN MY
VIDEO?

Eddy Spinks says that most of his customers
have videos at home; so he’s going to make a
video about his firm’s revolutionary
microprocessor-controlled chip frying
machine for them to show on their tellies.
He was also telling me about his company’s
splendid security system, whereby the
security guard can keep an eye on any loca-
tion in the plant by simply watching it on
the video.

He’s a bit of a “Clever Dick”, Eddy
Spinks. He knows how to use modern tech-
nology. He’s not too particular about the use
of technical terms, and there are thousands
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like him; but what do they think a video is?
. . . the programme, the v.c.r. or the c.c.t.v.
system?

Mind you, “video” is a word that was
being misused by people who should have
known better long before the likes of Eddy
Spinks ever heard it. I used to think it was
an adjective, applied to a signal carrying
visual information. We referred to a video
signal to distinguish it, for example, from an
audio signal. By inference, we then referred
to “video frequency” on the basis that the
video signal occupied a significantly wider
bandwidth than the audio signal.

And then the word was used very careles-
sly even in technical circles. Any old
wideband amplifier would be described as a
video amplifier whether it was used in a
visual display application or not. One
famous manufacturer even produced a
“video oscillator”, and an electronic counter
by another manufacturer was equipped with
a “video amplifier’” that was really a pulse
regenerator and not an amplifier at all.

Perhaps, then, we shouldn’t be too hard
on Eddy Spinks; even though the word
“yideo” is not a noun. I’'m not going to
bother what a video is. I've just illicitly
recorded the Peer Gynt suite on my audio,
and I’m going to listen to it.

PICTURE LANGUAGE

There I was standing in the radio and televi-
sion department of the John Lewis depart-
ment store, quietly watching the snooker on
about a dozen television screens, when I was
suddenly accosted by an elderly woman who
demanded to know, “Which is the volume
control?” It was a mistake to ask me. The
John Lewis radio and television department
is staffed by exceedingly well-mannered
well-dressed Asian gentlemen, who would
have been pleased to answer her question. I,
on the other hand, am a boorish, scruffy
European, and I did not take kindly to being
asked in a somewhat impatient manner what
I considered to be a damn silly question.
However, as I pointed out the volume
control on one of the receivers to the lady, I
realised that the question was not quite so
silly as it seemed at first. On our old valve
colour telly — and I daresay on her old valve
colour telly — the names of the controls
were spelled out in plain English. The
volume control was marked “volume”, and
the fact that it also included the on/off
switch caused no confusion to anybody. The
picture controls marked ‘“contrast” and
“brilliance” were also quite familiar. I must
admit that controls marked “chroma” and
“hue” were a bit confusing — chroma
controlled the colour saturation and I never
did discover what the hue control did.
Then, of course, there were the channel
selector push buttons, and the only confu-

By Chinp—
sion there arose from the discrepancy be-
tween the number of buttons and the
number of available stations; this is even
worse on a modern set.

The controls on the modern all-solid-state
colour television receivers in the John Lewis
radio and television department are not
nearly so simple. There seems to be a
conviction among designers of all commodi-
ties that ordinary members of the public can
no longer read and write. Plain words are
being abandoned and little symbolic pic-
tures are used instead. Even the easy ones
are not always so clear. One is sometimes
unsure of that picture of a little gent unless
there is a picture of a little lady to compare it
with. So what chances does the designer
have in drawing pictures of abstract
concepts such as the meaning of television
receiver controls?

Apart from lots of channel selector but-
tons, most modern television receivers seem
to have only four controls. There is a control
identified by a picture of a paddlewheel and
another with a picture of a partial eclipse of
the moon. These are, of course, the brilli-
ance and contrast controls, although you
cannot be sure which is which. Then there is
a gontrol with a picture of three vertical
sausages. This is actually the colour satura-
tion control — we have to use this picture
because ordinary people would not under-
stand the meaning of a technical term like
chroma. Finally there is the volume control
that our lady in the shop was looking for;
this is denoted by a picture of a wedge of
cheese.

On reflection, the surprising thing is the,
way in which most of us fully accept and
understand these funny little symbols,
which bear very little relation to the concept
that they are intended to describe. The old
adage that a picture is worth a thousand
words doesn’t seem to apply to the pictures
on the control panel of an average tv.

D
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rC_ash with order please.
I Price includes delivery and VAT, I

Aot (qty} INST 1 at £5950each&
orc:TRL I (qty) INST 2 at £17.25each £
pULSER I _ (qty)INST 3at £36.51each£
" I (qty) INST 42t £7.48 each £
__ {qty)INST5at £14.95each &
I _ {qty)INST5at £16.67each&

| (qty) INST 6 at £100.62 each £_
I (qty) INST 7 at £44.28 each £

(aty) INST 8 at £50.02 each £
I TOTALE

| enclose cheque/postal order to cover cost of the
I instruments and carriage.
t wish to pay by Visa/Access. Please charge to my
account.

|

DAWNE INSTRUMENTS & ELECTRONICS

Shields Road, Bill Quay, Gateshead. NE10 ORS.

I Mycardnumberss

Or phone
in your card

INSTRUMENTS BY POST

A selection of Test equipment available from Dawne Instruments & Electronics

Circuit Powered. £36.51

4. HM 101R Multimeters.

11 ranges covering AC and
DC Volts/Current and OHMs
Input 2000 OHMs/Volt
Complete with Test Leads.
£748

5a. HM 102R Multimeter.

18 ranges covering AC and
DC Volts/Current OHMs and
dB's. Input 20,000 OHMs/
Volt. £14.95

b. HM 102BZ, as 102 Plus
Audible Continuity Buzz, and
10 amps Current. £16.67
6. KM 450 Temperature
Meter. Range-30°C to
450°C. Digital Display. 1°C

1. Global DP1 Digital Pulsar.
Hand Held Pulse Generator.
Pulse width TT1 1.5 p sec. =
30%. cmos 10 u sec +
30%. Rise time 100 n sec.
Fall time TTL <500 n secs
cmos <8 usec@1
megohm pulse current
100uA. £59.50

2. Global Protoboard 100.
Ideal for Prototyping and
custom Circuit Applications.
£17.25

3. Giobal LP-1 Logic Probe.
Hand Held trouble shooting
Instrument. TTL/CMOS
Applhication Memory Facility
use up to 50 sec. 10MHZ

number with
order.

Buy it with Access

resolution. Price includes I Name — —
surface Probe and Battery. I
£100.62 Address I - ——

7. HC601 Digital Multimeter.
26 Range push button I
covering AC/DC Volts/
Current. OHMs, 3% Digit I
0.6% D.C. Volt Accuracy —
200 hour battery life.
Complete with Battery and
Test Leads. £44.28

8. MIC3300A Digital
Multimeter. 20 Ranges
Rotary Switch 372 Digit 0.8%
covering AC/DC Volts/
Current Resistance Diode
Test. 10 AMP Current Range.
£50.02

|
|

I Dawne Instruments and Electronics
Shields Road, Bill Quay,
Gateshead NE10 ORS

I 24 hour answering service
|_0632) 695117 & 380557

I S

WW - 071 FOR FURTHER DETAILS

AUDIO SIGNAL GENERATORS e o e
11on 1K Ok Va|ues £24, see left. Minimum
1k1 "k ‘10* order £20. Minimum 10 pcs per
}§32 }:5 }5: }ﬁ value VAT, P&P incl.
DISTORTION .002% (1Khz) 1508 s 15k 180k
Mode pISTORTION 2028 I I “oPECIAL OFFER
149 ba gvutp/ust 1v rms (600 ohms) ggga g:z 20k 200k \ue, 890 pcs
ine/Square 22k 220k e
Coarse/Fine Attenuation 240R %4 24k 240k 10 pes of each va Y
Beowo & o
£41.60 LR 33 33k 330
36k - /
(P&P £2.25) . 208 39 9K PACK
g Based on a Linsley Hood design a7on o ] 470k spEc‘AL ?(05(7 10K, 47K,
5k1 51k
100R, 1
Also available in kit form and alternative versions, i.e.: battery or mains. With or without ;‘;282 g:g gg: o0k mngcsM 0 pes: 3308, 470R8 15'35
frequency meter. ggg: g:a 68k 680k \2?(2 3K3, 22K Total 1000 pcs. £2
5 0
Literature on these units, R.F. Sig. Gen., Function Generators and many other instruments B820R 8k2 Z,i’: 820k One of each
is available on request. BRI Bkl el ™ pack £50 only
TELERADIO ELECTRONICS, 325 FORE STREET, LONDON NS OPE ORION SCIENTIFIC LTD - 16 Orange Street - London WC2H 7ED
Telephone 01-807 3719 Closed Thursdays
WW — 030 FOR FURTHER DETAILS
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Versatower:

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with CP3
Chapter V: part 2: 1972 for a
minimum wind speed of 85 mph in
conditions of maximum exposure
and specified by professionals
world-wide where hostile
environments demand the ultimate
in design. quality and reliability.

Suitable for mounting equipment in
the fields of:
Communications

Security surveillance — CCTV
Meteorology

Environmental monitoring
Geographical survey
Defence range-finding
Marine & aero navigation
Floodlighting

Airport approach lighting

Further details available on request.

Strumech Engineering Limited,
Portland House, Coppice Side,
Brownhills, Walsall, West Midlands,
WS8 7EX, England.

Telephone: Brownhills (05433) 4321.
Telex: 335243 SEL G.

wWW — 019 FOR FURTHER DETAILS
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EECO
SAFEPOWER

A fully portable Earth Leakage Circuit Breaker for both Domestic
and Professional use. Ideal for jobs around the home and gar-
den, Field Engineers, Music Groups, etc, in fact anywhere that
Portable Power Tools or Test Equipment are being used. The
EECO SAFEPOWER has been especially designed for its durabil-
ity and portability and ease of use. This unit not only protects
you against lethal shock potentials due to earth fault or insula-

tion breakdown but also against the hazards of fire caused by

faulty currents. All enquiries to:

ELECTRONIC EQUIPMENT CO.
SPRINGFIELD HOUSE

TYSSEN STREET, LONDON E.8
01-249 5217

WW - 069 FOR FURTHER DETAILS

Available NOW from Wessex Microcomputers

NEW GENERATION MULTIPURPOSE MICROSYSTEMS P.C.B.s
FOR DEVELOPMENT AND PRODUCTION USE
HIGHEST QUALITY AT AN UNBEATABLE PRICE

y gﬂ . 4
[l ‘vi I ol d
ﬂ,gf. =k

BOARD EXAMPLES:
Single and double eurocards for memory, C.P.U. and 1/0.

Extender cards and motherboards.

Backplanes for 3U and 6U sub-racks (various len ths).

Module front panel and short section backp?anes for horizontally mounted
double eurocards.

FEATURE EXAMPLES:

Manufactured to BS9000 series standards.

Memory and C.P.U. boards: Wire side bus interconnections, component side
power, data and address connections to suit dynamic RAM, EPROM etc., plus
uncommitted area for support circuitry.

P.T.H. component lead positions and non-P.TH. link holes to customise the
circuit and minimise wiring effort.

Most DIN 41612 connectors are accommodated either end of the board.

High packing density — up to 3 banks of 64K RAM each plus refresh control,
discrete or LS|

Silk screen component reference grid and solder resist on component side, and
enlarged layout/drafting sheets are available.

Backplane and extender cards: Most DIN 41612 connectors up to 64 way accom-
modated on 0.4, 0.8 and 1.2 inch pitches. Discrete 0.3 and 0.6 inch |.C.s accommo-
dated eg for buffering/interfacing via module front panel. Solder resist coated.
PRICE EXAMPLES:

Extender cards from ...
P.T.H. single eurocards from.........oini
3U backplanes from ...
P.T.H. double eurocards from.
6U backplanes from ................... . B o o e
PHONE OR WRITE FOR COMPREHENSIVE FREE APPLIC,
BROCHURE AND PRICELIST TO:

WESSEX MICROCOMPUTERS
NORTHDOWN, CORTON DENHAM, SHERBORNE
DORSET DT9 4LT. TEL: 0963-22-402
Also available from Imhof-Bedco Ltd.

WW — 060 FOR FURTHER DETAILS




NEW AND FREE FROM GSC.

NEW an exciting range of projects to build on
the EXP300 breadboards.

NOW anybody can build electronic projects
using “‘Electronics-by-numbers”, its as "“Easy
as A, B, C with G.S.C1”

FREE project

MUSICAL DOORBELL OF THE 3RD KIND
You'‘ve seen the film, now haunt your visitors
with the tune!

Each time the doorbell is pushed the eerie
tune plays out, then switches off to conserve
battery power.

HOW DO YOU MAKE IT.

Our FREE project gives you clear “step-by-
step’’ instructions. For example "‘take
Resistor No.1 and plug it-into hole numbers
845 and B47".

*“Take IC No.1 and plug it into hole numbers
E35 to E42 and F35 to F42, (pin 1 on the
IC goes into F35)"

“Take. . ""Well! why not “clip-the-coupon”’
and get your FREE step-by-step instruction
sheet and your FREE 12 projects with each
EXP300 bought and your FREE catalogue
anel et 2

EXPERIMENTOR BREADBOARDS

The largest range of breadboards from GSC.
Each hole & identified by a letter/number system

EACH NICKEL SILVER CONTACT CARRIES A LIFE-TIME GUARANTEE.

All modular construction means that any Experimentor
breadboarc can be ‘snap-locked’ together to build
breadboarcs of any size.

EXP325

The ‘one-chip’ breadboard

Takes B, 14, 16 and up to 22 pin IC's
Has 130 contact points including 2 bus
bars.

EXP350

The ‘beginners-
breadboard’

For limited period
you can have FREE
12 “Electronics by
Numbers' PROJECTS

i

|

The most “widely-bought’ breadboard
Don’t miss aut on our 'NEW AND FREE’ projects
They can be built on the EXP300

EXP600

The Hobbyst microprocessor’ board
EXP650.

The "one cho Microprocessor’ board
EXP4B

‘Snaps-on’ 43ur extra bus bars

PB6

The ultimatz breadboard kit

PB100

The most ki tor the least money

Bl WW - 006 FOR FURTHER DETAILS

NEW AND FREE FROM G S.C.
24 HOUR SERVICE.

Tel (0799) 21682 with your Access, American Express, Barclaycard
number and your order will be put in the post immediately.

TO ORDER JUST CLIP THE COUPON.

Quantity
Reguired

Unit Price inc.

Experimentor
P&P + 15% VAT

Breadboards

Exp 326 £3.16
Exp 350 £4.83
Exp 300

Exp 600

£8.05
£9.48
Exp 650 £5.75
Exp 4B £3.73
PB6 £13.80

PB100 £17.53

NAME ..........
ADDRESS ......

lenclose cheque/PO for £..

Debit my credit card No. ........

Expiry date .

GLOBAL SPECIALTIES CORPORATION GSC Unit 1, Shire Hill Ind. Estate
Saffron Walden, Essex, CB11 3AQ.

Telephone (0799) 21682,
Telex 817477. Dept. 7P



V Minimum VALVES VAT ‘ S B N ————1
Order £1 IS INCLUDED
A1065  1.40 EY51 095 U27 115 6ATE 090 12BA6  0.90 6550 7.20 :
A2293  8.80 065 U9 085 6AUS 060 12BE6  1.25 6870  14.00 Tek. CA Plug-ins v R gg
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ARS 075 EY88 065 U301 0.65 BAX4GT 130 12BY7A 230 7360  10.80 Tek. Z Plug-in
ARP3 0.70 EZ80 070 UB00 1150 BAXSGT 130 12C8 065 8552 8.20 Tek. 7313 100
ATP4 0.60 EZ81 0.70 U801 0.90 6BA6 055 12E1 1895 38P1  11.00 Tek. 7870 Plug-in .. ...
B12H 3.90 GMa 590 UBC41  1.20 6BEG 060 12J5GT 055 5FP7  18.00 H.P. 69208 Meter Calibrators
cv3i 140 GYS01 130 UABCBO 075 6BG6G 160 12K7GT 070 4EPT 3580 A K IO e
DAF36 0.70 GZ32 1.05 UAF42 1.20 6BJ6 4.30 12K8GT 0.80 88y 14,00 Solartron A203 DMM AC DC Ohms 4%2 digit
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EABC80 0.80 N78 9.90 UL84 0.95 6D6 0.70 19AQ5  0.85 P800 IR Ever Ready AvoCase ...
EB91 0.60 OA2 0.70 UMB8o 090 6 160 19G3 11.50 P800 B Rolromcs150KH1$me/Sq.Slg.Gen‘
EBC33 115 OB2 080 UM84 070 6F6GB  1.10 19G6 8.50 XQ1020R Telequipment DM64 Storage Scope..
EBC30 0.90 PABCB0 0.60 UYB2 070 6F7 280 19HS 3955 XQ10208 Houston Digital Increment Plotter DP10 ... A
EBF80 0.60 PCB5 0.75 UY85 0.85 6F8G 0.85 20D! 0.80 Systron Donner 625A 8 Digit 50MHz Timer/Counter ..
EBFS3  0.60 PCB6 0.85 VR105/30 1.25 6F12 150 20F2 0.85 SPECIALV Used Keyboards - various....... o
EBF83  0.80 PCBS 0,90 VR150/30 1.35 6F14 115 201 130 4CX 1000A Racal Dana 9514 100MHz Counter IEEE :
EC52 065 PC97 125 X66 0.95 6F15 1.30 20P1 065 4CX5000A Systron Donner 7734A 412 digit DMM [EEE — as new
EC91 4.40 PC900 0.90 X61M 1.70 6F17 3.20 20P3 0.75 BM25L Singer Gertsch Synchro Standard
EC92 0.85 PCC84 0.50 XR1-6400A 6F23 0.75 20P4 1.25 BW 153 Synchro Bridge ...
ECCB1  0.85 PCC89  0.85 125.00 6F24 175 20P5 135 DM 2508 Phase Angle Voltmeter
ECC82 0.60 PCC189 0.85 Z759 19.00 6F33 1050 25L6GT  0.95 YL 1420 Teletypes from............ i =
ECCB3 065 PCFB0  0.80 Z749 0.75 6FHB 1250 2524G  0.75 YL 1430 MESL. 12.4 t0 18GHz Sweeper ...
ECC84 0.60 PCF82 0.70 ZBOOU 3.45 6GA8 1.95 30C15 0.50 YL 1440 Radiometer SMG1 Stereo Generator
ECC85 0.60 PCF84 075 2801U 375 6GHBA  1.95 30C17 0.50 GXU6 H.P. Sampling Plug-in type 187C
ECCB8 080 PCF86 150 2803V 16.00 6HE 160 30C18  2.45 (V1597 Fluke B022A Hand-held DMM........ o
ECC189 0.95 PCF87 0.50 Z900T 245 BJUE 5.85 30F5 1.5 CV2116 Leader LFR 5600 Frequency Response Recorder
ECCB04 090 PCF200 145 1A3 0.85 6J4 135 30FL2 140 BR189 R &S DPU 110dbs Attenuator . - e
ECF80  0.85 PCF201 166 1L4 050 6JAWA 200 30FL12 125 BRI79 ITT Power Card PSU's various, from. e
ECF82  0.85 PCFBO0 050 1RS 0.60 BJ5 230 30FL14 215 CV6131 R & S HUZ Field Strength Meter ... ...
ECF801 1.05 PCF801 175 1S4 0.45 BJ5GT 0.90 30L15 110 GMU2 TelequgpmentD75,V4&SZA50MHzScope
ECH34 225 PCFB02 0.70 1SS 0.45 6J6 0.65 30L17 110 TY4-500 Telequipment D83, V4 & S2A Large Screen scope.
ECH35  1.70 PCFB06 120 1T4 045 6J6W 0.90 30P12  1.15 BK485/5552A Venture Printer Type DP1 ...
210 PCF808 1.45 1U4 0.80 6JE6C  3.70 30PLI3  1.25 MIL5948/1754 Sign Electronics Distortion Factor Meter...
ECH42  1.20 PCH200 135 1X28 140 6JS6C  3.70 30PL14 245 Leader 4MHz Scopes — new.
ECHB1 0.70 PCL81 0.75 2D21 1.10 6K7 0.80 35L6GT 1.40 IC Hedin -20° to 150°C Furnace
ECH84  0.80 PCLB2 095 185° BKD6 450 35W4  0.80 SN5402N 0.28 Digitiser with table ... ...
ECLBO 070 PCL84 090 2K25  24.50 6L6M 280 3524GT  0.80 SNS410F 0.32 Philips Gas Chromatography System.
ECL82 075 PCL86 075 79.50° 6L6G 250 50C5 115 SN5470F 0.48 Philips 9205 Computer. .. ...........
ECL83  1.40 PCL805/85095 2X2A 250 6L6GC  2.65 50CD6G 1.35 SN54196J 1.20 Tek. 3A7 Differential Plug-in. ... -
ECL8S 0.80 PDS500/5104.30 3A4 0.70 6L6GT 1.25 7581 125 SN7407N 0.29 Flann WG 16 0-90dbs rotary Attenuator — Unused.
ECLB6  0.90 PFL200 1.10 3AT2 240 6L7G 066 75C1 170 SN7408N 0.18 Brand New 62 Key Keyboards | et -
EF37A  2.15 280 3828 1200 6L18 070 76 220 $N7445P 0.85 Tek. 132 PluginPSU ... s
EF39 1.25 PL36 1.10 19.50* 6LQ6 2.95 78 220 SN74453P 1.10 Ph|l|p§PM3 30scopewnhexlrad-channell’I
EF80 0.65 PL8 0.85 306 0.50 6LD20 0.70 80 2.50 SN7453N 0.18 AlumlmumStorage'Boxes.v.v.v..
EF83 1.75 PL82 0.70 3D22 23_(0)0 BKGBA 2.70 85A2 1.40 SN74L73N 0.38 Neolt Draughtsman’s Tables exc. condition ... . . -
EF85 0.60 PL83 060 3E29 1900 6Q7G 130 255* SN7474N 0.30 A . , .
EF86 0.75 PL84 095 354 0.60 6SA7 1.00 807 125 SN7485N 0.95 Carriage additional : All prices exc. V.A.T.
EF89 105 PLSO4 100 4B32 1825 6SG7 115 1.90° SN74L85N 1.10 |
5:91 1.50 PLsgg g.to gg%ggm 1650 65J7 1.05 813 1932 SN7491AN 0.32
EF92 2.90 PLSH 65 4.50 6SK7 0.95 6850 SN74123N 0.42 )
EF9 06 plovg 580 53/256M 1280 GSUIGT 085 8208 1600 DM7a1ZaN038 94 ALFRISTON GARDENS 2
60 PLB 9 .90 6SN7GT  0.80 832 890 SN15836N 0.26
EEl8s 080 Pva3 070 5R4GY 180 BSR7 110 866A 380 CXa 0.95 SHOLING, SOUTHAMPTON SO2 8FU
EF184  0.80 PYBO 070 5U4G 075 6SQ7 0.95 B866E 6.25 SN76013N 1.80 TEL: 431323 (0703)
EFB12 075 PYB1/800 0.85 6V4G 075 6V6G 150 931A  13.80 SN76003N 1.60 Call
Ef‘lé%oo ;.ss Exaz 0.65 gvsm t;,gg 6V6GT o,sg 954 120 SN76033N 1.35 Barcl a 9': w_:ltl:on'\‘e d
E .85 PY83 0.80 50 6X4 0.95 955 120 MC6800P 5.80 , Barclaycard : Telephone your order
EL32 110 pvss 0.60 5§48T 075 sxmév{\ 2.10 956 120 MC68BOOP Access hA L Y,
EL34 1.80 PYS00A 210 524 1.05 X5 0.65 957 1.70 6.40 ‘
2.90* PY809 645 6/30L2 090 6Y6G 090 1625 180 MC14511BA WW - 067 FOR FURTHER DETAILS
EL37 520 PYBO1  0.80 B6AB7 070 624 070 1629 1.85 2.20
EL82 0.70 QQV03/103.20 6AC7 115 787 175 2051 290 B1702AL 3.30 e~ -
EL84 0.80 750* BAG5  0.60 8BNS 295 5763 4.80  MM6300-1J
EL86 0.95 QQV03-20A 6AHB 115 9D2 0.70 5842 7.50 3.80
EL90 1.00 2150 BAKS 0.65 906 2.90 5881 390 MCMB810AP
ELS1 4.20 QQV03-25A 6AK8B 0.60 10C2 0.85 5933 6.90 3.40
EL35 0.80 00 /436.50 Sﬁtéw g.gg 10;13 0.70 6057 220 63401 360
EL504  1.70 QQV06/40A .85 10P1 1.50 6060 195 MIC945-5D 0.28
ELB03 590 1610 6AM5 420 11E2 1950 6064 230  MICa36-5D 0.22 THE POWERFET
EL509 395 Quo312 420 6AM6 150 12A6 070 6065  3.20 SPECIALISTS
EL821  8.20 SP6) 1.80 GANBA 250 12AT6  0.70 6067 2.30
EL822  9.95 TT21 2300 6AQ4  3.40 12AT7 085 6080 530 \MANY OTHE
ELLBO(SE) 2.80 TT22 1850 6AQ5 100 12AU7  0.60 6146 5.80 JILER
EM80 0.85 U25 115 6AQSW 180 12AV6 095261468  5.80 ITEMS
EMB7 130 U26 1.15 6AS6 115 12AX7 0.65 6360 2.85 AVAILABLE POWERFET AMPLIFIER MODULES
VALVES AND TRANSISTORS $|ELD TELEPHOINES TYPE “J.
Telephone enquiries for valves, transistors, etc: ropical, in metal cases.
rotal 749 3934, trade and export 743 0899, 10-I?ne MAGNETO. . SWITCH- MODEL POWER RANGE TYPICAL LOADS PRICES (one off)
FIELD TELEPHONE, CABLE TYPE D10 . {Continuous RMS)
Geiger Mulier Tubes GM4, MX120/01 and others. BOARD. Can work with every PFA 100 50W-150W 4Q), 80} £20.65
B5taGamalboBe vt iBIZHIES IS, type of magneto telephones. PFA 200 100W-300W 402, 8Q) £21.35
LE:?T A§ZET grcz ;ga TESTING Transceivers A40, PRICES MAY VARY PFA 500 250W-600W 202, 402, BQ) £42.00
q and CPRC26. .
H‘ﬁRNEJS; A & : cor;mm UnrTs va- R~ POSTAGE: £1-£3 45p; £3-£5 55p; PFA HV 200W-300W 442, 842, 1682 £36.04
“J1”* "J2."" Microphones No 5, 6, 7 connectors, - . ” g "
frarahe;,?giersa(s!etc. ) EEZ’OE.‘IISOSOD' £10-£16 80p; £15 Key features.
DRUM CABLE continuous connection YC 00433. . 4 @ RELIABLE — Powerfet freedom from thermal runaway and
Signal Generators MARCONI TF 144H/4S; TF:::::‘%SIQW kHz-72MHz. Receivers AR-88D and Spares secondary breakdown
Prices on application _ @ LINEAR —~ TID zero, IM/THD < 0.01% full power (mid-band THD
- down to 0.0015%)
COLOMOR Tel, 01-743 0899 or 01-749 3934 @ FAST ~ Slew rate >30V/uS (45V/u$ typical)
(ELECTRONICS LTD.} Open Monday to Friday ® QUIET — Signal to noise ratio 120dB
170 Goldhawk Rd.. London W.12 9a.m.-5.30 p.m. @ BRIDGEABLE — Without extra circuitry
i 3 WW-20 @ STABLE - Unconditionall
Al .
= —— — 1 @ LOWCOST — 10 watts to 20 watts per £, depending on model and
guantity
AUDIBLE WAHNING DEVICES As they stand these modules suit most P.A. and industrial applications and satisfy
all foreseeable audiophile requirements. (The HV is aimed at digital audio.)
Where aspects of performance fail to meet specific requirements {e.g. in speed
(Besson) Solid state Banshees, Cybertones, Solotones, Bleeptones, or power) low-cost customising is often a possibility. Alternatively entirely new
Minibleeps, etc. Delivery ex-stock. Singles supplied. Send for lists. boards can be produced.
Wirewound Resistors {Osborne) 5w 7w 11w 17w from £10.60 per 100.
Cartridge Fuses (Beswick) Anti-surge. Quick blow Ceramic from £3.80 per ALSO
700, Carbon film resistors Vaw 5% £1.50 per 1,000 (min. per value), Vew PAN 20— Ultra-low-noise/distortion, mono preamp board, £7.61

5% £1 per 500 (min. per value}, 1w £1 per 100 (min. per value). Polysty- |
rene Caps, Various £1 per 200 (min. per value). Send or phone for lists of ‘
values available.

PAX 2/24—2-way active crossover board (24dB/octave} plus regulators, £9.70
THE HEAT EXCHANGER—New, super-efficient heatsink; handles 300W or 1.2kW

Marker Sleeves: Pvc, silicone rubber, neoprene, etc., from £3.80 per ‘ when blown; 7in. X 4in. % 2Vin., £7.50
1,000. Elma range of 'Class’ Collet knobs and accessories. Crimp termi-
nals, small or large quantity, competitive prices. Pcb self-adhesive guides This is just a fraction of the new products available from Pantechnic
18.5mm wide, lengths to your requirements. Smoke and heat fire alarms ! — check us out!
(20 only), robust, 1.5kgs. 240v, £21 each. All prices quoted are pius . )
carriage and VAT (15%). | Prices exclude VAT, Carriage 75p
Write, call or phone (0732} 851345 L8 .r.;;l . 'l' s ; : :
NOVAPRODUCTS (APB Ltd) A WOOLTON STH phil R
Crystalate Works, Golden Green, Tonbridge, Kent TN11 OLH RPOOL L25 4
‘ el: 051-428 848 DO oo
WW — 055 FOR FURTHER DETAILS WW -064 FOR FURTHER DETAILS
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LINSLEY-HOOD
300 SERIES AMPLIFIERS

revree

b PO

These tatest designs from the drawing board of John Linsley-
Hood, engineered to the very hiEhesl standard, represent the
very best that is available on the kit market today. The delicacy
and transparency of the tone quahty enable these amplifiers to
outperform on a side-by-side comparison, the bulk of amplifiers
in the commercial market-place and even exceed the high stan-
dard set by his earlier 75-watt design.

Three versions are offered, a 30-watt with Darlington output
transistors, and a 35- and 45 watt, both with Mosfet output
devices. All are of identical outside appearance which is de-
signed to match and stack with our Linsley-Hood cassette re-
corder 2.

As with all Hart kits the constructor’s interests have been looked
after in a unique way by reducing the conventional {and boring)
wiring almost to the point of axtinction.

Any of these kits represants a most cost-effective route to the
very highest sound quality with the extra bonus of the en-
joyment of building a sophisticated piece of equipment.

30-watt Darlington amplifier, fully integrated with tone controls
and magnetic pick-up facility. Total cost of all parts is £81.12
Special offer price for complete kits is £65.

35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer
for complete kits £79.50.

45-watt Mosfet amplifier. Total cost of parts £104.95. Special
offer price for complete kits £83.50.

{Reprints of original Articles from Hi-Fi News 50p. Post free. No
V,

Reprints of MOSFET article 25p. No V.A.T Post free

‘P.W. WINTON' TUNER AND AMPLIFIER

eautiful

Snazzy matching slimline tuner and amplifier in
wooden cabinets. These Ted Rule designs are for the enthusiast.

Tuner covers LW, MW, SW, FM and TV sound! Digital frequency
readout with clock and timer features. FM has 6 section front
end and switchable bandwidth for exceptionat fringe area per-
formance. Amplifier has Toroidal transformer. Mosfet output
stages, 50 watts per channel and got a cracking review in Practi-

Yurer Complete ki e16s
Ampiifier. C Kit £o8
LINSLEY-HOOD CASSETTE RECORDERS

We have done two kits to this design, one using the original car
cassette mechanism and the newer version using a very high
quality front IoadinF deck. This new deck has an excellent W & F
performance and fitted with our latest Sendust Ailoy Super
Head gives an :ncredible frequency range {with good tape you
can see 23KHz on oursl}

Linsley-Hood Cassette Recorder 1.
Linsley-Hood Cassette Recorder 2.
Reprints of "WW" Articles .......

£75.00
€94.90
70p. No VAT

THIS MONTH'S
SPECIAL OFFER

COMPLETE STEREO
CASSETTE DECK

Brend-new high-quality stereo cassette
unit  with built-in record and play
electronics. Ideal for use with any hi-fi
system or music centre. Only a single 9-
vol: DC supply is required to power the
whole unit.

Microphone and line inputs are pro-
vid2d on both channels and the line out-
put will feed into any normal hi-fi ampli-
fier Erase and bias is provided by an
ultrasonic oscillator, automatically
switching to the correct level when a
chrome or ferric cassette is put in place.
Overall size 180mm x 130mm % 73mm.
Cormplete with 3-digit counter.

Wae value this deck at about £30. OUR
VERY SPECIAL PRICE INCLUDING VAT
AND POSTAGE — THIS IS ALL YOU PAY
— ONLY £18.34 {while stocks last).

FEED YOUR MICRO BYTES WITH OUR
SOLENOID CONTROLLED CASSETTE
DECK

= -

.‘”_‘

Front loading deck with full solenoid controi of all functions
including optional read in fast wind modes. 12 volt operation.
Fitted 3-digit memory counter and Hall IC Motion Sensor. Stan-
dard erase and stereo R/P Heads. Cheapest price ever for all
these features. Only £38.90 plus VAT Full technical specification
included.

LINSLEY-HOOD 100 WATT POWER
AMPLIFIER

Qur comp ete kit for this brilliant new design is the same size as
our Linslev-Hood Cassette Recorder 2. Kit includes all parts for
two power amplifiers with large heatsink area, huge powar
~supply and speaker protection circuit. Total cost of all parts is
£114.46 but our special introductory price for all parts bought
together is onty £105.50.

Please Note: New Phone Number- {0691) 652894

Personal callers are always very welcome but please
note that we are closed all day Saturday

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads could restore performance
to better than new! Standard mountings maka fitting easy and
our TC1 Test Cassette helps you set the azimutn spot-on. We are
the actual importers which means you get the benefit of lower
prices for prime parts. Compare us with other suppliers and seel
The following is a list of our most popular heads, all are suitable
for use on Dolby machines and are ex-stock.

HC20 P'lrmllloy Sterso Head. This is the standard head fitted as
original equipment on most decks .. .. £4.25
anso High gﬂ

formance head with metal
HS18 Sendust Alloy Super Head. The best haad we can find.
Longer life than Permalloy, higher output than Ferrite, fantastic
frequency response ............ e EBL
HQ551 4-Track Head for auto-reverse or quadrophonic use. Full
specification record and playback head ... ... ... £7.40
Please consult our list for technical data on these and other
Special Purpose Heads.

a Permalioy Head, A hard-wesrin

9. h|§Har per-
£6.20

STUART TAPE CIRCUITS
{For reel-to-reel decks)

These circuits are just the thing for converting that old
valve tape deck into & useful transistorised recorder. Total
system is a full three head recorder with separste record
and replay sections for simultaneous off tage monitoring.
We also stock the heads. This kit is well engineered but
does not have the detailed instructions that we give with
our more recent designs. We would not therefore recom-
mend if to beginners. Reprints of the origina three articles
45p. Post free. No VAT.

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level,
head azimuth and tape speed. Invaluable when fitting rew
heads. Only £3.80 plus VAT and 50p postage.

Tape Head De-magnetiser. Handy cassette size mains operated

unit prevents build up of residual head magnetisation causir&g
noise on playback......... .. ... R . £3.

CASSETTE MOTORS

Brand New Governed 12v DC Tape Drive Motor Type MMi-
BAZLK

As used in SF925 and many other decks. 40mT Dia x 35mm
Long, Shaft 10.5mm long x 2mm Dia. 6 x 2.5mm Mounting
Holes on 26mm PCD on shaft end face. Anti-clockwise rotation
at rated speed of 2200 RPM. Free run current 25mA. £4.86 sach.

Full details of the entire range of HART products is contained in
our illustrated lists.

Ask for your FREE copy NOW.

Enquiries for lists are also welcome from overseas but piease lst
us have three IRCs to cover the cost of surface post or 5 IRCs for
airmail.

In 8 hurry? A telephone order with credit card number placed
before 3 p.m. will be despatched THAT DAY!

Please add part cost of post, packing and insurance as follows:

INLAND OVERSEAS

Ordersupto £10 — 50p  Postage at cost plus £2
Orders £10to £48 — £1  documentation and handling
Orders over £50 — £1.50

PLEASE ADD VAT

TO ALL PRICES l

, 20

*LEC‘““
P‘“ ES‘ '

oW

Hitachi Oscilloscopes

money available anvwhere.

V-1532F 15MHz Dual Trace
V-202F 20MHz Dual Trace
V-203F 20MHz Sweep Delay
V-302F 30MHz Dual Trace
V-352F 35MHz Dual Trace

V-353F 35MHz Sweep Delay

Hitachi Oscilloscopes provide the quality and performance that vou'd expect from
such a famous name. in a newly-extended range that represents the best value for

Prices start from around £250 (ex. V.A.T.) including 2 high-quality probes and a 2-
year warranty. We hold the range in stock for immediate delivery.

For colour brochure giving detailed specifications and prices ring ((480) 63570.
Reltech Instruments, 46 High Street, Solihull, W. Midlands, B91 3TB

performance, reliability, exceptional value

and immediate delivery!

Vo134 I0MHz Tube Storage Oscilloscope

V-630F  60MHz Dual Timebase. Trigger View
(illustrated)

V-1050F  100MHz Quad Trace. Dual Timebase
V-209 20MHz Dual Trace, Mini-Portable
V-509 SOMHz Dual Timebase. Mini-Portable

WW - 068 FOR FURTHER DETAILS

www americanradiohistorv com
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MARK 1983 WITH
GAPS IN CIRCUIT
FILES WELL-PLUGGED

WIRELESS WORLD CIRCARDS last year benefited many ‘new generation’
readers who bought at 1976 bargain prices + 10% discount for 10 sets!
Most sets are still available although companion volumes
CIRCUIT DESIGNS 1, 2 and 3 are out of print (CIRCARDS sets 1 to 30).

&
5
(37
3
[e’
,
g
;
) The Offer stands
ab o ,
y
> s$O order now your
< \
- .
o R sets o x mm
N
) - -
s cards in plastic wallets.
1els”
X These unique circuit
s cards normally contain
/AM’/Z—\ d a /
o lital coUOS escriptions and
: - performance data of
wireless world circard Set 14: Digital counters—1
— — - -
S— et e @t et 10 tested circuits
— e s e anode of D, # approumately 3 connected 10 the trgger 9
I', m v"f‘"'l‘;'v % Vmeas, 4nd because 113 (oe T ~) mput of the next 5 O
o= RO catbode 1 connected 1o a high  Map-Bop Thes gives & natural -
W Todem o SERSIRRTRLT LT oqge er wi ideas
e n'-c‘m’ur' bused Therefore Tr, collecior  number of itages, and 2° b the
| "I“ MR 10 *m_ current 13 reduced, causing a number of sats through
6 B cL:‘-' £10% rise 1 its coliector voliage which the counter progresses - =
: €. ¢ ot o s G e 19 or moai in em
m— l F";q - 100KHx typecally Tr,. Tha causes Tr, collector
jueacy voliage 10 drop and Tr, basc Chronit sedification
- }"""""‘":‘“ current decreases causing & Range of Ry, Ry 4 Tk 10 47kQ L] m
T sy EREIEETD Besoca o suit special neeas
voltage. The process cootinues  JOkHz ]
s hi until the othar stable state, Tr, Range of C,. Cy* 330 10 }X0pF
g‘“’:__";— e s Trpm i and " conducting and T, ofl. & Frequency variation 140 10
L s s ST e basodeve cummot for Tr,  Meaned The next negate- 90kHz
chamges sale for & Dogeirve- fows through R, and R, POing trigger pulse resets the Increase turn-on speed with
5 Heomca the ©demifiod CircuIt 10 ats previous stale. [t capacitors acroms reanion R, L,
”'N““""“I';‘:. (acbecraily) as Q and Q are produces one outpul pulse for  and R, typwcally 3 to 20% of
curment i arracged w0 thet Tr,  bow and hagh respectrvely et At (€
e . (0 end | for binary coding). ntercoanection of these Increassd froquency of
n:m"‘:.wnv. e tri \nput is hagh, estable circuils 10 @ve & binary  operanion posaibie with
m‘““huhm ‘_‘"‘" “-"_.m*m“ npple counter domands that the  additsona | diodes connected r——‘
dae base-emnitter juaction of When the tgeer mput 4 dnven H
Tr,, sbow O TV, and ence Tr,  noar ground the oegativ-going. | a1
will be off This means ita puise-edge i stoared 1o Tr, base — &

1 Basic Active filters 2 Switching Circuits, comparators and Schmitts {(But these gaps cannot be filled) *
6 Constant current circuits 7 Power amplifiers 8 Astable circuits 9 Optoelectronics 10 Micro power circuits 11 Basic logic
gates 12 Wideband amplifiers 13 Alarm circuits 14 Digital Counters 15 Pulse modulators 16 Current differencing
amplifiers — signal processing 17 Current differencing amplifiers — signal generation 18 Current differencing
amplifiers - measurement and detection 19 Monostable circuits 20 Transistor pairs 21 Voltage-to-frequency converters
22 Amplitude modulation and detection 23 Reference circuits 24 Voltage regulators 25 RC oscillators—1 26 RC
oscillators —2 27 Linear cmos —1 28 Linear cmos —2 29 Analogue multipliers 30 Rms/log/power laws 31 Digita!
multipliers 32 Transistor arrays 33 Differential and bridge amplifiers 34 Analogue gate applications —1 35 Analogue gate
applications — 2.
*Photocopies only: 3 Waveform generators 4A.C. measurement 5 Audio circuits @ £3.20 each set.

To Electrical-Electronic Press Please send me the following sets of

General Sales Department CIPCATAS 1. eeeeeeeereieeenie e eeeeeesassseseeseeececncaeian £2 each,
Room 108

Quadrant House £18 for 10 post free.

Sutton Remittance enclosed .........c..coccovoiininnnn. payable
LA to BUSINESS PRESS INTERNATIONAL LIMITED

Name (Please print) ..o

Company Registered Number: 151537 (ENGLAND). .
Registered Office: Quadrant House, The Quadrant Address (Please print)........cccocvviiiiiiieii
Sutton, Surrey SM2 5AS
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Eg) 1.

9 10 Chapel Street, Marylebone

London NW1 5DN

21-23 Bell Street, London, NW1

01-262 5125 & 01-723 7851

MUFFIN FANS
SPECIAL OFFERII

v ansj
41ax41ax1w' £5.75
inc. VAT + postage.
110v fans
aV2xdl2x1 8 £4.75
inc. VAT + postage.
Radiospares price
£14 50111

SPECIAL OFFER:
HIGH POWER AMPLIFIER TRANSFORMERS
Pri tapped 120-240V sec tapped 34-29-0-29-
34V 6 amps and 46V 1A. Open frame type. Tag
connection. Size 5x42xdins. £9 inc. postage
and VAT.

BLOCK PAPER CAPACITORS
8 MFD 1000V DC WKG. £3. P&P £1. 8 MFD
350V DC WKG. E1. P&P 50p. 6 MFD 350V DC
WKG. £75p. P&P 25p. 6 MFD 300V AC WKG.
£1.50. P&P 50p. 4 MFD 350V DC WKG. 50p.
P&P 25p. 2 MFD 350V DC WKG. 40p. P&P 20p
1 MFD 1000V DC WKG. 50p. P&P 200

BPECIAL OFFER HEAVY DUTY
TRANSFORMERS

Pri 240V sec 50V 15 Amps. Twice wili give
100V CT or 50V 30A. Open frame type. Termi-
nal block primary. Sec heavy wire leads.
Frame size 81/2x7x5 inches. Screen wundln%
between pri and sec. Brand new, fraction
list price. £32, carr £5, VAT £5.55.

PLEASE ADD 15% TO ALL ORDERS INC. CARR.

VOLTAGES OBTAINABLE
30v range 3. 4.5, 6, 8,9, 10, 12, 15, 18, 20, 24, 30v, 12-0-12v or 15-0-15v, 50v range
5,7, 8, 10, 13, 15, 17, 20, 25. 30. 33, 40v, 20-0-20v or 25-0-25. 80v range 6, 8, 10, 12,

16, 18, 20, 24, 30, 36, 40,

48, 60v, 24-0-24 or 30-0-30.

=
UNIVERSAL ISOLATION TRANSFORMERS
GPO spec, open frame, terminal block connec-
tions. PRI tapped 100-110-200-210-220-230-
240-250Y. SEC tapped 220-230-240V 600
watts. Can be used in revarse. Weight 19tb.
£15. Carr £2.80 + VAT £2.67

H.T. TRANSFORMERS
All are Parmeko potted style. All prices in-
clude VAT & carr.
No. 1, PRI 110V 220V 240V SEC. 350-325-0-
326-350V 120 M/A £8.75
No. 2. PRI 110V 220V 240V. SEC. 400-0-400V
180M/A £8.75.
No. 3, PRI 110V 220V 240V SEC. 408-201-0-
201-408V 500 M/A £7.25.
No. 4, PRI 110V 220V 240V SEC 400-0400V
160M/A and 150-0-150V 20M/A £6.50.
No. 6, PRI 110V 220V 240V SEC. 250V 35M/A
375V 10 M/A 10-0-10V 4A 10V 1A 15V 100M/A
X2 6.3V .3A 6.3V .15 AMP £7.50

HIGH GRADE LT TRANSFORMERS

ALL PRIMARIES 240v
OPEN FRAME TOP PANEL CONNECTIONS
No 1 tapped 2-3-4-5-6-7-8-9-10-11-12-13-14-
15v 8A £10. No 2 12v 8A £7.50. No 3 tapped
13-12-10-8v 82A £9. No 4 Sec 6.3v 2A 6.3v 2A
and 32-0-32v 280 m/a £4.75. No 5 Sec 37v
1.5A, 15v 12A, v 50 m/a £3.95. No 6 Sec 14v
2A £3.95. No 7 Sec 27.5-0-27.5v 1.2A and 7-0-
v 750 m/a £3.50. All prices include postage
and VAT.

INSTRUMENT CASE BARGAIN!

FANTASTIC OFFER
Stylish aluminium case in dark biue finish
with integral carrying handles and movable
front lags for tiit facility. Fitted with IEC mains
socket and 20mm fuse carrier. Comes com-
plete with mains lead with 13 amp plug and
EC plug. Size: 20x28x33cm. €15 inc. VAT
and carr.

12 or 24 VOLT 30 VOLT RANGE

Ref. 12v  24v £ of. Amps £
111 05 0256 242 1.00 112 0.5 3_19 1.00
213 10 05 318 1.00 79 1.0 332 1.00
7 2 1 425 1.00 3 2.0 6.99 1.20
18 4 2 491 120 20 3.0 8.10 1.30
85 5 25 678 120 21 4.0 967 140
70 6 3 769 120 51 50 1195  1.40
108 8 4 geg 130 117 60 1352 150
72 10 5 982 150 88 8.0 18.10 1.80
176 12 6 1089 150 8 100 2088  1.90
17 16 8 1297 150 90 12.0 23.20 4.00
115 20 10 1746 160 91 150 32680  4.00
18730 15 2168 170 92 200 3564 400

22 60 30, 4445 200

60 VOLT RANGE

50 VOLT RANGE Ref.  Amps £ £
Ref. Amps £ £ 124 0.5 4.70 1.20
102 0.5 413 1.10 126 1.0 7.15 1.20
103 1.0 5.03 1.10 127 2.0 9.20 1.40
104 2.0 8.89 1.30 125 3.0 13.31 1.50
105 3.0 10.36 1.50 123 4.0 15.15 1.70
106 4.0 14.10 1.60 40 5.0 19.16 1.70
107 6.0 18,01 1.70 120 6.0 21.86 2.00
118 8.0 24.52 2.00 121 8.0 30.72 3.00
119 10.0 30.23 4.00 122 10.0 35.76 4,00
109 12.0 36.18 4.00 189 12.0 41.22 4.00

LATEST PURCHASE. COMPUTER GRADE
TRANSFORMERS. Conservatively rated. All
Primaries 220-240V. No. 1 secs. 27V 10A, 8V
3A, 15V 12A x 2. Separate windings. £5.50,

CONSTANT VOLTAGE
TRANSFORMERS
LARGE SELECTION OF CVTs
B8Y FAMOUS MAKER

i r————
HENGSTLER

Low voltage resettable counters, 52 ohms 6-

12v DC 6 digit. Compact size. Only £3.25 inc

VAT and carr

P&P £1.50. 180-260V in 6V 15W out .

No. 2 sec. tapped 26-31-36V, 11.2A £12. P&P § 190-260V in 12V 16W out . . £20
£2. 190-260V in 115V 50W out (€25
No. 3 sec. 36V 6A £6.50. P&P £1.50. 190-260V in 115V 100W out £35
No. 4 s=c. 43V 3A €4.75. P&P £1.50 50-135V in 240V 200W out ... .. £40
No. 5 sec. 24V 2A £2.76. P&P £1.25. All prices include VAT and carr.

No. 6 sec. 27.5-0-27.5V 1.2A and 7-0.7V 0.75A

£3.50. P&P £1.25. ISOLATION TRANSFORMERS

No. 7 17V 1A £2 P&P 75p.

No. 8 12V 3A and 15V 1A £3.50. P&P £1.25.
No. 9 13V 2A £2.50. P&P

No. 10 sac. 29-28-27-0-27-28- 29V 350 M/A HE
Core £3. P&P £1.

Pritapped 220-240V sec 240V 500 watts. Open
frame type, top pane} connections. Ex-equip-
mant, but in perfect condition, £15, carr £3,
VAT £2.70.

No. 11 sec. 10-7-0-7-10V 0.6A and 29-21-0-21-
29V 0 37A £3. P&P £1.

No. 12. 27V 1A 22V 1A 10V 1A 10V 1A, 4
separate windings “C" core type. £4.95. P&P

£1.
No 13 B5V 1A and 18-24V V2A £3.95. P&P
£1.

No 14 Tapped 12-15-27V 1A £2. P&P 75p
No. 15. € 3V 600M/A 6.3V 330M/A 6.3V 20 M/A
8V 500 /A 50V 40 M/A £2. P&P £1.

No. 16. Tepped 14-15-16V 2A £2. P&P £1
No. 17. Tapped 36-37-38-39-41-42-43V 1A °C”
core £2.75. P&P £1

DC WKG BLOCK CAPACITORS
8 MFD 1000V DC WKG. £3, P&P £1, VAT 60p. 8
MFD 350V DC WKG €1.25, P&P 50p, VAT 26p.
6 MFD 350V DC WKG £1, P&P 50p, VAT 22p. 4
MFD 500V DC WKG. £1, P&P 50p, VAT 22p. 2
MFD 600V WKG. 80p, P&P 20p. VAT 12p. 1
MFD 1000V DC WKG 60p, P&P 20p, VAT 12p. 1
MFD 600V DC WKG 5 for £1.50, P&P 50p, VAT
30p. 0.25 MFD 500V DC WKG. 5 for £1.25, P&P
30p, VAT 16p. 0.1 MFD 1500V DC WKG. 5 for
€1.25, P&P 50p, VAT 16p. 2 MFD 100V DC
WKG 10 for £1.50, P&P 75p, VAT 33p. Tubular
paper caps 20 MFD 350V DC WKG.

UNIVERSAL TRANSFORMERS
Parmeko Hiah-Grade Transformer. Taoped at 7V and 21V plus 1V and 3V. The
design of these transformers is such that 1V to 24V in one-volt steps can be
obtained. Conservatively rated at 3.5 Amps. Price £8.50 inc.carr. and VAT.

12 MONITORS

with clip £3, P&P 50p, VAT 52p.

PARMEKO LT TRANSFORMERS

Open frame type Top panel connections. All
primaries 220-240v.

No. 1 Sec ta ped 12-18-32v 2A {dc) and 12-18-
32v V2A (dc). No. 2 Sec tapped 12-18-32v 1A
(dc) and 12-18-32 VaA (dc) £5.50. No. 3 Sec
tapped 12-18-32v V2A and 12-18-32v 100 m/a
(dc) €4. No. 4 Sec tapped 12-18-32v 1aA {dc}
and 12-18-32v 50m/a {dc) £2.75. No. 5 Sec 32v
100 m/a {dc} and 32v 25 m/a {dc) £2.75. No. 6
Sec tapped 24v 2A {dc) £2.75. No. 7 Sec 17v
&/:T(dc) £2. All prices include postage and

PARMEKO HT TRANSFORMERS
Pri 220-240v Sec 500-0-600v 120 m/A 6.3v 5A,
6.3v 3A, 5V 3A potied type £8.50 inc. postage
and VAT

KEYBOARDS
Full ASCh Keyboard with cursor control plus
numeric pad, originally made for Viewdata
editing. A very high-grade unit housed in an
attractive off-white case, fitted with 256-way D-
Type socket. Price £56 inc. carr. and VAT

Monochrome Composite Video input 300/75
ohm, suitable for 80-column, packed in attrac-
tive black cases, side-mounted controls, £45
inc. VAT. Callers only.

AUTO STEPDOWN TRANSFORMERS

FOR AMERICAN EQUIPMENT
240/110 Volts. 80-2250 watts. Regular stock line. Types 80-1500 watts are fully
shrouded. Fitted with American two or three pin socket outiets and 3-core 240v
mains lead. Types 1750 and 2250 watts are steel cased with two American socket
outlets. Neon indicator, three-core mains lead and carrying handle. Send SAE for
price list and further details. American sockets. plugs. adaptors also available

SPECIAL OFFER:

HINCHLEY MAINS ISOLATION TRANSFORMERS
Prim 240V. Sec 240V 250 watts. Open frame type. Tag connections. Fused input.
£10 p&p £2. VAT £1.80. Parmeko pri tapped 116-220-240V. Sec 240V 6 amps. Fully

lop panel conr
£5, VAT f4,

. Sec can be wired to give 120-0-120V. £25, carr.

- e
SAFETY TRANSFORMER
240/110V
Parmeko Transformer rated at 800W contin-
uous 1430W intermittent use. Housed in

PARMEKO HT CHOKES
10H 260m/a  £5.95 20H75m/a £3.50
6H 250m/a £5.50 10H 75m/a £2.95
5H 180m/a £4.75 7.5H60m/a  £2.50
2.5H500m/a £5.95 16H 120m/a  £3.95
2.5H 250m/a £5.50 50H 10m /a £2.50
20H120m/a  £4.75 25H 60m/a £275

All prices include postage and VAT

LT CHOKES BY FAMOUS MAKERS
8m/h 15A 'C’ core type £6.95.4.8m/h 10A open
frame type £5.50. 2+2m/h 12A open £5.95,
100m/h 2A frame type potted type £5.95.
130m/h 1.15A £2.75.

All prices include postage and VAT

shockproof yellow case with sturdy carrying
handle and either 1 or 2 outlets. Internal safety
fuses plus 2 spares.

Single Outlet .£55.00 inc. carr. and VAT,
Dual Outlet. .£62.50 inc. carr.and VAT
Usual price approx. £88
LIMITED STOCK-HURRY!!

PARMEKO OP TRANSFORMERS
Pri 6000 or 8000(1 or CT Sec 3.76 or 15¢) Ser/
Par for EL84x2 12.5W £4.50. Pri 5000 for EL84
3W Sec £3.75 or 15(} Ser/Par £2.50. Pri 30-45-
60-30 to 1 also 90TOI for push/pull Sec 3.7502
£2. All prices include postage and VAT

LOW CURRENT LT

TRANSFORMERS
Open frame clamped type, split bobbin. All
primaries 240V No. 1 sec tapped 12-15-20-24-
30V 750 M/A £4. No. 2 sec 9-0-9V 1A and 6.3V
200 M/A £250. No. 3 15-0 15V 600 M/A and
6.3V 200 M/A. No. 4 sec 12-0-12V 750 M/A and
6.3V 200 M/A £4. No. 5 sec 13V 12A £1.50. No.
6 sec 8V Y24 6.3V 600 M/A, 6.3V 300 M/A, 50V
40 M/A £2.50. No. 7 sec 17V 12A (DC) €1.75.
No. 8 sec. No. 9 sec 18V 2A £4. No. 10 sec 24V
2A £4.50. No. 11 sec 15V 2A £3.50. All prices
include postage and VAT

ELECTROLYTIC CAPACITORS
3600MFD 150v DC WKG £2.50, 6800 MFD 100v
DC WKG £2.50, 12000 MFD 50v DC WKG £2,
5000 MFD 75v DC 'WKG £€1.50, 6500 MFD 60v
DC WKG £1.50, 100000 MFD 10v DC WKG £2,
3300 MFD 40v DC WKG, three for £3, 22000
MFD 10v DC, five for £2.50, 2200 MFD 63v DC
WKG, five for £2.50, HT types 32+32 MFD
450v DC WKG £1.25, 32*32 MFD 350v DC
WKG £1. All prices include postage and VAT.

AC WKG CAPACITORS
MED  ACwkg Price MFD  ACwkg Price
028 1500v £1.50 5 360v f1.75
075 M0v £1.00 5 440v £200
1 400v  £150 4 600v £2.00
25 360v £1.50 6 300v £2.00
27 84 250v £150

£1.15
AII prices include postage and VAT

WW - 057 FOR FURTHER DETAILS

Pye Europa MF5FM high-band sets, complete but less

mike and cradle. £90 each plus £2 p.p. plus VAT.

Pye M294 high-band FM sets, complete but less mike,

speaker and cradle. £150 each plus £2 p.p. plus VAT.

Pye Reporter MF6 AM high-band sets, complete but less

speaker and cradle. £90 each plus £2 p.p. plus VAT.

Pye Olympic M201 AM high-band sets, complete but less

mike, spezker and cradie. £90 each plus £2 p.p. plus VAT

Pye Westminster W15 FM G band 42-54 MHz sets, unused

and like new, but less mike, speaker and cradle. £65 each

plus £2 p.p. plus VAT.

Pye Westminster W15 AMD mid-band multi-channel sets,

cci_nl'_nikes, speakers or cradles. £45 each pius £2 p.p. plus

Pye Westminster W15 AMD mid-band crystalled and

converted to 129.9 MHz, 130.1 MHz, 130.4 MHz. Very good

condition. £120 each plus £2 p.p. plus VAT.

Pye Westminster W15 AMD high-band and low-band sets

available. Sets complete but less mikes, speakers and

cradies. £70 each plus £2 p.p. plus VAT.

Pye Westminster W30 AM low-band sets only, no control
ear. Sets com#lete and in good condition. £45 each plus

p.p. plus VAT.

Pye base station F30 AM, low band and high band avail-

able, remote and local control. Prices from £220 plus VAT.

Pye base station F401 high-band AM, local control, fully

solid state. complete but less mike. £275 each pius £15
.p. plus VAT.

e base station receiver R402 high-band FM 148-
174MHz, single channel, 12’6 KHz channel spacing. £95
each plus £5 p.p. plus VAT.

Pye base station F9U, remotely controlled, 5 Watt output,
UHF (440-470 MHz), single channel. £90 each plus £5 p.p.
plus VAT.

Pye base s:ation F412 UHF {440-470 MH2}, 25KHz channel
spacing, single channel, local control. £250 each plus £15
p.p. plus VAT.

Pye Beaver M254 high-band FM sets, 15 Watt, robust
mobile radiotelephones for industrial use, sets complete
but tess crystals, as new condition. £120 each plus £2 p.p.
plus VAT

Pye base station receiver F27 AM, crystalled on 116.46
MHz, can be recrystalled on air band. Unused condition.
£15 each plus £5 p.p. plus VAT.

Pye AC200 mains power unit for Olympic or Reporter,
automatic standby power facility with trickle charging and
built-in quartz digital clock. £95 each pius £5 p.p. plus
VAT.

Pye PC1 radiotelephone controlier, good condition, two
only at £50 each plus £2 p.p. plus VAT.

Pye Tulip microphone as used on most base stations and
PC1, 2400 ohm withg tt switch. £15 plus £1 p.p. plus VAT,
Pye PF1 UHF FM Pocketfone receivers, 440-470 MHz,
single channel, int. speaker and aerial. Supplied complete
with rechargeable battery and service manual. £6 esach
plus £1 p.p. plus VAT.

Ni-Cad Batteries for Pye PF1, used but good condition, Rx
(Yellow) £2 each Tx (Red). £3 each plus £1 p.p. plus VAT.
Pye Pocketfone PF1 Battery Chargers, type BC14, 12 way
with meter. £10 each plus £1 p.p. plus VAT.

Pye Pocketfone PF1 Battery ghargers, type BC5 single
charger, brand new. £20 each plus £1 p.p. plus VAT.

Pye sin&le sideband HF Mobile Radiotelephone, type
SSB130M, 100 W P.E.P. output, 6-channel, 2-15 MHz.
Complete and new condition but iess power unit. £250
plus £10 p.p. plus VAT.

Pye fixed station transmitter, type T100 FM, ‘G’ band 38.6-
50 MHz, 100 W output. 25 KHz channel spacing. New
condition. £100 each plus £10 g .p. plus VAT,

Pye Pocketfcne 70 type PF2UB, UHF Portables, complete
with battery, aerial & mike, good condition. £80 plus VAT.
Sets only £58 plus VAT.

Pye Pocketfane 70 type PF2FM, low band, FM portables,
sets complete but less battery, aerial & mikes, good con-
dition. £50 plus VAT.

Pye Pocketfene 70 type PF5, UHF portables, complete
with batteries, good condition. £45 plus VAT.

Pye Pocketfene 70 battery chargers type BC11A, auto-
matic charger, will accept up to 8 batteries/units, good
condition. £35 plus VAT.

Pye Base Station type FOAM, remotely controlled, 5 watt
output, high band low band available. £90 each plus
VAT.

Pye ‘Lynx’ closed circuit TV camera, 625 lines, video or RF
output, VHF channeis 2, 3, 4, good condition, complete
with lens. £45 each plus VAT.

MAINS TRANSFORMERS

Mains isolating transformer, 500VA 240V input, 240V C.T.
output, housed in metal box. £15 each plus £6 p.p. plus
VAT.

Mains isolating transformer, 240V tapped input, 240V 3
amp, plus 12V 0.5 amp output. £20 each plus £6 p.p. plus
VAT.

Advance Volstat transformers, type CVN200/5, input 24 or
28V DC via inverter, output 220 or 240V RMS 150 watt,
50Hz. £10 each plus £4 p.p. plus VAT.

Marconi signal generator type TF10648/5, AM/FM cover-
ing three ranges 68-108, 118-185 and 450-470 MHz, good
condition with service manual. £125 plus VAT.

Marconi signal generator type TF2002AS, MF/HF AM/FM,
solid state 10 kHz-72 MHz in 8 ranges, good condition with
service manual. £400 each pius VAT.

Cossor oscilloscope type CDU150 twin beam, solid state,
35MHz, good condition. £195 each plus VAT.

Marconi AM/FM signal generator, type TF995A/3/S
(CT402), 1.5-220 MHz, good condition with copy of service
manual. £95 each plus £15 p.p. plus VAT.

Airmec millivolt meter, Type 301. £50 plus £2 p.p. plus
VAT.

Advance signal generator Type C2. £25 plus £5 p.p. plus
VAT.

Airmec modulation meter, Type 210. £75 plus £5 p.p. plus
VAT.

Marconi HF Spectrum analyser, Type OA1094A/S 0-30
MHz. £100 plus VAT (buyer collects).

Servomex AC voltage stabiliser, type AC2, 240V @ 9 amp.
£45 each plus £15 p.p. plus VAT.

Servomex AC voltage stabiliser, type AC7, 240V (@ 20
amp. £75 each plus £15 p.p. plus VAT

Rhode & Schwarz power signal generator 0.1 to 30 MHz,
Type BN41001. £50 plus £10 p.p. plus VAT.

Meguro signal generator, type MSG-230E, 16 KHz-50

.MHz. £130 plus £10 p.p. plus VAT

Rhode & Schwarz Polyskop Type SWOB 8N4244, 0.5 MHz
to 400 MHz. £150 plus £15 p.p. plus VAT.

Computer-grade electrolytic capacitors, screw terminats,
25,000mfd., 33 volts, brand new. £1 each plus 50p p.p.
plus VAT,

60 amp alternator and general noise filters for use in
vehicles. £1 each plus 50p p.p. plus VAT,

Modern telephones, type 746, with dials, colour grey,
used but good condition. £8 plus £1 p.p. plus VAT.

Cigar lighter plug with lead. £1 each plus 30p p.p. plus
VAT

IC test clips, 28-way and 40-way, goldplated. £2 each plus
T.

30p p.p. plus VA

Equipment wire, size 7/0.2mm, colour yellow, 500-metre
reels. £4 plus £1 p.p. plus VAT.

Hartley Oscitloscope Type CT436, valved, DC to 6 MHz
bandwidth. £50 pius VAT.

Power units, 70 volt @ 8 amp, 20 volt (# 3 amp. Brand new
but no details. £20 each plus £8 p.p. plus VAT.

Beryllium block mounts for CCS1 valves, etc. £10 each
plus £1 p.p. plus VAT.

B. BAMBER ELECTRONICS

GOVERNMENT AND MANUFACTURERS’ SURPLUS

ELECTRONIC COMPONENTS
TELECOMMUNICATION EQUIPMENT

5 STATION ROAD
LITTLEPORT CAMBS CB6 1QE

Telephone: Ely (0353) 860185

TEST GEAR
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01-450 6597

FLOPPY DISC INTERFACE
incl. 1.2 Operating System
£95 & £20 installation

BBC FLOPPY DISC DRIVES
Single Drive 5%’ 100K £235+£6 carr.
Double Drive 5%’ 800K £799+£8 carr.

BBC COMPATIBLE DRIVES
These are drives with TEAC FD50 mechanism
and are complete with power supply

01-452 1500 Tecu~omanic Ltp

BBC Micro Computer System
JFFICIAL DEALER BBC Model B £399

Please phone for availability (Cl:g(r::f_}gﬁg r)1it

Model A to Model B
upgrade kit £50
Fitting charge £15

Individual upgrades also

available SINGLE: 100K £190; 200K £260; 400K £340
TWEOLETDI‘EX’(;L é\g';(\PRBoNl'a ££31:5 DUAL: 200K £360; 400K £490; 800K £610
DRIVE CABLES: SINGLE £8 DUAL £12
O A ity DISC MANUAL & FORMATTING DISKETTE
7 WORD PROCESSOR ‘VIEW
- 16K ROM £52 £17.50

BUSINESS, EDUCATION AND FUN SOFTWARE IN STOCK—

Phone or send for our BBG leatlet

| BBC BOOKS (novaT)

Basic on BBC £5.95

30 House Basic £5.95

Programming the BBC Micro £6.50

BBC Micro An Expert Guide £6.95

Assy Lang Prog. for BBC £8.95

6502 Machine Codes for Beginners £6.95

CASSETTE RECORDER

BBC Compatible Cassette Recorder with
Counter and Remote Control

£26.50 + £1.50 carr.

Cassette Leads £3.50

Computer Grade Cassettes

£0.50 each. £4.50 for 10 + £1 carr

MONITORS

MICROVITEC 1431 14in Co,setlour Monitor £249+£8 carr
MICROVITEC 2031 20in Colour Monitor £319+£8 carr
KAGA 12in RGB Monitor £255+£8 carr

Lead for KAGA RGB £10

SANYO Hi Res Green Monitor £99+£6 carr

EPSON RX80 and FX80

RX 80 100CPS 80 col
Tractor Feed £298

PRINTERS
SEIKOSHA GP 100A

NEC PC8023BE - C -
100CPS, 80 cols
Logic Seeking, Bi-
directional,

80 cols 30 CPS

Full ASCIl and Graphics
10" wide paper

Now only £180 + £6 carr.
GP250A £235 +£8 carr.

Forward and Reverse
Line Feed,
Proportional Spacing,
Auto Underline,
Hi-Res and Block
Graphics, Greek Char.

Parallel Printer lead for BBC/Atom to most printers £13.50

FX80 160CPS 80 col
F & T Feed £430

MX100 F/T3 £425
(Carr./printer £8)

Full specifi-

Set.
Only £345 + £8 carr.

Variety of interfaces, ribbons in stock. cation on request

2,000 fan fold sheets 92"’ x 11" £13.50+£3 p&p

Microdoctor complete with
psu, printer probe cable
and two configuration

U AT B ELEE .D. CONNECT! CONNECTOR SYSTEMS
Noof Header Recep- Edge JUMPER LEADS R'BBON
This 280 micro controlled clock/calendar receives ways  Plug  tacle Conn Rl . AMPHENOL
coded time data from NPL Rugby. The clock never 10 S0p  85p  120p SRLLEI L CONNECTORS | CABLE
needs to be reset. The facilities include 8 indepen- %g :;gg :ggg ;2(5): 1end 1{‘;2;‘ 135"5’;," 2;4‘5;," 4:5‘5;"
dent alarms and for each alarm there is a choice of 34 200p  160p  320p 2ends 210p 230p 345p 540p 36-way plug Centronics Parallel {Grey/mster)
melody or alternatively these can be used for 40 220p 190p  340p .

- e h Solder £5.25 IDC £4.95 10-way 40p
e|ectr(|jcal switching. A separate timer allows L 50 235p  200p  390p 24" Ribbon Cable with Sockets 36-way socket Centronics Parallel 16-way 60p
recording of up to 240 lap times without interrupt- e 20-pin 26- 34-pin  40-pi y 20-way 85p
ing the count. Expansion facilities provided. D CONNECTORS 1end 163:‘ zog;:" 288;)" 3ngn Solder £5.50 IDC £5.20 26-way :ggp

See July/August ‘82 ETl for details. No. of ways, doxb  &D 8y Eh ED 24-way plug IEEE Solder £5 %:::; 160
Built and tested £145+£2 p&p. ol B & W Ribbon Cable with D. Conn DESTS 50-way 200p
"Sﬁtﬁég T T T 5T 25-way Male 500p ! Fem;le s50p 24-way socket |EEE Solder £5 64-way 280p
e Angled 1503 2103 zsog 355: _ !
FEMALE i
MICROTIMER Solder 105p 160p 200p 335p RS 232 JUMPERS EDGE
. . Angled 165p 215p 290p 440p (25-way D)
6502 Based P(ogrammable clock timer with Hoods 90p 85p 90p 100p 24" Single end Male ... £5.00 EURO CONNECTORS
“ 224 switching times/week cycle IDC 25-way plug 385p. Socket 450p | 24" Single end Female £5.26 - )
* 24-hour 7-day timer , TEXTOOL ZIF i fmoererse % | CONNECTORS )., " i
* 4 independent switch outputs directly SOCKETS 24-pin£5.75 | 24 Male-Female. ... £950 | DIN41617 Plug Skt | 2x22-way 190p Z“,:
interfacing to thyristor/triacs 28-pin £8.00 40 pin£975 - — ————— Ziway o g 4 2% 23-way 1 -
% 6digit 7 seg. display to indicate real time, ¥ DIL SWITCHES |  DILHEADERS SR P P | 2x25-way 25 20
ON/OFF and Reset times 4-way 70p 8-way 90p Soider Type IDC Type | 2x32waySt Pin  220p 278p | 2XZ8-way 1%0p -
“ Output to drive day of week switch and 6-way 85p 10-way 140p | 1dpin 40p 100p 2x32.wayAng Pin  275p  320p | |Xd3-way 260p
> 16pin 50p 110p x32-way St. Pin 260p  300p X 43-way P
status LEDs. | TEST CLIPS 24pin 100p 150p gx.’!?—way /sxng Pin  375p  350p fxﬁ.wa x
Fuli details on request. Price for kit £567 14-pin 275p - 16-pin€3 | 40pin 200p 225p | e cOm\‘l p e
SOFTY Il INTELLIGENT PROGRAMMER |
MICRODOCTOR £295 The complete microprocessor development system for Engineers and SPECIAL OFFER
Elgggmssts. You can develop progbrams, debug, verify and commit to 21140 80p
L . or use in host computer by using softy as a romulator. Power- 2716 (+5v) 250p
This is not a logic analyser or ful editing facilities permit bytes, blocks of bytes changed, deleted or l 2532 350p
an oscilloscope. It tests a | inserted and memory contents can be observed on ordinary TV. 4116-2 80p
microsystem and gives a | Accepts most +5v Eproms. 4164-2 450p
printed reprint on RAM, ROM Softy Il complete with PSU, TV Lead and Romulator lead £169 6116P 350p
and 1/0 it will print [ §
| T — = =
memory map, search for |
code, check dataiine shorts ’ R ‘ BOOKS
and operates peripherals. UV ERASERS WIRELESS DY L ]

CMOS Cook Book ...
CRT Controller H/Book.
Programming the Z80 .......
Z80 Microcomp Handbook

WORLD’
PROJECTS

UV1B up to 6 Eproms £47.50
UVIT with Timer £60

.

NEW COMPREHENSIVE CATALOGUE AVAILABLE | a2
PLEASE SEND FOR PRICE LIST \

boards %138 up to 14 Eproms Programming the 6502
UV141 with Timer £78 Semiconductors inc. | G307 288y, 1200
(Carr £2/craser) I.Cs., Transistors, | g2o5schuare Design
- —— Al erasers are fitted with | Displays, Connectors and | 502 Games............ i _£10.25
mains switches and safety in- | Sockets for most projects | Large selection of databooks, interfac-

are stocked by us ing books, books on BBC, etc in stock

l| Ask for our list. WW-12
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74L5273 60, 4032 ‘
::g I 2253 wsam -

7400 11p | 74251 45p | 74LS279 30p | 4034 . 6MHz UHF

7401 Mp 174259  100p | 74LS280 100p | 4035 45 £14 | LM391  150p |SN76660 120p 375p
7402 p | 74265 45p | 7415283 40p | 4036 ADC0808 990p | LM392N  60p |SN87489 400p (] 4 8MHz UHF
7403 12p | 74273 120p | 74LS290 45p | 4037 200p | LM393 ~ 100p |SN76495 400p £18 seLsz

7404 12p | 74276 90p | 7415293 40p | 4038 99p SPO256AL2 £12 CRT6545 900p | 9602 20p CRYSTALS
7405 15p | 74278  100p | 7415295 90p | 4039 AY3-1270 750p 36p TA7120  150p 990 S AR IR Il CRYSTALS |
7406 18p | 74279 40p | 7405297 900p | 4040 AY3-1350 350p £14 | CRT5037 £18 | ZN425E-8 350p 32.768KHz
7407 18p | 74283  S0p | 74LS298 90p | 4041 AY3.8910 350p 200p 2 EF9365  £36 ' 100p
7408 14p | 74288  160p | 74LS299 180p | 4042 5 90p | 6802 5| EF9366  £36 100KHz  250p
7409 14p | 74285  160p | 74LS321 150p | 4043 150p 280CTC MC6845  650p 200KH:  280p
7410 14p | 74290 75p | 74LS323 160p | 4044 P A 3 150p | 6809 65 0p | MC6B45SP £12 Freqin MHz
7411 16p | 74293 80p | 74LS324 150p | 4045 Op |TBAB41BX1 £4 | 68B09 £ ZBOADART MC6847  650p 0 290p
7412 14p | 74298 100p | 74LS348 90p | 4046 TBA! 700p | SFF96364 £8 1008 275,
7413 18p | 74351  150p | 74LS352 60p | 4047 TBA810 Z80ADMA ' £9 | TMS9918  £60 18432 2109
7414 18p | 74365A 30p | 74LS353 60p | 4048 P 300p 280810/1/2 €9 | TMS9927 200 225p
7416 18p | 74366A  30p | 74LS356 260p | 4049 [ MEMORIES JIUGERSS | 245760 210p
7417 18p | 74367A  30p | 74LS363 140p | 4050 200p TMS9929 25 250p
7420 4p | 7436BA  30p | 74LS364 1 4051 2101-4A 8 2662  250p
7421 18p | 74376 100p | 74LS365 27p | 4052 21023 120p | EIVTITINGR | FO1771  £20 | 5555 {5,
7422 74350  75p | 74LS366 27p | 4053 21078 500p FO1791 €22 | 3595 100p
7423 18p | 74393 90p | 7415367 27p | 4054 2111A  300p ICs FO1793  £23 | 3656 350
7425 18p | 72430  95p | 74LS368 27p | 4055 90p 2112-A - 300p FD1795  £28 | [p 150,
3z 1o 74L8373  55p| || 4046 TMS9995 £12 | 2114.2L 100p | P19y e2s | 499, 150
7427 18p 74LS374 55p | 4059 50p P 28 £24 | 2147 450p |A05586J 775p | FD2793  £42 | o 110p
7428 18p | 74LS00  11p | 74LS375 45p | 4060 280 250p | 4027-3  300p | ADS61J  £14 | FD2797  £42 | 4ine  os0h
7430 14p | 74LSO1  11p | 7415377 60p | 4063 200p 280A  320p { 4116-15 120p | AM25S10350p | WD1691 £15 | ,oln 520
7432 18p | 74LS02  11p | 741S378 60p | 4066 Z808 £9.] 411620  90p | AM25LS2521 WD2143 550p | ¢ gl
7433 22p | 74LS03  12p | 74LS390 45p | 4067 4118.3  450p £2 5068 c‘z’
7437 22p | 741504  12p | 7415393 45p | 4068 41642 400p | AM26LS31 60 150
7438 22p | 74LS05  12p | 74LS395 90p | 4069 SUPPO 45522 350p 125p RACTER PR S
7439 25p | 741508  12p | 7415399 160p | 4070 DA | 4816AP-3 270p | AM26LS32 GENERATORS JEEH 150p
7440 15p | 741809 12p | 7415445 100p | 4071 o o101 00 1259 7168 175
7441 §6p | 74510  12p | 7405490 200p | 4072 £2 | TLO71/81 2651 £12 | 5516 750p | D7002  420p | RO3-2513 8.00 175"
7442A 30p | 74LS11 13p | 74LS540 90p | 4073 TL072/82 3242 800p | 61163 420p | DACS0  £28 | UC 750 | g'ge 175
7443 70p { 74LS12  12p | 741S541 80p | 4075 3245 450p | 6116LP-3 560p | DM8131 275p | LC. 7¢0p | 1500 175:
7444 70p | 74LS13  15p | 74LS610 €19 | 4076 6520 280p | 6514-45 200p | DPB304 250P | DM86564 £12 | |'g 250p
7445 S0p | 74LS14  25p | 741S612 £19 | 4077 6522 350p | 6810 120p | DS3691 300p | MC66760 750p | 107 150
7446A  S50p | 74LS15  12p | 7405624 90p | 4078 6522A  550p | 745189 150p | DS8830 140p | SN745262AN | 4500 ,502
7447A 36p | 74LS20  12p | 74LS626 150p | 4081 6532 §50p | 745201 350p | pSB831 140p £10 | 13318 175
7448 45p | 74LS21  12p | 741S628 150p | 4082 CL8038 MC1496 7 6551 650p | 745289 150p | DSB832  250p 14756 250
7450 15p | 74LS22  12p | 7415629 90p | 4086 UA1003-3 935p | 6821 100p | 93416 600p | DSB833 2250 | FARLDLLDY | 1500 2000
7451 15p | 74L526  12p | 7415640 100p | 4089 5i UA2240 150p | 68B21 220p | 93425  600p | DS8836 150p 16.00 200"
7453 15p | 74LS27  13p | 7415641 100p | 4093 p | MC340 UAA170 170p | 6829  £12.50 | 93L422 950p | pSes3s 226p | [A[MeNId] 177 200"
7454 15p | 74LS28  14p | 7415643 100p | 4094 P ULN2003A 75p | 6840 375p LF13201  450p 1800 200p
7460 15p | 74LS30  12p ' 7415644 100p | 4095 MK50240 ULN2004 75p| 8B40  600p ROMs/ MC1488  55p | AY5-2376 700p | o, 150"
7470 30p | 74LS32  13p | 74US645 100p | 4096 MK50398 ULN2068 290p/| 6850 110p o MC1489  S6p | 74C922  500p | ooty 1509
7472 26p | 74US33  ap | 7413668 120p | 4097 ML920  800p |ULN2802 200p | 68850  220p PROMs MC3418 950p | 74C923N 500p | 19966 150p
7473 25p | 74LS37  14p | 741S669 120p | 4098 3 48p | MM57160 620p | ULN2804 150p | 6852 250p MC3446  250p | grywrryeram | 2400 e
7474 18p | 74LS38  15p | 7415670 140p | 4099 3 MN6221A 600p |UPC575 275p | 6854 700p | 745188 325p | \MC3480 850p | 5690 150
7475 22p | 74LS40  12p | 74LS678 550p | 4500 y p | NES: 40p | UPC592H 200p| 68854  800p | 745287  350p | pc3ase 500p | [YLILTA{eIIS | 27.145 o
7476 25p | 741542 30p | 741Ses2 4o0p | 4502 3 UPC1156H £3| 6875  570p | 745288 225p | \MC3487 300p s S8
7480 48p | 74LS47 36p | 74LS684 400p 4503 UPC1185H £5| 8154 950p | 745387 325p | MC4024 325p MC14411 700p 390 1759
el 1205 | 74348 48D | 7rSes7 400n | a2od MI0C 400p | 8185 350p | 745471 650 | MC40aa 325p | COMS116800p | 250 1258
e t5h | 7aLs51  14p el AB08 300p | 8156 350p | 745473 850p | MC1aa11 B76p | 47028 750p | 95 008
7483A  38p | 74LS54  14p 4508 8205 225p | 795474 650p | yCiaatz 750p | mapyver 3
7484A 80p | 74LS55  14p | 74500 30p | 4507 8212 110p | 745570 650p | 75707 90p )

7485 80p | 74LS63 120p | 74502 30p | 4508 8216 100p | 748571 650p | 75110/12 160 | Ay.3.1015P |

7486 18p | 74LS73  1Bp | 74504 30p | 4510 8224 110p | 745573  950p | 75114/15 160p 300p | |

7489 170p | 74LS74  18p | 74305 8op | 4511 8226 250y J 75121/22 140p | Ay.5.1013P

74%0A  20p | 74LS75  18p | 74508  e0p | 4512 48p 80p 8228 270p 75150P  120p 00p | MK3805 £TBA
7491 3p { 74LS76  17p | 74810 a0p | 4514 130p 8243 280p 75154 140p| cOMB017 300p| MM58174 700p
7492A  25p | 74LSB3  38p | 94317 50p | 4515 p 33 140p 8250 850p | 2532 350p { 75159 220p| \\46402 3€0p | MSM5832500p
7493A 24p | 74LS86  18p | 74520 40p | 4516 NES534P 110p p| 8251 250p | 2532-30 700p | 75365  150p| JRig02  300p

7494 35p | 74LS90  22p | 74822  s0p | 49518 NES534AP 120p 8253 390p | 2564 £6 | 75451/2  72p TELETEXT
7495A 35p | 74LS91 88p | 74530 40p 4520 PLLO2A  500p 8255 250p | 2708 300p 75453/4  72p 2IF SKTS DECODER
7496 36p | 74LS92 32p | 74532 70p 4521 90p 60p | RC4136  60p 7 8256 £36 | 2716(+5v} 75491/2  65p

7497 90p | 74LS93  22p | 74337 sop | 4522 S5668  225p p| 8257 400p 250p | BT26 120p | (TEX TOOL) SAAB020 600p
74100 80p | 74L595 74574  T5p | 4526 80 SAA1900 £18 8259  400p | 2732 350p | BT28  120p| 24pin  575p | SAA5030 700p
74104 50p | 74LS96_  S0p | 74585  asop | 4527 SAD1024A £9 8271 €36 | 2764-25 £11 | 8795/96 90pf 28pin  800p

74105 56p | 74LS107  20p | 74586 90p | 4528 SFF96364 800p £23( 8279 440p | TMS2716 £7 | BT97/98 90p| 40pin  976p |

74107 22p | 7418109 27p | 745112 s0p | 4532 SN76131 125p 850p

SN76477 4500

e 1200 | sNeer7 deto LOW PROFILE SOCKETS BY T| WIRE WRAP SOCKETS BY

» i i i i i |

3| VOLTAGE REGULATORS 130 105 20bin M ZBbin 20 | 1ahin 3 20pn 505 286m
FIXED PLASTIC 16 pin 11p  2Zpin 22p 40pin 30p 1160in 40p 22pin 65p 40 pin 100p

74116 50p | 74LS123 749133 60p | 4543
e |k s and | by g SR

4555 +ve ve T T
| s me e o 85 T B P TERT B eme mm[mm 8] mepuc
74121 25p | 74L5132  34p | 745188 195p | 4557 Y 7806 40p 7906 45p | RSN BFX82/5 TiPaac 120: et 430, | 0ses 4
74122 30p | 74LS133  25p | 745163  300p av 17808 40p 7308 45p TIPIBA 1200 | 2N3704/e 100 | 4087172 100p PLASTIC
74123 36p | 74LS136  28p | 745174 25 4556 12V 7812 40p 7912 45p|AD161/2 s 0 || il 4
74125 30p | 74LS138  27p | 745175 320p | 4568 15V 7815 40p 7915 4Sp Wied? Wl || et &b 34400V 60p
74126 30p | 745139 27p | 745194 320p | 4569 18V 7818 40p 7918 45p 4p | 2N TIP36C  150p | 2N3773  200p 6A 400V 70p
74128 36p [ 745145  70p | 743195 500p | 4572 30p | 20V 7824 40p 7924 45p|BC117  20p | BEYRO W B8 || Bes 9 6A 500V  88p
74132 30p | 74LS148  TBp | 748725 510p | 4583 20p | “5v 100mA 78L05 30p 79L05 45p|BC147/8  9p el W 20 [ass A8 8A 400V  75p
74136 28p | 745151 40p | 743247 300p | 4584 40p | 6v100mA 78L06 30p :8C1a9 - 10p | BEYOR TIPa2A  80h | IN3823 300 8A 500V P
74141 36p | 74LS153  40p | 7437244 300p | 4585 75p | 8V 100mA 78L08 30p BC157/8  10p | BFYS! 8 | Jibasc o | Nz (4 12A400V 85
74142 175p | 74LS154 80P | 745251 250p | 40014  40p | 12V 100mA 78L12 30p 79L12 50p(BC1ES ~ 11p P 3 12A 500V 105p

9
BSX19/20 24p | TIP54  180p
74143 200p | 74LS155 30p | 745257 250p | 40085 90p | 15V 100mA 78L15 30p 79L15 50p}BCI6IC  12p | SOAH 2oe0 | TIP120 79 | 3N3904 15

74144 200p | 74LS156  36p | 7457258 250p | 40097 45p BC172 12p TIP121 7 IN3%06 18
74145 74LS157 25 OTHER BC177/8 17p | BU10S  190p (4 P | T28000 130p
0p P | 745260  70p | 40102 140p REGULATORS BC179 18p | BUIOS  250p | TIP122 80p | 2N4037 s5p | BY127 12p

BU109 225p | TIP142  120p | 2N4056  65p | BYX36300 29p
74148 B0p | 74LS160  38p | 745262 8S0p | 40105 110 || Mok 1A v 140p 78P05  900p| SIS 190 | glyz6  1s0p | TIP147  120p | 2N4123/4 27p | OAY 3

{]
74150 50p | 74LS161  36p | 745373 400p | 40106 40P | M317KT03 250p 78HGKC BCI1EAR1D 0A90/91  9p| FETITY
P 600p BU180A 120 TIP2955  78p 2N4125/6 27p
741514 J6p | 7419162 380 | 745374 400p | 40109 100p /3177 100p 7BHOSKC 550p| BC212/3 110 | BU205 200p | TIP&0S5  70p | 2Naag1/3 25p | 0AS5 9p
74154 Sg" 745164 soh 40110 275p || M3:7T 225p 78GUIC  200p|gG71a ~  12p | BU208  200p | T1S93 30p | 2N4a27  80p | OA200 9p| 3A 400V 100p
Joge e |sastes sop TN i01S: %0 |LM3:3K3A5v4B0p T9GUIC  225p|gCp37  qsp | BUOG  148p | VNIOKM 50p | aNag71  s0p | 4202 10p BAS00V 140p
pa1se | 4ER B 40174 50p [[macoT 350p 79HGKC  700p| peapy  1ap | BUXBO 600p | VNGSAF S0p | 2Ns087  27p | IN914 4p| 12500V 160p
74187 P | 7aLs168 35" 74C244 180p | 40175 75p |LM723N 30p ICL 7660 200p| gca37 160 | BUYGSC 350p | VNBBAF  £1 | INS0)  27p 1N916 p| 16A 100V 180p
30p P | 74C245 180p | 40193 75p Tiq94 300p LM305AH 250p( pc33s  18p | E310 50p | ZTX108  12p | 2N5172  27p | IN@148  4p| 16A400V 180p
74159 75p | 74LS169  BSp | 740373 160p | 40244  160p |7 497 £378H12  600p| gCas1 2e0 | MJs02  4oop | ZTX300 13p | 2N5191  80p | INA001/2 Sp| CI06D  45p
74160 40p | 74LS170 0P | 740374 160p | 40245 180p 7gsap 225p SG3524  300p P | MJ2501 225p | ZTX452 4Bp | 2N5245  40p | |N4003/4  6p| MCR101  36p
74161 40p | 74L5173  55p 40257  160p BC477/8  30p | M2 “Gon | ZTX500 15 | 2NS401  6op | IN40OS 6p| TiCaa 27p
e b | dil G 40373 160p | IECACICIGELENTCINN 552167 40° | V2000 J200 | ZTx602  ep | ONsabe  30p | INAQOS/  To| 2N3SZ5 130p
3 el S 40374 160 Co478  14p B 1N5404/5 14p| 2N4444  180p
74164 45p | 74LS181 90 4000 10p P | 2Ns777 40P TIL32 55p [ gCe48C  12p | MJ4502 400p | 2TX504  18p | 2N5460  60p / P
Jags  seb | Jarsies 1200 0p | 1405 Joob|OCP7TI 1800 TS 55p | gCaasC  16p | MJE380  60p | ZTXS52  55p | NS85  36p | [NNS04/7 125 | 2Ns050 300
74166 2 | 7ais1%0 36 12p | 19300 00| ORP12  120p TIL31A 120p |pcaszp  vap | MJE2955 100p | ZTX652  B0p | 2NS875 250p | 15920 9| 2N5061  00p
74167  150p | 74LS191 up 50p 4593 290p | oppso  120p  TILBY 900 | BCs59C  16p | MJE30SS 709 | 2TX752  70p | 2N6027  30p
74170 uop 7415192 3sp 14p ORP31  120p  TIL100  75P |gCY70 18p | MPF102  40p | 2N697 25p | 2N6052 300p
250p | 75193 36p 36p BCY71  22p | MPF103/4 30p | 2N698  45p | 2N6053  325p
TN e lladis ¥ 240 | 7acozs  £a 5131 7eb| MPEi0S  30p | 2N706A 30p | 2NE07  65p
74174 55p | 74LS195  35p 24p | 74C926 £5 | ILD:4 130p  TIL1M1 70p |BD132 gop | MPSAOE  30p | 2N708 30p | 2N6247 190p MOUNTING

Yip | 74C928  £6| MCT26  100p TIL112 77 |pD135/6 40p | MPSA12 50p | 2N918  45p | 2N6254 130p
WA, el w0 BET B A BN 8 e
ZN1040 670, 3020 L6 70 p
§2§ Pl Qs 10p "t ° 33}33 3;’ MPSAd2 50p | 2N1613 ;gp 2581307 JLIIN RECTIFIERS go'ps%%/x
2N171) o | 25C1957 90p oi
ENDI57 120 2102 70p | 25C1969 180p | 1A 50V 19| 2avDC ' y60p
0.125" FNDS00 P 2N2160  350p | 25C2028 80p | 14 100V 200 | Gori2voC
away | 90p |TIL203Red 10p  KArisado 200 IN2219A 25p | 25C2029 200p | )A 400V 250 | CoilDPDT 5A
Bway 120p | T2’ 1Gr  12p  MANSS10 2508
&way £105p | TIL2'2Yel 15p

RELAYS

2N2222A  25p | 25C2078 160p | [A 600V 30p | 24y pC
2N2369A 17p | 25C2335 200p | 2A SOV 30p | 240v AC 200p

484 2A 100V 35p 12V D
W% "h| o2 S e SN36%6 pridl A T RN B &on oon
i . 3 3
TIL220Red 10P Ti1312/3 110p 2N2904/5 25p | 3N140  120p 24v DC

v
. op | 3A 600V 72
Mostitems | TIL222Gr  12p  T)321/3 1309 2N2906A ;gp 3N141 110p D | 240VAC 225p

despatched by ;lLZtIB Ye|l 15p
ectanguiar 200
return of post LEDSRGY) 00 procrod, 225;
A skitorous [ DRIVERS |
detailed DL7C4
ice list M0p 9368 250p
pr DL7C7 Red 1400 3370 3000 |BFR96 TIPA3A

40p-| 74LS259  55p
74LS261 138p
74L5260 20p
74LS266

TECHNOMATI SE ADD 4 php k0l

AIL ORDERS TO: 17 BURNLEY D, LONDON NW10 1IED Orders from Government Depts. & Colleges etc: welcome.

6A 400V 1202

2N3442 140p | 40408  100p | JOA 400V 200p
2N3553 240p | 40410  100p | 25A 400V 400D

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 = Detailed Price List on request.
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) Stock items are normally by return of post.

305 EDGWARE ROAD, LONDON W2
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MULTIMONITOR
THE ONE INSTRUMENT!

THERMOCOUPLE
MONITOR
THERMOCOUPLE ey
SIMULATOR

HANNEL FUNCTION

STRAIN GAUGE
MONITOR

MULTIMONITOR

VOLTMETER
=4 VOLTAGE
CALIBRATOR
Iﬂw’l [—t L~J
j MILLIVOLT
SOURCE

11 INPUTS — 3 OUTPUTS

Auto zero

Auto range

Thermocouple

Linearisation for all common types

Strain calculation

Automatic recalibration

Battery backup memory for vital functions

CIL

electromics /rd

|
worios DECOY ROAD,

'Z’lilf'&“”)—o WORTHING, SUSSEX
Tel: (0903) 200673

By combining the power of a Z80 microproces-
sor, and sophisticated analogue circuitry, the
MULTIMONITOR gives you all these features,
making it the most effective test instrument yet.
As well as the 42 Digit Local Display the Multi-
monitor carries

1 N
< IEEE - 488 >
N— o B /

-

AND RS232 AS STANDARD
- -

WW — 074 FOR FURTHER DETAILS

ScheTronics Limited

Repair and calibration of test equipment

SPACE SALE — WE NEED THE SPACE — DO YOU NEED THE
EQUIPMENT?

Siemens 17MHz Osc/Det. ..o pair 175.00
Siemens 1.6MHz Level Osc. Rel 3W231/233/234 as new
Siemens 1.2MHz Osc/Det. ..o
Siemens Leve! Difference Meter D2003.........
Siemens 100MHz Return Loss Bridge R273.................... 700.00
Siemens Pegamat System 1.6MHz sweep/lock facility
....................................................................................... 1,000.00
Siemens Pegamat Separate Units e.g D2010/S2010/B2004
andothers. ... No reasonable offer refused
Hatfield Level Meter 1001 30Hz-30KHz................o 120.00
Hatfield Psophometer
STC 0.16KHz Selective Level Meter......
STC Psophometer {Telephone) ... 75.00
STC Sweep Set + Recorder ........

STC White Noise Generator........ccocooeieiiiiiiiiiicieieiie 50.00
STC Attenuator 800 Ohm ... 70.00
Advance 15MHz Counter Timer TC12 ..o 75.00
AVANCE T 30.00

AGVANCE J2. oo e 40.00
Dynamco Digital Voltmeter.........
Marconi Transmission Measuring Set MF.....
Marconi Valve Voltmeter TF2600 ................ .
Sullivan Inductance Bridge ............ccccciiii 40.00
Anritsu Attenuator 500MHz ... :

W & G EPM1 Milliwatt Test Set 300MHz ..
W & G 1350KHz Osc/Det ..
W & G 14MHz Osc/Det ............. -
JJ Lloyd Wheatstone Bridge.............cccooii 40.00
KiEenzle Printer oot 60.00

ALLPRICES PLUS V.A.T. & CARRIAGE
Unit 10, Dunstall Estate, Crabtree Manorway
Belvedere, Kent DA17 6AW
Telephone: 01-311 9657

PICOTUTOR & Iieyase

ASSEMBLY LANGUAGE TRAINER
The ideal way to learn machine
language and become acquainied
with the new “’single chip” control
oriented microprocessors. 1.8K of |
EPROM, 20 I/0O lines, 112 bytes of
RAM and a timer all in a single 28-
pin I.C. As featured in this, and
subsequent issues of

COMPLETE KIT £39.87
68705 DATA £1.95

COST EFFECTIVE
ELECTRONIC
IGNITION

Complet kit for this efficient C.D.
system featured in March ‘82 WW.
Includes: Case, improved PCB,
ferrite transformer core, winding
| wire, all components, hardware
and instructions.

P&P
£1 4.92 45p
ANALOGUE INTERFACE

COMPLETE KIT £9.39 All prices include VAT. A
1GWAY LEAD £2.35 extra J P&PpMaII Order only. ekl 62

MAGENTA ELECTRONICS LIMITED (W18)

135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST, 0283 65435

WW-072 FOR FURTHER DETAILS

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

BROADFIELDS & MAYCO DISPOSALS

21 Lodge Lane, N. Finchley, London N.12. 5 mins. from Tally Ho corner

Telephone 445 2713/0749

90
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Sowter
Transtormers

With 40 years" expetience in the design and manufacture of several hundred
thousand transformers we can supply:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOUNAMEIT! = WE MAKEIT!
OUR RANGE INCLUDES

M:crophone transformers (all types), Microphone Splitter/Combiner transfor-
mars. Input and Output transformers, Direct Injection transformers for Guitars,
Multi-Secondary output transformers, Brldging transformers, Line transformers,
Lime transformers to G.P.O. lsolating Test Specification, Tapped impedance

matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transtormers (all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimental transformers, Ultra low frequency transformers,

URtra linear and other transformers for Transistor and Valve Amplifiers up to 500
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line.transformers (from a few watts up to 1,000 watts), 100 volt line
transformers to speakers, Speaker matching transformers (all powersj, Column
Lcudspeaker transformers up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR
, P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE
OF SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard
types are in stock and normal dispatch times are short and sensible.
QUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, Hi-FI ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc.
Send for our questionnaire which, when completed, enables us to post quota-
*tions by return.

E. A. Sowter Ltd.

Manufacturers and Designers
E. A.SOWTERLYD. (Established 1941) : Reg. No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk
P.O. Box 36, Ipswich, IP1 2EL, England
Phone: 0473 52794 and 0473 219390

Telex 987703G Sowter

WW - 015 FOR FURTHER DETAILS

.T.T. 2020 CABINET

Complete PROFESSIONAL Case
Bea tifully constructad with cut eut
or ane ‘CHERRY' keyboard, plus
amp:e room to house a COMPLETE
YSTEM, and power supply.
mplete with fttings. (Casa top

gg"

a:shable). Unitls silver-gray In
lour. Robust construction. Sloping
-ont with slde ventilation. Ideal for
ASCOM. ACORN. TANGERINE or

ur awn ‘y‘mm.
7618 x 155" x 4" B2 7D finc. vaT)
ont slopes] UK C/P £2.50

\’"! -"g

o«

Coiour. sound and a typewriter lyps keyboard for under £160.
A truly expandable microcomputer system with a wide
range of sducational and games software.

o Taxas T199-44 Microcomputer 16K £159.95 (nc VAT|
‘CHERBY,ADD'ON * Voice Synthesiser Unit £ 49.95 (nc VAT)
KEYPAD © Pecipheral Expansion Unit £149.95 (inc VAT)

© Disk Drive £319.95 (e VAT)
Lﬁﬂ:ﬁ;!g,ﬁ"ﬂ?{; léme:;’ o Disk Control board (for above) £189.95 (hc vAT)

ieyboard .
Sor ad brand row withasta | MICRO STOCKISTS
4 4x 4 non-encoded single BBC - DRAGON - SHARP - SPECTRUM

mode oyboard TEXAS -ORIC - MICROPROFESSOR - ZX81
' £5.95 jinc. v.AT} | Nascom and Gemini Products. Mso stocted range

UK C/P Free of monltors, printers disc systems to sult most purposss.

CROER BY PHONE ORCALL IN AND SEE FOR YOURSELF

: - D —
Computer T VISA
Henrys S N
Ovdwr by Posl with CHEQUES/ ACCESR/ VISA
484/406 Edgware Road, e e rea) Crinls
Lendon, W2 1ED Tel: 01-402 6822

F

Al orders despatches within $ days unisss sdvised

OPEN 6 DAYS A WEEK

Marconi
Type R1020

Hinged Antenna
Column.

Easy to raise
Easy to lower

Immensely strong, corrosion
resistant MATHWEB* g rp.column
in a rugged steel tabernacle

* Lightweight, easy to install, and can
be safely lowered by one man

sk Can support a number of VHF/UHF
antennas

* Column supplied in range of colours
including ICAQ orange/white, and
requires no painting or maintenance

* Available in heights from 11 to
19.5 metres

| TR

OTHER MARCONI SUPPORT STRUCTURES
Include the MATHWEB=* Lattice Antenna Mast Type
R1010, and the Triangular Section Tubular Steel Self
Supporting Tower Type R1060.

For more information talk to Chris Pettitt, Marketing
Communication Systems
Antenna Systems Division

Manager, Antenna Systems Division.
* MATHWEB is a registered trademark of the BP Group
. Y (3
rconi arcond

Marconi Communication Systems Limited,
Lane Works, Waterhouse Lane, Chelmsford CM1 2QX, England
Tel: 0245 67111 Telex: 99201

AGEC-Marconi Electronics Company

WW — 036 FOR FURTHER DETAILS
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Personal computers
Home computing
Small business systems

Sponsoredw&%lgaﬂd

EARLS COURT
16-1I9JUNE1983

Thursday: 1.00 pm-6.00 pm
,, Friday & Saturday: 10.00 am-6.00 pm
/, Sunday 10.00 am-5.00 pm

o,

HEEEm R BEuE )

:44--:_-_ /;_ , A\

S \

- — sl

AdmissionPrices
Adults: Childrenunder 16 £200
£3.00 and OAPs: :

ee copies of Practical Computing and Your Computer
for reduced price voucher.

Advance Party Bookings
For groups of 20 people or more:
Adults: £2.00 Children: £1.00
(plus one free ticket per 20 sold for the
organiser or teacher)

Super Savings from British Rail °
allinclusive tickets available from:
The Travel Centre Kings Cross Station London NW19AP
Tel: 01-278 2477

Furtherinformationfrom:
The Exhibition Manager, The Computer Fair ‘83
Reed Exhibitions, Surrey House
Throwley Way, Sutton, Surrey SM14QQ
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% EX-STOCK TRANSFORMERS s OTHER FROICTS
by return
MAINS ISOLATORS 130 VPLTunmAygEszax;SYu‘ﬁcz : SCREENED MINIATURES Pn 240V CASING SERVICE AVO & MEGGERS
b 2 Sec volts available 1
PRn‘l;-.lZﬂ, %ﬁm.t:;;ryccrnsvnp&', e b lHSV 238 200 3:;30 3'" %0 We can now case all gm;asnmesq Model £122.10 »
07k 20 582 160 Ref. 30v _ 15v P&P | 212 1A,1A 06,06 345 120 | PP°R . transformers 73 Portable Size) csaso Ll
149 60 949 180|112 05 1 319 120 13 100 909 259 g | listed in sturdy grey | mmsMinor a6 | X
150 100 11.08 200 79 1 2 432 1.40 | o35 330,330 0-9,0-9 241 metal ventilated boxes DA211LCD Digjtal zsa 50
181 200 1569 225 3 2, 4 699 160|%; 550500 0-89,0-8-9 338 120 | (with mounting flange) |  DA21z(CDDgtal £8190 | =
0o 152 250 18.97 i 20 3A 6 810 185 ¢ 8.9’ 0.8. : for safety and protec- DAT16LCO Digital £131.30 | &
I 2.64 - 851208 1A,1A  0-8-9.0-8-9 427 1.40 DA117 Autorange LCD
W 153 350 2347 270| 2! 4 M 8 967 190535 200,200 0-15,0-15 241 g0 | Hon Cablein and out. 15700 | >
154 500 292 i 51 5 p 10 1195 200 1 .02 i i USA 3 pin or 13 amp Megger 70143 500V £101.50
™~ 23 295 . P - 00 1239 BOMA  12-0-12 311 .90 f P 99 I
o 155 750 4128 370 117 6 12 1352 2.02 214 300,300 0-20,0-20 339 120 sockets !fo order, phone Megger Battery BM7 £11.60
Ol 186 1000 5300 4go| 88 8 $16 1810 226 |7 700(DC) 20-12-0-12:20 413 1.20 | O Writeforquotes P&P£1.60 + VAT 15% ]
e :g; ; 838 gg; 4.70 gg :g gg 23-% 26: 206 1A,1A  0-15-20, 0-15-50 5.60 1.60 —— — 1 8
E 5.10 & 203 500,500 0-15-27,0-15-27 4.83 1.50 INDUSTRIAL STAN
) 159 3000 11535 oA | 91 15 30 2660 300,704 1A 1A 0-1527,0-15-27 730 1.60 |- S UEEIR -
s ) 92 20 40 3564 4.83 v = 15vA to 4kVA, made to order. Send or phone specification for
|18 000 20365 OA .00 one speci
] 115 or 240v sec oniy. State volts >y AUTO TRANSFORMERS gcur(:;t::é Vacuum varnish impregnated. Split primaries, copper Q
s required. Pri 0-220-240V. 60 VQk];gIAZNGE Voltages available 105, 115, 190, 200, 210, 220, g
12 or 24- @ &3 230, 240, For step up or step down. BUDGET METER
| '2x12v wuang}lllnzﬁ)Nz?os g"g% ‘;gpfg fg’-‘;o"g';':%“"‘b" Ref. VA (Watts) Taps € pap | Sensitvity 20000/V. voltage to 1000v AC/DC. Resistance 0-200K | 2
o 48, 60V, or 24V-0-24V or 30V-0-30V with inst batt 5K{} Centre Scaie. DC current to 100ma. SlzeI o
hrd Ref. 12v 24v £ P&P 113 15 0-10-115-210-240V 2.39 1.20| 95x65x30mm. Complete with leads. battery and instructions,
73 g?g Q_? 1gosmA g:; . gg l]i;z 6:; 30\11 ‘£7° 7%5 6: 1% 8_18_”5_210_240\1 4.84 1.40| smallenough toslip in a pocket. £6.04 + 80p p&p + VAT 15%. 9
/ I I . 0. - : -10-115-200-220-240V  6.48 1.60 N
21 7 2 10 425 120 gg ; i 715 1501 67 500 0-10-115-200-220-240V  13.30 2.24 | ANTEX SOLDERING IRONS 15W CCN240 or C250 £5. Safetv stand | &5
18 4A 20 491 160 a2 A p 1310 1.80 | 84 1000 0-10-115-200-220-240V 2270 2.80 | £1.7525W X25 £5.30. 12V 25W car solderina iron kit £5.30 P&P 500 i
85 5M 25 678 150 E M -31 202 ) 93 1500 0-10-115-200-220-240V  28.17 OA | + VAT 15% 7
b=| 0 &p 30 18 140 e s B8 a9 % 2000 0-10-115-200-220-240V  42.14 OA |— — ————
40 888 1. - - 0-10-116-200-220-240V 7164 OA | Precision De-S f
8 72 108 50 98 180 }g? g S }é §;-;§ 2(-)6: 80 4000 0-10-115-200-220-240V  93.01 OA L;c:'cos".zsf P&%‘da%rpium;. ?é;??&?:".%ﬁéﬁ',?% l
2 16 12 60 toss 190|121 7 16 M2 04| 67 5000 010115200220240V 10830 OA vat A
115 20 i i aq [ 18912 24 4122  OA {400/440V ISOLATOR : S = . —
AR W00t 00 2a0y | sumctan | Velwer, Mostindustiel ecenng cenamiting valves|
226 60 300 44.45 0A CASED AUTOS VA Ref. £ P&P ALARM o1 Y g gnetrons an ystrons.
t 240V cable input USA 115V outlets | 60 243 950 1.80 A o = ——=M
50 VOLT RANGE 2x2sv VA  Prico P&P Ref | 100 244 1108 2.00 speaker. No instale PANEL METERS [
© | tapped secs. Voplts available 5, 7, 8, 10, 20 £ 125 56W 200 245 1568 225 tion cost. £99. 43x43 mm ...£6.70 0.50pA, 0.500uA, 0.TmA + VAT |
7o) || Ty RPEp EEHER D O AT 2 & 250 246 1897 2.40 VAT s | 82x78 mm ..£7.37 0.30V, 100nA. 100mA, 1A, 5A, (7))
- ‘;d 5ov 250 - oap 123 c% ::g i G:W (350 247 2347 270 | @ Powerful lectric| 10A,15V, 100V available + VAT vt
B2 05 1 413 140 | 250 £473 160 eaw | o00 288 2923 295 | gexiandentry MAINS BATTERY ELIMINATORS |
g 103 1 2p 503 140 | 500 £2214 224 &w 3000 20 WETSD GO0 | jdeleve Ready 1o plug into 13A socket. 3, 45V, 6, 7.5V, 9, 12V |
104 2 4, 869 184 ;% £€33.74 égo ggw 3000 253 11537 OA | DC @ 300mA £5.10 + £1.20 P&P + VAT 15%. 3
Ollee 7 spup 13000 mea Jsooo__254 22875 OA|" " NVERTERS VoW METAL OXIDE RESISTORS £1100 | &
107 6 12 ¢ 1801 1.84 | SOLDERING IRONS nstant Voltage Transformers 12- or 24-voltd.c. input: | Special Offer TR4 5% Electrosil (100s only). 4761 - 751 .
18 8 16 ° 2452 270 o8 for spike-free stable mains supplies 240v PUL: | 38001 - 3600 - 39012 - 43001 - 47001 5100 - 5600 - 82002 - 1K | |
119 10 20 ‘23 OA O BS Sp 120VA £131.12 1kVA 336.40 - a.c. output 1K2 - 1K3 - 1K6 - 1K8 - 2K - 2K4 -3K - 16K - 20K - 22K - 24K -
30. 240V £1.75. Also 12V | 250vA £157. 36 2kVA 534 50 100W £49.50 27K - 47K - 82K - 100K - 110K -120K - 130K - 180K - 220K - | U
109 12 24 38.18 OA | £190 + 30p P&P + 500VA £219.91 5kVA £1587.00 gggwggg 270K - 300K. P&P 30p + VAT | (1)
EDUCATIONAL METERS. 75x78mm  free- } VAT 15%. + Q ’ -00 R arel T A
standing finger screw connection. i) 0-10A; ii) 0-1 BRIDGE RECTIFIERCS"::P;: \\::;r,s% TkW £240.40 (24V input) Bar"e EleCtronlcs 3
30V:iil) 0-2A 75 78mm £4.50+66p p&p+VAT 15% | 200v 24 B Continuous rating 3TH&T&";&%’&%&?&Q?&gff,’g‘B" a
400v  2A 55 400v M 85 i =
Speclal'S‘fgrag::g;m%mgglfr“g services 100w 25A+ £2.10 a0y sA  evap | T ATAge ?‘5%"“‘ Ml NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST.
P! L 100v _35A  £2.60 500v  12A  £2.85 WW-6
g OVERSEAS ENQUIRIES WELCOMED Prices orrct t e of '
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” MARCONI FM/AM SIGNAL GENERATOR TF10666/1. 10-
470MHZ. Int & Ext _£250

18 MARCONI CARRIER DEVIATION METER TF7910. 4
£95

1024MHZ
19 MARCON| SIGNAL GENERATOR TFBD}D
10-470MHZ .
20 MARCON| VACUUM TUBE VOLTMETER TF1041B. m
21 MARCONI VACUUM TUBE VOLTMETER TF1041C. .. €25
22 MARCON! DISTORTION FACTOR METER TF142F 100-
£15

9 MONITOR in attractive case, non-standard input
with info, £25.

Matching ASC 11 coded QUERTY KEYBOARD with
Numenc Keypad and 27 function keys; €25 esch
P&P £5. THE PAIR £40

12in. MONITOR, cased, non standard input, with info,
£20 each.

With matching ASC 11 coded QUERTY KEYBDARD
with Numeric Keypad and 24 function keys; £35 the

.

PJ\;IER UNIT, 240v input; outputs x5v/15a;
-24v/) Sa; —24v/3a; £10 each.

INSTRUMENT CASE, standard 19in. width X 16in.
deep X 10in. high; £5 each.

FLOPPY DISK DRIVE 8in. by MEMOREX with controi
electronics; £75 sech P&P £5.

TW0 MEMOREX 8in. FLOPPY DISK DRIVES cased by

800CHZ . -1
23 MARCON| SENSITIVE VALVE VOLTMETER TF2600 10HZ
10MHZ. 1mV-300 Volts £

u ADVANCE FM/AM  SIGNAL GENERATDR SG63f. 4-
£1

2% ADVANCE FMWAM SIGNAL GENERATOR SGE3A 75-
£

75
26ADVANCE SIGNAL GENERATOR type 62 150KHZ-
£30

220MHZ CW/M
INCOTERMvithld WelclactionceifslwaylCannon 27 ADVANGE DUAL STABILIZED DE SUPPLY type P30
input/output socket. 240v oparation; £150. 30V: 0-1A twice. Meterad. £50
CE[’)“T{S{]‘J:“ SATNIE G ) i S, B 28 ADVANCE SIGNAL GENERATOR RF type E2. 100KHZ-
HARD DISK DRIVES by OATA RECDROING. Series 3. (oaMHz CWilod) £

Front load: £125 e
TEKTRONIX STURAGE DISPLAY UNIT type 611
Screen size 812in. x 6)/2in: £485.
TEKTRONIX HARD COPY UNIT type 4610-1, can be
uased with 4010 senes computer display terminats;
75

29 HEWLETT PACKARD 4318 POWER METER with head
type 84788 1OMHZ-18GHZ. £250
30 H.P. CALIBRATOR type BATTA for use with Power Ms(svs

31 H.PPULSE GENERATOR type 8001A. 100HZ-200KHZ BS
32 HP. 5210A FREQUENCY METER/FM DISCRIMINATOR
| 3HZ-10MHZ

33 H.P VHF SIGNAL GENERATOR type SOBC

Ly X ¥ X B N N & B R B
ry ¥ X KN N N B B 3N J
_ﬂ---_--..,-

Highly recommended for its versatility and reliability, this latest Nascom micropro-
cessor can be the foundation of a superb professionally styled system of excitingly
and of course, Electrovalue are accredited

useful applications and development . . .
Nascom suppliers, ready to deliver your Nascom 3 {and ancillaries) NOW!

Nascom 3 Microprocessor £549 + V.AT.
{to drive monitor or TV set)

Monitor for above £120 + VAT.
Nascom Dual Disc Drive SS/DD £685 + VAT,
(takes standard 5%a’')

Nascom High Capacity Dual Drive £949 + VAT

Nascom 2 in kit form inc. keyboard but less power supply case and
RAM. Always available. £225 + VAT,

DID YOU KNOW that for almost 20 years Electrovalue have been foremost suppliers
of components, etc, costing from pennies to hundreds of pounds? So why not send

for our latest price list and see why it pays to buy from us.

ELECTROVALUELTD.

Item No.

1 TEKTRONIX OSCILLUSCUPE rype T935A Dual Trace
35MHZ. Detay Swee,

2 TEKTRONIX TURAgE USCILLUSCUPE type 543 Dual
Trace 30MHZ. Dual time base £400

3 HEWLETT PACKARD OSCILLOSCOPE 1404 with 1425A
Sampling TB & Delay Gen & 1410
Sampling Vertcal Amp. DC-1GHZ ﬁ7§

4 COSSOR DSCILLOSCOPE CUUHD Dual Trace 20MHZ

5 TEKTRONIX USCILLUSCUPE 5854 with 82 Plug-in. Dusl
Trace BSMHZ Dua
6 TEKTRONIX USCILLUSCUPE 5454 with CA Plug-in Uual
Trace 24dMHZ Duat T8
7 SOlARTRON OSCILLOSCOPE type CD1400 Dual Tmce
£75

8 B & K AUDIU FREQUENCY SPECTROMETER type 2113
As . £950

8B & K ELECTRONIC VOLTMETER (ype 2409
2HZ-200KHZ
10 MARCONIRF POWER METER TF1020A/1.50 Ohm Eﬁ
11 MARCONI R.F. POWER METER TF1152 ranga 50 Ohm
m

12 MARCONY POWER METER type TFE93A

13 MARCONI FM/AM SIGNAL GENERATOR TFI95A/73S 1 &
220MHZ. AM/FM Mod f160

14 MARCONI FM/AM SIGNAL GENERATOR TF995A/2M. 15
220MHZ. AM/FM Mad

15 MARCONI FM/AM SIGNAL GENERATOR TFI95A/5. 1. 5
220MHZ. AM/FM Mod . .

Stockists of NEW SCOPEX AND SAFGAN OSCILLO-
SCOPES. Also many other ITEMS OF TEST EQUIP-
MENT AND COMPONENTS In stock. For further de-
tads contact OWAYNE STEWART.

10-480 MHZ
34 H.P CALORIMETRIC POWER METER Modet 434A .. £'7§
35 BODNTON FM-AM SIGNAL GENERATOR type 202H. 58-
leMHZ wnm 207H UNIVERTOR to extend range from
100KH; £250
36 RACAUAIRMEC FM-AM MDDULATION METER type 408
MH. £250

15001

37 AIRMEC WAVE ANALYSER type 248

5-300 £75

e METRIC WOBBULATOR type
220M

39 PHILIPS WOBBULATOR type 2877S 5-220 MHZ & 440-
MHZ.

210

£50
40 TELUNIC SWEEP GENERATUR type SD3M. 440- 920MHZ

with variable marker. £50
41 STANUARD tF GENERATUR with 12 Fixed IFs {for TV

ng)
a2 KAY SWEEP & MARKER GENERATOR type 1500C. 20HZ-
£1

25
43S|GN ELECTRUNICS DISTDRTIDN FACTOR METER
DOM344A, 100HZ-10KHZ. 0. £100

44 WAYNE KERR UNIVERSAL BRIDGE WEEIe
0

45 WAYNE KERR UNIVERSAL BRIDGE B221 with LOW M-
PEDANCE ADAPTOR Q22 £95
46 WAYNE KERR UNIVERSAL BRIDGE CT530 {B221} with
LOW IMPEDANCE ADAPTOR Q221A Late style ... £125
47 DATA PULSE GENERATUR type 110 Single
double pulse 4HZ-40MHZ .
KSM PULSE GENERATOR type Ti&/S. 150HZ- 15MHZ
Single/double pulse
EQUIPMENT IN WORKING ORDER
Please check availability betore ordering. Carnage ali units,
£7. VAT to be added to total of Goods and Carnage. SAE
tor LISTS

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
o Telephone: 0734 68041

WS ;jcrs welcome 9a.m. to 5.30 p.m. Monday to Saturday inclusive
WW - 041 FOR FURTHER DETAILS

Head Office, Mail Order and Shop: 28A St Judes Road, Engloﬁeld Green, Egham,
Surrey TW20 OHB. Egham {STD 0784: London 87) 33603: Telex 264475. North —
gg;?))nal shoppers only. 680 Burnage Lane, Burnage, Manchester M19 1NA (061-432

"EVC;)mputing Shop, 700 Burnage Lane, Manchester (061-431 4866).

N
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) ) A - AR TA7108P 1.00 TBAB41BX1 TDA2532 1.95
SMC/CCJ1 Dipole Centre Junction, high | @ INTEGRATED CIRCUITS | 1&nzoe 165 I coneey 390 | TOAZMO 128
; it ‘ d 175 TDA2541 2.15
strain capability (600 KGs) power rating up AN124_ 250 | MCids106P | TA7186 295 | TBA720A 245 | TDA2560 215
tso 2KW P.E.P. Standard unit fitted with AN214Q 250 7.95 TA7203|= 2.95 TBA750Q 2.65 TDA2681 2.26
0239 sockets, other conn f : AN240P  2.80 MC1723 0550 TA7204P  2.15 TBABOO  0.89 TDA2530 2.95
39 sockets, other connectors available ANG12 215 MC3357 2.25 TA7205AP 1.50 TBABI0AS 1.35 TDA2591 2.95
AN7150  2.95 ML2318 175 TA7222AP 1.80 TBAB20Q 1.45 TDA2593 2.35
Bas2l 335 ML2328 175 ;:;g%g 4izs TBABIO  2.50 TDA2600 3.50
i ; ETT6016 1.7 ML2378  1.95 d TBA920 165 TDA2610 250
SMC/CCJ2 Lighter duty version of CCJ1 HAT366W 1.95 ML2388 420 | TAT313AP 295 | TBA920Q 165 | TDA2611A 185
moulded in carbon-loaded polypropylene, LA1230 115 ML920 _ 4.12 R}\%&AF 2% TBA950 235 TDA2640 2.60
supplied with all hardware, i LA4031P  2.70 MSM5807 6.75 0. TBAZ50/2X 2.35 TDA2690 1.35
BNpCpconnecto o Weite ?2%' n 50239 and (A4102  2.95 PLLOZA 575 | TAAS70 195 | TBAS90 149 | TDA3560 3.95
rs. vveig grammes. LA4400  4.15 SAA1025 7.25 TAA661B 1.20 TBA390Q 1.49 TDA3350 1.95
LA4422 250 SAAS000A 3.05 TAA700  1.70 TBA1441 2.15 UPC566H 2.95
LC71§0 aizs SAA5010 6.35 TANG30S| ‘3)'3451 TCA2700So 110 | UPC575C2 2.76
- » : LC7130  3.50 SAS560S 1.75 . TCA270SQ 1.0 UPC1001H 2:50
|SM((:1/P(} Strelnn insulator 82" OA in carbon- LC7131  6.50 SAS570S 1.75 TamzzosA o;g TCA650  2.50 UPC1025H 2.50
oade olypropelene i LC7137 550 SAS580  2.85 TBA120SA 0. TCABQ0 2.5 UPC1028H 1.95
rammesﬁ V|»|I1FL ?‘p. e vqr}/ light (80 LM324N  0.45 SLS01B 485 | TBA120SQ 070 | TCAS30S 140 | UPC1156M 2.75
g . ally indestructible. LM38ON  0.95 SL917B  6.65 TBA120T 1.05 TCA0 165 UPC1167C2
LM383T 296 S(1310 1.80 TBA120U 1.00 TDA440  2.20 1.15
(MasoN 195 SL1327 110 yg:gg; 125 TDA10044 2.20 UPC1181H 1.25
L . M51513L 2. 501327Q 1.10 d TDA1006A 2.50 UPC1182H 2.95
SMC/P2 Strain insulator as P1 but 31", M51515L 2.95 SN76003N 1.95 TBA39%6  0.75 TDA1010 2.15 UPC1185H 3.95
weight 20 grammes. MB3712_ 2.00 SN76013N 1.95 TBAG4ON 2.55 TDA1035 2.50 UPC1350C 2.95
MC1307P 1.00 SN76013ND TBA480Q 1.25 TDA1037 1.95 UPC2002H 1.5
M(C:1310P 150 195 TBASIO 250 TDAtT70 195 27K338  0.50
" . ! . MC1327 095 SN76023N 1.65 ] DA1170S 1.95 556 035
fSMC/AJL! rl]lght duty centre junction designed MC1327Q 0.95 SN76033N 1.65 TB:5200 :-:g TDA1190 215 556 0.42
or use with twin wir 1yt MC1330P 0.76 SN76110N 0.89 TBA520Q 1. TDA1270Q 3.9 723 050
e type feeders, 32" OA. MC1349P 120 | SN76131N130 | TBAS30 110 | TDA1327 170 | 741 035
MC1350P 0.95 SN762260N 155 TBAS30Q 1.10 TDA13528 1.43 747 050
mg:ggw 1.5g SN76227N 1.05 ¥3255380 :gg ¥Dﬁ;412 0.85 748 035
; ; 2P 1.2 SN76532N 1.40 . DA2002 1.95 4042 050
A complete range of porcelain and pyrex strain, MC1387 235 | SN76533N 165 | TBASS0Q 145 | TDA2020 245 | 7805  0.60
egg, and feedthrough insulators ex-stock. MC1358 158 SN76544N 1.65 TBAS60C 1.45 TDA2030 2.80
MC1495  3.00 SN76650N 1.15 TBAS60CQ 1.45 TDA2522 195
. . MC1496 1.25 SN76650N 0.80 TBAS570  1.00 TDA2523 1.95
SMC also stock a complete range of antenna wires, coaxial MC14011BCP | snzecceNo.70 | TBABMIATZ | TDAZEZE 138
cables, connectors and rigging accessories, stocked in com- - X TP A% : BF : B
f it T ¢ s BD159  0.65 362 038 | R20088 1.70
mercial quantities at competitive prices. Export enquiries SEMICONDUCTORS | Bows oss | oFies o3 | Rootos 170
welcome. . BD179  0.72 BF371 020 | R2322 058
AAY12 025 BC1738  0.10 l BD182  0.70 BF394 019 | R2323 086
AC126 0.2 BC178  0.09 BD201  0.83 BF422 032 | R2540 248
AC127 020 BC178A  0.09 BD202  0.65 BF457 032 | RCA16334 0.90
AC128 0.20 BC177 0.5 BD203  0.78 BFA58 028 | RCA16335 0.80
AC128K  0.32 BC178 0.5 BD204  0.70 BF459 036 | SKESF 146
AC141  0.28 BC182 0.0 BD222  0.48 BFS95 023 | TIP29 040
AC141K  0.34 BC1B2LB 0,10 BD223  0.48 BF597 028 | TIP29C  0.42
AC142K  0.30 BC183  0.10 BD225  0.48 BFR39 023 | TIP30C 043
AC176 022 BC183L  0.09 BC232 035 BFR40 023 | TIPAIC  0.42
'] AC176K  0.31 BC184LB 0.09 D233 0.35 BFR41 028 TIP32C 0.42
AC187  0.25 BC204  0.10 BD234  0.35 BFR8S 030 | TIP33B 075
RUMBRIDGE ST., TOTTON Telex: 477351 SMCOMM G ACIeT 028 BC2076]0113 e BRI EER 3 || dER o
N ! 2088 0.13 . g .
SOUTHAMPTON S04 4DP Tel: Totton (0703) 867333 AC188K  0.37 BG212 009 8D238  0.40 BFT42 028 | TIP4IC 046
AD142  0.90 BC212L  0.09 BD241  0.40 BFT43 028 | TIP42C 047
' AD143  0.82 BC212LA 0.09 BD242 050 BFWS2 086 | TIP47 065
AD149  0.70 BC213 009 BD246  0.60 BFX29 030 | TIP120 060
WW — 061 FOR FURTHER DETAILS AD161  0.39 BC213L  0.09 BD376  0.32 BFXBS 026 | TIPI25 065
AD162  0.39 BC214 009 BD410 055 BFX85 032 | TIP142 178
AD161/2  0.90 BC214C  0.09 BD434  0.55 BFX86 030 | TIP146 178
| AF115 0.78 BC214L  0.09 BD437  0.50 BFXB8  0.25 TIP161 2,96
AF124 0.34 BC237 0.10 BD438 0.80 BFY&0 021 | TIP2955 0.80
AF125  0.35 8C237A  0.09 BD506  0.50 BFY51 021 Tl 0.85
AF126 032 BC2378  0.09 BD508  0.40 BFY52 025 TIS91 020
AF127 032 BC238  0.09 BD520  0.65 BFYS0 077 | TV106/2 150
AF139  0.40 BC239 012 BD538  0.65 BR100 026 2N2219  0.28
' AF150 042 | BC251A 012 BD597  0.78 BR101 030 | 2N2905 040
AF239 042 BC252A 0.1% BD697 1.10 BRC4443 0.%% 2N3053 0.40
u AU106  2.00 BC258 0.25 BD698 1.10 BT106 122 |2N3054 0.59
AU0? 175 BC258A 039 BD707  0.80 BT108 1.2 2N3056  0.52
AUTI0  2.00 BC284 030 BDX32  1.50 BT16 120 2N3702  0.12
AUTI3 296 BC300  0.30 BF115 038 BT113 186 2N3703 012
BC107  0.10 BC301  0.30 3;127 024 va%% 1 2N3704 0.2
i i ; BCI107A  0.11 BC303 028 BF154 012 BU1 ; 2N3705 0.2
During the p_erlod of the recent AII Electronics Show, a car 8C1078 011 s R09 BF188 022 BUIS 183 | 2N3706 0.2
owned by Vic Saunders of Tecnicad Ltd, 20/22 Poole Hill, BCIOE 010 | BCI7A 003 | BFIE) 027 | Buize 12 | 2Ny0s 042
f b C3078B 0. i ;
Bournemouth BH2 5PS was broken into and several personal BC1038 012 | BEasr. ove | BFI73 022 | BUl2e 180 | aNI79z 138
items were stolen. BC109 010 | BC328  0.10 BF177  0.38 BU204 155 | 2Na427 150
BC109B 012 | BC337 010 BF178 028 BU205 130 2N44as 135
Bel0sc 012 C338 0,09 g 034 BuZ8 1.3 | 2Ns294 042
. L . . ., BC114 i BC347A 0.13 0.29 d 2N5296  0.48
Vic reported the incident to the Metropolitan Police at King's BCilen 01 | Bcasl o35 | BRI 023 | BUIe 120 | ZNozos 0.0
f A : n . BC478  0.20 . . 2N5496  0.85
Crofs_, N1, flcl);hamong_st_ manydltem,s1 stglen vs_as his |bnefcase BCs 020 | GGy o | Bm oz | sUses 130 e &
containing a e enquiriesm w. Di ! BC1 025 | BC547  0.10 BF1 0. 124 25C495  0.80
9 q acelatitielsho Sasiey BC140 031 BC548  0.10 BF185  0.28 BUS00 225 25C496  0.80
BC14) ogs BC549A 0.08 3:194 o BUIs26 B9 25C1096  0.80
. . BC142 021 | BC550  0.08 BF195 . BUY698 1.70 25C1172Y 220
Were you one of those who enquired? If so, contact Vic on BCl43 024 C557  0.08 8F19%6 0.1 My 198 | 2SC1173 146
. BC147  0.09 BC557A  0.08 BF197 on €340 0.40 2SC1306 1.00
Bournemouth 294448. Naturally he'd be pleased to hear from BC147B 0.0 | Boners 008 BF138 018 | MIES20 048 | aaCiaes 120
you. BC148A 009 | BC568  0.10 BF193  0.14 MPSA12  0.20 25C1249 0.80
BC148B 0.09 | BCY33A 160 BF200  0.40 MPSA13  0.20 25C1678 128
BC143 009 | BD11S 030 BF241 016 | MPSA92 030 | 25C145 2.10
BC157 012 | BD116  0.60 BF245  0.30 MRF450A 11.50 25C1953 0.96
BC158  0.09 | BD124P 059 F246  0.28 | MRF453 1350 25C1957 0.80
BC159 009 | Bp131 032 BF256/LC 0.28 MRF454 17.50 25C1969 1.95
= BC160 028 | BD132  0.35 BF257  0.28° | MRF475 2.50 25C2028 1.15
) | = BC161 028 | BD133  0.40 BF258 028 | MRF477 10.00 25C2029 1.95
-, ) BC1708 0.5 | D135  0.30 BF259 028 | 0C23 150 . | 25C2078 1.45
> 8 N Quick, neat and easy! BEia % | BoU 0B | BFa; o1 | Ocas  oss | zcries 1es
b BD137 032 0. OC44 085 | 25C2166 1.95
e 4 y- 8C171B  0.10 BD138  0.30 BF336 034 OC4s 0.55 25C2314 0.80
- ) ) o BC172 010 | BD13g 032 BF337 029 OC70 045 | 25D234 050
It's so easy and tidy with the Easibind binder to file your copies away. Each binder is designed BC1728  0.10 BD140 0.30 F 0.32 ocn 0.40 | aN211 1.50
to hold six 1ssues and is attractively bound and blocked with the WIRELESS WORLD logo. BC172C  0.10 B8D144 1.10 BF355 0.37 | ocst 050 |
Price U.K.£4.30 including postage, packing and V.A.T. | = IN40O3  0.04
Overseas ordars add 35p per binder. DlODES g;}a g::o‘ INADO4 006 T CRT TUBES
Nat. Giro No. 5157552 ) === -|  BY208-8000.33 \ IN40O5  0.06 | - 3
Please allow 34 weeks for fumlmentoforders. § balow detail R q AA119 0.8 szmeoogg ::maoog g.g A selection available.
/BARCLAYCARD/VISA. Send coupon below detailing credit card no. an BA102 017 BY223 X X A
Carare oo " g | BE En | Bmemesn | maw sw | TREOLEUT oo ce
Why not place your order now? Send the completed coupon below with remittance payable to: gﬁ::g g:':; g&%%mo.zo Neao: o2 | 3DBGP7IB§13£22 D:I%-m ESS
Easibind, 42 Hoxton Square, London N16NS . BA154  0.08 | BYX36150R \ IN5402 014 | ppoeC £38 DRy £35
—. BAlss  0.13 i INS40S 012 | SEADP7 £45 95447 €135
I N B D B O R m g BA15% 015 | BYX33600R | IN5804 012
BA157  0.30 060 | INS405 o.:g l M17-151GVR £220
BAX13 0,04 BYX55-600 0.30 IN5406 0.
Order Form WIRELESS WORLD BAX16  0.08 BYXT1.600 060 | ::5407 gl:: [ DATA & EQUIV. BOOKS
q 881058 0.30 BZY95C30 0.35 5408 0.
| enclose P.O./cheque value. O o e s == e e e binders BT151 0.79 0Ad7 0.09 \TT44 0.04 .
Years required BY126 010 | OA%0 g.gss | :gg(z)gz 34:3 AT
BLOCK LETTERS PLEASE l aeE Sl B O 02 0 | Trensistor Data BOOKS
NBME ... BY164 045 | OA202  0.10 74LS SERIES Pooks includ- | LIN 1 covering
BY176 120 | IN914 004 | s S aaP Op Amps
Address ... 8Y173 063 INaOOT  0.04 availabie R e .ﬁlN 2' 2overing
‘ ............... BY184 0.35 | IN4002 0.04 on request pair. | t:_q,\; :‘?hs
iy ‘ s¥e
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. PHONE P. M. COMPONENTS LTD TELEX
0474 813225 SELECTRON HOUSE, WROTHAM ROAD 966371 ~
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI30QY PM COMP T

'

HABC80 0.90 1.2 R20 1.20' 2.50 | 3A/110B 12.00 1.50 10GK6 .95 1.50
A SELECTION FROM OUR HBC9O 075 1.1 RG1-125 4.95 250 | 3A/141K 1150 | 6BW6 535 i 396
STOCK OF BRANDED VALVES HBC91  0.80 0.80 RG1-240A 200 | 3A/1470 750 | 6BW7 1.50 .78 1.50
0.75 2.50 1450 150 | 3A/167M 10.00 | 6BWS 4.00 .00 2.15
0.60 0.85 RG3-250A 3.00 | 3A2 395 | 6BX6 0.48 .85 25.00
A1714 18,50 | EA79 1.95 EF184 0.85 108 0.80 25.00 1.50 | 3A3A 395 6BX7GT  3.50 .50 150
A1998 11.50 | EAA31 080 | EF731 1.80 350 0.85 RG3-1250A 2.00 | 3A4 1.10 | 6BZ6 2.00 .00 12.00
A2087 1150 | EABCBO 068 | EF732 1.80 4.00 1.80 52. VR105/30 1.50 | 3ALS 095 | 6BZ7 2.95 .85 8.00
A2134 1435 | EAC31 250 | EF800  11.00 350 0.80 RK2K25 62.50 VR150/30 1.06 | 3AT2 195 | 6B28 0.95 50 5.00
A2293 6.50 EAF42 1.20 EFB04S  9.85 3.50 0.80 - VT52 2.50 3AW2 3.35 6Ca 0.80 .00 5.00
A2521 2130 | EAFB01  1.40 EFB0SS  9.86 350 3.50 10.00 VU39 150 | 3B2 3.00 | 6C5 1.96 59 17.50
A2599  37.50 | EB34 1.50 EFB06S  9.85 0.70 3.85 2.00 VX6120 5.00 | 387 4.50 6C6 0.50 .96 4.00
900 1150 EB41 3.00 EF812 0.85 1.50 2.00 1.50 VX9133  5.00 3824 7.50 6C8G 1.50 .50 8.00
A3042 2400 | EB91 0.52 EFL200  1.50 3.50 2.00 2.00 VX9181 5.00 | 3828 12.00 6C11 2.50 .50 2.00
A3283 2400 | EBC33 2.50 EH90 0.72 4.00 2.50 RPY13 250 w77 5.00 3C4 1.00 6C15 2.50 .55 35.00
AC/HL/DD 4.00 | EBC41 1.95 EK90 0.72 1.00 3.00 RPY43 2.50 w729 1.00 3C45 17.50 6C18 2.50 .80 8.00
ACP 400 | EBCS1  0.8s EL32 0.95 3.00 3.00 RPY82  2.50 w739 150 | 3CN3A 250 | 6CA4 0.60 .00 8.00
AC/THI 400 | EBCS0 075 EL33 4.00 7.00 2.00 RR3-250 37.00 X24 1.00 | 3cx3 250 | 6CA7 4.50 .85 8.00
ACT22 5975 | EBC91  0.75 EL34 1.95 3.50 1.25 RR3-1250 65.00 X66L 495 | 3D21A 2950 | 6CB6 1.50 50 45.00
AC/VP2 480 | EBF33 250 | EL34Muliard 2.00 2.50 RS613  45.00 X76M 195 | 3022  19.50 | 6CD6GA 4.50 4.00 2.00
AC/52 PEN3.50 EBFB0 0.50 3.50 4.00 125 RSE85  54.96 X79 3.50 3J187E 398.00 F6 1.50 1.95 14.95
AH221  39.80 EBF83 0.50 EL36 1.50 4.00 0.96 RS688  52.15 XC12 150 3J187G 39800 6CHE 10.35 3.50 150
AH238  39.80 | EBFBS 0.95 EL37 $.00 400 1.80 S6F17 5.95 XC15 1.50 IW4AGT 250 6CL6 3.50 1.50 10 §6.00
AL60 6.00 | EBF89 0.70 EL38 6.00 200 0.72 S6FI3 2895 XC25 0.50 | 4B551B 115.00 6CLBA  2.00 1.08 | 811A 12.96
ARP12  0.70 | EBFS3  0.95 EL41 2.98 6.95 0.72 S1IE12  38.00 XE3P 250 | 465A 5900 | 6CM5 1.60 150 { 813 18.50
ARP34 125 | EBLY 150 | ELa2 2.00 9.95 0.60 $30/2K  12.00 XFW47 150 | 4-250A 6500 | 6CS6 0.75 150 { BI3USA 59.50
ARP35 2.00 EBL21 2.00 ELB1 3.95 5.00 0.52 S$104/1K 10.00 XFW50 1.50 aca7 25.00 B6CW4 725 0.70 115.00
AZ31 200 | EBL31 3.96 EL82 0.58 KT77 Gold Lion 0.65 $109/1K 15.00 XG5-500 22.50 | 4C28 25.00 6CY5 1.00 2.75 3.96
BL63 2.00 EC52 0.75 EL84 0.69 9.50 1.00 5130 5.95 XL1-5V 1.50 4CX2508 37.50 6DC6 2.00 1.20 16.00
B! 67.00 | ECB0 4.25 EL8S 4.50 KT81 7.00 120 $130P 5.95 XNP12 250 4CX250R 48.50 6DK6 1.15 17.96 60.00
BT5 4950 | ECS1 450 | EL86 0.86 KT88 USA 7.00 100 SC1/800 5.00 XNP28 280 | 4CX350A 83.75 | 6DQS 2.30 28.00 5.50
BT19 32.50 EC86 1.00 EL90 128 KT88 Gold Lion .50 SC1/1200 5.00 XP1002 29.00 4GS7 225 6DR7 2.00 3.95 0.50
BT79 1250 | ECs8 1.00 EL91 6.00 1250 0.95 SC1/2000 8.00 XR1-1600A 4GV? 225 6EAB 2.50 3.95 0.90
CIK 16.60 | EC90 0.70 EL9S 0.70 KTW61  2.00 0.95 SP2 1.50 49.50 4X150A 18.96 6E88 1.75 0.70 0.90
C3JA 16.60 | EC91 7.00 EL183E  3.50 KTW62  2.00 1.95 SP41 5.00 XR1-3200A S5A152M  9.00 6EUB 178 1.00 0.60
C1108  55.00 | EC92 1.25 EL183P  3.50 KTW63  2.00- 4.85 SP42 3.00 79.50 S5A163K  10.00 6EW6E 1.50 0.60 | 8.95
C1134 32,00 | EC93 0.80 EL360 7.95 KTZ63 250 4.95 ST11 1.50 XR1-6400A SA170K  6.2% 6F1 2.00 1.10 4.00
C1148A 115.00 | EC95 7.00 EL500 1.40 L63 1.00 4.50 STV280/40 99.50 SANS 1.20 6F6G 2.00 0.50 4.00
C1149/1130.00 | EC97 1.10 | EL504 1.40 L102/2K  6.95 2.95 XSG2-0  3.00 | 5AR4 200 | 6F12 150 1.00 850
C1534  32.00 EC8010  6.00 EL508 1.90 L120/2K 12.00 0.860 STV280/80 Y63 1.50 5AU4 1.50 6F13 3.00 1.00 3.20
CBL31 2.00 ECC32 3.00 EL508 5.25 MS502A  135.00 250 Y Y65 8.95 5B.110M 10.00 6F14 1.00 1.00 1.96
CCA 2.80 | ECC33 350 EL519 6.96 M537A  180.00 370 sua2 4.95 Y602 12.00 58-254M 14.50 6F17 275 0.60 3.50
CL33 200 | ECCI5 350 ELBO2 365 M5143  185.00 270 TB2.5/3000 YJ1060 285.00 58-255M 14.50 | &F18 1.50 1.85 2350
CMG25 9, ECC40 3.00 ELB21  10.35 M80o79  8.00 170 6000 YL1020 29.00 5B-257M  9.00 6F19 0.48 1.50 350
CV Nos Prices ECC81 0.95 EL822 10.35 M8082 7.50 1.52 TB2-300 45.00 YL1070 11500 5B-258M 14.50 6F21 250 3.20 160
on request ECC82  0.55 | EM] 4.00 M8083 328 1.79 TD1-100A YL1071 109.00 | 5C22  40.00 | 6F22 0.70 320 3.50
D63 1.20 | ECC82 Philips EM4 8.00 M8091 7.50 .79 19.00 YL1370 6.50 SR4GB  2.80 6F23 0.80 5.00 6.50
DAF91  0.45 1.10 EM34 7.50 M8096  3.00 9.79 TDO3-10F YL1371 850 | 5R4GY 280 | 6F24 1.25 1.00 2.50
DAF96 085 | ECC83  0.85 EM35 1.50 M8098 320 | Q13-110BA 28.00 77 1.20 504G 1.00 6F25 128 1.00 2.50
DC70 1.7 | ECC83 Mullard EMB80 0.70 M8099  4.00 47. D312 4.00 Z300T 5.00 5U4GB  2.50 6F28 128 1.75 250
122 1.35 EM81 0.70 M8100  2.86 | QB3-300 3e.50 P25 1.50 Z302C  12.00 5V4G 0.76 BF33 17.00 275 250
DCX4-1000 ECCB83 Philips EM84 1.10 M8136  7.00 | QEQ3-10 1350 TSP4 7.00 2303C 9.00 SY3GT  0.80 6FGS 1.96 1.60 200
12,00 110 | EMSS 110 MB137 650 | QEO8-200 T 150 | Z505S 1500 | 5Z4GT  0.85 | 6GHSA  0.80 0.70 350
DOCX4-5000 ECC84 050 EMB7 2.50 M8161  5.50 130.00 TT15 34.95 2520M  4.00 6/30L2 070 6GKS 1.50 17.00 3.50
260) | ECCs5 080 | EN10O 800 | M8162 550 25 .00 TT21 19.50 Z521M 800 | 6A/203K 9.00 | 6GK6 2.00 23.95 .28
DET10 6.00 ECCBE 1.45 EN32 1350 MB163 3.85 QQEQ2-5 12.75 2 18.50 Z700U 3.00 BABG 1.50 6GV? 2.50 .00 3.50
DET22 2800 | ECCBS 085 Na1 110 M8190 3.8 | QQEO03-12 6.50 TY2-125A 2749 0.80 | 6AB7 080 | 6H3N 1.10 10.50 6.50
DET24 39.00 | ECC91 200 EN91(SQ) 2.50 M8195  3.00 | QQE03-20 45.00 2759 19.85 | 6AB8 0.66 HE 1.35 0.70 390
DET25 22.086 | ECC180 0.72 92 4.50 M8196 3.2 2 TY4-400 65.00 Z800U  3.00 | 6ACT 200 | 6HEGT 120 175 4.80
DF91 0.70 ECC189 078 ES1500 115.00 M8204 2.00 QQEO6-40 TY6 800 186.00 2801V 3.00 BAF4A 2.50 6J4 110 350 39.50
DF92 0.68 | ECCB01S 3.50 T1 11.00 M8223  2.00 3¢ g Z803U  18.95 6AGS 150 | 6J5 1.95 0.96 480
DF96 065 | ECC803S 3.50 EY51 0.80 M8224 200 | QQV0O2-613.75 365.00 ZA1000  9.00 6AG7 196 | 6J5G 0.76 0.55 2.00
DH6E3 1.2e ECC804 0.80 EY81 1.50 M8225 2.00. QQv03-10£.50 TY8-600W ZA1001 1.50 6AHE 150 6 0.55 0.60 22%
DH77 0.9¢ | ECCB07 250 EY83 1.50 ME1400 4.00 | QQVO03-20 365.00 ZA1002  1.50 6AJ4 200 6JB6A 395 1.06 800
DH79 056 | ECCB08 298 | Evas 6.95 ME1401 2950 18,50 TYS2/250 2C1040  8.00 | 6AJ7 200 | 6JE6C 350 118 1.98
DH149  2.08 | ECC2000 12.00 EY84W  10.00 ME1402 2950 | QQV03-20A 378.00 ZM1000  7.50 6AKS 100 | 6J56C 350 178 8.00
DKg1 0.90 | ECF80 0.72 EY86/87 0.50 ME1501 14.00 12.00 U18-20  2.75 ZM1001  5.00 6AK6 2.00 6K7G 0.70 178 3.9
DK92 120 | ECF82 060 | EYss 0.55 MH4 350 | QQv03-20B u19 1196 | ZM1005 800 | 6ALS 0.52 | 6KD6 450 | 29C1 19.50 250
DK96 250 ECF86 1.70 EY91 5.50 MHLDE6  4.00 3200 u22 1.00 ZM1020  8.00 6AM4 325 6L1 250 30 2.85 37
DL35 1.00 ECF200 1.8 EYS00A 1.50 MS4B 5.50 QQVO6-40A v24 2.00 ZM1021  8.00 BAMS 6.00 6L19 3.96 30C1 0.70 22%
DL63 100 | ECF202 188 | EY802 070 MU4 150 1 u2s 090 | ZM1023 7.96 | 6AMS6 120 | 6L6GC 275 | 30C15  0.40 450
DL70 250 | ECF801  0.88 EZ35 0.75 N37 13.50 Qavor-50 u26 0.90 ZM1041 14.00 6ANS 3.95 6L6GT 1.15 30C17 0.40 200
DL73 25¢ | ECFBO4 800 | EZ40 128 N78 14.96 50 U3z 8.00 | ZM1050 1400 | 6ANSBA 215 | 6L7G 0.75 | 30C18 148 328
pDLat 1.5¢ ECF805 250 EZ241 126 0A2 0.85 QQaz03-20 ud1 0.70 ZM1080 1250 6AQ5 1.20 6LD20 0.80 30F5 0.95 1.98
DL92 0.8C ECF806 10.25 E280 0.80 OA2ZWA 150 42.50 us0 2.00 ZM1082 9.00 6AQ8 0.86 6LF6 2,95 30FL1 1.10 420
DL93 1.1¢ | ECH3 250 EZ81 0.60 0OA3 250 | QQZO6-40A Us4 4.50 ZM1084 10.00 | 6ARS 200 | 6L06 296 | 30FL2 1.10 5.75
DL96 25¢ | ECH4 3.00 EZ90 0.96 082 0.85 825 us2 3.00 ZM1177  9.00 6ARB 200 | 6N7GT 180 | 30FL12 096 8.50
DLS10  80C | ECH35 160 | F6064 2.95 OB2WA 125 | QS72/20 150 U191 0.70 ZM1202 55.00 | GASS 150 | 6P15 0.80 | 30FL13 110 96 2.95
DLS16  10.00 | ECH42 1.00 FW4/800 2.00 oc2 250 | Q575/40 300 U192 1.00 ZM1263  4.00 6AS6 1.50 6P25 400 | 30FL14 126 6132 10.00
DM70 1.10 | ECH81 0.58 G1/371K 30.00 0c3 1.50 | QS$92/10 500 u193 0.65 ZM1612  3.00 6AS7G  7.50 | 6P28 200 | 30L1 0.45 6136 250
DM160 2.7% ECHB83 0.78 GS5/1K  9.00 0oD3 1.70 QS95/10 485 U251 1.00 2T1011  29.00 B6ATE 0.75 6Q7 1.20 30L15 0.680 6146B 5.05
F3) 100 | ECHBA 069 | G180/2M 900 oMa 1.00 | QS108/45 400 U291 0.80 1AC6 120 | 6AUS 200 | 6s7 110 | 30017 080 | 6201 6.95
DY80 120 | ECH2000 150 | G240/2D 900 | OMSB 300 | QS150/15 500 U301 0.55 1BIGT  1.96 | 6AU6 055 | 6SA7GT 1.00 | 30PAMR 100 | 6211 2.50
DYB6/87 0.65 ECLBO 0.60 GA00/1K 14.00 OM6 1.75 QS150/30 115 usol 0.75 185 250 6AVE 0.72 SC7 1.50 30P12 1.00 6267 1.504
DYs0o2 072 | ECL82 0.85 GC10B  17.50 OoM9 400 | QS150/45 7.00 UABCBO  0.65 1822 10.00 6AWBA  2.96 6SG7 120 | 30P18 0.80 6350 2.00
EIT 200 | ECL83 250 | GC10D 17550 ORP43 250 | QS1200 395 UAF42  1.00 1B24 1495 | 688G 150 | 65H7 1.20 | 30P19 100 | 6360 450
EBOCC 700 | ECL84 0.74 GC10/4B 17.50 ORP50 3.9 | (S1202 396 UBFB0  0.80 c1 1.20 6BA6 0.63 6SJ7GT  1.20 | 30PLY 2.50 6386 14.50
E80CF  10.00 | ECL85 0.69 GC10/4E 17.50 P61 250 | QS1203 415 UBC41 175 1C56T  1.00 6BABW  1.50 6SK7 0.80 | 30PL13  0.80 6545 850
EBOF 13.50 | ECL86 0.74 GC12/4B 17.50 P41 250 | QS1205 395 UBC81 150 105 1.00 6BA7 4.50 65K7GT 120 | 30PL14 1.75 6550 7.00
ESOL 1150 | ECLS80S 069 | GDSEW  6.00 PABC80 0.50 | Q51206 1.05 UBF8Y  0.60 1FD1 0.90 | 6BABA 350 | gSL7GT 072 | 31JS6A 295 | 65504  7.00
EBICC  3.50 | ECLLB0O 16.95 GDT120M 5.00 PC86 0.75 | QS1207 090 UBL21 1.75 1G3GT  1.00 6BC8 1.00 6SN7GT  0.69 AS 4.50 6870 11.50
E8IL 1200 | ED5100 3.50 GE10 $.00 pPC8s 075 | QS1208 090 1.20 L4 0.60 6BD4 1.50 sQ7 080 | 35L6GT 2.00 68838  13.95
EB2CC 350 | EF37A 200 | GN4 800 | PC92 120 | QS1209 2.0 uccssa  0.70° | 1L6 150 | 68D6 1.00 | 6SS7 195 | 35W4 070 | 6973 s
EB3CC  3.50 | EF39 1.00 GN10_ 15.00 PC97 1.10 f QS1210 150 Uccss  0.80 LAB 1.00 | 6BE6 072 | 6U4GT 175 | 3523 1.85 7025 250
EB3F 350 | EFa1 350 | GR10OG 400 | PC8OO 110 | QSI211 150 UCFBO 106 | IN5GT 250 | 6BF5 160 | 6USG 150 | 38HE7 450 | 7027A  4.66
E86C 8.50 | EF42 3.50 GR10J  4.00 90C 0.75 | QS1212 320 UCH21 120 182 055 | 6BG6G 1.2 6U8 0.80 | 40KD6 450 7032 2.00
E88C 795 | EF50 150 | GS10C 1200 | PCC84 040 | QS1213 520 ucrHar 120 174 045 | 6BHE 120 | 6UBA 150 | 47 8.00 | 7059 250
ES8CC 260 | EF55 225 | GS10H 1200 | PCC86 054 | QS1215 210 UCH42 135 1U5 100 | 6BHS 150 | 6v6GT  0.80 | 50BS 150 | 7189 250
E90CC  5.00 | EF71 1.50 GS120  12.00 PCC88 070 | QS1218 5.0 UCHSY  0.85 1X28 1.15 | 6BJ6 120 X2N 1.00 5 095 | 7199 320
E9OF 795 | EF72 120 GTIC _ 17.00 PCCBY 070 | QUI7 11.50 uCL82  0.80 2AS15A 10.00 | 6BK4 400 | 6X4 0.96 | 50CD6G 1.18 7247 2.00
E9IH 450 | EF73 1.00 | GTICS/s13.00 | PCCI83 070 | QVO312 3.50 UF41 115 2C21 100 | 6BK7A 196 | 6XS5GT 050 | 52KU 2,00 | 7360 7.50
E92CC 225 | EF80 0.55 GTE175M 8.00 PCC805  0.70 Qvos-25 1.75 UF42 1.15 2C39A 2350 | 6BMS 0.58 6X5GTY 100 61SPT  4.50 7475 6.00
E99F 6.99 | EF83 350 | GTRI50W 1.00 PCC806 0.80 | QVO6-20 29.50 UF80 0.80 2C40 3700 | 6BN4 165 | 6X8A 225 | 7581 150 | 7551 4.50
E130L 1995 | EF85 0.50 GU20  70.00 PCE82  0.80 | QV08-100 UF89 2.50 2C40A 55.00 | 6BN6 185 | 7A7 2.00 | 75C1 1.35 7558 1150
E180CC 850 | EF8p 1.50 GUSO0  15.00 PCF8 0.68 n uLa1 350 2042 2950 | 6BN7 450 JAD7? 176 | 76 1.50 7581A 3.00
E182CC  8.00 | EF86 Special | GXU! 13.50 | PCF82 060 | QY3-125 54.35 uLs4 0.85 2C43 2950 | 6BNS 275 | 787 140 | B3AI 7.00 | 7586 9.00
E1BOF 6.50 uality  2.50 GXU3  24.00 PCF84 0.65 QY4-250 65.30 Uus 2.50 2C51 0.75 68Q5 0.89 7C5 3.00 84 3.00 7591A 3.96
E186F  8.50 F89 0.8 | GYs01 120 | PCFB6 120 | QY4-400 71.95 uu? 8.00 2C53 3200 | 6BQ7A 072 | 7C6 250 | 85A1 650 | 7609  47.00
E280F  19.50 | EF91 125 GY802  1.00 PCF87 0.40 QY5-500 Uyat 350 287 150 | 6BL7GTA 3.95 { 7H7 200 | 85A2 2.00 7868 3.95
E283CC  10.00 | EF92 280 | GZ30 100 | PCF200 180 115.90 uY8s 0.70 2021 0.95 BL8 065 | 707 200 | 90AV 1000 | 8012 420
E288CC 1350 | EF93 o6e | G231 1.00 | PCF201 180 | QZ06-20 32.50 V339 3.50 2021w 250 | 6BRS 070 | 787 3.00 | 90C1 270 | 8136 1.00
ES10F  16.00 | EF94 0.55 GZ32 1.00 PCFB00  0.40 R10 4.0 V2351AK 249.50 2E26 7.95 | 6BR7 4.15 7Y4 1.95 | 90CG 1350 8298A 4.95
E1148 1.00 | EF95 1.00 | G233 480 | PCFB01 135 | RI16 12.00 VLS631 10.95 2442 93.00 | 6BR8 215 | 10CH 550 | 91AG 9.00 | 8417 5.95
E1524 6.95 | EF97 0.90 G234 2.15 PCF802  0.60 R17 150 VP2B 250 2K25 24.95 6BRBA  2.15 10C2 0.70 92AG 11.85 9001 0.90
EASQ 1.00 | EF98 090 | G237 450 | PCFB0S 125 | R18 250 VP4A 450 3A/1078 12.00 | 68S7 450 | 1002 125 | 92AV  11.85 | 9006 0.90
EA76 195 | EF183 0.85 HAAST  1.00 PCFB06  1.00 R19 6.96 VP4B 450 3A/1098 11.00 | 6BS8 2.50 10F1 0.78 | 95A1 8.50 }ggg :0‘00
i | o 0.00
WIREWOUND RESISTORS BASES ETC. ZENER DIODES CALLERS WE LCOM E
PREFERRED VALUES B7G 0.15 BZX61 0.15
4R7-1K8  0.15 B7G Skirted 6V2 7V5 8VZ 9v1 10V 11V 12V 13V
2K26K8 0.8 0.30 15V 16V 18V 20V 22V 24V 23V 30V % ENTRANCE ON A227
4 Watt B8G 0.70 33V 36V 39V 47V 51V 66V 68V 75V
10k 02e B8 00 BZY88 0.07 50 YDS SOUTH OF MEOPHAM GREEN
R47-4K7 0.19 0.30 2V7 3V 3v3 3¥6 3V9 4V3 aV7 5V1
5K6-12K 019 B10B 018 5V6 6V2 6V8 7V5 BV2 9v1 10V 11V CAR PARKING AVAILABLE
TWatt o oz B 050 2VRSVRNSVANEVj20vias iz iSOV OPEN MONDAY TO FRIDAY 9a.m.-5.30p.m.
1R-10K 0.20 14 PinDIL 0.12 W 24 HOUR ANSWERPHONE SERVICE W
nw 14 Pin DIL/Q THERMISTORS | BATTERIES ACCESS AND BARCLAYCARD ORDERS WELCOME
all 16K-22K 0.24 0.30 e e W MANY OTHER ITEMS AVAILABLE w
1R-10K 05 16 PinDIL 0.15 VA‘OAOS 0.23 7V Power Mike
- - OCTAL 035 VA10565 0.22 batteries o
17 Watt oo 028 CANS  0.27 VATI08 " 076 | TRI7S £1.40es UK ORDERS P&P 50p PLEASE ADD V.AT. AT 15%
- BSAPCB 0.15 VABE50 0.48 other prices on
WW-2 B5 0.75 VA1097 0.2% request EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST
& B 0.38

WW — 044 FOR FURTHER DETAILS
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DECADE OSCILLATOR

LEVELL ELECTRONICS have a range of oscillators cover-
ing frequencies from 0.02Hz to 2MHz.

There is a FUNCTION GENERATOR that provides sine,
square, triangular, pulse and ramp waveforms with high
output levels over a wide range.

Low-distortion RC OSCILLATORS are available with anal-

[EVELD] TRANSISTOR DECADE OSCHIATOR TYPE 1G46B N f
ogue tuning and sine and square-wave outputs.

*) (ooo(soo (o (mx(

- LS

The digital tuned series are as detailed below:

2 FREQUENCY 0.2Hz to 1.22MHz on four decade
. -'.,.,._ . am o o controls.
N ™ St G
‘ o | Y ACCURACY + 0.02Hz below 6Hz.
' + 0.3% from 6Hz to 100kHz.

na [
" 59

+ 1% from 100kHz to 300kHz.
+ 3% above 300kHz.

fo
o,
@Q ™ SINE QUTPUT 5V r.m.s. down to 30uV with Rs =
e - 60002
Y - DISTORTION <0.15% from 15Hz to 15kHz.
L <0.5% at 1.6Hz and 150kHz.
o METER SCALES 2 Expanded voltage and —2/+4dBm.
e SIZE & WEIGHT 260 x 180 x 180mm. 5.4kg.

TG66B TG66A
Battery Model £295 Mains and Battery Model £310

Send for data covering our range of instruments. Prices are plus carriage, packing and VAT.

‘ - M ;
LEVELL ELECTRONICS LTD. [Ty Ml

WW - 013 FOR FURTHER DETAILS

PRACTICALLY ALL THE PARTS FOR WIRELESS
ENTHUSIASTS (= Crmmmmia™)

The Spring ’83 catalogue continues to
expand to meet the needs of the
electronics user — from the novice
enthusiast to the professional
aerospace designer.

AT YOUR NEWSAGENT OR DIRECT

— g\lonmg/p
[R&EW 0 i &F
‘ ‘ , Emom *‘ Stand %

uuuuuuuu

a m blt |NTERNAT|ONAL O Prices gxclude VAT except where

otherwise shown

200 North Service Road, @ Postage and Packing 60p per pre-paid

Brentwood, Essex CM14 45G order

Telephone (Consumer Sales/Enquiries) @ Orders submitted using Ambit Stock
INCLUDING 0277-230908 — Telephones(lgdusmal gocciies vaill be prokcgssed first |

Sales/Enquiries) 0277-231616 — ® Orders for in-stock items processe

Bx£1VOUCHERS  Telex 995194 AMBIT G same day
Data 24hrs (RS232/300baud) 0277-232628 — @ Hours — (consumer sales) 8am-7pm
REWTEL Mon-Sat: (Industrial) 8am-6pm (Mon-Fri)

WW — 066 FOR FURTHER DETAILS
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Postage Do not affix Postage Stamps if posted in
will be Gt Britain, Channel Islands, N Ireland
To obtain further details of any of paid by or the Isle of Man
the coded items mentioned in the Licensee

Editorial or Advertisement pages
of this issue, please complete one
or more of the attached cards
entering the reference number(s).
Your enquiries will be passed on to
the manufacturers concerned and
you can expect to hear from them
direct in due course. Cards posted

BUSINESS REPLY SERVICE
Licence No 12045

WIRELESS WORLD

from abroad require a stamp.
These Service Cards are valid for
six months from the date of

publication.

Please Use Capital Letters

If you are way down on the
circulation list, you may not be
getting the information you
require from the journal as
soon as you should. Why not

Enquiry Service for Professional

Reader Enquiry Service
Oakfield House
Perrymount Road
Haywards Heath
Sussex RH16 3DH
England
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have your own copy ? Readers
Please arrange for me to receive further details of the products listed,
1 r WW.... ww.. ww. ... the appropriate reference numbers of which have been entered in the
To start a one year s subscrlpllon WW.... WwW.. WW ... .| space provided.
you may apply direct to us by WW. ... WW. . Ww Name . .
using the card at the bottom of WW wWw WW
| o s e .« . Nam: of cOmpany ......

this page. You may also apply to

pag y PPy WW. ... WW.... WW....
the agent nearest to you, their i
address is shown below. F : N5

OVERSEAS SUBSCRIPTION wWw Ww

AGENTS = il Ww.... Telephone Number
Austratia: Govdor;& Japan: Westein Publica ww. 3 Ww. Www.... PUBLISHERS
G h (Australasia) Lid, Distribution A 3 ,
380 Lonsdale Street, 170 Nisni-Okubo " ww .. Ww .. WW. ...\ [ use oNLY Y §
Melbourne 3000, Victoria 4-chome, Shinjuku-Ku,
Tokyo 160 WW.... Ww.. WwW. .

ABA:L‘:::;T';;;%?‘I?P?;SQ Lebanon: Levani Distri- WW ww WW Position in Company
1 Rue de la Petite-ILE butors Co.. P.O. Box 1181 Ol s T
Brussels 7 r::::sa'sgfg:r;“m WW . WW .. wWW ... Nature of Company/Business
Ac;::::;g;‘g?.ccl::;laﬂon Mataysia: Times WW.... WW, WW ... .| No.of empioyees at this establishment
Avenue West. Toronto 195, ?_'5""’:'0’: Sdn. Bhd.,

i imes House, 1
Ontario 390 Kim Seng Road, WW.... ww Ww.. .. I wish to subscribe to Wireless World D
¢ .G 1P Singapoie 9, Malaysia.
S WW.... Ww.. Ww.... VALID FOR SIX MONTHS ONLY

dromou Street, P.O. Box
4528. Nicosia

Denmark: Dansk
Bladdistribution,
Hovedvagtsgade 8,
Dk. 1103 Kobenhavn.

Finland: Rautakirja OY,
Koivuvaarankuja 2,
01640 Vantaa 64, Finland.

France: Dawson-France
S.A..B.P.40,F-91121,
Palaiseau

Germanv: W._E. Saarbach
GmbH, 5 Koin 1,
Follerstrasse 2

Greece: Hellenic
Distribution Agency,
P.0.Box 316, 246
Syngrou Avenue,
Nea Smymni, Greece.

Holland: Van DitmarN.V.,
Oostelijke Hendeiskade 11,

Amsterdam 1004

India: International Book
House, Indian Mercantile
Mansion Ext, Madama
Cama Road, Bombay 1

tran: A.D.A.. 151 Khiaban
Soraya, Tehran

tsraeti: Steimatzky’'s
Agency Ltd, Citrus House,
P.0.Box 628, Tel Aviv

italy: Intercontinentat
s.a.s. Via Veracini 9,
20124 Milano

Malta: W.H. Smith
Continentat Ltd,
18a Scots Street, Valiela

New Zealand: Gordon &
Gotch (New Zealand) Ltd.
102 Adelaide Road,
Wellington 2

Nigeria: Daily Times of
Nigeria Ltd, 3 Kakawa
Street. P.O. Box 139,
Lagos

Norway: A/S Naivesens
Kioskompani, Bertrand
Narvesens vei 2, Osto 6

Portugal: Livatia
Bertrands.a.r.l
Apeartado 37, Amadora

South Africa: Cential
News Agency Lid, P.O:
Box 1033, Johannesburg

Spain: Comercisl
Atheneum 3.8, Consejo de
Clento, 130-136 Barcelona
16

Sweden : Wennegren
Wiillams A B. Fack S-104,
28 Stockhoim 30

Switzerland : Naville &
Cie SA, Rue Levrier5-7,
CH-1211 Geneve 1
Schmidt Agence AG
Savogelstrasse 34,
4002 Basle

U.S.A.: John Barlos,
Business Press International,
205 East 42nd Street,

New York, N.Y. 10017
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Wireless World:

Subscription Order Form

To become a subscriber to Wireless World

please complete the reverse side of
this form and return it with your
remittance to:

Subscription Manager,

Business Press International Ltd,
Oakfield House, Perrymount Road,
Haywards Heath, Sussex RH16 3DH,
England



Enquiry Service for Professional
Readers ONLY. WIRELESS WORLD Wireless World, June 1983 WW 8366

Please arrange for me. to receive further details of the products listed,
the appropriate reference numbers of which have been entered in the
space provided.

3
2

.

OVERSEAS ADVERTISEMENT
AGENTS

.
v

.

.
~
.

Hungary Mrs. Edit Bajusz, Hungexpo
Advertising Agency, Budapest XIV,
Varosliget — Telephone : 225 008 -
Telex : Budapest 22-4525 INTFOIRE

Address . s Ly s s o e e e s v

.
.

INIH *ﬂj__a—_——!z—

.

Italy Sig. C. Epis Etas-Kompass, S.p.a.
Servizio Estero, Via Mantegna 6,
20154 Milan — Telephone 347051 —
Telex: 37342 Kompass

Nature of Company/Business . .

No. of employees at this establishment

Japan Mr. Inatsuki, Trade Media - IBPA
(Japan), B212 Azabu Heights, 1-5-10
Roppongi, Minato-Ku, Tokyo 106 —
Telephone : (03) 585-0581

VALID FOR SIX MONTHS ONLY
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Postage Do not affix Postage Stamps if posted in
will be Gt Britain, Channel Islands, N lreland
i or the Isle of Man
f::::i::; United States of America Ray Barnes

*Business Press International

205 East 42nd Street,

New York, NY 10017 — Tetephone:
(2121689 5961 - Telex: 421710

Mr. Jack Farley Jnr., The Farley Co.,
Suite 1548, 35 East Wacker Drive,
Chicago, Illinois 60601 — Telephone
(312) 6 3074

Mr. Victor A Jauch.

Elmatex International,

|

BUSINESS REPLY SERVICE
Licence No 12045

WIRELESS WORLD P.0. Box 34607,
Reader Enquiry Service Los Angeles Calif. 90034 U.S.A
Oakfield House Telephone: (213) 821 8581
Perrymount Road T L

elex: 18 — 1059.
Haywards Heath Mr. Jack Mentel, The Farley Co., Suite 605
Sussex RH16 3DH r.Jac ] er\te , The Farley o‘., uite ]
England Ranna Building, Cleveland, Ohio 4415

Telephone: (216) 621 1919

Mr. Ray Rickles, Ray Rickles & Co.,

P.O. Box 2008, Miami Beach, Florida
33140 -~ Telephone : (305) 532 7301

Mr. Jim Parks, Ray Rickles & Co.,

3116 Maple Drive N.E., Atlanta, Georgia
30305. Telephone : (404) 237 7432

Mike Loughlin, Business Press internationa
15055 Memorials, Ste 119, Houston, Texas
77079 —Telephone: (713) 783 8673
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Wireless World  Subscription Order Form Wireless World, June 1983 WW 8366

UK subscription rates USA & Canada subscription rates
1 year: £14.00 1 year: $44.00

Overseas 1 year: £17.00

Canada Mr. Colin H. MacCulloch,
International Advertising Consultants Ltd..
915 Cariton Tower, 2 Carlton Street,
Toronto 2 — Telephone (416) 364 2269

Please enter my subscription to Wireless World for 1 year

| enclose remittancevalue........................ e B Tl L Ll S ey made payable to
BUSINESS PRESS INTERNATIONAL Ltd.

*Also subscription agents

Company Re?istered No: 151537 (ENGLAND)
Registered Office: Quadrant House, The Quadrant, Sutton, Surrey SM2 6AS
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Prices ex. VAT,

YOU DON'T NEEDME TO DETECT

CROTECH'S VALUE

[t5 elementary.

Just look at the 3030 at £154

and the 3131 at £260, both are 16MHz scopes with
5mV/Div maximum deflection coefficient. And the

passive devices.

us direct.

Dual Trace 3131 has matched X—Y, Algebraic Add
and Subtract, and TV Trigger, all selected on easy
10 use clearly marked push buttons.

But that’s not all, both incorporate a Component
Tester, yes, even the Single Trace 3030, for the in
or out of circuit testing of semiconductor and
With the resultant characteristic
being displayed directly on the CRT.

Theres only one thing left to say

Do you want a Violinist?

For full details just fill in the enquiry card or call

Crotech instruments Limited

5 Nimrod Way - Elgar Road - Reading - Berkshire
RG2 OEB - United Kingdom

Telephone: {0734) 866945 Telex: 847073 POWLIN G

WW - 039 FOR FURTHER DETAILS

MINI-MULTI TESTER pejuxe pocket size precision mov
ing coil instrument, Jewelled bearings - 2000 o.p.v. mirrored scale.
11 instant range Measures: DC volts 10, 50, 250, 1000
AC volts 10, 50, 250, 1000.
DCamps 0 - 100 mA.

Continuity and resistance 0 - 1 meg ohms
in two ranges Complete with test prods
and instructron book showing haow to
measure capacity and induciance as well.
Unbelievable vaiue at only £6.75 + 60p
post and insurance.
FREE Amps range kit to enable

you to read DC current from O
10 amps, directly on the 0 - 10
scale. It's free if you purchase
quickly, but if you already own a

Mini-Tester and would hke one,
send £2.60.

VENNER TIME SWITCH

Mains operated with 20 amp switch, ong
on and one off per 24 hrs. repeats daily
automaticalty correcting for the lengthen-
g or shortzning day. An expensive time
switch but you can have it for only £2.95.
These are wathout case but we can supply
a plastic base £1.76 or metal case £2.95.
Also avaiiabie i1s adaptor kit to convert
this mto a normal 24 hr time swiich

but with the added advantage of up to

12 on/otts per 24 hrs. This makes an

ideal contrcller for the immersion heater
Price of adaptor kit 1s £2.30.

THERMOSTAT ASSORTMENT

10 different thermostats. 7 bi-metat types and 3 liquid types.
There are the current stats which will open the switch to protect
devices against overload, short circuits, etc., or when fitted say
in front of the element of a blow heater, the heat would trip

the stat if the blower fuses; apphance stats, one for high temp-
eratures, otners adjustable over a range of temperatures which
could include O — 100°C. There 1s also a thermostatic pod which
can be immersed, an oven stat, a calibrated boiler stat, finally an
ice stat which, fitted 10 our waterproof heater element, up in the
loft could protect your pipes from freezing. Separately, these
thermostats could cost around £15 00 ~ however, you can have
the parcel for £2.50.

50 THINGS YOU CAN MAKE

or do and still have hundreds of parts for future jobs
LEARN the practical way with our 10 kilo parce! of use-
ful parts. Minimum 1,000 items includes panel meters,
tirners, thermal trips, relays, switches, motors, drills, taps
and dies, tools, thermostats, coils, condensers, resistors,
etc. etc Parcel with data on 50 projects.

YOURS FOR ONLY £11.50 plus £3.00 post.

WIRELESS WORLD JUNE 1983

3 CHANNEL SOUND TO LIGHT KIT

Compilete kit ot parts for a three channel sound to light unit
controlling over 2000 watts of lighting. Use this at home if you
wish but it is plenty rugged enough for disco work The unitis
housed in an atrractive two tone metal case and has controls for
each channei, and a master on/off The audio input and output
are by %"’ sockets and three panel mounting fuse holders provide
thyristor protection. A four pin plug and socket facilitate ease of
connecting lamps. Special price 1s £14.95 in kit form or £25.00
assembled and rested

MULTI-CHANNEL or ROBOT CONTROLLER
This is two kits. The 8 channel transmitter kit and the 8
channel receiver kit. Each kit comes with diagrams and notes,
but no circuit boards, the component layout being le‘t to you
The data shows how 10 drive, reverse and steer two or more
maotors. With spare channeis to perform other functions. Price
£9.50 far both Kits.

‘BIG EAR’

As in December Hobby Electronics. Designed originally for
histening to wildlife this could aiso be used 1o listen through
walls or from lang distances. Complete kit including the case
at £9 50.

TANGENTIAL BLOW HEATER

2.5 Kw quiet,

efficient instant

neating from

230/240 volt

mains. Kit consists

of blower as

illustrated, 2.5 Kw

element, contrcl switch and data ail for £4.95. post £1.50

CAR STARTER AND CHARGER KIT

In an emergency you can start car off mains or bring your
battery up to full charge in a.couple of hours. The kit com-
prises. 250 wat: mains transformer, 40 amp bridge rectifier,
start/charge switch and full instructions. You can assembie this
in the evening, box it up or leave it on the sheif in the garage,
whichever suits you best. Price £12.50 + £3.00 post.

J. BULL(Electrical) Led.

(Dept. WW), 34 - 36 AMERICA LANE,
HAYWARDS HEATH, SUSSEX RH16 3QuU. EXMILS

MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders under

£10 add 60p service charge. Monthly account orders accepted from
schools and public companies. Access & B/card orders accepted day or
night. Hayward: Heath {0444) 454563. Bulk orders. write for quote.

Delivery by return, Shop open 900 — 5.30, mon to Fri, not Saturday.

WW — 073 FOR FURTHER DETAILS

EXTRACTOR FANS

Mains operated
5’ 'Woods uxtractor
£5.75, Post £1.25
5 Plannai extractor
£6.50. Post £1.25

ex-computer
x 4 Muffin 115v.
£4.50. Post 75p.

4" x 4" Muffin 230v
£5.75. Post 75p.

PROJECT CASE

All metal construction. Tubular
body, Size approx 7 x 3 x 5"’ long
with removable ends, blue hammer
paint finish. £1.75 each + 60p for
postage.

MINI MONO AMP onp.cb, size 4"x 2
approx. Fitted volume control and a hole
for a tone control should you require

it. The ampl fier has three

transistors and we estimate

the output to be 3W rms

More technical data wilt be

included with the amplifier

Brand new, pertect condition

offered at the very low price of

£1.15 each, ar 10 for £10.00.

COMPUTER PRINTER, ONLY £4.95
YOUR LAST CHANCE

Japanese made Epson 310
Complete with electronics
ONLY £4.95 plus £1.25 Post

A
’é

uses plain paper. Brand new with data.

8 POWERFUL
BATTERY MOTORS
(all different}

For models, maccanos, drills,

e remote control planes, boats,
Py etc. £2.95.

fo’j
+

12v MOTOR BY SMITHS
Made for use in cars, these are series
wound and they become more
powertul as (oad increases. Size
3% long by 3" dia. These have

3 good length of 4" spindie

price £3.45.

Ditto, but double ended £4.26.

Ditto, but permanent magnet, £3.75.

EXTRA POWERFUL 12v MOTOR

Made to work battery lawnmouwer, this probably develops up to
Y% h.p., 501t could be used 10 power 3 go-kart or to drive a
compressor, etc. etc. £6.90 + £1.50 past.

(This is easily reversible with our reversing switch - Price £1.15}.

GO KART MOTOR

24 Volt operated easily vary speed and reverse
Price £9.50 + £1.50 pust.

terrific power

has a self starting brush'ess drive motor.
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A COMPETITION
OPENTOALL
WIRELESS WORLD READERS
WITH £8000
IN CASH PRIZES

DPesign an Electronic bevice
to help the Disabled

Could you design a piece of equipment to help adisabled person? If so, you would — in
addition to undertaking this worthy task — be eligible to win a substantial cash prize.

Our competition is open to individuals or groups resident in the UK. You register your entry using the form below, sending it
to the Editor to arrive at his office not later than June 30th 1983. The designs themselves must be submitted to his office by
Ist October 1983.

Entries, which will be judged by a group of eminent engineers and doctors, must consist of the following: - a statement of the
design objectives; an overall description of the device; detailed circuit descriptions and diagrams; a model of the deviceor a
model of a unique aspect of the design sufficient to demonstrate its feasibility.

The finalists will be invited to London to talk over their entries with the judges and be awarded their prizes. The prizes are:

ﬁ st pri zZe £2'500 and the 4 runners up will be awarded prizes each of
2nd prize £1,500 £1,000

To make sure you have the maximum time to undertake your design, return
“DESIGN AN ELECTRONIC DEVICETOHELP THE
DISABLED”

yourentry form now!
T
wireless o~ =
LIST OF RULES I COMPETITION
Thecompetitionisopentol K. residentsonly

World ENTRY FORM

All participants must register their interest inentering the competition on the form

provided w hich must be returned 1o the Wireless World Editonial Department by the
Oth.June 1983

Allentrants agree to give Wireless World tirst serial publication rights to an article

describing theentry

Allentrants indemnify Wireless World from any Liabilitv in respect ol injury to people or

“Design an electronic device to help the disabled”

Name of competitor -~

damage to property arising from the use of the design
All submitted designs must be the original work f theentrant or entrants and must not Ad
infringe the rights of third parties in anyway dress_ -

All submussions should consist o
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a) Astatement of designobjectives 10. Thejudges’ decision is {inal I -
b) Anoveralldescriptionof the Alldesigns must be submitted to the
device Wireless World Editor by the 1st I Telephone (home)
¢} Detailed circuit deseriptions and October 1983,
diagrams Shortlisted entrants must he prepared {business)
d) A modclol‘lhcdcviceortho totravel toavenuein London I
UanlU,C aspectof thedesign sometime d““?}g November and lintend to enter the competition and to abide by the rules as laid down
sulficientto demonstraleils December 1983 to demonstrate their in the May 1983 issue of Wireless World.
feasibility. design All costs witl be paid hy I
8 Thedesignwill be judged or: hejournal {understand that, in order to qualify, my entry must be in the hands of the
a) Originality and benefit1othe iness Press judges by 1st October, 1383
handicapped Emplovees ot Business Press l
b) Potential for production International are not allowed to enter Signature
¢) FEleganceofcngincering design this competition
d) Electronies content I Date -~
e) Designreliability
f) Simplicity of operation Please send this form, as soon as possible, to
¥) Freedomfromexcessive | The Editor, WIRELESS WORLD
ISR Room L302,Quadrant House, The Quadrant
h) Safety.
Software only solutions are not I Sutton, Surrey SM2 5AS.
accepted

e e e e e = = = ———

Receipt of the form will be acknowledged.

L

WIRELESS WORLD JUNE 1983



f allgood used testequipme

Electronic Brokers are Eurdpe's Ieéding Second User Equipment COpany. We arry Iargestcks of the very Iatst test

equipment which is refurbished in our own service laboratories and calibrated to meet the manufacturer's sales specifications.
When you buy used equipment from Electronic Brokers, it can be yours in just days. No waiting for manufacturers lengthy
production schedules. All equipment is fully guaranteed.

ANALYSERS

Drametz

6086-3 Line Disturbance Monitor £2500.00
Hewlett Packard

1417/8552B/8555A 10MHz-18GHz

£9300.00
35B2A Spectrum Analyser
0.02Hz-25.5KHz ... £6350.00
5004A Signature Analyser . ... .. £550.00
5420A Digital Signal Analyser c/w Digitat
Fiter 544708, A/D Converter 54410A

- . ... £21,000.00

B8407A/B412A Network Analyser
.. £1950.00

Marconi
TF2303 Mod Meter £460.00
TF2337 Automatic Distortion
Analyser. £250.00
Solartron
1172 TFA £4000.00
Tektironix

AA501 opt 01. Distortion 10Hz — 100KHz
toLess than0.0025% £1450.00
DF1 Display Formatter For 7D01. £850.00
308 Portable 8 Channel 20MHz Data

Anaiyser £2100.00
491 Spectrum Analyser 10MHz-40GHz
£7000.00

492 [opt 01, 08) Spectrum Analyser
50KHz-220GHz £13000.00
492PF (opt 01, 2, 3] Programmabie Version
of 492 . £20000.00
7L5 Spectrum Analyser with opt 25
g&aﬁking Gen)and L3 (509 inputLEDHz -

3 ‘

. 7300.00
7L12 Spectrum Analyser 100KHz-1 8GH2
. £6000.00
7L13 Spectrum Analyser 1KHz-1.8GHz
. L £7500.00
7L14 Spectrum Ansalyser 10KHz-1 .8GHz
. .£9450.00
7L18 Spectrum Analyser 1. 5GHz-60GHz
B ... £9950.00
TRS0R2 Tracking Generator (for 7L12, 13 &
14]. . .£3200.00
TRS503 Tracking Generator (for 492/496
series}) ......£3250.00
5LAN Spectrum Analyser 20Hz-100KHz
L o .£2350.00
7D01 16 Channel 100MHz Sample Rate
. £2450.00
BRIDGES
Boonton
B63H Inductance Bridge £2000.00
Marconi

TF1313A0.1% LCR Bridge . ... . £775.00
TM4520 Set of Inductors £350.00

Wayne Kerr
8642LCRO.1% . ...£795.00
SR 268 Source & Detector .£875.00

DVM?’s AND DMM’s

Fluke
8022A 3% dgit 0.25%
| Basic OC Accuracy 6 tunctions

- £60.00
P | i
0.1% Basic DC
] ., Accuracy

"*:-.- L - 7 functions

| £75.00
o

THESE DMM* 90 DAY

AREUNUSED %" WARRANTY
WW — 202 FOR FURTHER DETAILS

Datron
1059 Bench DMM S 1/2 digit DC and True
RMS AV volts and current + resistance

....£700.00
Fluke
B502A 62 digit DMM . . £1250.00
8921 A Wide Band DVM £695.00

Solartron.

7055 Microprocessor DMM. Scale Length
20.000. AC/DC volts, resistance. 1uV
resolution. ..... .... .£495.00

OSCILLOSCOPES

Hewlett Packard
1332A High Quality CRT Display

9.6x11.9cm L T, ..£1250.00
1720A Dual Trace 275MHz with Dela
T'Base and probe power ... .. .. £2500.00

1809A 100MHz 4 Channel Piug In
......... £2000.00

... £1000.00

Philips

PM3232 Dual Beamn 10MHz ... . £495.00

PM 3234 True Dual Beam St.oraf

Oscilloscope 10MHz New CRT. . £1500.00

Tektronix.
213 Miniscope/DMM Battery 1MHz

o= . I .. £975.00
305 Portable battery scope/OMM, D T
SMHz . . o............£975.00
335 Dual Trace 35MHz Smal portable with
delay T'Base....... ...... £1200.00
468 Dual Trace 100MHz with Digital
Stcr‘agePOMHz] Delay T'Base . £4950.00
T922-01 15MHz DT Scope Diff. irput

..... o .?515.00
200C Trolley for 400 Series .. . .. £120.00
7313 100MHz Storage Mainframa

........ ~........ E2225.00

7603 100MHz Mainframe. .. .. £1850.00
5223 Digital Storage 10MHz. .. £2000.00
5440 50MHz Mainframe . .£1000.00
5441 50MHz Variable Persistance Storage
Mainframe ... ... ... .. £1600.00
7704A Scope DC-200MHz Mainframe

........ . ..........£2500.00
7613 Storage Scope Mainframe
DC-100MHz .. .. .......£2600.00
7633 Multimode Storage Scope Mainframe
OC—100MHz .. ... ... .. .£4500.00
7834 Storage Scope Mainframe

DC400MHz .. ..... ... .. . .£7200.00
7844 Dual Beam 400MHz Mainframe
.......E7750.00

7854 Waveform Prbcessing SCOBS o

DC400MHz ... ... ...

7904 opt 02, 03 500MHz. ... . £5350.00
S1 Sampling Head. As New ... ... £450.00
TEKTRONIX PLUG INS

We stock a complete range of Plug Ins
for use with 7000 and 5000 series
Mainframes.

SIGNAL SOURCES
Hewlett Packard.
612A 450-1230MHz. AM or Pulse
Modulation. Dutput 0.1,V-0.5V £1500.00
6168 1.84.2GHz int or ext PCM/FM
0.1uv0224V ... £1000.00
85‘{‘8 Test Dscillator. 10Hz-10MH:.
01mVv-3 16V . ... .. ....£415.00
3320A Frequency Synthesizer. 0.01 Hz-
A3MHz. . .. £995.00
86408/01/02 AM/FM 1024MHz
L ... . £4950.00
B8690B Sweeper Mainframe with BES8B
Plugin. 0.4 — 110MHz. £4000.00

Marconi.
TF2000 20Hz-20KHz Low Distortion with
0-111dB Attenuator in 0.1dB steps
..£575.00
TF20028 with TF21 70 Synchronizer
10KHz-8B8MHz AM/RM Modulation
.......................... £1700.00
TF2120 0.0008Hz-100KHz Waveform
Generator . ........... ... . . . £900.
TF2008 AM/FM 10KHz-5 OMHz built in
sweeper. Dutput 0.2,V-200mV £3500.00
TF21B8 Pulse Modulator for use with

TF2015 or TF2016 ....E200.00
Philips.
PMB456 Stereo Generator. ... £250.00
Racal
9081 AM, FM, Phase and Pulse Synthesized
5-520MHz. . ... . ....£2200.00
Radiometer
SMG1 Stereo Generator . ... ... £375.00
TEKTRONIX TM500
SERIES

AF501 Band&)ass Filter/Amplifier . £400.00
AMS01 Dp Amp Gain 10,000 . .. £300.00
AMSB02 Diff. Amp Gain 1 — 100K £500.00
OMB02A True RM S 3% digit DMM

................. . . £250.00
DCS503A 125MHz Counter. . ... £475.00
DC505A 225MHz Counter. ... .. £600.00
FG501 Function Generator 0.001Hz-

AMHz. £375.00
FG501 A Function Generator 0.002Hz-
2MHz T B R ... £425.00
FG502 Function Generator 0.1 Hz-1 1M Hz

........................ £425.00
FG503 Function Generator 1Hz-3MHz

e P £275.00
PG505 Pulse Generator 1Hz-100KHz

........................... 0.00
PGS06 Calibration Generator . . £1650.00
PG507 Puise Gen 50MHz ... £900.00
SC502 15MHz Dual Trace Scope

L ..............£1000.00
SC504 B0MHz Dual Trace Scope

£1250.00

SG503 Sinewave Generator 250KHz-

250MHz .. .....£950.00
TG501 Timemark Generator . ... £950.00
TM515 Mainframe (5 wide} ... .. £350.00

TEKTRONIX TV TEST
EQUIPMENT

....... £1750.00

148 PAL Insertion Test Generator
£4000.00

Waveform Monitor . .£2950.00
651HR 12 PAL Colcur Monitor [‘r:\gm

L . 0.00

B655HR-1 TV Colour Picture Monitor

gNTSC +PAL+RGB] .. .. £3800.00
56HR PAL/SECAM Monitor. . . £3900.00

671 PAL Monitor ... _£1800.00

MISCELLANEOUS

Brue! & Kjaer

2209 Sound Level Meter £975.00

Qatalabhs

DLS01 Transient Recorder £750.00

DL805 Transent Recorder £935.00

Ferrograph

RTS1 Test Set . £235.00

Fluke

515A Portable Calibrator DC/AC and

Resistance with DC Resolution 0.2uV

L . . ..£1750.00

7B60A Meter Calibrator . £2950.00

883 AC/DC Differential £615.00

845 AB Null Detector £610.00

3010A Logictester. Seif Contained
Portable. Full Spec. on Request . £8500.00
Hewlett Packard.
5340A Counter 10Hz-18GHz 8 Digit

. 68750.00
8403A Modulator Fitted With B732B PIN
MDDULATOR . .£1500.00
8482H Power Sensor 100KHz-4.2GHz. AS
NEW . £250.00
8745A S Parameter Test Set. Fitted with
11604A Universal Arms 0.1-2GHz

. £2750.00

59308A HP-IB Timing Generator. £300.00
Marconi.
TF2162 M F. Attenuator. 0-111d8

. £180.00
Racal

9301 A RF Mitivoltmeter £495.00
Store 40 Recorder £3500.00
Schaffner

NSG 508 5KV Insulstion Tester . . £7€5.00
Tektronix

106 Square Wave Generator 1nS risetime
10Hz-1MHz without accessories. £1%5.00
577/D1 Curve Tracer .. £3000.00
832 Data Comms. Tester d
833 Data Comms. Tester .
2701 Step Attenuator 50Q 0 79d8in1d8
steps. DC to 2GHz ... £285.0C
2901 Time-Mark Generator £1985.00

Please note: Prices shown do not include VAT or carriage.
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COMPL

THE ‘ALADDIN'S' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT

HARD DISK DRIVES

Fully refurbished Diablo/DRE Series 30 2.5 mb hard
disk drive for DEC RKO5, NOVA, TEXAS etc.

Front load £550.00 - Top load £295.00

PSU type ME3029 for 2 drives £125.00

DRE 44A/4000A/B 10 mb 5+5 ali contigurations from
£995.00. Call sales office for details.

8 AMP MAINS FILTERS

Cure those unnervnn? hang ups and data glitches
caused by mains interference. Matchbox size - Up to 5
amp 240 v load. As recommended by the ZX81 news-
letter. Suppression Devices SD5A £5.95.

| DISTELO©

The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000’s
of stock items and order via your computer
and credit card. On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

GAINS
N'T MISS THOSE BAR
o CALLNOW, ITS FREE!

COMPUTER ‘CAPB’

All in one quality computer

cabinet with integral switched

mode PSU, Mains filtering, and twin fan cooling.
Originally made for the famous DEC PDP8 computer
system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15vDC at 1 amp and -15v
DC at 5 amps. The complete unit is fully enclosed with
removable top lid, filtering, trip switch, ‘Power and ‘Run’
LEDs mounted on Ali front panel, rear cable entries, etc.
etc. Units are in good but used condition - supplied for
240v operation complete with full circuit and tech. man,
Give your system that professional finish for only
£49.95 + Carr. Dim. 19" wide 16" deep 10.5" high
Useable area 16"w 10.5”h 11.5"d.

Also availabie LESS PSU with internal dim. 18"w, 16"d,
10.5"h, £19.95" Carriage & insurance £9.50.

Keep your hot parts COOL and RELIABLE

with our range of BRAND NEW protessional
cooling fans,

ETRI 89XUOI Dim. 92 x 92 x 25 mm. _
Miniature 240 v equipment fan complete with
tinger guard. €9.95.

Gi UL% JB-3AR Dim. 3" x 3" x 2.5" compact
very quiet running 240 v operation. NEW £6.95
BUHILER 69.11.22. 8-16 v DC micro
miniature reversible tan. Uses a brushiess
servo motor for extremely high air tlow,

atmost silent running and guaranteed 10,000
tr lite. Measures oniy 62 x 62 x 22 mm.

Current cost £32.00. OUR PRICE ONLY
£12.95 complete with data.
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
tan supplied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240v
at £10.50. 1000's of other tans Ex Stock

Call for Details. Post & Packing on all tans £1.60,

01-683 1133 wexiiin
8" FLOPPY DISK DRIVES

Unbelievable value the DRE 7100 8" floppy disk drives
utilise the finest technology to give you 100% bus
compatibility with most drives available today. The only
difference being our PRICE and the superb manufactur-
ing quality!! The 7100 single sided and 7200 double sided
drive accept hard or soft sectoring IBM or ANSI standard
formats giving a massive 0.8 MB (7100} 1.6 MB (7200) of stora%e. Absolutely
SHUGART, BASF, SIEMANS etc. compatible. Supplied BRAND NEW with user
manual and full 90 day warranty. Carriage and insurance £9.75.
7100 Single sided £225.00 + Carr. 7200 Double sided £295.00 + Carr.
| Optional accessories: Full technical manual £20.00 alone. £10.50 with drive. Refund
of difference on drive purchase. DC and AC power connector and cable kit £8.45. 50
way |DC connector £5.50. 50 way ribbon cable £3.20 per metre.

SUPER DEAL? NO

The FABULOUS 25CPS TEC Starwriter
Daisy wheel printer at a fraction of its original cost.

%N
iz

AND NEW AT
05LY£499+ VA

Made to the very highest

spec. the TEC Starwriter

FP1500-25 features a

heavy duty die cast

chassis and DIABLO type

print mechanism giving

superb registration and

print quality. Micro-

processor electronics

offer full DIABLE/QUME

compatibility ptus Bi

directional printing, 10 or 12 pitch, 136
or 163 chars per fine, full width 381 mm
friction or single sheet paper, - order now or ¢

information and print samgle Please specify RS232 or CENTRONICS interface.

Supplied complete with FREE dust cover and

Optional extras: R$232 data cable £10.00 - Tech. manual £7.50. Carriage & ins. (UK)

€12.50. - Tractor feed option £120.00

1/0 TERMINALS
FROMEI9S + CAR + VAT © . _—
Fully fledged industry standard ASR33 data
terminal. Many teatures including ASCII
keyboard and printer for data 1/O auto data
===\ detect circuitry RS232 serialintertace. 110
/\ baud, 8 bit paper tape punch and reader for
: off line data preparation and ridiculously
w5 cheap and reliable data storage. Suppliedin
good condition and in working order
|| Options: Floor stand£12.80 + VAT
KSR33 with 20ma loop interface£ 125.00 +
Sound proof enclosure £25.00 + VAT

SOFTY 2

The amazing SOFTY 2. The complete “toolkit'
tfor the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
ofthe 2516,2532 variety. Manyotherfeatures
include keyboard, UHF modulator. Cassette

interface etc. Functions exceed capabilities of
units costing 7 times the price! Onty

£169.00 pp£1.95 pata sheet on request

— SUPER STEAL!

-

/4

all sales office for more

daisy wheel

RECHARGEABLE BATTERIES

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver over
300 amps on short circuit! Brand new at
only £2.95

DATA MODEMS

Join the communications revolution with our
range of EX TELECOM data modems. Made to
most stringent spec and designed to operate
for 24 hrs per day. Units are made to the
CCITT tone spec. With RS232 i/o levels via
a 25 way ‘D skt Units are sold in a tested
and working condition with data Permission
may be required for connection to PO lines.
MODEM 13A compact, async, same size as
| telephone base. Up to 300 baud, tull duplex
over 2 wires, but call mode only £75.00
| MODEM 2B/C Fully fledged, up to 300 baud
async, ANSWER & CALL modes, auto answer,
auto switching, ideal networks etC. Just 2 wire
connection to comms line. £85.00
MODEM 20-1 Compact unit for use with
PRESTEL or full duplex 2 wire link. 75 baud
transmit - 1200 baud receive. Auto answer.
€130.00
MODEM 20-2 same as 20-1 but 75 baud
receive 1200 baud transmit €130.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire circuit or
halt duplex mode over 2 wires. £130.00
Carriage. 13A £4.50. 28/C & 20 £9.50.
For more details contact sales office.
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D.C. POWER SUPPLY SPECIALS
Experimentors PSU Ex-GPO unit all siticon electronics. Out})uts give +5v@ 2 amps.
+12v@ 800 ma.-12v@ 80O ma. +24v @ 350 ma. 5v@ 50 ma. floating. Dim 160 x 120 x
350 mm. All outputs fully regulated and short circuit proof. Removed from working
equipment, but untested. Complete with circuit. Transformer guaranteed. Only
£14.50 +£2.50 pp.

CUSTOMPOWER COS55 5v@ 3 amp. Very compact unitdim. approx60 x90x190mm.
Semi open chassis, full crowbar overvoltage protection. Tested Ex Equipment.
£11.9%5 +pp€1.25

MIN1 SYSTEM PSU Ex equipment unit ideal for the small micro. Outputs give 5v @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and
current limit. Fully tested. Dim 70 x 165 x 320 mm. Comptete with Circuitonly£12.98
+ £2.00 pp.

PERIPHERAL SYSTEM SUPPLY. Fully cased unit suppliec in a Brand new or littie
used condition. Outputs give 5v @ 11 amps, “+" 15-17v @ 8 amps. *-" 15-17v @ B amps
and "+" 24v @ 4 amps. All outputs are crowbar protected and the 5 volt output is fully
reiulated. Fan cooled. Supplied tested, with circuit £55.00 + £8.50 carr.

MAIN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use
outputs give 5 volts @ 50 amps. +12v @ 5 amps -12v @ 10 amps. All output are fully
regulated with crowbar overvoltage protection on the 5v output Supplied with circuit
' and tested Ex-Equip. 110v AC input. Only £49.95 +carr. £10.50.

66% DISCOUNT cowronent

COMPONENTS
& EQUIPMENT
Due to our massive bulk purchasing programme which enables us 16 bring you the
best possible bargains, we have thousands of I.C.'s, Transistors, Relays, Cap’s, PCB.s,
Sub-assemblies, Switches, etc. etc. surlplus to our requirements. Because we don't
have sufficient stocks of any one item to include in our ads, we are packing all these
items into the "BARGAIN PARCEL OF A LIFETIME" Thousands of components at
giveaway prices! Guaranteed to be worth at least 3 times what you play plus we always
include something from our ads. for unbeatable value!! Sold by weight
2.5kis£4.25 + pp £1.25 S5kis £5.90 + pp £1.80
10kis£10.25 + pp £2.25 20klis£17.50 + pp £4.75

ALL PRICES PLUS VAT

VIDEO
MONITORS

MOTOROLA 9" open chassis monitor.
Standard 240 v AC with composite 75 ohm
video input, bandwidth in excess of 18 mhz.
Monitors are ex equipment and although
unguaranteed they are all tested prior 1o
despatch, and have no visible burms on the
screens. Dim approx 9" x 9" x 9". Supplied
complete with mains and input lead. Ideal
ZXB81 etc. or giving the tele back to the
tamily!! Black and white phosphor. £35.00
+ £9.00 Carr.

12” CASED. Made by the British KGM Co.
Designed for continuous use as a data
display station, unit is totally housed in an
attractive brushed aluminium case with ON-
OFF, BRIGHTNESS and CONTRAST
conlrols mounted to one side. Much
attention was given to construction and
reliability of this unit with features such as,
internal transtormer isolated regulated DC
supply, all components mounted on two
fibre glass PCB boards - which hinge out for
ease of service, many internal controls for
linearity etc. The monitor accepts standard
75 ohm composite video signal via SO239
socket on rear panel. Bandwidth of the unit
is estimated around 20 Mhz and will display
most high def graphics and 132 x 24 lines.
{Units are secondhand and may have screen
burns. However where burns exist they are
only apparent when monitor is switched off.
Although unguaranteed all monitors are
tested prior to despatch. Dimensions
approx. 14” high x 14" wide by 11" deep.
Supplied complete with circuit. 240 volt AC
operation. ONLY £45.00 PLUS £9.50 CARR.

. 14" COLOUR superb chassis monitor made

by a subsidiary of the HITACH! Co. Inputs
are TTL RGB with separate sync. and will
plug direct into the BBC micro etc.
Exceptional bandwidth with good 80 col.
definition. Brand new and guaranteed.
Complete with full data & circuit 240 v AC
working. Dim. 14" x 13" x 13"

ONLY £199.00 PLUS £9.50 CARR.

SEMICONDUCTOR
‘GRAB BAGS’

Mixed Semis amazing value contents
include transistors, digital, linear, .C.'s triacs,
diodes, bridge recs., etc. etc. All devices
uaranteed brand new full spec. with manu-
acturer's markings, fully guaranteed,
50+ £2.95 100+ £5.18.
TTL 74 Series A gigantic purchase of an
“across the board” range of 74 TTL series
1.C's enables us to offer 100+ mixed
“mostly TTL” grab bags at a price which two
r three chips in the bag would nnormaily
cost to buy. Fully guaranteed all 1.C.'s full
spec. 100+ £6.90 200+ £12.30 200+ £19.50

OLIVETTI

TE300
REDUCED TO CLEAR™.

Completeinput output terminalwith integral8
hole paper tape punch and reader. Unit
operates at 150 baud in standard ASCII.Ideal
as a cheap printer for a MICRO etc. 120
columns, Serial data ifo. Supplied complete
with data, untested, unguaranteed £63.00
+£11.50 carr.

Allpricesquoted are for UK Mainland, paid cash with order in Pounds StirlingPLUSVAT. Minimum ordervalue£2.00, Minimum  redit
Card order£ 10.00. Minimum BONA F{DE account orders from Government depts, Schools, Universities and establishedcompanies

£20.00 Where post and packing not indicated please ADD 80p + VAT Warehouse open Mon-Fri 930 — 5.30. Sat. 10.15 — 5.30.
We reserve the right to change prices and-specifications without notice. Trade, Bulk and Export enquiries weicome.

64-66 Melfort Road, Thorfnton Heath, Near Croydon,

01-6897702— 01-689 6800 Telex 27924
WW — 075 FOR FURTHER DETAILS

Surrey [‘g ﬁ
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DEC PDP11/70 EQUIPMENT
SPECIAL BULK PURCHASE OF 11/70 PROCESSORS, PERIPHERALS AND

FLOPPY DISK DRIVES

OPTIONS EX DEC-MAINTAINED SITE enabling us to offer a wide variety of at
cenfigurations and add-ons. Please let us know your requirements Si\?i‘l gggg 01,50-’
DEC UNIBUS SYSTEMS RX28 £1450 DEXPO |Europe 83
PDP11/24 SYSTEM RX211 £1450 | London
11/24 CPU, 256KB MOS. Dual RLO2 & Control, Cahinet, VT100 Consple West Centre Hote ‘\ 1983
NEWE15,750 DEC MULTIPLEXORS 9,30 June & 19U
PDP11/34A SYSTEM pHnac Ea.500
11/34A CPU, 256KB MOS, Dual RKO7 & Control, Cabinet, LA36 Console D 3 DEC MEMORY
£13.725 DJ11AA [NEW) £1250
’ e £995 MJ118Y Core Box £1,500
PDP11/34 SYSTEMS 0Z11D £995 MM1 1DP 32KB Core £375
11/34 CPU, 128KB MOS, Dual RKO5 and Control, Cabinet, LA36 Console MS11JP 32KBMOS £375
£6320 DEC OPTIONS MS11KE 64KB MOS £1,500
AR11 A/D Conv. £750 MS11LB128KBMOS £500
pDPBA/RL01 SYSTEMS BA11LF Expander Box £825 MS11LD256KBMOS £750
SPECIAL PURCHASE — IMMACULATE AS NEW CONDITION DB11A Bus Repeater £525 Ms1imMBesekBMDS £1250
8A400-BR Processor complete with DD711CK Backplane £275
KKBA CPU 2 x RLO1AK Disk Drives DR11C /O £295 DEC PDP8A SERIES
MMBAB 16KW Core RLBA Controlier DU11DA Synch /0 £525 B8A205BRProcessor  £41,750
KCBAA Programmers Panel HI67 4ft. cabinet FP11A F/Point £1,500 8AB25BNProcessor  £2,250
KMBAA Option module £4750.00 KE118 EAE £595 MMBAB16KW Core £995
DKCBA Option module KJ11A Stack Limit £125  MSBCB32KW MOS £750
KK11A Cache £1,500 DKBEARTC £150
DEC LSI PROCESSORS KMC11A Aux. Proc. £875  KCBAA Prog. Panel £275
11/03LX KD11HA CPU, KEV11 EIS/FIS, BDV11 AA Terminator/Bootstrap, KT110 Mem. Mgt. £750  KKBFCPUModule Set £575
BA1 122 éao%hBSSIS with Backplane and Power Supply No memory included KW11LRTC £75 KuLBJA Asynch. /O £275
NEW 1 ts 175 KTBAMem. Mgt. £495
11/03N KD11Q CPU, KEV1 1 EIS/FIS, BDV11AA Terminator/Bootstrap, O VRS £ o
BA11R5 % Chassis with Backplane and Power Supply, MSV1 10D 32KW MOS.
NEW £1495 DEC PRINTERS AND TERMINALS | HAZELTINE VDUS
ANDERSON JACOBSON LA34 DECwriter IV E1A 300 baud £425 | actine 1500
AJB32 Daisy Wheel Printer 300 baud with Keyboard and Integral Stand, LA36 DECwriter 120mA £295 | (recon) £325
EIA/RS232 Interface £750 LA36 DECwriter |RS232 £325
AJBB0 Matrix Printer 1200 baud with Keyboard and Tractor Feed. LA180-PD DECprinter | [NEW] £495 F‘FZZC%'E']”E ESPRT eags
Good quality print-out with true descenders. Desktop model. LS120 DECwriter Il EIA 1200 baud £750
EIA/RS232 Interface £595 VT50 DECscope 20mA £199 | Hazeltine 1520
AJ212 Acoustic Couplers 300 baud, originate only £125 V750 DECscope RS232 £225 | (NEW) £625
: VT105 Graphics Terminal £950 .
TEXAS PORTABLE VT131AB £995 | Mrecunve80
{recon)  From £675
Texas 745 Portable Terminal with integral acoustic coupler £850 V1132 £875
gslel]® [ ] » i [ ] olg (D S B [ [ ]
[ ={0 L L] [ L . ) &3 ARRA
TEKTRONIX COLOUR GRAPHICS | 205 DESKTOP ComPUTER B
High resolution Graphics and Alphanumerics, 32KB Memory,
Integral Cartmdge Tape Drive  £2250 {

TEKTRONIX 4027 COLOUR GRAPHICS TERMINAL
providing full colour graphics and .
alphanumerics, Plot 10 compatible.

8 displayable colours from pallette of 64
full screen crosshair cursor

34 x BOdisplay (2720 characters]
120 user-defined patterns

RS232 Interface with up to 9600 baud
transmission

* range of options available

ourPRICE £5250.00

* ok % ok *

Other Tektronix Graphics Equipment currently
available:-

4006-1 HIGH RESOLUTION GRAPHICS
DISPLAY TERMINAL

Alphanumeric Mode: 35 x 74 characters

63 ASCIl character set)

raphics Matrix: 1024X x 1024Y

Baud Rate: 75 thru 4800 Interface: Standard RS232 {
£1525

4010-1 HIGH RESOLUTION GRAPHICS
DISPLAY TERMINAL

Alphanumeric Mode: 35 x 74 characters

{63 ASCIl character set] Graphics Matrix: 1024X x 1024Y|
Baud Rate: 110 thru 9800 Interface: Standard RS232
Thumbwheel crosshair cursor Integral Stand

£2750

4014-1 and 4015-1 HIGH RESOLUTION BIG (19"]
SCREEN GRAPHICS DISPLAY TERMINALS
Alphanumeric Mode: up to 133 x 64 characters [
[94 ASCIi character set or 188 ASCIl + APL on
model 4015)

Graphics Mode: 4096X x 4096Y

[includes enhanced graphics option)

Interface Standard RS232

Thumbwheel crosshair cursor Integral Stand

40141 £6950 40151 £7250 40161 25" Screen model €895

4952 OPT. 2 JOYSTICK \ b
(for 4050 series) sensitive cursor-control with .1 % accuracy -
and XY zero feature £2795

4662 INTELLIGENT DIGITAL PLOTTER
Microprocessor Controlled high speed piotting up to

10" x 15" with built-in joystick control.

IEEE general purpose interface £ 4800

4663 INTELLIGENT DIGITAL PLOTTER
Microprocessor Controlled high speed plotting up to
17" x 22" with built-in joystick control

Standard RS232 interface.

Baud rates 110-9600 £4000

606 DISPLAY MONITOR
5" CRT, 5ml Spot size, XY amplifier DC to 3MHz,
2-axis amplifier DC to 10MHz £650

606A DISPLAY MONITOR ssab0ve £875
606B DISPLAY MONITOR

5'""CRT, 3ml Spot size, XY amplifier DC to 3MHz.
2-axis ampifier DC to SMHz £950

611 STORAGE DISPLAY MONITOR
11" CRT, Storage view time 15 mins plus, XY amplifier Programmable
Erase, write-thru, non-store and view functions £49450

Range of options available on most models
'82/83 Catalogue now out. Send for your FREE copy now.

Electﬁaai;%ﬁpafé;gpiﬁﬁi, 61/65 Kings Cross Road,
London WC1X 9LN. Tel:01-278 3461.Telex 298694
= o e o | e = | ==

= — | = | |
Electronic Brokers |

Carriage and Packing extra

!
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Appointments

DISPLAYED APPOINTMENTS VACANT: £15.50 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £3 per line, minimum £20 (prepayable).

BOX NUMBERS: £3 extra. (Replies should be addressed to the Box Number in the advertise-
ment, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS).
PHONE: IAN FAUX, 01-661 3033 (DIRECT LINE)

Cheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed.

Advertisements
accepted up to 12 noon
Tuesday, May 31st, for
July issue, subject to
space available.

ALWAYS AHEAD WITH
THE BEST!

£5,000-£18,000

% Where does your interest lie: Communications; Computers;

Weapons; Radar; Nav. Aids; Data-Comms; Image Processing;

Medical; Telemetry; Simulation; Satcom; Local Area Nets.

w Experienced in: Mini/Microprocessor Hardware or Software; Digital
and Analogue circuitry; RF and Microwave techniques?

¥ There are opportunities in: Design; Test; Sales and Service for
Engineers and Managers.

% First call: MIKE GERNAT or JOHN SANDERS on 076 384 676/7.

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED {1926)
148-150 Hiah St. Barkway. Royston, Herts SG8 8EG.

me------ --“------“
i

CAPITAL APPOINTMENTS LTD
THE UK's No. 1 ELECTRONICS AGENCY

If you have HNC/TEC or higher qualifications and are ¥
looking for a job in design, test, customer service, tech- |
nical sales or similar fields:

NO REVOLUTION BUT THESE FIRMS PUT OUT A "MAYDAY'!

SENIOR DESIGN ENGINEER to development analog process
and instrumentation using Discrete components largely for
chemical industry to supervise production and to write docu-
mentation. Must be capable, practical person living near Enfield.
Salary up to £15,000 p.a. + executive transport.

DESIGN ENGINEER to develop digital circuits for television and

video applications including frame-stores, standards intercon- l
version and data encryption, or develop systems for base and TG'BI"WIIE now for our free jobs list

mobile stations for various applications. Must be experienced We have vacancies in all areas of the UK i
and qualified engineer. Up to £14,000 p.a. in North Berks. Salaries to £15,000 pa §
CHIEF ENGINEER to lead a team designing varied computer

peripheral equipments using TTL CMOS and based on 8085s. 01-637 5551 or 01-636 9659 I
Must have man-management experience, over and above tech- (24 hours)

nical competence and appropriate qualifications. Up to £14,000 Or if you prefer send a FULL CV to: I
SSS?(I;L;\JS Eeaté?;EHEeRntS(; develop precision emission spectroscopy CAPITAL APPOINTMENTS LTD i
gear which is interferometer based and also uses Fourier 29-30 WINDMILL STREET, LONDON W1P 1HG |

Transforms designing hardware and writing software for
microprocessors to control the whole process. May be young
but must be brilliant and well qualified. Salary to £12,000 p.a. in
N.W.Kent. T T o
GROUP LEADER to write software and design some hardware
for chart records, graph plotters and data recording products
based mainly on Motorola microprocessors. Besides qualifica-
tions and sound experience, must be able to galvanise and
motivate his team. Salary to £15,000 p.a. on Sussex coast.

hmmmm--ﬂm-mﬂmm--aﬁnd

UMIST
RESEARCH IN ANALYTICAL MICROWAVE SPECTROMETRY

DESIGN ENGINEER to develop radio communication manage-
ment systems applying both digital and RF techniques and a
Programmer to write programs using M6805 development aids
to control the systems. Salary to £11,000 p.a. in Wilts.
Graduates with relevant experience don't sit around!
Ring or send your c.v. to their chosen agents.

Charles Airey Associates

Tempo House, 15 Falcon Road, Battersea, London SW11 2PJ

Telephone: 01-223 7662 or 228 6294 (3033)

Applications are invited from persons holding a first or upper-;econd
class honours degree, to study for PhD in the design and construction ofa
microwave rotational spectrometer for the determination of water in
butane mixtures, supported by Shell Internationale Petroleum Maats-
cheppij B.V. Applicants must be practically oriented and have experience
of the theory and practice of digital and radio-freguency circuit design.
Experience at microwave frequencies is desirable, but training can be
given inthis area. .
Applications including a full curriculum vitae and the names of two
referees should be sent to Dr J. F. Alder, Department of Instrumentation
and Analytical Science, UMIST, PO Box 88, Manchester M6E0 1QD. Please
quote reference JAS/S3/AU.

(2122,
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Appointments)

 Senior Product
~ = Development

=~ ~— -~ Engineer

“~ -~ North London/Herts

. O~

* Acoustic design of transducers, telephones, intelligent
- -~ terminals and systems

/ * Product development for high volume production (for
m— very discerning customers at home and abroad)

‘/:F"l‘ / | / * Emphasis on styling, human factors, acoustics
o~ W performance, rapid development and low cost.

/ i | . STC is an international market leader in telecommunications and is committed to
: 2 < i o an exciting product development programme. \We now need to strengthen our

g - engineering team through the appointment of an experienced Electro-
Acoustic Engineer. This position will be of interest to qualified
Engineers of Degree level or equivalent with several years’ relevant
experience in the design and development of electro-acoustic
products. Successful applicants will be expected to demonstrate 4
high degree of design innovation to meet the critical low cost
requirement associated with the high volume production of
moulded. components and small electro-mechanical assemblies while
ensuring optimum acoustic performance.

This represents an exceptional opportunity to join a small, multi-
disciplined team of professional Engineers working witRin the
framework of a large organisation situated on the North London/
Herts borders. In addition to an excellent salary and a
comprehensive benefits package, we offer generous relocation
assistance where appropriate.

For more information please telephone or write to:
= ] Roger Edmonds-Brown, Standard Telephones and

Cables plc, Oakleigh Road South, New Southgate,
London N11 1HB. Tej: 01-368 1234.

ELECTRO CousTICS
\
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cUT THIS OUT!

Clip this advert and you can stop hunting for your next
appointment. We have a wide selection of the best
appointments in Digital, Analogue, RF. Microwave, Micro
processor, Computer, Data Comms and Medical Elec
tronics and we're here to serve your interests.

Call us now for posts in Design. Sales, Applications or
Field Service. at all levels from £6,000-£16,000.

(D “lechnomar

Engineering & Technical Recruitment

11 Westbourne Grove. London W2. Tel: 01-229 9239.

CHIEF
ELECTRONICS
ENGINEER

To join a small highly motivated research and development
team responsible to the Managing Director for all aspects of
circuit design including component specifications, loudspeaker
enclosures and test specifications from design to production
stage.

The Company is involved in the manufacture and marketing of
amplifiers, electronic effects and accessories in the music indus-
try both in the U.K. and overseas.

Candidates must possess high technical qualifications and be
experienced in an audio research and development environ-
ment. An active interest in live music would be advantageous
together with the ability to communicate with non-technical
people.
An attractive salary will be offered according to age, qualifica-
tions and experience.
Please send full c.v. to:

MR. S. H. MERCER, MANAGING DIRECTOR

CARLSBRO SOUND EQUIPMENT LTD.
CROSS DRIVE, KIRKBY-IN-ASHFIELD
NOTTS. NG17 7LD

(2106)

TELECOMMUNICATIONS TECHNICIAN ENGINEER

Up to £9,240 Edinburgh
This opportunity is in the Branch of the Directorate of Telecommunications which has
responsibility for the telephone and other administrative communication systems
within the Scottish Office and which provides a consultancy service on all aspects of
communications to the fire and health authorities.
The work will involve assisting in the detailed planning of administrative telecommu-
nication systems; liaison with other Departmental groups; British Telecom, the
Emergency Services and equipment suppliers, drafting of technical specifications,
the preparation of detailed information for feasibility studies; arranging field trials and
practical tests of new equipment; and technical administrative work concerned with
radio frequency allocation, radio clearance and transmitter licensing.
Candidates must have either TEC or SCOTEC Higher Certificate in Electronics, Tele-
communications or similar discipline or City and Guilds Full Technological Certificate
{Technicians Certificates Parts |, 11 and lll) in Telecommunications or Higher National
Certificate in Electrical/Electronic Engineering or Council of Engineering Institution’s
requirement for registration as a Technician Engineer CEl (TEng CEl) or an equivalent
or higher acceptable qualification.
In addition all candidates must have an aggregate of at least 10 years’ recognised
training and experience which may include up to three years’ ful-time study and
should include at least four years’ experience in communications engineering in one
or both of the following fields: {a) Telephony and line communications including
voice, data, teleprinter and facsimile systems, large and small PABX equipments and
British Telecoms full range of facilities; (b} Radio communications including VHF and
UHF radio schemes, radio links, radio paging systems, and mobile radio control
systems.
Senior ex-Service personnel with recognised exemptions from the above qualifica-
tions by the TEC/SCOTEC or City and Guilds of London Institute, and the relevant
experience in a senior technical capacity will be considered.
Electrical engineering graduates with an aggregate of at least four years’ profes-
sional training and experience in the relevant fields may also apply.
Starting salary {under review) £7,930-£9,240 according to qualifications and exper-
ience. Promotion prospects. RELOCATION ASSISTANCE MAY BE AVAILABLE.
For further details and an application form {to be returned by 10 June, 1983}, write to
Scottish Office, Personnel Division, Room 110, 16 Waterloo Place, Edinburgh EH1
3IDN or telephone 031-556 8400 Ext 4317 or 5028. Please quote ref. T(T}85.
Scottish Office. (21241

Botswana

Chief
Telecommunications
Maintenarice Officer

Up to £16,000 p.a. substantially tax-free

A challenging post with the Department of Civil
Aviation in a democratic multi-racial developing
country in southern Africa.

Duties

First line supervisor of the technician in charge at
Gaborone, Francistown and all out stations.
Involvement in the installation and maintenance of
ILS and VHF-DF equipment.

Instruction of local techniques including the
development of practical workshop courses for radio
maintenance technicians.

Qualifications

Applicants, preferably aged between 40 and 55 years,
should have successfully completed basic and advance
training in VOR and DME equipment atan
internationally recognised institution. A minimum of
five years’ experience in the installation'and
maintenance of the above equipment is necessary
together with successfully completed training in
advanced ILS and VHF.-DF equipment.

A broad engineering background in the maintenzance of
various communications equipment, including
teleprinters, is also essential.

Benefits include free passages, generous paid leave,
children’s holiday visit passages and education
allowances. Basic salary attracts tax-free gratuity cn
completion of three year contract.

For full details and application form ring
Linda Mitchellon 01-222 7730 extension 3714 or write
quoting YX/108/WW,

Crown Agents

The Crown Agents for Oversea Governments
& Administrations,
4 Millbank, London SW1P 3]D.

THE AMERICAN BROADCASTING CO.

requires

EXPERIENCED ENGINEERS

with good knowledge of U-matic VTRs and televi-
sion practices. The successful applicants would
join a small team of dedicated engineers working
on a shift pattern, operating and maintaining a
wide range of T.V. broadcast equipment. Some
overseas travel is also required.

The company offers competitive salaries with a
pension scheme and BUPA. Please send a C.V. and
salary requirements to:

Miss Patti Davies
Broadcast Operations and Engineering
American Broadcasting Company

8 Carburton Street, London W1P 702 2100

WIRELESS WORLD JUNE 1983




BORED ?

Then change your job!
1) Film-TV Equipment ]

Installation and maintenance of studio and TV
equipment. UK and abroad.

2) Satellite Communications
Test Engineers required with experience of
digital circuitry. £7,700. Surrey.

3} Microcomputers and

Peripherals
Service Engineers required £8-£10,000.
Camberley.

4) Data Communications

Service of microprocessor-based equipment
£8,000+car. Reading

5) Service Personnel

(RAF, RN, Army)

We have many clients interested in employing
ex-service fitters and technicians at sites
throughout the UK. Phone for details

6) £500 per week

We are paying very high rates for contract

design and test engineers who have a back-
round in RF, MICROWAVE, DIGITAL, ANAL-
GUE or SOFTWARE, at sites throughout the

s Hundreds of other Electronic
and Computer Vacancies to £12,500

Phone or write:
Roger Howard, C.Eng.,
M.LEE MILERE.

'CLIVEDEN CONSULTANTS

87 St. Leonard’s Road, Windsor, Berks.

Windsor (07535) 58022 (5 lines)
{1640}

Appointments

Electronic Engineer

Broadcast Technology

The IBA Harman Engineering Training College in Seaton, Devon,
provides professional specialist training for IBA Engineers.

We now need an additional Engineer to prepare lecturing and
training material and deliver lectures on specific areas of broadcast

technology.

You should be qualified to degree level (or equivalent) in

Electrical/Electronic Engineering or Physics and have at least five

%ears' recent experience in Electronics. Experience in the field of
roadcast engineering would be an advantage as would some

experience of lecturing.

Starting salary is within a range rising to £11,283 per annum.

Re- location expenses to the Seaton area will be paid, where

appropriate.

IBA

Applicants should write or telephone for an application form
quoting reference WW/801CC to Glynis Powell, Personnel Officer,
IBA, Crawley Court, Winchester, Hampshire SO21 2QA.
Telephone Winchester (0962) 822270.

to Lecture on

INDEPENDENT
BROADCASTING
AUTHORITY

* An Equal Opportunities Employer*

1

World-wide Television

UPITN — the world's leading television news agency — requires techni-
cility opening soon in Central London.
Successful applicants will enjoy a lively, fast-paced working environment
distributing the leading news stories of the day to more than 200 broad-
seven-day fortnight is involved, and
heme is offered. Positions open in-

cal staff for its new production fa

casters world-wide. Shift work on a
an attractive salary and pension sc

clude:

VIDEO TAPE EDITORS: Experience
inch and Sony BVU equipment wi

must have the ability to work we

be capable of booking and co-orc
television circuits and able to main
transmissions. A knowledge of stan

be required.

MAINTENANCE ENGINEERS: A working knowledge of a wide range of
modern television equipment including VTRs, Digital Standards Convert-
ill be required. Successful applicants
will be expected to develop and implement a programme of planned
maintenance as well as keeping UPITN “on the air” with emergency

ers, TBCs, and studio equipment wi

repairs.

Applications to:

Robert Howes
Manager, Technical Facilities
UPITN Corporation
48 Wells Street, London, W.1

in the operation of “'C’* Format one

il be required. Successful applicants
Il under pressure, meet tight deadlines,
and be able to work on a wide variety of programme material ranging
from short news items to a weekly half-hour documentary.

MASTER CONTROL OPERATORS: Applicants for these positions should
dination of domestic and international
tain quality control standards during
dards conversion techniques will also

(2098)

Ministry of Defence

Civilian Instructional
Officers Gradel il

Royal Air Force
Cosford, Cranwell, Sealand

A number of posts at the above units are open to men and
women fully skilled in the listed trades, able to teach and
supervise trainees. Appropriate City and Guilds Certificate,
ONC or equivalent is desirable though not essential. Selection
by trade test and interview. Salary, presently under review,
£6,756 p.a. rising to £8,115 p.a. Pensionable employment with
limited prospects of promotion to posts with a salary maxi-
mum of £10,319 p.a.

Electronics/Avionics
To teach Airborne Electronics equipment, instrumentation and
telecommunications.

Avionics
To teach Airborne Electronics equipment and instrumentation.
RAF COSFORD, Wolverhampton, West Midlands, WV7 3EX

Electronics/Avionics

Programming, timetabling external visits, and_instructional
support in the Electrical Power Systems Engineering
Laboratory.

RAF CRANWELL, Sleaford, Lincs, NG34 8HB

Avionics
To teach Electronic principles and equipment to MOD Craft
Apprentices.

RAF SEALAND, Deeside, Clywd, CM5 2LS

Further particulars and application forms may be obtained
from the Civilian Administration Office at the address relevant
to the post being applied for.

Closing date for receipt of completed application forms: June
13, 1983.

LOGEX
ELECTRONICS
RECRUITMENT

Specialists in Field & Customer Engineering appoint-
ments, all locations and disciplines.

Logex Houss, Burleigh, Stroud
loucestershire GL5 2PW

0453 883264 & 01-290 0267
(24 hours)

Qf Services

The professional CV people
* Quick
¥ Efficient
* Confidential
We prepare top-quality résumés at a price
you can afford
For further informatian write/phone:
CV Services
10 Wilton Road, Hitchir, Herts SG5 1SS

Tel: Hitchin (0462) 31836 (2130)

BOX NOs.

Box number replies should
be addressed to:

SENIOR MARINE
ELECTRONICS ENGINEER

with knowledge of installations and repair of
VHF, MF/HF Radio-Telephones, Telex, Radar,

Box NO...oovrereeereenn Automatic Pilots, Gyro and Sat. Nav. Based

c/o Wireless World in London but with periods of time working
overseas.

Quadrant House Please apply in writing with c.v. to Ms.

The Quadrant Brenda Bamnard, Telesonic Marine Limited,

Sutton, Surrey, SM2 5AS 60/62 Brunswick Centre, Marchmont Strest,

London, W.C.1. 21
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Appointments

CAREER OPPORTUNITY WITH
LEADING BRITISH MICRO MANUFACTURER
; INOXFORD __ ‘

£ HARDWARE

DESIGN

ENGINEERS
£8%K10 £13K

We offer a rare opportunity to live in Oxford and work with a team of experienced systems
designers, developing our next generation of computer and instrumentation products.

Our current very successful microcomputer family ~ Previous experience should include a good degree
includes a state-of-the-art network system and new  and at least two years’ experience in industry.

developments will make use of 16-bit processors including work with microprocessors and low-leve!
and gate-array technology. Our products are software design. A knowledge of analogue hardware |
designed to maintain our reputation for high or a high level language would be an advantage.

standards of quality and reliability We offer modern office accommodation and a

Engineers contribute to development projects from  salary range of £8,500 to £13,000 per annum
concept through to production handover. Projects ~ depending on experience. An attractive range
are normally tackled by small teams, providing of benefits include: 25 days paid holiday; free
maximumn involvernent and opportunities for BUPA, life and disability insurance; a pension

responsibility at project leader level. scheme and generous help with your
relocation to this area.

If you are interested in this vacancy please contact Denise Howells on Oxford
(0865) 726136 or write for an application form, quoting ref: HD/WW5

RESEARCH MACHINES

R

RESEARCH MACHINES LTD  Mill Street, Oxford OX2 OBW. Tel: (0865) 726136 2107

UNIVERSITY OF SURREY

ELECTRONICS
TECHNICIAN/
ENGINEER

The Department of Psychology
uses a wide range of electronic,
audio and video equipment and
seeks an experienced Engineer/-
Technician to design, construct
and maintain equipment and ad-
vise research and academic staff
on its use. The Department has a
range of microcomputers as well
as inputs to the University main-
frame.

SALARY ON SCALE:
£6,009-£7,016 per annum

Further information and applica-
tion forms can be obtained from
the Staff Office, University of
Surrey, Guildford, Surrey, GU2
5XH (Tel: Guildford 571281, ext.
776), quoting reference 143/WW.
Closing date for applications:
June 2, 1983.

THE PAPUA NEW GUINEA UNIVERSITY OF
TECHNOLOGY

Department of Electrical and Communication
Engineering

SENIOR TECHNICAL INSTRUCTOR

Applications are invited for the post of Senior
Technical Instructor, which will be available
from January 1984. Applicants should have a
higher certificate/diploma/degree qualification
and relevant industrial experience.

Preference will be given to candidates with a
teaching qualification and experience in digital
communication systems or computer systems.
Salary: Senior Technical Instructor K16,020-
K17,870 p.a. {(K1=Stg 0.7741 approx.}. Appoint-
ment level will depend upon qualifications and
experience.

Initial contract period is for approximately three
years. Other benefits include a gratuicy of 24%
taxed at 2%, appointment and repatriation fares,
leave faras for the staff member and family after
18 months of service, settling-in and settling-out
allowancas, six weeks’ paid ?eave per vear, edu-
cation fares and assistance towards school fees,
free housing. Salary protection plan and medical
benefit schemes are available.

Detailed applications (two copies} with curric-
ulum vitae, together with the names and
addresses of three referees and indicating ear-
liest ilability to take up post. should be re-

Electronic Engineers -
What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary
levels from around £5000-£15000.

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.

All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware
of your application.

00 LB HDOR HGLH DR DOEOLR SV LA BIHOIEE

TJB ELECTROTECHNICAL Please send me a TJB Appointments Registration form:

PERSONNEL SERVICES,
12 Mount Ephraimy . INdIIIE . . ;.. . . 55 - s rr - - s rpEmeE e
Tunbridge Wells,
Kent. TN4 8AS. @A & Address.................oo

Tel 0892 39388 -« T S T N I I B R i
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ceived by: The Registrar, Papua New Guines
University of Technology. P.O. Box 793, Lae,
Papua New Guinea, by July 31, 1983.

Applicants resident in the United Kingdom
should also send one copy to Association of
Commonwealth UnlvonhL (Appts.), 36 Gor-
don Square, London WC1H OPF, from whom
further general information may be obtained.

POWYS COUNTY COUNCIL
EDUCATION DEPARTMENT

MONTGOMERY COLLEGE OF
FURTHER EDUCATION
NEWTOWN
Required for September, 1983, a

LECTURER 11 IN MICRO
COMPUTER/MACHINE
CONTROL

to teach Computer Control, General
Computing and Programming to T.E.C.
Diptoma Course students in Electrical,
Electronic, Automobile and General En-
gineering and the use of computer
control to industry. (Ref. 650).

Application forms and further details
frem The Principal, Montgomery Col-
lege of Further Education, Llanidloes
Road, Newtown, Powys, to whom com-
pleted forms should be returned within
14 days of the appearance of this adver- §{

tisement. (2125)

R & D OPPORTUNITIES. Senior level vacan

cies for Communications Hardware and Software
Engineers, based in West Sussex. Competitive
salaries offered. Please ring David Bird at Redif-
fusion Radio Systems on 01-874 7281. (1162,
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Classified

SITUATIONS VACANT

ATE CONTROLLER

This new appointment will involve you in all aspects of planning, engineering and running the
automatic test facility, the hardware for which has now been ordered. The position will entail a
considerable amount of in-house liaison, involvement in programming for all products, design and
manufacture of jigs, etc, as well as day-to-day running of the section, direction and supervision of
standard documentation.

You will be a Degree/HND level Electronics Engineer with 5-10 years’ in-depth experience of test of
complex products, together with a background of programming and running ATE.

TEST ENGINEERS — STUDIO PRODUCTS

Qualified Engineers are required for test and quality assurance duties on our exciting range of broad-
cast TV studio products. You would be involved in testing and checking to spec., sophisticated studio
products such as colour cameras and digital test equipment.

You should be qualified to at least HND/HNC level and be familiar with modern digital and analogue
circuitry. At least three years’ experience since qualifying is considered essential for the present level

of vacancies.

Competitive salaries, backed by free life and health insurance plus
contributory pension scheme. Generous financial assistance with
relocation where appropriate to help successful candidates move
to Andover, located in a pleasant part of rural Hampshire within
easy reach of London and the South Coast.

Please write or telephone our Personnel Department on Andover (0264) 61345 for an application form
or alternatively let us have full details of your background and experience.

LINK

Walworth Industrial Estate,
Andover, Hampshire, England

Telephone:

Andover (0264) 61345

ELECTRONICS

Electronics Technician

Advanced colour-sorting equipment

London

If you've gained at least two years' exper-
ience in an R&D environment and have a
recognised electronics qualification, this is
an excellent opportunity to further your
career with an award winning high-tech-
nology company which is a clear leader in its
field.

We design, develop and manufacture
sophisticated electronic colour-sorting
equipment for applications in the food
processing industries. Our products are in
use in some 100 countries worldwide, with
export sales accounting for over 90% of our
turnover.

To help maintain our lead, we now seek an
Electronics Technician with an R&D or, pos-
sibly, relevant Services background to join
our R&D project team currently engaged on
a major development programme. Working

WAVEGUIDE, Flanges and Dishes. All stan-
dardk sxszcs and alloys (mew material only) from | brators,
stock.

Attractive salary package

within a genuinely multi-disciplinary envi-
ronment, you can expect to be involved in
areas such as optical measurement and
mechanics in addition to general electronics.
Key requirements include a good knowledge
of analogue and microprocessor-based
electronics, an adaptable approach to the
job, and the ability to operate effectively as
part of a team.

If you meet this specification, we'll offer you
an attractive salary package plus the chance
to make your mark in an exceptionally in-
teresting technical development role.
Either ring for more information or write
with brief personal, career and salary details
to; The Group Personnel Manager, Gunson’s
Sortex Limited, Fairfield Road, London E3
2Q0Q. Tel. 01-980 4888.

(2115)

ARTICLES FOR SALE

pecial sizes to order. Call Earth Stations,
0}‘-}27‘28 7876, 22 Howie Street, London SW1
) P

I BRIDGES, waveform/transistor analysers. Cali-
Standards. Millivoltmeters. Dynamome-

l“ nal generators — sweep, low distortion, true
(2099) | RMS, audio, FM, deviation. Tei. 040 376236. (162

LAMPS AND CABLE. Large amount of lamps
and cable for sale — all types and sizes, domestic
rers. KW meters. Oscilloscopes. Recorders. S1g-  |and industrial. Telephone MIRAGE LIGHTING

7 on HITCHIN (0462) 733388 between lOam-(7pm.

1809)

|

!

(2114)

ASSISTANT
ENGINEER

Required by the Manor
Mobile Recording Unit.
HGV licence and some ex-
perience of live recording
would be advantageous.

Please telephone

(08675) 77551
102)

| RTICLES FOR SALE

24
COLUMN
PRINTER

ONLY
£69 EACH
(inclusive)

Standard 4-inch 3U mounting;
inverted 4 double sized print; single
9V AC or 5V DC power supply; stan-
dard centronics interface or serial
data; extends only 40mm behind
panel.

For further details contact:
Benwick Electronics
9 Doddington Road, Benwick
nr March, Cambs, PE15 0UX
Telephone: Benwick (035477) 471

ELECTRONIC
COMPONENTS

Large ex-stock selection at highly
competitive prices. Write at once for
our comprehensive catalogue and
price list.

DENEPAC LIMITED
Bridge House

181 Queen Victoria Street
EC4AV 212
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Classified
assi |ed
|

KWe have selected these positions from the
many briefs we receive from companies
who operate in high technology fields. A
much larger selection is also available.

SERVICE ENGINEERS
¢.£8,000 plus car Central Scotland

To provide a range of support services to
customers of a substantial high technology
company, including engineering of
modifications for avionic equipment and
test gear on electro optics, radar and
navigational systems. You should have at
least an HNC in electronics and some
experience in these fields. Quote Ref: 1489.

CUSTOMER SUPPORT SUPERVISOR
£10,000 East Midlands

Our client is a leading British designer and
manufacturer of micro-computing systems
and requires a mature person to assist in
the management and training of a team of
technicians involved in the maintenance
and repair of mini/micro computers.
(Vacancies also exist at Technician level at
up to £8,500 p.a.) Quote Ref: 1310.

FIELD SERVICE ENGINEERS
£9,000 plus car
South East, Midlands, North Scotland

Ex-H.M. Forces? Your experience could be
ideal for this client, a manufacturer of
commercial communicationsequipment,
such as word processors and computer
terminals. You will be travelling around
maintaining customers’ equipment on
their premises, after training by the
company. If you already have about a
year's similiar experience, let's hear from
you, too. Quote Ref: 219.

TEST/TEST METHODS ENGINEERS
¢.£8,000 South East
Part of a group of systems companies, this
client designs, develops, manufacturesand
installs capital electronics equipment for
customers in about 150 countries. An
established career structure exists for
engineers (min. HTEC/HNC) with three
years in ATE on design or programming or
production test areas, to devise test
methods for digital equipment. Quote Ref:
1343.

TEST ENGINEERS

¢.£8,500 S. London and Surrey
Rapidly expanding because of increased
civil and military projects, this client needs
minimum C & G plus experience in
analogue and digital circuitry. You must
be capable of fault finding down to
component level (from PCBs to ATE level).
Quote Ref: 1304.

TECHNICAL SUPPORT ASSISTANT \
£8,000 plus car South East

A leading manufacturer of sophisticated
office equipment has an interesting
opportunity to work with a specialist team
in achieving and monitoring defined
technical standards amongst field service
personnel, with special regard to training.
Min. G & G Pt 3, plus clean driving licence,
willingness to travel and ability to get
along with people, are main requisites.
Quote Ref: 1493.

FIELD ENGINEERS
£10,000 plus car

Bases throughout British Isles
Britain’s leading manufacturer of
minicomputer business systems needs
efficient and reliable engineers to help
continue its amazing growth record. We
want to hear from you if you have
experience on any minicomputers or
peripherals (and especially PDP 11s).
Quote Ref: 1452.

FIELD SERVICE ENGINEERS
¢.£8,000 + car, + overtime

London & South
An important company in the field of
communications needs people with sound
electronics servicing background to
maintain customers’ equipment which
includes pocket paging systems operating
on LF and HF frequencies and duplex
intercom systems. Full product training
will be given but you should have a good
knowledge of transistorised circuitry.
Quote Ref: 1321.

If you would like to hear more about any of the
above posts, fill in the coupon, indicating clearly the
appropnate reference number(s)

Post the coupon to Stuart Talt, The Lansdowne
Appolintments Register,. Park House, 207 The Vale,
London W3 7QB. Tel. 01-743 6321 (24 hr answernng
service

All posts are open to men and women

P
Lansdowne
Appointments Register

[ am interested 1n post number(s)
I am interested 1n your register

Name =
Job Title
Home Address

Our service is completely confidental for both
companies and jobseekers.

WW/16/5/83 (2123)/

T{ ARTICLES' FOR SALE

AUDIO

We are a major importer, distributor and installer of high
technology audio equipment for the broadcast and recording Variacs. Small Lab Balance and Weights,

industries.

We need for our service and installation department either a
fully qualified engineer with experience of analogue and digital
circuitry or a trainee who is willing to achieve the standards of Oscilloscope, £79; Small Lab Oven, £49;

excellence we require.

We can promise client contact, interesting work and a stimulat-

ing central London environment.

Contact Tim Owen, Nick Martin or David Rivett on

01-734 2812/3/4

{

ELECTRONIC INDEXING
TABLE AND ACCESSORIES
—£2

Rohde & Schwarz items at £75: Selekto-
mat, Audio Frequency Spectrograph, De-
cade Exciter HS 1205, HS 1208, HS 1206,
A3b Modulator NA60. Several Large

£25; Tektronix 100Mc/s Scope, £195;
Time/Mark Generator, £89; Marconi Q
Meter, £39; Micromatch Transformer 4-
decade, £45; Marconi VHF Alignment

Pressure Gauges, £4; Variable Stabilised
PSUs, e.g. 50v, 15A, £85; superb pre-war
German Capacitance Bridge, new condi-
tion, offers; Watson Microscope, £89.
Early British Rocket Sections, collectors’
items. Surface “Flatness’ Gauge, accuracy
in micro-inches, £35. One or two Oscillo-
scopes, Signal Generators, etc.

(2128} | 040-376236

4046)
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TEXAS
TTL DATA BOOK

Vols 1 & 2 1983, £18.50

ELECTRONICS ENGINEER'S RE-
FERENCE BOOK by Mazda, 1983
f!

56.00
PUBLIC ADDRESS HANDBOOK by
V. Capel £8.95

DOMESTIC VIDEOCASSETTE RE-
CORDERS — A SERVICING GUIDE

by S. Beeching £15.00
INTRODUCTION TO MOS LSI DE-
SIGN by J. Mavor £16.50

INTRODUCTION TO DIGITAL FILT-
ERS by T. J. Terrell £7.50

INTRODUCING MICROPROCES-
SORS by I. R. Sinclair £6.50

ADVANCED GRAPHICS WITH THE
SINCLAIR ZX SPECTRUM by I. O.
Angell £10.95

LYNX COMPUTING by I. Sinclair
£7.95

WORLD RADIO T.V. HANDBOOK
by J. M. Frost £12.00

1983 THE RADIO AMATEUR’S
HANDBOOK by A.R.R.L. £10.00

% ALL PRICES INCLUDE POSTAGE

THE MODERN
BOOK CO.

BRITAIN'S L ARGEST STOCKIST
of British and American Technicat Books
19-21 PRAED STREET
LONDON W2 1NP

Phone 01-402 9176
Closed Saturday 1 p.m.
Please allow 14 days for reply or delivery

(2023}
THE SCIENTIFIC
WIRE COMPANY
P.0. Box 30, London, E.4
ENAMELLEO COPPER WIRE
SWG b 8oz 40z 202
810 29. . 276 150 B0 60
30to34. ... 320 180 %0 70
3510 40. 340 200 110 80
41t043 ... 475 280 200 142
47 837 532 319 25
4810 49. 159 958 638 369
SILVER PLATED COPPER WIRE
14t030...... . 850 3715 220 140
TINNEO COPPER WIRE
14 t0 30. 338 23 14

Prices include P&P, VAt and Wire Data. SAE
for list. Dealer enquiries welcome.

Reg Office: 22 Coningsby Gurder’\s !

3063

LINSLEY HOOD DESIGNS

75Watt and 100W amps
Audio Signal Generators

75Wattamp p.c.b. ... ..£2.30
100Watt Mosfetp.c.b. ... £4.00
p&p 50p

S.A.E. for leaflets

TELERADIO ELECTRONICS
325 Fore Street, London N9 OPE( 2
176!

VALVES, PROJECTOR Lamps, 6000 types, list
75p, world wide export. Cox Radio (Sussex) Lid.,

The Parade, East Wittering, Sussex. Phone (024
366) 2023. (1991)

DON'T MISS OUR VALVE LIST! Send 25p +
L.S.A.E. Today; Billington valves, 23 Irwin Drive,
Horsham, RH12 INL. 10p + Sae for component
clearance hst (No callers) (2068)

EX WD Radio eq\upmcm - and test equipment.
Over 500 sets in stock from £8. Send 50p for
lustrated catalogue (including £1 voucher).

| Weirmead Ltd. 129 St. Albans Road, Watford,

Herts. Tel: Watford (0923) 49456. (1974)

ENCAPSULATING EQUIPMENT FOR coils,
transformers, components, degassing silicone
rubber, resin, cpoxy. Lost wax casting for brass,
bronze, silver, etc. Iinpregnating coils, transfor-
mers, components. Vacuum equipment, low cost,
used and new. Also for CRT regunning metallis-
ing. Research & Development. Barratts, Mayo

| Road, Croydon CR0O 2QP. 01-684 9917.  (9678)
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ONS VACANT,

OMMUNICATIONSE

B ENGINEERING

Radio Frequency
Regulation

Opportunities exist in the Radio Regulatory
Department which is responsible for
regulating the use of the radio frequency
spectrum within the UK — operating within
the framework of national legislation and

International Telecommunications Union.
The successful candidates will be involved in
the study of radio propagation, the planning
and regulation of frequency bands aliocated
to broadcasting, fixed, mobite, and space
services; the application of computer
techniques to frequency assignment, the
operation of an international frequency
monitoring service, the specification and
type-approval of equipment for mobile and
fixed services; and the development of
equipment for detection, measurement and
suppression of radio interference, and
technical advice on licensing. Ref: T(R)85.

Candidates must have a degree in
electrical/electronics or communication
engineering or applied physicsor have
passed the Council of Engineering
Institutions Part 2 examination in
appropriate subjects or have an equivalent
qualification. They must have at least 2 years
professional training or the equivalent
experience and will be required to
demonstrate a breadth and depth of
knowledge and some relevant experience of
radio and advanced technology
communications systems, or computers or

ATANATIONAL LEVEL
Upto£10,460

conforming with the Radio Regulations of the

Radio
Communications

An opportunity exists in the Mobile Radio
Section which has technical design authority
for the mobile radio, personal radio, radio
alerting system and other specialised radio
applications for the police forces and fire
brigades in the Home Office Scheme; and
has responsibility for the management of
radio frequencies for the emergency services
and for tiaison with police and fire services in
order to establish their requirements for
telecommunications systemsand equipment.

The successful candidate will undertake and
orzanise theoretical and practical R&D
studies either conducted internally or by
contract with Industry or Universities, and
aimed at improving the police and fire radio
communications through improved
techniques and new technology.

Ref: T(S)85.

similar electronic systems.

Starting salary (including £1220 Inner
London Weighting) in the range
£8085-£10,460 according to qualifications
and experience.

Reiocation assistance may be available.

For further details and an application form(to
be returned by 10 June 1983) write to Civil
Service Commission, Alencon Link,
Basingstoke, Hants RG21 1JB or telephone
Basingstoke (0256) 68551 (answering
service operates outside office hours).
Please quote appropriate reference.

B HOME OFFICE N

LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY

WORKSHOP
TECHNICIAN

Applications are invited for this new post in the De-
partment of Computer Studies. The successful candi-
date should have HNC, HND, or equivalent and 6-10
years’ experience in the field of microprocessors,
electronics or digital systems in the first instance.

Salary on Grade 6 scale £6532-£7802 (under review).
The appointment is for three years.

Requests for further particuiars and application forms
to Dr C. H. Machin, Department of Computer Studies,
University of Technology, LOUGHBOROUGH Leics

LE113TU.
(2025)

SOUTHERN DERBYSHIRE
HEALTH AUTHORITY

MANOR HOSPITAL, UTTOXETER ROAD
DERBY DE3 3NB

ENGINEERING ELECTRONICS
TECHNICIAN i

modification of electronic equipment
used in medical and engineering appli-
cations. The successful applicant will be
expected to undertake necessary
training to enahle him/her to maintain
medical gas equipment. A current driv-
ing licence and possession of a car are
essential. Applicants should be quatified
to O.N.C. or equivalent standard and
have at |east three years’ experience in a
similar position of responsibility.

Application form and further details

from: Mr. D. Hargreaves, Assistant

{Ref. No. 895).

(2057)
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To carry out rnaintenance, repair and#

District Works Officer (Engineering).§

Classified

ARTICLES FOR SALE

RACAL COMMUNICATION RECEIVERS
500kc/s to 30mc/s in 30 bands Imc/s wide, RA1? MK11
£100, RAI7L £150, RA11TE £225. New metal louvred cases
tor above £25 each. All receivers are air tested and
calibrated in our workshop. Supplied with masual and
dust cover, in fair used condition. RACAL SYNTHESIS-
ERS (Decade frequency generator) MA3S0B Solid state
for use with MA79 — RA11? — RA217 — RAt217 ETC,
£100 to £150. MA250 1.6mc/s to 31.6mc/s £100 to £150.
MA259G PRECISION FREQUENCY STANDARD Smcis,
1mc/s 100khz £100 to £150. EDDYSTONE RECEIVER TYPE
EC964/7K Solid state, single channel, SSB, mans or
battery powersd, 1.6 to 27.5mc/s and 400, 535khz £100
wath manuai. REDIFON SSB RECEIVER TYPE R499 Solid
state, 10 fixed channets, range 1.5 to 30mc/s and 256khz
to 525khz, power mains or battery, complete with ISB
adaptor ARU10A, £100 with manual. REDIFON TT11 AU-
010 TELEPRINTER CONVERTOR Solid state, tested with
circuit £25. CREED TYPE 75 TELEPRINTER 50 and 75
bauds for use with above convertor £25.

OSCHLOSCOPES 9
COSSOR COU1S0 35mc/s, twin beam, solid state £195
with manual. TEKTRONIX 422 Sclid state, portable with
intamal battery pack, 15mc/s, dual trace £350. CTA%6
DUAL BEAM Ooscilloscope, 6me/s £75. TEKTRONIX 647A
100mc/s, dual trace, solid state £350 with manual. MAR-
CONI TP935 SIGNAL GENERATORS From 2mcis or
1.5mc/s to 220mc/s, AM-FM. A2M £100, A3 £100, AS £150,
BS £250 with manuais. TF20058 Two tone signal source
audio £150 TF2606 DIFFERENTIAL DC VOLT METER 0 to
1100voits £100. TF2002 AM SIGNAL GENERATOR 10kc/s
o 72mc/s £400. TF2002AS FM and AM signal generator,
10kc/s to T2me/s — £600. TF2172B DIGITAL SYNCHRO-
NIZER For above £350. TF10668/6 FM-AM SIGNAL GEN-
ERATOR 10cmis to 470mc/s £300. TFI1245 CIRCINT MAGMI-
FICATION METER and TF1246 Oscillator £200. H.P.
SiGNAL GENERATOR 6204 7 to 11 gigs £100. H.P. SIGNAL
GENERATOR 608 10-420mc/s — £70. MARCONI AF WATT
METER CT44 NO1 Absorption, 200 microwatts to 6 watts,
in 10 ranges switched, 2 50hms to 20K ohms £45. TFES3A
AF WATT METER 1 mitinwatt to 10 wetts 2.50hms to 20K
ohms in 48 steps £65. THYRISTOR TEST SET, CT558
Voltages up to 2KV £100. TEKTRONIX 4002A GRAPHIC
COMPUTER TERMINAL with joystick £1200 TENTRONIX
601 Hard copy unit for use with above £450. Both units
for £1550. RACAL DIGITAL COUNTERS, TYPE 301M
125mc/s £50. RACAL &36 COUNTER 35mc/s £50
VAT AND CARRIAGE ON ABOVE ITEMS EXTRA
All items are bought direct from H.M. Government, being
surplus equigmem. Price is ex works
SAE for all enquiries. Phone for appeintment for demon-
stration of any item
JOHN'S RADIO, WHITEHALL WORKS, 84 WHITEHALL
ROAD EAST, BIRKENSHAW, BRADFORD BD11 2£R

TEL: {0274} 584007 (848)

INVERTERS
Wigh-gquallty DC-AC; alse ‘‘no
break’' (2ms) static switch, 19in.
rack. Aute Charger.

COMPUTER POWER SYSTEMS

Interport Mains-Store Ltd.
POB 51, London, W11 3BZ

Tel: 01-727 7042 or 0225 310916 5y,

BILLINGTON VALVES, Electronic

valve

specialists (also bulk suppliers of transistors). SAE-
/IRC for quotation on your requirements. We offer
an unrivalled service supplying rare/obsolete valves.
Send 25p + L.S.A.E. For our valve listing (Includes
money off voucher). 23 Irwin Drive, Horsham,
RH12 INL. No callers. (2069)

FOR SALE. Phibps FM stereo generator
PM6456 current list price £460 (incl). Calibrated
and checked by suppliers. Near new condition
£250 ono. Mr E. Rice, 68 Vernon Drive, Stan-
more, Middlesex HA7 2BT. Tel: 01-427 3034.

FACSIMILE SYSTEM comprising Muirhead K-
400-D transmitter, K-401-D receiver, K-346 crystal
control units, K-404-D line switching unit. £650.
Morris Bolton 52384, (2127)

PRODUCTION SERVICE. Short run assembly,
wiring, printed circuit design. All types of electrical,
electronic, electro-mechanical products. Prototype
development. Contact L. Eastwood on 01-874 1856.
Allied Electronics Ltd., 28 Upper Richmond Road
SW15 2RX. (2110)

RANK CINTEL MARK VI Flying Spot Slide
Scanner including Philips PM 5530 pulse generator
and monochrome picture monitor, but less wave-
form monitor and encoder. Can be seen working.
Offers invited. Telephone Dalco Electronic
Systemns, Lowestoft 0502 512338. 2118)

FERROGRAPH ATU+RTS-2 tape machine test
and alignment centre. Boxed, as new. cost £750, but
accept £495 0.n.0. 01-643 5608 eve./weekends.

(2094)
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CLES FOR SALE

W
TO MANUFACTURERS, WHOLESALERS
BULK BUYERS, ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA-
MICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE,
CABLES, SCREENED WIRE, S’&Sggvs NUTS, CHOKES, TRANSFOR-
, etc.
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN'S CAVE

TELEPHONE: 445 0749/445 2713

BROADFIELDS & MAYCO DISPOSALS
21 Lodge Lane, North Finchley, London, N.12

{5 minutes from Tally Ho Cornes)

(1613)

i TZ CRYSTALS IN 24 HOURS
ANY FREQUENCY 2-50 MHz FOR £5 inc

New fastservice for C.W.O. onIy (state holder style).
Clock oocillamrs for microprocessors in stock from £9.30.

Mcl(mdm Crystal Co Ltd, Hardley Industrial Estate
Mythea, Southampton SG46ZY Tel. 0703 848961

{2008)

E ARTICLES WANTED

P.C.

15

Artworks

FAST TURNROUND

Cost effective specialist layout and master artwork

WILLIAMS ARTWORK, GRAYS LANE MORETON-IN-MARSH
GLOS. Telephone 0386 840121 — to Sp.m.

(1971}

Artwork, Circuit Design,
Prototypes, Final Assembly.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

PCB Assembly, Test & Repair Service, Q.A. Consuitancy,

Quality workmanship by professionals at economic prices.

Please telephone 01-646 5686 for advice or further details.
Unit 4, Windmill Trading Estate
Commonside East, Mitcham

cleared.

nents and equipment. Telephone and

— (1391!
\ | =
WANTED WANTED | PCcB/ELECTRONIC ASSEMBLY FOR THE BEST PCB SERVICE
£ to sample or drawing. Short or contin- AVAILABLE
Test equipment, receivers, Scrap and re-usable mainframe uous runs. Any quantity. 100% * Circuit Design & Development

computer and industrial electronic
equipment.

E.M.A. Telecommunications Engi-
neers, Orford, Woodbridge, Suf-
folk. Tel. 039-45 328.

valves, transmitters, compo-
nents, cable and electronic
scrap, and quantity. Prompt
service and cash. Member of

A.R.R.A. (1720)
= TURN YOUR SURPLUS Capacitors, Tran-
86 B|8h°p393t° Street sistors, etc., into cash. Contact COLES-
Leeds LS1 4BB HARDING & CO., 103 South Brink, Wisbech,

Cambs. 0945 584188. Immediate settlement. We
also welcome the opportunity to quote for com-
plete factory clearance. (9509

0532 35649

WANTED: Design and possible msnufacture of
complete unit for transmitting a narrow beam of
Microwave in the low Gigahertz range. Also com-

lete unit for transmitting high-power 25kHz
Bluasound Write for further information to Bur-
rabella Pry. Lid., 5 Moon Street, East Burwood,
Victoria 3151, Australia. (2082

CAPACITY AVAILABLE

TW ELECTRONICS LTD
THE PCB ASSEMBLERS

More and more companies are investi-
gating the advantages of using a profes-
sional subcontractor. Such an undertak-
ing requires certain assurances.

SURPLUS

Top prices paid for surplus, redundant
and obsolete test equipment, factories

Also quantities of components.
Immediate settlement. We will call any-
where in the United Kingdom.

TIMEBASE |

94 Alfriston Gardens I

Sholling, Southampton SO2 8FU
Telephone: (0703) 431 323

WANTED

Redundant/surplus electronic compo-

computer spares.
Prompt service and payment.

J(EBle::rm;c)K TW are able to satisfy all of them —
quality, compestitive pricing, firm delivey
191/193 London Road and close co-operation with the cus-
Romford, Essex tomer.
Romford 44473

Assembled boards at 100% inspected
before fiow soldering and reinspected
after automatic cropping and cleaning.
Every batch of completed boards is is-
sued with a signed certificate of confor-
mity and quality — our final assurance.

For further details, contact us at our new

(1979

WANTED

Redundant test equlpment &
receiving and transmitting equipment
valves, plugs and sockets — synch-

ros etc. works:
Phone: Johns Radio Bl-'&'"""sl"g"ﬂﬂ-' Park
ury St. Edmunds
84 Witshal Road Surolk P33 3UT
East Birkenshaw Telephone: 0284 3931 (1466)
Bradford BD11 2ER {2049)
BATCH PRODUCTION PC assembly to sample
or drawings, any quantity. Stagecraft (Electronics)
Lid, 3, Churchfield Rd, Acton W3 6BH. Tel: (01)
ANTIQUE RECEIVING | | 3360 (2059)
VALVES

BATCH PRODUCTION wiring and assembly
to sample or drawings. McDeane Electricals Lad,
19b Station Parade, Ealing Common, London
WS. Tel: 01-992 8976. (169

Unused and boxed
In large quantity

FREE PROTOTYPE of the finest quality with
EVERY P.C.B. artwork designed by us. Competi-
tive hourly rates, and high standard of work.
HALSTEAD DESIGNS LIMITED Tel. Halstead
| (0787)477408.

Tsutom Yoshihara
)} C1-105, Deguchi-cho 34
Suita-shi, Osaka 564
JAPAN (2055)

(2126) |

inspected. Special rates for small
companies or large quantities. Fast
turnaround and local deliveries if re-
quired.
AUTRONICS, 23 Regency Gardens
Yardley Wood, Birmingham B14 4JS
021-474 4638 (2020)

Digital and Analogue

W Artwork Layout

Work of the highest standard by experienced

draughtsmen. No minimum charge.

% Board Manufacture .

Prototype to sami-production, excellent rates,

24-hour prototype service from filmwork.

* Wiring & Assembly

PCB assembly, wiring and cable forming by
lified staft

PRINTED CIRCUIT
BOARDS '

Manufacturers from A/W or film, small
or large quantities, average turn-
around two weeks.

MAYLAND PCB CO. LTD.
Maylandsea
Chelmsford, Essex CM3 6AB
Tel. (0621) 741560 (2051)

!

LOST FOR WORDS?

Self-motivated Engineer seeks
technical writing work on free-
lance basis. Well versed in main-
tenance, development and teach-
ing aspects of audio video and
allied fields.

Any interesting opportunity con-
sidered.

i Wireless World, Box 2097 ‘

TV PICTURE TUBES. If you have interest in
setting up a TV tube rebuilding plant we offer our
consultancy service backed by more than 30 years
experience. We will provide equipment new or
used. Layout and fullest quality training. We also
offer all component parts of every type for all
tubes. Our service is worldwide and a joint parti-
cipation venture may be considered in some
countries. Box No. 2095.

SMALL BATCH PCBs, produced from your art-
work. also DIALS, PANELS, LABELS. Camera
work undertaken. FAST TURNAROUND. De-
tails: Winston Promotions, 9 Hatton Place, London
ECIN 8RU. Tel. 01-405 4127/0960. (9797)

q

* Teost
Full test facilities available.

Oné or all services avail-
able, no order too smali.
Please telephone Cheims-
ford (0245) 357935, or wma
to HCR Electronics, The In-
dustrial Unit, Parker Road,
Chelmsford.

(1189)

DESIGN AND DEVELOPMENT. ANAL-
OGUE, DIGITAL, RF AND MICROWAVE
CIRCUIT AND SYSTEM DESIGN. Also PCB
design, mechanical design and prototype/small
batch production. — Adenmore Limited, 27
Longshot Estate, Bracknell, Berks. Tel:
Bracknelil (0344) 52023. (656)

DESIGN SERVICES. Electromic design de-
velopment and production service available for
digital and analogue instruments. RF Transmit-
ters and receivers, telemetery and control
systems. 20 years’ experience. R.C.S. Electronics,
Wolsey Road, Ashford, Middlesex. Phone Mr
Falkner 53661 . (8341

TURN YOUR SURPLUS Capacitors, tran-
sistors, etc, into cash. Contact COLES-HAR-
DING & Co., 103 South Brink, Wisbech, Cambs.
0945-4188. Immediate settlement. We also wel-
come the opportunity to quote for complcte fac-
tory clearance.

PCBS & PANEL LABELS to your require-
ments. Design — Prototypes — Production. G.
N. Siee Custom Products, 78 Derry Grove,
Thurnscoe, Rotherham, Yorks $SG3 OTP. Tele-
phone (0709) 89525. (1892)

C.A.D. BUREAU for all your p.c.b. design re-
quirements from single sided to multi layer at a
super fast turnround time. High precision film
artworks, dot matrix plots, colour pen plots, etc.
For further details contact McGaw Associates on
0202 824083 (Dorset).

PHONE YOUR
CLASSIFIEDS TO
IAN FAUX ON
01-661 3033
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SITUATIONS VACANT

AGENTS

TECHNICIAN

Technician required to assist in our video service area with
repair and modifications of airborne video recorder systems.

Candidates will also be involved in the building of test and
demonstration equipment.

Applicants will preferably be studying at ET3/ET4 level and be
prepared to continue their studies on a day-release basis.

It is likely that the successful candidate will have 2/3 years’
experience in digital and analogue circuitry, will already live
within daily travel of our site and will hold a current driving
licence.

Conditions of employment are attractive and include medical
insurance scheme, free tunches, good pension and life assur-
ance arrangements.

If you require further details please contact:

Mrs M. Berrow

Personnel & Training Manager
John Hadland (Pl) Ltd.
Newhouse Road

Bovingdon

Hemel Hempstead

Herts HP3 OEL (2129)

DISTRIBUTORSHIPS

required from prominent British instru-
mentation manufacturers to sell in
Canada under sole agency basis.

Contact Tradeport Electronics Group,
3768 Bathurst Street, Suite 317,
Downsview, Ontario, Canada M3H 3M7.
Tel. (416) 629-9661. Telex: 06 217828
TRDPRT TOR.

{2104)

BOX NOs.

Box number replies should
be addressed to:

c/o Wireless World
Quadrant House
The Quadrant
Sutton, Surrey SM2 5AS

BEXLEY LONDON
BOROUGH

DISPOSAL OF
REDUNDANT 2-WAY
RADIO TELEPHONE
SYSTEM

The Council is offering for sale its
redundant 2-way radio-telephone
system (supplied by Burndept
Electronics Limited) which consists
of:
1 No. F6B8FM RZ Fixed Station with
talk-through
7 No. A3E0RZ Remote Control Units
30 No. BE385 Dash Mount Mobiles
including speakers and fixing units
1 No. Power Supply Unit {all units
are excluding crystats)
Tender forms which are available
from Technical Services Secretary,
Sidcup Place, Sidcup, Kent (Tele-
phone No. 01-303 7777, extension
8205), must be returned to the Chief
Solicitor by not later than noon on
Wednesday, June 1, 1983. 12120)

To
Rate £3 PER LINE. Average six words per
line. Minimum £20 {(prepayable)
Namz and address to be included in charge if ADDRESS

used in advertisement
Box No. Allow two words plus £3

Cheques, etc., payable to
BUSINESS PRESS INTERNATIONAL LTD.
and crossed

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

“Wireless World” Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION

: NUMBER OF INSERTIONS
Company Registration No. 151537 (England), Registered Office, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS
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COMPUTER APPRECIATION
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA - Tel: Godstone (0883) 843221

PDP 11/23 SYSTEM comprising NEW processor, 64KB memory, 2 x DLV11 serial interface, NEW XYLOGIC
Modal 510 disc controller and twin DRE Model 3200 5 MB disc drives {one new; one as new) media and
software compatibie with K05 and emulating 4 x RK0S drives. Compact and powerful desk-top system

-...... £4600
PDP 11/03 SYSTEM comprising LS| 11-1 processor, 64KB memory. 2 x DLV 11 seriat interface, REV-11
bootstrap and diagnostic card, twin RX01 floppy disc drives. The machine is contained in a low DEC trofley
cabinetand uses a 3 x 6 backptane. With RT11 licence. Price includes NEWBURY LABS. Model 24 x 80 VDU

......£1500
IMS 8000 SYSTEM. 4MHz Z80 based machine with $100 bus and running undar CPM. Compnsm 80KB
static RAM. twin 8" floppy disc drives, ELBIT Model 1920 VDU and TEXAS INSTRUMENTS Model 810
printer. Desk mounted and as new (manufactured 1981). IMS originated the $100 bus, and this machine
{which is still current] is manufactured to the highest standards.......... .£1650
TEXAS INSTRUMENTS Model 771 MICROCOMPUTER SYSTEM. Compnsmg VDU scveen and| keyboard with
integral thermal printer (‘Silent 700 type), and dual 8" floppy disc drives. Based on TMS9300 16 bit
processor and with 64KB memory. This machine is essentiaily the same as the TMAM-3001 development
system which currently sells at over £9000, although the TMAM-9001 has different software . ... ... £950
NCR Model 8130 MICROCOMPUTER SYSTEM. INTEL 8080 based machine with 64KB {with p ty and
battery back-up), twin dual density floppy disc drives, VDU, Model 4501 180cps bi-directional nine wire
matrix printer with additional facilities for reading bar-coded ledger cards. This system is 2 years old and
was bou?hl from the Official Receiver. There is no soﬁwaye, but adaptation to run CPM should not be
impossible. The machine is believed to be in good running order and there are several spare cards. This
SYStem will NOt B8 re8AVErtISBA ... ...............oiiioieoiriorrieisssisiese s eeeesee e . £350
INTEGRATED COMPUTER SYSTEMS 8080 TRAINER Suitcase mounted training system with HEX keyboard
and a variety of I/0 (incl. motor, speaker, thermistor}. Currently around £1000 new .... .. 50
TALLY Model 1612 printer with serial interface. 180cps. Current new price is over £1600. T nd
those followlng are professional machines intended for serious industria! or commercial use. They do no(
teature graphics .£650
TEXAS STRUMENTS Model 810, Serial Interface. As new .
MANNESMAN-TALLY Mode! MBOMC Serial Matrix Printer. 2 eC
TALLY Model 2000 Matrix Line Printer with Data Products intertace. Oprona: stany ..

HONEYWELL L1000 keyboard-printer. Brand new terminal with TALLY 1612 mechanism
NEWBURY DATA Model 24 x 8 VDU. Serial |n(erface (RS232)t0 SSOOBaud Upper case characters...

RS$232, alternative graphics character se( Very compact machine . 95
DELTA DATA Model 4050 VDU. With dual microprocessor comvol 24 x 80, upper/lower case R5232 to
96008, synch. or asynch. operation.......... £195
CPT CASSETYPER. Dual cassette based word processor wnh IBM Golfball I/O typewmer Toge'her with
many working spares. DOES NOT INCORPORATE: floppy discs, hard discs, VDU, colour monitor etc...... £350
DIABLO Series 30 removable disc drive. 3 MB with industry standard interface. These drives are reliable and
easy to maintain. Absolutely compatible with DEC RK05. Controllers for DEC and DATA GENERAL are
available from DILOG and XYLOGIC; and for $100 from NEWTONS LABS A very attractive alternative to
Winchesters for small scientific systems. FULLY REFURBISHED . £285
AS ABOVE, but engineer removable media. X £200
CDC Model 8414 'FALCON' 10MB disc dnve Intended as a companion to the coc HAWK‘ but without
removable cartridge. Compact {25" x 16 x 5} and with configurable sectoring. Will run on same controllers
as DIABLO Series30...... .. .. .. £200
CDC Model 8427 ‘HAWK’ 10MB disc drive. With one fixed planer and one top-loading canrldge With soft
sectoring. In working order . £250
OK| Made/ 3303 WINCHESTER disc drive. 14" Winchester with standard SMD interface. 40MB. A XYLOGIC
controller for Q-bus is available and they have successfully installed these drives for us in the past ... £575
CALCOMP Model 563 AD graph piotter. With 0.1mm step size. Easy to interface to any computer €275
WANGCO Model 1025 tape drive. 9-track NRZ B0Obpi unit. £295
DATA ELECTRONICS INC Mode!l 3637 magnetic tape canndge drive. 1600bp| Capaclty up to 1OMB per
cartridge. "Over 40,000 soid 95
REDACTRON magtape cassette drive with electromcs but no power supply

FACIT Model 4020 Paper Tape Reader. 300cps. TTL parallel interface. Compamon to Model 4070 punch £225
FACITModel 4070 Paper Tape Punch. High speed (75cps) punch with paraltel TT1 interface ¥
UNIVERSAL INSTRUMENTS CORP. CNS WIREWRAP TOOL. Automated wnewrapplng machine conlro\ler
by General Automation SPC-12. With Tally tape reader. Manufactured 1976 .P.OA.
RACAL-MILGO Mode! 26-LS| Modem. 1200/2400bps .

-£150
CDC Model 3400 8" floppy disc drives. Standard |merface PERPAIR ...

. £150

PLEASE NOTE: * VAT and carriage extra; all items. * Visitors welcome, but by appointment please. * We are
keen to bid competitively for good secondhand or surplus equipment
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
RST Tel: 01-677 2424 Telex: 946708

0.44 0.2 GEX541 1. 0.21 AN1671 5.0 2N3E19
SEMICONDUCTORS 0.48 0.27 X 2. 0.24 INig93  0.32 2N3820
AAll9  0.10 ASZ15 120\ BCI72 0.11 0.40 0.28 2. 0.25 IN2147 400 2N3823
AAY30  0.17 ASZ16 1.10 BC173 0.11 0.40 0.34 2. 00 0.05 IN2148 375 2N3866
AAY30 07 ASZ17 1.00 BC177 0.28 0.40 0.33 4. 00 0.09 IN2218 032 2N3904
AAZI3 015 ASZ20 2.30 BCI7% 0.28 0.48 0.36 3. 00 0.06 2N2219 032 2N3905
AAZIS 0.5 ASZ21 2.50 BC179 0.28 0.48 4.00 1. 25 0.06 2N2220 020 2N3906
AAZI7 015 AULI3 2.50 BC182 0.11 0.50 225 1.5 00 0.06 2N2221 0.20 2N4058
AC107 0.55 AUYLD  3.00 BC183 0.11 2.00 0.20 2.0 27 0.07 2N222 026 2N4059
ACI125 0.25 AUYI0 3.00 BCla4 0.11 1.20 0.20 2.00 20 0.09 2N2223 4.25 2N4060
AC126 0.25 BAL45 0.13 | BC212 0.11 0.80 0.97 1.50 16 0.11 2N2368 025 2N4061
AC127 0.25 BA148 0.15 | BC213 0.11 0.54 0.96 1.50 43 0.12 0.25 2N4u62
ACI28 0.30 BA154 0.10 | BC2l4 0.11 0.54 0.30 0.90 45 0.07, 0.25 2N4124
AC141 0.28 BAISS 0.11 BC237 0.11 0.91 0.30 0.90 33 0.04 0.50 2N4126
ACIIK 035 BAIS6 0.10 | BC238 0.11 2.00 0.30 1.50 36 0.13 0.32 IN4286 015
ACI42 0.28 BAWE2  0.05 BC301 0.33 1.50 0.30 0.85 54 0.13 0.32 2N 4288 0.18
ACI42K 035 BAXI3  0.06 | BC303 0.34 2.75 0.25 0.65 67 0.04 0.21 2N4289 018
AC176 0.30 BAX16  0.06 | BC307 0.11 0.35 0.25 0.55 44 0.08 0.21 2NS457  0.32
AC187 0.28 BC107 0.16 | BC308 0.11 0.16 0.25 1.00 42 0.09 0.26 INS4s8 0.32
AC188 0.28 BC108 0.16 | BC327 0.12 0.16 0.30 1.00 70 1.00 0.22 IN5459 032
ACY17 1.30 BC109 0.16 | BC328 0.12 0.17 0.95 0.70 56 1.00 0.15 25017 10.00
ACY18 1.15 BCl1i3 015 BC337 0.12 0.17 0.27 0.65 43 1.00 0.26 28019 12.00
ACY19 110 BC114 0.15 | BC338 0.12 0.17 0.27 1.00 25 1.30 0.55 28026 25.00
ACY20 1.10 BCl115 0.18 BCY30 1.25 0.24 0.29 1.00 21 0.32 0.65 25103 1.50
ACY21 1.15 BC116 0.1% BCY3} 1.50 0.30 BT106 1.20 0.65 54 0.32 0.70 25302 2.00
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AF139 0.33 BC149 013 | BCY7I 0.18 0.4 | Series 1.28 20 | 2NI304 120 0.10
AF186 1.00 BC157 0.13 BCY72 0.17 0.12 BZYS8 0.10 1.25 13| 2N130S 1.00 0.11
AF239 0.39 BCI58 0.13 | BCZII 1.75 0.13 | Series 1.50 25 | 2N1306 150 0.10
AFZ11 4.00 BC159 0.13 | BDIIS 0.42 0.14 | CRSI/40  0.60 2.50 14 | 2N1307 L0 0.10
AFZ12  4.00 BC167 0.11 | BDI2I 1.70 0.40 | CRS340  0.75 2.75 14 | 2N1308 LTS 1.40
ASY 26 1.40 BC170 011 | BDI23 2.80 BF224 0.25 | CRS360  0.90 0AZ2C] 3.00 18 | 2NI1309  1.20 IN3772 1.60
ASY2?  0.90 BCi71 0.1} | BDiza 200 | BF244 0.28 | GEX6t  3.00 0AZ206 3.00 19 | INI613 032 2N3773  1.80
K VES EI30L  18.50 LE8S .75 GUs1 20.00 PC36 2,50 Qv4-250 1.78 4C35 78.00 6CW'4 8.00 12BA6 2.50 5670 4.50
VAL EI18CC  10.50 EF86 1.75 GXUI 15.35 PC88 2.50 QY4-400 2.00 4CX250B 40.00 6D2 1.50 12BE6 2.50 5675 28.00
A1834 9.00 | EISCF 9.90 EF89 2.50 GXU2  30.00 PC95 1.75 QY5-500 3.50 4CX350A 73.00 6DK6 3.00 12BH7 1.50 5687 6.00
12087 1350 | EI82CC  13.2% EF91 295 | GXU3  25.00 PC97 L75 | QYS-3800A 1.75 | 4X150A 60.00 | §DQB  4.75 12BY7 3.00 | 56% 4.50
A2i34  17.50 | EIS6F  11.50 EF92 637 | GXUs  44.5 PCS00 1.75 335.00 2,00 | 4XI150D 56.00 | ¢EAS 3.00 12E1 2000 | 5718 7.50
A2293 16.00 E188CC 8.25 EF93 1.50 GX_USO 20.00 POCC84 1.50 QZ06-20 32.70 2.25 5B254M  35.00 6EB8 2.50 12E1N1TT 170.00 5725 5.50
A2426  18.75 | E80F  22.51 EF94 250 | GYSOl 3.60 | PCC8S 150 | Rjo 6.00 2.25 | 5B25SM 35.00 | ¢EWe 2.25 3500 | 5726 11.37
A2521 22,50 | E233CC  12.00 EF95 599 | GzZ32 2.50 | PCC88 2.00 | R17 3.00 15. 5C22  160.00 | gFs 3.00 2000 | 5727 7.05
A2900  22.50 | E288CC  17.50 EF98 200 | GZ33 4.75 | PCC89 1.75 | Ri8 3.00 | XG1.2500 45.80 | SJIS0E 1650.00 | 6F23 1.60 2750 | 5749 2.50
A3343 4500 | EAS52 32.25 EF183 200 | GZ34 3.00 | PCCI89 250 | R)9 9.24 | XG2-6400 SR4GY 350 | gp28 1.60 4750 | 5751 4.00
AZ31 2.75 | EA76 2.50 EF184 200 | GZ37 4.75 PCC805 160 | R20 2.50 14196 | SU4G 3.00 | 6F33 3350 6725 | 5763 4.50
AZ41 2.60 | EABC80 125 EF304S  12.00 KTb! S00 | PCC806 160 | R(G3-250 32.68 | XG5-500 26.60 SUIGB 250 | gH] 1}_00 200 | S814A 4.00
BK448  114.90 | EACH} 3.50 EF80SS  9.80 KT66 8.00 | PCES2 2.00 | RG3-250A 32.68 | XG2-6400 5V4G 2.50 | eH2N .75 2.00 | 5840 4.00
BK484 155.35 | EAF42  2.50 EH% 175 KT8 11.60 PCF80 2.00 | RG3-1250 59.50 16200 | SYIGT 250 | gH3N 2.75 2.00 | S84 12.00
BS90 $8.00 EAF801  2.00 EK% 1.50 KTW6]  2.50 PCF82 1.50 RG4-1250 61.60 XRI1-1600A 523 4.00 6H6 3.00 1.60 S876A 3150
BS452  60.00 | EBd4l 4.00 EL32 2.50 KTW62 250 | PCFs6 2.50 | RG4-3X0 99.45 53.75 | 574G 250 | )4 5.50 1.38 | 5879 5.00
BS8I0  60.00 | EB9I 1.50 EL33 4.00 KTW63 250 | PCI87 2.00 | RR3.250 40.00 | XR1-3200 81.97 SZAGT 250 | ¢je 8.93 180 | 5886 12.50
58.95 | EBC33 2.50 EL34MUl 3.00 Mg079  12.34 PCF200  3.25 RR3-1250 45.75 | XR1-3200A 63012 175 | 67 4.75 200 | 5963 2.50
BT17  151.00 | ERCA4) 2.50 EL36 2.50 | M8080 8.25 | PCF201 325 | SiIEI2  65.00 | XRI-6400 6AB4 175 | ¢K4N 2.50 1.50 | 59%5 3.50
BT19 44.05 | EBCS8I 1.50 EL4) 280 | M808! 9.82 PCF80L 250 | $130 6.00 102.00 | 6AB7 3.00 | 6K6GT 275 2.00 | 6005 2.25
BT29  349.15 | EBC% 1.25 EL42 2.50 | M8082 9.69 PCF802  2.50 | S§i30P 6.00 | YDI120 395.00 | 6AC7 3.00 | K7 3.00 200 | 6021 4.50
BT69 354.80 EBF80 1.50 EL8Y 8.2% M8083 8.58 PCF805 1.70 STV240-40 YDI1240 351.00 6AF4A 425 6K8 3.00 2.50 6057 10.23
BT9S  129.00 | EBF83 1.75 EL83 6.00 8091  10.43 PCF806  1.70 00 | 72759 2500 | 6AG? 3.00 | 6KDo 7.00 2.50 | 6058 123 |
CBL31  4.00 | EBF89 1.50 EL84 225 | M809%6  6.80 | PCF808  1.70 | STV280-80 ZMI000  8.00 | 6AH6 5.00 | 6L6G 3.00 3.00 | 6039 6.00
CL33 4.00 EBL31 6.00 EL86 2.75 M8097 8.10 PCL82 2.00 21.00 ZM1001 8.00 6AKS 7.10 6L6GA 2.25 1.80 6061 6.00
CY31 3.00 | EC%0 1.25 EL%) 225 | M8098 6.15 PCL83 3.00 | su4l 500 | ZM1020 9.00 | 6AK6 250 | 6L6GT 202 1.80 | 6063 3.75
CIK 20.00 EC9) 8.00 EL9} 9.69 M8099 8.00 PCL84 2.00 sU42 10.00 ZM1021  9.00 6ALS 1.50 6L6GC 35 1.00 | 6064 8.58
C3A 22.00 | EC%2 175 EL95 2.00 | M8100 9.52 | PCL85 250 | TDO03-10 35.00 | ZMI1022 9.00 | 6AM4 4.00 | o7 T 150 | 6067 10.23
C3JA 22.00 EC157 325.40 ELIS6 25.00 M8136 10.23 PCL86 2.50 TDO3-10F 35.00 ZMI1023  9.00 H6AMS 9.69 6N2P 150 6.05 6072 6.00
DA4] 25.00 ECC33  4.50 EL360 8.50 | M8137 1023 | PCL805/35 2.50 5 500 | ZMI040 1936 | €AM6 6.00 | eN3p 2.50 4.50 | 6080 14.00
DA42 1870 | ECC35  4.50 EL500:504 3.00 | M8140 6.00 | PD500 660 | TT21 23.00 | ZMio4l 16.66 | 6ANS 475 | 6N7 3.00 750 | 6097A  235.00
DAF91 1.7% ECC40 4.50 ELS09 7.00 MB14] 6.50 PEO6-403 30.00 TT22 23.00 ZM1042 17.77 6ANBA 3.50 6125 4.00 4.45 6097B  200.00
DAF% 1.75 ECC81 1.75 EL82] 13.00 M8142 8.75 PFL200 2.50 TT108 60.00 1B3GT 3.00 6AQ5 2.25 6Q7 3.75 12.96 6146A 8.2%
DET22 35.00 | ECC82 175 EL822  13.97 | M8l#4 7.50 | PL36 250 | TY2-525 60.00 | [B24 2500 | 6AS6 866 | 6R7 3.2% 12,96 | 6146B 8.25
DET24  49.00 ECC83 1.78 EM34 5.00 M8149 6.50 PL8I 1.7% TW4-300 71.40 IB35A 48.00 6AS7G 8.75 6SAT7 3.00 6.00 6159B 19.00
DF91 175 ECC84 1.75 EM80 2.50 | M8l6l 9.35 | PL8IA 200 | TY4:00 9835 | iB63 64.00 | 6AT6 125 | ¢5C7 2.75 1454 | 6189 9.55
DF9% 1.75 ECC85 1.75 EM81 250 | Mgi62 1040 | L& 150 | TY5.c00 175.00 | IRS 1.75 | 6AUSGT 5.00 | g5F7 2.50 1545 | 6201 11.40
DK91 1.75 ECC86 2.50 EM84 2.00 M8163 8.25 PL83 2.50 I'Y6-500 188.00 1S5 1.75 6AU6 2.50 65117 3.00 12.96 6442 20.00
‘ DK$%2 2.00 ECC88 2.10 EM85 2.75% MBI1%0 5.00 PL84 2.00 TY6-<000A 1T4 1.75 6AVSGA  4.50 6S]7 325 | 12.96 68838 17.54
DK9%6 1.7% ECC89 2.00 EM87 2.50 Msg195 10.85 PL304/S  2.50 375.00 2AS15 11.50 6AVE 1.50 6SK7 3.50 8.45 6973 4.00
DL92 2.00 ECC91 8.93 EN32 17.46 MB196 7.50 PL508 2.50 TY6-000B 2C39A 60.00 6AXSGI  3.00 6SK7GT  3.00 6.50 7025 3.00
DL94 1.75 ECCI89  2.10 ENSI 7.50 | M8204 7.05 | PLS0S 6.00 39 2C43 7000 | 6B7 325 | SN7GT 3.00 835 | 7551 6.25
DL% 1.75 ECC807  1.75 EN92 696 | M8212 1137 | PL519 6.00 | Tye..000W D21 3.25 | 6k8 325 | 657 340 325 | 7586 12.00
DLSI0  14.00 ECC808  3.50 EYS1 2.75 | M823 600 | prgol 1.50 32 2E2% 825 | 6BA6 150 | 6$R7 1.00 6.00 | 7587 18.50
DLSI5  12.50 ECF80 1.55 | EY81 2.50 | M8224 630 | pL302 6.00 'Y 7-6000A 2542 98.00 | 6BA7 5.00 | g557 2,75 3500 | 7609 56.00
DLS16  12.50 ECFs2 1.50 EY83 2.50 M8225 4.50 PY33 2.50 374 2]s5 175.00 6BARA 4.00 6U5G 3.50 25.00 7868 6.00
DLSI9  12.50 ECF86 2.50 EYs4 9.24 M8248 14.03 PYBI 1.75 TY7-6000% 21704 383.00 6BC4 4.00 6USA 2.25 25.00 7895 12.00
DM70 2.00 ECH35 3.00 EY86 1.75 MD2%01 60.00 PYS2 1.50 303.60 2]70B  336.00 6BE6 1.50 6V6GT 2.25 45.00 8005 110.49
DM71 2.00 ECH42 3.50 EY$8 L75 MUI4 2.50 PY83 2.50 TZ40 25.00 2K25 125.00 6BH6 2.50 6X4 2.00 3.75 | 8068 14.00
DMI60  4.75 | ECHSI  3.00 ‘ EYS00A 300 | MX119  $5.00 | pysg 200 | Uls-2  3.50 | 3.300Z 8500 | 61J6 225 | EXSGT 175 1833 | 8122 90.00
Dys7 1.50 ECH83 2.50 EY802 1.78 MX123 7200 PYS00A 3.00 19 1375 35007 $5.00 6BK4 4.50 787 2.50 18.33 8136 2.50
DY802 1.50 ECH84  2.50 EZ35 175 | MXM5  %6.70 | pysg 150 | U2s 250 | 3AS 300 BL6 85.00 | 7C5 4.00 12586 | 8417 6.00
ES5L 22.00 ECL.80 1.50 EZ4) 2.50 MX1i51 17.25 PYS801 1.50 U6 2.50 3B24 11.00 6BL7GT  4.50 7C6 2.50 193.16 18042 11.53
E£80CC 8.81 ECL381 1.7% EZ41 2.50 MX152  131.25 V02-5 16.50 uU37 12.00 3B28 15.35 6BM6 115.00 THT 1.00 20.03 18045 10.49
ES0CF  11.27 ECL82 1.50 EZ80 1.50 | MXI61 15225 | QQV03-014.00  UABCS0 1.25 3B29 20.00 6BN6 2.00 7R7 425 20.00
| ESOF 1358 | ECL83  3.00 EZ81 150 | MXI63  20.25 | QQV03-20A UAF-2 250 | 3B240M 1750 | 6BQ7A  3.50 | 557 350 | 6.00 Tested
ES0L 13.37 ECL84  1.50 EZ%0 200 | MXle4 2552 : UBA4l 3.00 | 3B24IM 17.50 | 6BR7 6.00 | jyy 2.25 18.52 Ex-Equipment
E81CC 8.00 ECL8S 1.50 FW4-500 3.50 MX166 147.00 QQV06-30A UBCz1 2.25 3C23 25.00 6BREA 3.50 774 2.00 4.00 ‘ 4CX250B  6.50
EBIL 12.57 ECL86 1.75 FW4-800 3.50 | MXl68 48.00 4838 | UBF:9 1.50 3C45 24.50 6BS7 6.00 11E3 55.00 3.50
E82CC  B.10 EF37A  5.00 | GL37IK 3500 | N78 1300 | QQV07-5066.90 | UCCt4 175 | 3CX100AS 6BX'6 6.00 | 2AH8  5.00 7.00
E83CC  8.40 EF39 2.75 GSSIK  12.00 | OA2 3.25 | (QZ06-30A UCCsS5 1.85 47. 6BW T 1.50 12AT6 1.50 300.00
E86C 8.25 EF40 5.00 G180.2M 17.50 0A3 2.50 62.20 UCF$0 2.00 3E29 45.00 6BX7GT 5.0 12417 1.75 300.00 |
E88C 8.25 EF41 3.50 G240.2D  12.00 0A4 6.00 QuU37 12.50 UCH4$2  2.50 354 2.00 6BZ6 2.75 12406 250 81.97
E88CC 8.00 EF42 4.50 G400.1K  17.50 0B 435 | QVO3-LL  6.80 UCH31 250 3v4 1.75 6C4 125 12407 1.75 102.00
ES0CC 8.61 EF50 2.50 GN4 9.00 OB3 2.50 QY047 3.50 UCL32 1.75 465A 60.00 6CB6A 2.50 12AV6 2.50 114.90
E9OF 990 | EFs4 500 | GN4A 9.00 | OC2 435 | Quos-im0 UCL33 275 | +125A  60.00 | 6CD6GA 5.00 | 12av7 350 155.35
EOIH 6.25 | EFSS 350 | GSIe 1600 | OC3 2.50 136.85 | UF4) 200 | 4250A 80.00 | 6CG7 250 | 12aX7 LTS 9.00
E92CC 875 EF80 175 | GTIC  15.00 | OD3 250 | Qv3es 5426 | Ur4: 210 | 4-400A 87.00 | 6CH6  13.00 | 12AY7A  4.00 3.00
E%SF 9.10 EF83 4.00 GUS0 20.00 0z4 3.50 QY3-12. 60.40 UFSC 1.75 1B32 20.00 6CL6 3.75 12B4A 3.50 4.45
) T RETY S 7495 073 | 74136 051 | 102 | TBAS20Q 230
‘ INTEGRATED CIREUITS 7496 0.82 ;414; 0.8 | 1.16 TBAS30  1.98
. g 7497 315 414 230 | 136 | TBAS40Q 2.30
CRT sl e | YORSTA T | TE0 Ge | o wn e g | g M| e 2 136 { TBAsH0 522
BASES S SBP1 10.00 | YCRSI7B 10.00 | 20, 017 | 7423 030 | 2472 033 | 74107 045 | 74144 260 120 | TBA360CQ
B7G unskirted  0.22 | 2API 850 | sCp 1000 | VCRSITC 10.00 | 7402 i n s | L 03 | 70 073 73145 oo Vs 322
B7Gskiried ~ 0.30 | 2BP) 9:00 | scPiA - 40.00 7404 018 | 7430 017 | 7474 038 | 74110 051 | 74147 2.00 198 | ThA673 220
Boaunskied 022 | JBEY 1200 | SPPISA 15.00 7405 018 | 7432 030 | 7475 054 | TIL 07l | M8 176 190 | TBA700 152
It O 03 | 3G 10 | agys B0 7406 043 | 7435 040 | 7476 o4 | 76 1s | 74150 180 190 | THAT0Q 230
IO R 000 | DG7-s 6332 | fube Bases 7407 0.43 7437 032 | 7480 056 | 74118 1.00 74151 0.94 125 | TRATS0Q 2.07
Lain e 6.8 | DG731 5807 | briceson 2408 020 7438 032 | 7482 0.75 | 74119 1.54 | 74154 1.80 1.20 | TBASO 1.20
3 u_uslx)oIrLbase 0.12 o §00 | bG7:32 5867 | application 7409 0,20 7440 032 | 7483 100 | 74120 0.83 74155 0.90 135 | TBA920 .98
it 01 | 32 800 | DH3.91  56.83 7410 017 | 7441 090 | 7484 105 | 74i2l 043 | 74156 0.90 1.35 | TBA920Q 2.90
pin o b - DH7-11 113.12 7412 0.29 7442 0.72 7486 039 | 74122 0.62 | 74157 0.75 2.70 | TBAY0Q 2.90
16 pin DIL 017 | 37 10.00 | VCR97  12.00 7413 032 JHTAN 117 | 7490 0.60 | 74123 118 | 74159 2.20 2.30 | TCA270Q 2.90
Valve screening 3KPi 15.00 | VCRI38  12.00 7416 0.32 7450 0.18 7491 0.82 74125 0.58 74170 2.40 2.30 TCA760A 1.38
cans all sizes 0.30 | 3RPI 35.00 | VCRI38A 12.50 7417 032 7451 018 | 7492 060 | 74126 058 | 74172 4.40 3.50
3WPL 2000 | VCRI39A 8.00 7120 018 7453 018 | 7493 060 | 74128 063 | 74173 1.42 390
] 7422 020 | 7454 018 | 7494 082 | 74132 072 | 74174 160 | TBA40Q 184 |
Terms of business: CWO. Postage and packing valves and semiconductors 50p per order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. . . . . Telex 946708
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. i E.&O.E,
Account facilities available to approved companies v~{|th minimum o_rder charge £10. Cam.age and packing £1.50 on credit orders. Open to callers Monday-Friday 9 a.m.-5 p.m.
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not iisted. S.A.E. o
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IF YOU'RE UNLUCKY THESE
NEW ANTEX SATIN CHROME TIPS
COULD LAST YOU 50% LONGER

But if you're rather more lucky,
it could be as much as 300% increase
in working life!

After extensive market research, Antex have
produced a satin chrome finish that forms a
non-wettable barrier between copper substrate
and solder lasting longer, and eliminating any
tinning problems with the workface.

New satin chrome tips will now be fitted to all
models. It's one more Antex advance in the science
of soldering.

Send for details of the full range now.

[ Our products are widely distributed ° ° ° G ° Made in England. WW®6
by wholesalers and retailers
T ut nlease .
Vi local ¢

r

T
throughout the UK. pleas
try r local .

Antex (Electronics) Ltd.,

I

|

X |
lealer !
Mayflower House, Plymouth. Devon. ]
1

!

!

|

ou

Tel: 0752 667377, Telex: 45296
Please send the New Antex full colour catalogue.

—— — . Address _ . - e
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