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Autoranging
r.T. millivoltmeter

10kHz to 1GHz +

True r.m.s. or average responding

IEEE488 interface available.

Autoranging or manual

Smalli size

LED ranggfindication

High sensitivity

Operates from a.c. mains or
external d.c.

Linear dB scale

Low power consumption

Programmable
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ELECTRONIC KITS |

Velleman U.K. present their list of electronic kits together with prices which inc/ude V.A.T. and postage and

J packing. They are listed in “difficuity grades’, for beginners and experienced kit-builders, with the lower skill
level at 1, rising to 3. All include high-quality components, full instructions and technical data and come to you
' y' packaged in clear plastic boxes, ideal for component storage.

REMEMBER — We offer a free soldering iron with your first order over £10.
Send today for the free Velleman Kit Journal,

3.

Th : Difficulty Grade: 1 o Difficulty Grade: 3 .
e K607 2.2W Mini Amplifier 5.00 K615 High Precision
) (] K611 7W Amplifier ... ... 5.14 . i Stopwatch ... ... 43.13
. K612 - Dimmer 1000W 559 K1682 . Microprocessor
ro e”‘ona OICQ K613  Dimmer 1000W o Universal Timer ... 48.37
{Deparasite)... ... 1264 K2545 - 50Hz Crystal
' K1716 20W Amplifier... ... 1032 E - time Base ... 11.39
K1771 FM Oscillator ... 5.45 K2547 Four-channel Infra-red
i K1803 Universal Remote Control
e | - Pre-Amplifier .. 3.62 (Transmitter) ... 17.32
: - K1823 1A Power Supply ... 6.99 K2548 Four-channel Infra-red
- . K1861 Power Supply for Remote Contral
- 60W Stereo... ... 12.94 {Receiver) ... 23.12
K2542 Single digit counter 690 K2551 Infra-red Central
K2544 Complex Sound Alarm Unit ... ... 18.70
. Generator ... ... 8.28 K2554 High-quality
K2566 CB Power Supply ... 26.22 FM Tuner ... 2267
K2565 Tape/Slide K2555 Digital Frequency
Synchronizer ... 9.66 Counter for Receiver 37.74
K2566 Coloured Light Unit 1553 K2558 FM Stereo Receiver
K2569 Three-toneBell ... 656 with housing ...120.23
K2570 Power Supply, K2559 Two-channel IR Remote
] 5-14vDC1A ... 656 .Controlled Light Dimmer
K2572 Universal Stereo - {Transmitter) ... 17.32
Pre-amplifier ... 6.56 K2560 Two-channel IR Remote

K2573 Stereo RIAA
, Corrector Amplifier 656
i K2575 Microprocessor

# Controlled Light
*° Dimmer (Receiver) 38.64
K2562 Infra-red Receiver

Doorbell with for K2558 . ... 3002

; . 26tunes ... ... 1553 K2563 Infra-red Transmitter
' C r n (VA ) K2579 Universal Start/ Stop for K2558 1811

n m 0 S Timer ... ... ... 621 K2567 20CM Display
: {Common Anode) 21.05
: K2568 20CM Display{Common

' o7 ] Cathode) ... 21.05

Since the introduction of the DC300 in 1967, AMCRON amplifiers hayg ' : Difficulty Grade: 2 £ K2578 Migopml:lezsg;’ROM

been used worldwide — wherever there has been a need for a rugged an . ; i T ontrolle

‘reliable amplifier. Their reputation amongst professional users, throughout 52;38 g’tg?govydjsmg LED’s 8.18 Programmer... ...241.50

" 'industry, has made the name of AMCRON synonymous with power
amplification. For power you can depend on - choose AMCRON, the
- professional choice.

using LED’s... ... 16.91
K1804 60W Amplifier... ... 15.15.
K1874 Running Light Unit 12.56
K2543 Transistor Ignition ... 9.97
K2549 Infra-red Detection

System

(Transmitter)
K2550 Infra-red Detection
! System (Receiver) 12.42 | &
K2553 FM Stereo Decoder 11.49

u I(l
K2557 Digital Precision

Thermometer ... 26.57 P.0.Box 30, St. Leonards-on-Sea, East Sussex TN37 7NL  Tel: Hastings (0424) 753246

K2571 Light Computer ... 36.23 F I B BN BN BN BN BN BN BN BE Bm L |

| E K2574 Four-digit u p/down Please send me your free catalogue of Velleman electronic kits: -
counter with - ¥ -

Soldering iron
with your first
order of £10

For f r details contact fhe UK Induétrial distributor:
or urthe. a , ! . Aell

... 10.63

'G.A.S. ELECTRONICS

16, ST. ALFEGE PASSAGE, LONDON SE10
TELEPHONE: 01-853 5295
- TELEX: 923393 LASER G

comparator ... 3416 Namey e vt . Ao ST W T e e TR R ) .
© K2576 40W Audio Amplifier 12.80 Addressin, 0% A e et 10 el U et e e Lo T
K2577 Universal AC Motor l .
Speed Control ... 759 T -t
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The
Profesrional Choice

& e

AMCron @

Since the introduction of the DC300 in 1967, AMCRON amplifiers haye '
been used worldwide — wherever there has been a need for a rugged and
‘reliable amplifier. Their reputation amongst professional users, throughout
'industry, has made the name of AMCRON synonymous with power
amplification. For power you can depend on - choose AMCRON, the

- professional chaoice.

For further details contact the UK Industrial distributor:

G.A.S. ELECTRONICS

16, ST. ALFEGE PASSAGE, LONDON SE10
TELEPHONE: 01-853 5295
. TELEX: 923393 LASERG

WW — 034 FOR FURTHER DETAILS
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ELECTRONIC KITS |

Velleman U.K. present their list of electronic kits together with prices which inc/ude V.A.T. and postage and
packing. They are listed in “difficulty grades”, for beginners and experienced kit-builders, with the lower skill
level at 1, rising to 3. All include high-guality components, full instructions and technical data and come to you
packaged in clear plastic boxes, ideal for component storage.

REMEMBER — We offer a free soldering iron with your first order over £10.
Send today for the free Vellernan Kit Journal.

'Difficulty Grade: 1

K607
K611
K612
K613

K1716
K1771
K1803

- K1823
K1861

K2542
K2544

K2566
K2565

K2566
K2569
K2570
K2572
K2573

- K2575

K2579

Difficulty Grade: 2

K610 -
K1798
K1804
K1874

K2543
"K2549

K2550

K2553
K2557

K2571
K2574

K2576

K2577

WA amerio&nradiohistorv ocom

‘Coloured Light Unit 15.53

Difficulty Grade: 3

£ £
2.2W Mini Amplifier 5.00 K615 High Precision
W Amplifier ... ... 5.14 ‘ Stopwatch ... ... 43.13
Dimmer 1000W ... 559 K1682 . Microprocessor
Dimmer 1000W . ~ Universal Timer ... 48.37
{Deparasite)... ... 1264 K2545 ‘- 50Hz Crystal
20W Amplifier... ... 10.32 timeBase ... ... 1139
FM Oscillator ... ... 5.45 K2547 Four-channel infra-red
Universal Remote Control
Pre-Amplifier ... 3.62 (Transmitter) ... 17.32
1A Power Supply ... 6.99 K2548 Four-channel Infra-red
Power Supply for Remote Control
60W Stereo... ... 1294 (Receiver) ... ... 2312
Single digit counter 690 K2551 Infra-red Central
Complex Sound Alarm Unit ... ... 18.70
Generator ... ... 828 K2554 High-quality
CB Power Supply ... 26.22 FM Tuner ... ... 22,67

Tape/Slide
Synchronizer ... 9.66

K2555 Digital Frequency
Counter for Receiver 37.74
K2558 FM Stereo Receiver

Three-tone Bell ... 656 with housing  ...120.23
Power Supply, K2559 Two-channel IR Remote
5-14v DC 1A ... 656 Controlled Light Dimmer
Universal Stereo ~ {Transmitter) ... 17.32
Pre-amplifier ... 656 K2560 Two-channel IR Remote
Stereo RIAA

= Controlled Light
* Dimmer (Receiver) 38.64
K2562. Infra-red Receiver

Corrector Amplifier 656
Microprocessor

Doorbell with forK26558 ... ... 30.02
26tunes ... ... 1553 K2563 Infra-red Transmitter
Universal Start/Stop forK2558 ..: ... 18.11
Timer ... ... ... 6.21 K2567 20CM Display

{Common Anode) 21.05
K2568 20CM Display (Common
Cathode) ... ... 21.05
K2578 Microprocessor
Controlled EPROM
Programmer... ...24150

£
MonoVUusingLED's 8.18

‘Stereo VU i
Sotcl\sligg LR S e e Soldering iron
mplifier... ... 15.15 . : -
Running Light Unit 12.56 with your first
Transistor ignition ... 9.97 : : order of £10
Infra-red Detection _ » S — or over
System =
(Transmitter) ... 10.63 i z
Infra-red Detection
System (Receiver) 12.42
FM Stereo Decoder 11.49 ]
Digital Precision
Thermometer ... 26567 P.0. Box 30, St. Leonards-on-Sea, East Sussex TN37 7NL Tel: Hastings (0424) 753246

Light Computer .. 3623 Sl N IR NN NN M BN BN NN BN NN B By

Four-digit up/down Please send me your free catalogue of Velleman electronic kits:

counter with - -

comparator ... ... 34.16 INEI S & do s e % it 0 A .ol o) TP | o R AR l

40W Audio Amplifier 12.80 Address .......... O O T TR IS B IS W T

Universal AC Motor . ) . , l
SpeedControl ... 750 M. e

&
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Everything as new-

Marconi

TF995B/2 unused condition. AM/FM
Signai Generator 200KHz-220MHz.
mv -200mV/. 75KHz deviation on FM
£750.00

Marconi

TF2603 R'F. Electronic Millivoitmeter

ImV—3V r.m.s. in 8 ranges 50KHz-

1500MHz Supphed with accessories in -
£525.00 .

Philips
PM3212 Dual Trace Portable
DC—25MHz 2mV-10V/div . £495.00

Radiometer

SMG1C Stereo Generator. Internal or
external modulator. 100MHz carrier at
10mV-100mV .. .. : £375.00

Marconi
_ TF2002B AM/FM Signal Generator.
10KHz-88MHz 0. 1uV-1V, 20Hz-20Khz
mod. frequency £1200.00

Yokagawa

3047 2 Channel Chart Recorder.

0.5mV-100V. 2cm/hr-60cm/min.
£435.00

Telequlpment Tektronlx
D83 Oscilloscope with S2A—V4 plug 432 Tektronix Oseilloscope 1mV
ins DC—50MHz SmV—20V/div full  Sensitivity. (Duai Trace Portable) DC-

delayed sweep . .. £725.00 25MHz £495.00

#6038 mainframe complete-with 7ATBN Smiv

ANALOGUE VOLTMETERS
i\‘,},‘gb MULTIMETERS

EAnaE)ec‘:mmcMuiﬁmer i £T15:00

Marco
FZ&G}AC Millivolimeter. HOHz:! SMHE 1mv-
... £175.00

T£2604 Electronic Volymeter, AC
20Hz-1,5GH2 BOOmV TKV Dﬁ 18MmV-TRV.
G20B00MD. ot EX50.00

ANALYSERS

1771 Wave Anglyser 20Hz:50Kk2, .. ﬂ?ﬁ.oo.

{ Radio,

£911A Sourid and Vibrapgn Anaryser. TR
Graphic levei recarder, 4.5z 25Kz, 1{3 or

: II OCAVE ... £950,
Hewlett Pm:kawé,

23 1A Distortioreanatysers SHz 6O0KHZ 10
0.1% veiimerer 300\A300 volts at2% g d
332A Distortion Meter SHz-600KHz . .£495.00
333A-Distention Meter with Autonull £675.00
B40TA/84 1 24 Network Anatyser , . £1950,00
Marcand

TF2370 Spect;um Analyser. 30Hz-l IOMHz
O.30B and SH2 resolutions ... E6500.00
Tektronix

R491 Spectrum Apalyser fDMHz #GGEHZ nor

BRIDGES & compém ENT
TESTERS

vtwsz Valve Te&:et

8RIH00 Megger| {Brand New

Boonton.

QBHJnductance Bricge. @~¥10rt‘rH Bﬂd e
freQuemy S-SOOKHZ ., vorus. £1250.00

Tr-'r313 Unyv Bridge 0.25% ... ... £395.00
TF1I245A + TF1246 Q° meter _£1100.00
FMAB20 Set.of INdUCTONS ... ... £350.008

Rohde & Schwar,

LRT {BN6 100} mduczance Meter. 'OH*!UU{AH
2,2:285KHz ... W - ]
Wayne Kerr
BZ?I + Q221 Bridge.......

B&0I R-F. Brid

B801 VHF Admittance Bm:ge

B0t VHF Admittance 8ridge..

$R268 Source and Detector

BBO1B Si6l, R161 Admittance Budge,

and Detecfor LCR lMHz e !OOMF;ZOZZ(’

CAL!BRATION EQUIPMENT

& 92 O%noscope(:at:bra:or £875.00

Fluke.
332ADC Violiage Calibrator. (10
1111110V, 0.1ppin resolution 0003%
ealibration acCurBey . ... . ... 149500
Tektronix,

91 Cmstanmmpbtudeﬁeneramf. 350Kz
HOMEE L ... . £350.00

FREQUENCY COUNTERS
Marcor

TF2430unused condion. 7 digit 10z BOMHz
25MV Sensitivity ET

FEZ431 Frequency Meter 1 02 200MHz 8
gt E250.

DVMs AND DMM's
Hewilett Packa
34702A ¢ 34740/\ 4 digit DCIAC voits and R

.00
34750A + 34740A 51 igit{EIAC vortsand R
_E275.00

3490A 5% Drgit DA, ACIDC volts,
resistance, ¥ resotunon 30 day warranzy
.. . £375.00

PMZE 77 4% Digit DM AC/DE valfs. current
andresistance. WOV resolution. Trug RMS

£400.00
PMZS 143% crgit Aumrangxng AC/DC VORS
current and resistance .. £95.00

Sofartron,

AZ43 5% Dnglr DMM ACIDC volts, resstance.
[V resolution. 30day wamanty ,.. ...£375.00
7055 Micropracessor DMM Scate Length
20,000, AC/DC voits, resistance. fuV
resoluten £600:00
2053 pius ProCessar contohand RSZ32
interface

7065 Mvcroprocessor OMM Scale length

1.400 000. ACIDC volts. resistante . E695.00

Sensitivity 25MH2z bandwidth, 7853N Detas
Sweep T'base .. .E3

7704A Makny Frame C/\M 7}\26 7880 7885,
Duat Trace DC — 200MHz . .. 355000
Telequipment,

D63 ual Beam Qscilloseapeciw 2-Off V4
Modutes. 4 Traces. DC-15Mdz Sm\l W20Vt

7 5.00
DMp4 1 OMHz Storage Osc:nosc
Trace enhancedwiite speed of 2 dwfms

7065 plus processor- conuol and 95232
K

witerface

995.00

(atenabe.
41 6Channe1 At RecOrder l -
| Z50mm sranddin £1495.00

GNAL SOURCES

\vd?

SE | 36 AMIEN SignatGenerator, 4:0-120MHz.

: G&anQOsttepspius fire c::ntro! F
% 1 S . E410.00

TEZO0ZBAMIF I Signial Generatar. T0KHz-
BEMHz. §. 11V 20Hz2-20KHz Mod

frequency ot

TFZOOZB + TF21708 AMIFM Sigral Generator
JOKHz-BEMHz + Synchronizer £15680.00
TE2005R 2 Tone Signal Source

011108 in0.1dB steps..

TF2008 AM/FM Signal Gener 2

5 10MHz Stability 5P.P.M builtn sweeper. RF
output .2uV to Z00MV £2725.00
TF2361 Sweep Generator with TM9693 Plug

anable Osm?osc

D75 Diial Troo w
FUBE Smv Sensitivity. BC -~ S0 zde{

SWEED ... E750.00.

Test SetNumber | zomrvor: yery mb:.;:stsm OSCILLOSCOPE PROBES
AVOB KGR 0.0 EBY0X Probe 1.2 mir engtn DE — 2OKEZ
FURTEAE K oo £, £3.00
SEL E89t %10 Prebe. 1-2m DE - o
Hpert 95 X1, Xi0Fiope. |12 miciengh 2 BC e
10MHZ OF DIC — 100Kz .., o EVEOD
Tektronix

PEO13 12KV 1000 x Probe. ... POB:
P&315 40KV 1000 Probe e PR

POWER SUPPLIES

MULTIMETERS

20Revotr. . E22.00

OSCILLOSCOPES
Hewlett Packard.

182C + 1BASA+ (825A TOOMHMz Dual
Trace. £1250.00
¥4OB-C52 + !4¥5A TDR Set-up

mmtcond 5.0

Marcon|

TF22 131 1 + TK2Z14 XX Dtsplayand
memoty . .

SE Labs ’
M2t échannel Momtor IZ ort, i
SOYETD R e ot
‘rektronlx

465 .Djual Trace Portable Oscitoscope, £IC -
1008Hz Smv-B\vidiv, Fultdelayed sweeg

MG5-105V @ 10Aswitching.

.- £550:00 MG24-12 29V @ 12Aswitching

Weir.
37302 B30 voits 36054
430 0-30valts sE2OA ..

RECORDERS
Racal. 4

Store 70 Tape Recorder
? chame i BV glegti

. £395.00

466 Dual Trace Portabie Storage OSCI“OSCOPG
Spec as per 464 but max wrmng speed
3000diviuS.. £2875.00
47% 200 MHz ponable Scope £2000.00
5403 with SA L8N 2MHzDual Trace piugn
5A2 IN IMHz differential plug«m 5842 I%eiay

6&12 50 Channe! LV Retorder. Servg piaper
Sweep plug-n 00.00

diiveupto 5 metrsisec. 12" paper ....&1100.

5 GOOD REASONS WHY YOU SHOULD DEAL WITH ELECTRONIC BROKERS

FULL

GUARANTEE

At Electronic

Brokers we give

you a TWELVE

MONTHS
WARRANTY on test
eguipment and 90 DAYS
ONMOST COMPUTER
PERIPHERALS. And
we'll stand behind it all
the way.

Brokers, it can be yours
in a matter of only days.
No waiting for -
manufacturers lengthy
production schedules.

FAST

DELIVERY

When you buy

used

equipment from
Electronic —

Europe we are able to
buy in bulk selecting
only the very best
equipment. This means
we can sell to you at the
lowest possible prices.

STATE-OF-

THE-ART.

TECH-

NOLOGY

At Electronic

Brokers. we
carry large stocks of
modern test and
computer equipment,
and our strong buying
power means we are
able to purchase the
very latest state-of-the-
art technology.

LOWEST g SUPERBLY
PRICES i MAINTAINED
As the leading il EQUIPMENT
Second User SLEL When you buy
Equipment "'ﬁ from Electronic
company in "% Brokers you
know the equipment is
in ‘top notch’ condition.
Itis refurbished in our
own service laboratories
and checked to meet the
manufacturer's sales
specifications.

n to-give 1-300MHz with mternal or exterriat
rmarkers, TM9695 attenuator O 5-500m Vaits
n 1dBsteps, TMI701 UMF detector TM9958
RHIO-Bidge 1o measure V.S W R... . £1500,00

mwlettﬁackam
%;fnaé adeLFOscmatGr m;—cz ShH2
G00R ... £695.

Phitlps.

PMb‘gSé Steren Generator, Separate Land R

Slgnals Carrier rrequency iOOMHz:e 1%. RF
P 3y pRepK . o S e RS

fladiometer

MG Stereo Gengrator L orR Chanrebinerna
of externai modulaﬁon 1OOMHM2 cardier at
FOMV (0 10OMW ....rvcive oo BB 5,00

5:3 Test Osctuawr 10biz-iOMHz.
91mV-3.16V o
331 oA Funcnon Gmeraro(

£.0005Hz-50K| - 5,00
g};lgoa Freg_-ncys rémes'zer ogm Hz-1 3z

1an marto 504. Long term
ftequengy agouracy * Hpartsin 10° of seitin SOUND LEVEL METERS
£995: 0% Bruel & Kjaer

B&?QA/B&WB RF Sweeper System 0.14GHz 2203 SoundLayel Meter C/W 4165 V:"
in-2ranges. Max: ¥ W to- ZGHz and Microph K
G 0 403z - _E2300.00 Fastof siow response...

GeperalRadlo.
1281 Sourid Levef Metgr. 70-1.20dB. Dightat
ang analpgue reading, Peak hold, A waghtr%

1'»98330una L,evel»:Meter
95.00 weighting =

BMarco
3’&' 144H/4 AR S&gm! Generator. JOKH2-
T2z, 212V EFS0.00
TFM4HIS AM. SwgnalGenerator 10KHz-

TIMHz B 0. )
‘gi;{r}oléo:'z YHF Stgnamenerator
Tsmo». w.oe Range RC Oscliator. 1 T.V.TEST EQUIP

I0MHzZ. Sing wave, Square-wave: wupto 100KH2 Tektronix

£275.00 i4 m PALS: nal Gene:ator Htgh qua(xt test

TFZOC00AF. s&gnarsoume;.A...,.M,;,... A28 g

Electronic Brokers Limited
61/65 Kings Cross Road
London WC1X 9LN England.
Telephone: 01-278 3461 |
Telex: 298694 Elebro G |

Hours of Business: 9a,m. - 5p.m. Mon-Fri. Closed lunch 1-2p.m.

ADD 15% VAT TO ALL PRICES

Carriage and Packing charge extra on all items unless otherwise stated.
A copy of our Trading Conditions is available on request.

521 A PAL Vectorscope. Measures Lurninarice
Admphtude, Chrominange:Phase, Chrommance
Ampiitude, Differential Priase and Gain, As
e conditton . 265000
H481C PAL Wewemrm FRONAOT i1 asnew
CONAMON s e BRZTH00

TRANSMISSION
MEASURING EQUIPMENT

Marc!
TF:4332 AF Transmission Test $et. 20Hx~2§2£(}33
TF2343% Qu&r&n‘zaﬁc: ‘Distormion Testee

checks AF, to AF. antortion ofP.CAM,
Systers.... £600.00

Skemens.

02040 Selective Leve] Analyser and Voltmeter
10H2-60KHz, 1 10dB 10 + 5Dd8. 3;:\/*300\!
Lin and iog indicatorn, 5 digit frequenc{

wagout.
52072+ W2 i Mete Oscﬂlator
SOKMz-f OOMHz. -1 thBOdB Receive
bandwadth 3.1 and [OKHz. . .£2200.00
W2006 + 532006 Carrier Level Test Set 10KHz-

1 7MHz, -0 + 1008 . 1650.00
W2007 +D2007 Carner Level Tesrsm
6KHz-18.6MHz. ~—120t0 + 2008 ...£1800.00

Wandel and Galteririan.
PF-1 Dugitat Esror Rate MeasunngySet.
Conststing of PFM-1 Digital Ermar Rate Meter
and PFG-1 Pettern Generator ........... E2490.00
5FM-6 and PS-6 Level Measunn ] Set
6KH2-18,6MHz. -1 10dE 1o +20dB. Mamsl
batrery operation ...
PCA-1 PCM Test Set., PDA-64 PCMSIgcnaning
Ana! ser, PSM-4 | evel-Measuring Set Scanner, .
| Digitat Signal-Generator, PDA-1 PCM
D&glta! Sighat Analyser POA.

MISCELLANEOUS

Bruel and Klaer,

2409 Eiectronic Voltmeter Trie fMS Average
and Peak 2HZ- 200Kz £250

ph,
S:S%Hwaer Test SerMeasures Wowd -
Flutter, Distartion, CIID L. e £345.00

Fluke

3010A Lagictester Seif-contained portable
NEW PRICE ca £1400. Full specification on
request ...£8500.00

Hewlett Packard.

8745A S Parameter TestSet., Fitted with
1 1504 A Uriiversat Aums §.1-2GHz . £2750.00

Marconl,
TE2162.M.F Atenuator. O-1 1948, EY35.08
TFZ 1635 UHF Atteniuator 0-14.2 ]

ance DC-1GHz. £250.00
T (22 14 XY Memory .. P £250.00
TEZ331 AF Distorton Meter
20Hz-20KHz2. 0.1 %-100%
1mV-30V voltage ran . £395.00
+£2500 AF Power Meter, 7 ranges 1OOU watts
10 25 waltts. Iingedance 2 58 10 ZOKQ m 40

l\f 5.00
TM8325 ACIDT mixer fot TEZ703, . £295.00

Mifes Hivoit
1130 Insulation Tester: mmrst:y vession

CT5878 imint .. £850.00

Phllips ¢
PAYS3BGCameta- antt Adcessiles Jasnew]
£200:00

Rohde arid Schwarz.
MSC. Stere Cocler. 30Hz-15KH2

£500.00
New test
equipment
catalogue just
out. Send for
your free copy




Electronic Brokers
CURRENT USED DEC

‘Computer equipment and periphals

—

PDP11/70 Systems
available from£22.000

PDP11 C.P:ilks

$1/04 10" 32KB M.
1.1734A 1 28KB MOS [MS
11734A 256B8 MOS....

1 1/40°64K8 Core. 6ft.
11745 64KBCore, Cab
et T

PDP11 OPTIONS
AR 16 Chanpet ARGY ...
BA 1FE Expander Bax

DB1 1A Unibug Repeater .
DBt 1B Unibus Repeater ..
DI11A Backplane

001 1B Backplane......

DH | TAE Multiptexor

DI TAAMUXETA.

DRHE Gen Purpase M .

DR IW DMA intetface

021 18 Multipiexos ..

FP 1 1E Floating P I
KE11A extenden Arithmatic
KE 11 B extended Arithmetic
K110 memary management.
KW I TP Frogrammgbie clock .,
M792 ROM e Matix
MB873¥A Bootstrap

ME873YB Bootstrap

M9301v8 Boorstra

#9312 Bootsirap .

PDP1 1 CORE MEMORY

MF1 L 8KW Core and Backplame
MF I HUP 16KW Core.and Backplane..£9
MM ICP BRACORe, ., . o, £
MM1IDP F8RW-Core..
A)\:}M}‘JE Qngcxe .. ECKPW
M1 IF KW Core antt Barks
MM 1L BKWACote ... e
M IUR YekWLore, .

PDP11 MOS MEMORY

MS1 1P 32KBMOS |
MS1iLB 12BKBAMOS
MSTHD 256KBMOS..

PDP11 CACHE MEMORY
KKIFA 1 HBAACICE v o E1500:00

DISK DRIVES

RKO6 14-meg ...
RKO7 2B MeG...covon
RK711 28 mieg + ¢
RLOI Smeg .
RLI1Smeg +
RLOZ 10 meg ..
RMO2-67 meg 4
RPO4 80

PD4 8Q me -
szarrao% . X

MAGNETIC TAPE

16 Dual Densty Stave
TM11 9track + arl |
TUI0Prack Slave

FUHQ Swrack Slave

PDPBAC.P
DEC,
PDFBA J0S-BRCPU SZKWMOS ... £1250:50

SEE US AT COMPEC 81 STAND 5129

RX02 Floppy Disc Drive and
Control :
£1450.00

PDPBE C.P.1J., MEMORYS,
OPTIONS

DEC
DPBEBCommutucations adaptor ..... &
H724A Power i ’

KABE Positive 0 bus.

KDBE Databreak :
KCGBEA Redundancy Chegk...... . ...
KLBE Asynchronous interface

KLBJA Asynchranous irterface........
KLBMModen Control =

MMBE 4KW Core .. 17;

;égg gEug! Cassetre %ﬁvgﬁnd vl .zszs%
5 tape Controtc pe, asds). K50

VKBE Graphlcscomrorler . 'zzso.oo

MISC PERIPHERALS

PCY 1A Paper TapeReaderiPunch with unilic
gonrol modile £12504
TUG0 Twin Cassette give, Siew-CODEREON, NG

TERMINALS
?:sg’sﬂecewe-orﬂy‘ LEDEGwrter
A : v Lf DEGwater!
g;staﬂdmg- 20cps, 20MmA . £250.00
LAB%%AEZC R e e SR"i:ﬁ?s'?ﬂ
ywriter it free-standing errinal,

AVF ,..?50.‘.00

LALBUPD freest:

saraliel ingerh &OM,Y

OR with E 1A option

VTS0 DECseope ...

VT52 DECSCOPE, 35 NeWLoH .. E528

VT55 Graphies Tesminabeth Integral nard

coplerll " BINN Sell oo .. £995.00

VTIOODECScone, 3508w . ......... S895.00

LSI11 C.P.LS., MEMORY,
OPTIONS

pgc 1
POPI HOBL I BRKBANCS, 5167 48
AEW

PDIPFOR Processordk, tow ¢ab .
DLV 1F Asynenronoys fserface.
KD 1F CPU motisie wath 8Kram
MSV 1B 4K ram ‘
MSVEIC 15K tam i

RKVE] ContraflerforRKOS

POWER SUPPLIES
DE!

C.
HF20Pgwer Supply for BAT 1 Bxparider Box,
BRANINEW SURPLUS £175.00

PDP8A MEMORY
%&Awem, Vo

MMBAE 16KW Core .
MSB-CB 32KWMOS .

CABINETS

A SeRection of 61f, At anctiowboy £ abir-1€
usqally available s~ please ting for fatest stacks

Special purchase —

Brand New Surplus LA180-PD
DECprinter ONLY £495.00 (or-
£670.00 with E 1 A option)

PRINTERS
Centronics 101A.
Heavy Duty Matnx printer with 64 ASCH upper
casecharacter set 165 ¢ps operation. 132 prirt
pasitons w;t'h-%cngx tr'?‘_ctor{eed.' Paraliet
nPut, Special offer 4 few only rema

e 5,00

Diablo Hyterm 1620
Dasy Wmﬂwm-mﬂvﬁ
madet with standard RS232 intérface, 45Cps
puntspeed, PN 50/300:baud, switch-
punt

sctabie parity, wop-of-form selectog, Graptucs
faﬂamlﬂy-under'sgfgzaremmmh n.,z;s,m
Diabla-435

155
Becrive-orily daisy winett printerwitls gard
impace

et
"W M ) £895.00

1 seikosha GPBO.

BRAND NEW — LOW
COST MATRIX
PRINTER IDEAL FOR
MICROPROCESSOR
USERS SUCH AS
HOBBYISTS &
EDUCATIONALISTS
ORANY LOW-

BUDGET
APPLICATION
Full upperflower  * 30¢ps print speed
case ASCIl with 14ine buffer
PLUS GRAPHICS % Standard parallel

Mode {Centronics-type)

1 intin interface
sgt{r\cglérﬂ?tg&:l 9« Optional interfaces
tractor feed available for RS232,
Standard and IEEE488, Tandy.
double-width PET. Apple it
characters (12¢cpi % ONLY ...£199.00
and 6 cpi) 60;

»

Tektronix 61 1XY storage
display graphics monitor from
£1150t0£1500 - =~

In aadition some with slight
burns from £750 -

S

H 1000 The fow, low
priced teletypewriter-
compatible video
display terminal,
offering your choice of
transmission speeds up
to 9600 baud as well
as parity generation
and checking. 12 x80
display upper case
ASCH, RS232 interface,
choice of baud rates
Standard baud rates
either {a) 110/300or (b}
300/1200. (£25
surcharge for other
combinations up to
9600 baud).
SUPER VALUE .
£199,

Hazeltine.

H2000 Superb spec.

including full XY cursor

addressing and edit
facility. 27 X 74 dispfay.
upper case ASCII,
RS232 interface,
switch-selectabie baud
99.00

-

H2000C NOW ALSO
AVAILABLE with

25 %80 line format and
C-MOS logic . £375.00

Also available from time to time
Hazeltine 1500 from. . .
Hazeltine 1510 from

.£575.00

Matrix Printer with fl96 up

GRAPHICS EQUIPMENT

flcharacterset 7 x 7 dor matrix. 142
salumnswith adfustable tractorfeed,
gdireqmelg&gin&;jz&ub&e—wadm cbaracm'rw

atute, sefitest facility. Centronics-ype paral

interface .. 137569

Teletype. Low Cost Printer
Soetype 33p1

Feletype 33 printer
mecgamyn I%Cludlﬂg
case-but no keyboard
o electronics, 64 upper
case ASCH, 10.cps.
pinfeed platen, igeal for
the eiectronic hebpyist
ONLY ... . .. 8500

PAPER TAPE PUNCHMES
Digitronics.

PE35120 paper tapepunch. Solengid-actuated
unit eapabfed& osg_nsmhmgf&toe channeltapes
af speeds up o 35 ¢os.

F'urs?ee ampli?uae 27 &DC Compsadt tablet

ERE L e 2, e 20 T U E9R 00
| uality punch:that ha rOme art
mdusﬁygtan 3 Asyncmo:gous 75¢ps
operation. Adjustable for punching 5.6, 7 or8

leveitape. Self-contained desktopuni
INCotPoratng supply-and fake-up spools, chad
ko, and TTL-campatible cortral ogic E651,00

Ti i

4030-F Graphics Terminal with-hghwesolution
graphics made, Standard diphanummetic mode,
prnterport, mtegrakstand . ... B, 750,00
4014-1 Graphicstermmatwith enhanced
GAPNICS.. oot e e - . £6950.00
&4 XY Storage monitor some with brand new
tbe ... . from €41 50.00 tq-£1500.00

KEYBOQARDS
New-ASCll Keyboards
KB756MF S6-station keyboard with-Sulf
upperfiower case ASCIL, patalfehinput,
mounting frarme-for extea ngidity power
requirements +8V, —12V. ... .£39.00
(riaiiorder total .
KB771MF as per 756MF but with 71
keystations incorporating fumenc pad and
aursorcontrolkeys .. . » ..£65.00
{mail order toralj ..E77 05
KB702 Srechendtostre for KB756 k
J N ..-£18.00
T o el WY £23,00]
SURPLUS ASCIl KEYBOARDS
Gtan:Al’erw.ar'l«?é5 &3 Stznm;%eds»\;‘;tcn ASCH
Keyhoard with and testedwarking,
g?cyunt diagratre supplied.. ngis.m)
{mait orc al .. £41 98
Clarg-PendarKB3 6 3-station reed-switch
keyboarg tintested and without ROM
{erroant supplied)

+ it £15.00
frmaitorder total . £ 18:36)

DLYMPIA NOV 17-20

NEW PRODUCTS

e TaLcy QRHE DL

HM 203 PORTABLE
OSCILLOSCOPE
(ILLUSTRATED)

Dual Trace. DC to 20MHz. 8 x 10cm display.
Risetime 17.5nS. Sensitivity 5mV/cm-20V/em.
Timebase 0.5us-0.2s. X5 magnifier. X-Y operation.
Auto or variable trigger. Channel 1, Channel 2,
line and external. Coupling AC, or TV low pass
filter. Weighs only 6Kg. Size (m.m.) H. 145, W.
285. . 380.

Europe’s standard service scope
Unbeatable value at £220.00

HM 307 OSCILLOSCOPE

Single trace. DC to 10MHz. Risetime 35nS.
SmV/ecm to 20V/cm. Timebase 0.5us-0.2S.
Built in component tester. LPS technique
provides stable and refiable triggering

up to 30MHz £138.00

NEW MODEL.

HM 412-5 OSCILLOSCOPE

Dual Trace. DC to 20MHz. 8 x 10cm rectangular
display with internal graticule. Risetime 17.5nS.
Sensitivity 5mV/cm-20V/cm. Timebase 0.5uS-0.2S.
X5 magnifier. X-Y operation. Z modulation. Auto
{peak value) or variable trigger. Channel 1.or 2,
altern. Ch. ML, line ext. Sweep delay. Variable

hold-off time. Weight 7.5Kg. £350.00

Stili at only
HM'512-8 OSCILLOSCOPE

Dual trace. DC - 50MHz. Risetime 7nS. SmV/cm-
20V/cm. Timebase 100nS/cm-25/cm. X5 magnifier.
X-Y operation. Z modulation. Sweep delay and
delay line permits viewing of leading edge.

THE BEST PRICED 50MHz SCOPE

ON THE MARKET AT £580.00

All the above scopes are available with P7 long
persistence C.R.T's [except HM 307) prices on
appiication .

The above prices do not include carriage or

VAT (15%). Please send for Technical Literature.

Electronic Brokers Limited
61/65 Kings Cross Road

* BRAND NEW JUST RELEASED
NOW 2 YEAR WARRANTY.

* Fluke 8022B (lllustrated)

3Y2 Digit hand held LCD. DMM. AC/DC volts,
DC/AC current. resistance, diode test. 0.25% basic
DC accuracy. Overload protection. Vinyl carrying
case C90 £8.00 £75.00
* Fluke 8021B.

Same spec as 8022B with additional audio tone for
continuity. Vinyl case C90 £8.00

*Fluke 8020B

3Y2 digit 0.1% basic DC accuracy. DC/AC volts,
DC/AC current, resistance, diode test and
conductance. Continuity beeper. Vinyl case C90

£8.00

*Fluke 8024B

3V digit. 0.1% basic DC accuracy. DC/AC volts,
DC/AC current, resistance. Diode test,
conductance, logic + continuity detect +
temperature. Peak hold on volitage and current
functions, continuity beeper. Vinyi case C?E(l)

£8.00

FLUKE 8050A
“4V2 Digit LCD DMM with true RMS on AC voits
and current DC volts 200mV- 1KV, 10uV
resolution AC volts. 200mV-750V, 10uV
resolution. DC/AC current 200uA-2A. Q.01uA
resolution resistance 200Q2-20MQ. 0.019
resolution. Also reads dB direct referenced to 16
stored impedances. Conductance ranges 2ms and
200nS. £245 mains model £285 mains battery.

FLUKE 8012A

3Y2 Digit LCD DMM with true RMS on AC volts
and current. DC volts 200mV-1KV, 100uV
resolution. AC volts 200mV-750V. 100uV
resolution. DC/AC current 200uA-2A, 0. 1pA
resolution. Resistance 200Q-20MQ, 0.1
resolution Low resistarice 22 and 209, | m§
resolution Conductance ranges 2ms-20uS-200nS
£218.00 mains model £244.00 mains battery

FLUKE 8010A ',

3Y2 Digit LCD DMM Same spec.as 8012A plus a
10AmMp AC/DC current range; but not low
resistance range. £167.00 mairis model £193.00
mains battery.

Also available a range of accessories including
current shunts, EHT probe, rf probe, Temperature
probe and touch and hold probe. Full details on
request. b :

The above prices do not Include carriage or

VAT [15%). Please send for Technical Literature.

London WC1X 9LN England
Telephone: 01-278 3461

Telex: 298694 Elebro G

680G MULTIMETER
(ILLUSTRATED) 48 RANGES

DC volts: 100mV-2-10-50-200-500- 1000V AC
volts: 2-10-50-250-1000-2500V DC current:
50-500uA-5-50-500mA-5A AC current:
250uA-2.5-25-250mA-2.5A Resistance

QX 1-Q x 10 x 160-2 x 1000 and Lowq, full
range 12-10MQ Up to 100MQ can be measured
using ext. AC supply. dBscale-10to + 22dB.

OdB = ImW into 600€ Sensitivity DC 20K/V. AC
4 KQ/V. Accuracy 2.0% AC and DC. Battery
Eveready No. 8 Overload capability 1000: 1" on
resistance ranges. Protected by internal 3QFuse.
Size with case 10.8 x 11 x 3.7cm. Meter size 10cm.
Supplied with leads and carrying case.

£24.50
680R HIGH ACCURACY
MULTIMETER 80 RANGES

DC volts: 100mV-2-10-50-200-500-1000V AC volts:
2-10-50-250-1000-2500V DC current: 50-500uA-
5-50-500mA-5A AC current:
250uA-2;5-25-250mA-2.5A X2 switch on all
voltage and current ranges except 2500V AC
setting. Resistance: @ x 12 x 10-2x 100-Q x 1000
and LowQ, full range 19-10MQ. up to 100M8 can
be measured using ext. AC supply. dB scale —10
10 + 22dB. OdB = ImW into 6008 Sensitivity DC
20KQ/V, AC 4KQV. Accuracy DC 1%, AC 2%.
Battery Eveready No. 3. Overload capability

1000:1 on reststance ranges. Protected by internal -
3Q fuse. Size with case 13.7 x 10.4 x 5.4¢m. Meter -
size 1 2cn. Supplied with leads and carrying case.

£32.00
MICROTEST 80 POCKET SIZED

MULTIMETER 40 RANGES

DC volts: 100mV-2-10-50-200-1000V AC volts:
1.5-10-50-250-1000V DC current: 50-500uA-5-
50-500mA-5A AC current:
250uA-2.5-25-250mA-2 .5A Resistance:

% 1-Q x 100 x 100 and Low @, full range
12-5MQ dB scale —101to + 22dB, odB =" 1mW
into 600Q Sensitivity: DC 20KQ/V, AC 4KQ/V
Accuracy 2% AC and DC. Battery Maliory RM
625N. Overload capability 1000:1-on resistance
ranges. Protected by internal 3Q fuse. Size with
case 9.3 x 9.6 x2.3cm. Meter size 8.5¢cm. Supplied
with leads and carryingicase.

£16.60

Please add £1.50 carriage per meter plus 15% VAT
on total meter.and carriage price. Send for Literature.

Hours of Business: 9a.m. - 5p.m. Mon-Fri. Closed lunch 1-2p.m.

ADD 15% VAT TO ALL PRICES :
Carriage and Packing charge extra on all items unless othetwise sfated.
A copy of our Trading Conditions is available on request.

| ===




000s with Spectrum
Analyser—we call it the SUPER—S

A portable communications service monitor from IFR,
light enough to carry anywhere and good enough for
most two-way radio system tests. .
The FM/AM 1000s can do the work of a spectrum
analyser, oscilloscope, tone generator, deviation meter,
modulation meter, signal generator, wattmeter, voltmeter,
frequency error meter—and up to five service engineers
~ who could be doing something else!

A PRACTICAL TOP UP!
MM-100 MULTI-METER

Simply replaces the protective lid of the FM/AM 1000s. It
includes a modified probe. PB-114, and a built in speaker -
unit with independent volume control for audible response
to signal measurement. This practical ‘top up’ will perform
the following functions. e

Sinad: Measurements for 1 kHz
tone ( 20 Hz)

Distortion: To 30%

DC Volts: Up to 300 volts and up to

800 volts when the X10 probe is used ¢ : ;

AC Volts: 600 VRMS maximum for frequencies betwee|

25 Hz and 25 kHz

Ohms: Using the modified probe, part number PB-114,

Ohms can be measured on scales X1 to X10 K

% AM Measured on the RF signal applied to the

FM/AM-1000 unit

OPTIONAL ACCESSORIES
A choice of R.F. power attenuators and protective
carrying cases.

For further information contact Mike Taylor

: ;:ieldlt"ech =

tl td.

1 ) Fieldtech pn L
2 t ls]
Hunting eathrow West gra\/tgr?

Middlesex UB7 OLL

HILOMAST
SYSTEMS

- WIRELESS WORLD DECEMBER 1981

PNEUMATIC
TELESCOPIC

HILOMAST LIMITED
THE STREET HEYBRIDGE — MALDON

Second User Test Equipment, Calibrated to Manufacturer’s original specification.

ACOUSTIC & VIBRATION  Frices
BRUEL & KJAER from £
2113 Audio Frequency Spectrometer 1400
2203 Sound Level Meter 450
2305 Level Recorder 1350
4230 Sound Level Calibrator 95
4424 Noise Dosemeter 375

BRIDGES & V and | STANDARDS
GENERAL RESISTANCE
DASE6 DC V and | Calib 1.V-10V 30mA 600
HEWLETT PACKARD
4261A Digital Automatic LCR Bridge 975
4342 QLC Meter 22 KHz-70 MHz 1400
MARCONI
TF868A Universal LCR Bridge 250
WAYNE KERR
B521LCR Bridge 115

COMMS & CABLE TEST

EQUIPMENT
CHASE 1
35A Field Strength Meter 20-850 MHz 600
HEWLETT PACKARD
3556A psophometer 20 Hz-20 KHz 250
TEKTRONIX
1502 TDR Cable Tester CRT + Recorder 2950

COMPUTER EQUIPMENT
CENTRONICS
702 matrix printer
TEKTRONIX
4610-1 Hard copy printer for 4010 series
computer display terminals

COUNTERS & TIMERS
FLUKE )
1910A-1 125 MHz 7 digit Cntr. AC/Batt 300
1912 520 MHz 7 Digit Counter
1912A01 As 1912A butinc. re-charging
batteries 430
1920A 520 MHz 9 Digit Counter inc. Brst.
mode
1920A 14 1250 MHz otherwise as 1920A 750

HEWLETT PACKARD
5300A 6 Digit Display Unit — P/in reqd. 160
53058 1300 MHz Counter for 5300 325

RACAL

9024 600 MHz 7% digit Counter 220
9025 1 GHz 8 digit Counter 450
9905 200 MHz 8 digit Counter Timer 360

SYSTRON DONNER

6053 3 GHz 9 digit Counter BCD O/P 790

51038 Strip Printer for 6053/6054 . 375
DIGITAL TESTING EQUIPMENT

HEWLETT PACKARD

5011T Logic troubleshooting kit 125

1600S Logic Analyser 32ch 20 MHz 2750

TEKTRONIX s
7001F Logic Analyser 16ch 50 MHz P/in 2650
832 Datacomm Test V24/RS232/1 loop 1150

THIS MONTH'S
SPECIAL OFFERS

FLUKE 8921A
Digital and analogue true RMS AC volimeter
ard power meter. Frequency range
10 Hz-20 MHz.
Readaut - 3/2"digtt LED display and
analogue meter for peak and null
odjusiments.
Ranges — 2mV FSD to 700V FSD plus dBm
ranges reading power delivered to 12
standard Input impedances from 508 fo
120082. Also reiative d8 mode for
fHatness/difference I
Wil measure AC power/volls in presence of
DC offset — Automatic or manuol ranging.

£825

M.L. ENGINEERING — NANO

AMMETER/ MICRO VOLTMETER
DG Analogue Meter with centre zero scale.
12 Current Ranges from 100nA to
30mA FSD.
12 Voitage Ranges from 100V to 30V FSD,
Can be used in conventionai mode or as @
sensitive null meter.
These instruments are new.

ONE YEAR GUARANTEE

MAINS TEST EQUIPMENT
COLE

T1007 Volt/Freq/Spike Monitor Rec O/P . 110 ..

DATALAB
DLO019 Mains Interface for DL305 300

DRANETZ .

606 3ch Volts Av/Spike/ Time/ Printer

GAY

LDM AC/DC/Spike/ Time inc Printer
MISCELLANEOUS

AVO

RM215 AC/DC Breakdown/Leakage Tester = 475

COMARK

1601BLS Thermom 10ch 87 + 1000°C type’lK 50

N.B. Thermocouples not included

DATALAB
DL901 Digital Transient Recorder 500

-HEWLETT PACKARD

X382A Rotary Vane Attenuator WG16

MULTIMETRICS

AF120 Dual H/Pass L/Pass active

filter 20 Hz - 2MHz &
RESEARCH INSTRUMENTS

Micro manipuiator — 4 Probes moveable in’

all planes. Adjustable test table — Watson

Burnet optics. Complete system mounted

in perspex enclosure 475

TEKTRONIX

521PAL Vectorscope 2200

528 TV Waveform Monitor 750

575 Semiconductor Curve Tracer 425

1485C TV Waveform Monitor PAL/NTSC 2300
NETWORK ANALYSERS/
PHASEMETERS

DRANETZ

305B/3001 Phasemeter 2Hz-700KHz

HEWLETT PACKARD

8405A Vector Voltmeter 1-1000 MHz

8414A Polar Display for 8410 N.W.A.

OSCILLOSCOPES &
ACCESSORIES

GOULD ADVANCE

0S3300B 50 MHz 1mV 2 Trace 2T base

HEWLETT PACKARD

1804A 50 MHz 20mV 4 Trace Plug-in

1825A Dual Timebase Plug-in

1805A 100 MHz 5mV 2 Trace Plug-in

PHILIPS

PM3211 15 MHz 2mV 2 Trace TV trig

PM3212 25 MHz 2mV 2 Trace TV trig

PM3244 50 MHz 5mV 4 Trace 2T base

PM3260 120 MHz 5mV 2 Trace 2T base

PM3262 100 MHz 5mV 2 Trace 2T base

Tr View

TEKTRONIX

465 100 MHz 5mV 2 Trace 2T base

465B 100 MHz 5mV 2 Trace 2TB, inc Probes
475200 MHz 2mV 2 Trace 2T base

486 350 MHz 5mV 2 Trace 2T base

661/4S3/5T1A 1 GH2 Sampling scope

7A12 105 MHz 5mV 2 Trace Plug-in

7A18 75 MHz 5mV 2 Trace Plug-in

7A19 500 MHz 10mV 1 Trace Plug-in

7A22 1 MHz 104V Differential Plug-in

7A24 350 MHz 5mV 2 Trace Plug-in

7A26 200 MHz 5mV 2 Trace Plug-in

7B53A 2 Timebase Plug-in 100 MHz Trig

7B80 Single Timebase 400 MHz Trig

7B85 Timebase with delay 400 MHz Trig

7603 100 MHz CRT r/out 3 slot M/ Frame

7704A 200 MHz CRT r/out4 stot M/Frame
P6013A X1000 12KV Probe 95
TELEQUIPMENT

D63/V1/V1 15 MHz 2 Trace 1mV- 499
DB83/V4/S2A 50 MHz 1mV 2 Trace 2T

Big CRT 750
D101515MHz 5mV 2 Trace TV trig 295
VUDATA

PS$935/975 35 MHz 5mV 2 Trace - unit has

built-in 3% digit DMM + 3% dig. cnter 675
Note: we hold a range of cameras P.O.A.

OSCILLOSCOPES (STORAGE)
HEWLETT PACKARD

. 1703A 35 MHz 10mV 2 Tr 2TB 1000 Div/ms 1400

A&

Prices
from £

603 Bistable Storage Monitor XYZ amps 750
T912 10 MHz 2mV 2 Tr 1TB 250cm/ms 850
7834 400 MHz 4 Slot M/Frame 2500cm/us 4990
POWER MEASUREMENT
HEWLETT PACKARD
8481A Type N Coax sensor for 435A
MARCONI
TF2512 DC -500 MHz Powermeter
TF893A 10 Hz-20 KHz Powermeter
POWER SUPPLIES etc
ADVANCE
1V5S Inverter 24V DC to 240V AC 500W
FARNELL
FFSLSV -20 A PSU module

TL30B 0-30V variable 1A Metered

FLUKE
415B 0-3.1 KV variable 30mA Metered

HEWLETT PACKARD
6966A 0-36 V variable 10 A metered

PHILIPS

PE1646 0-75V variable 6A Metered V + |
PULSE GENERATORS

ADVANCE

PG57 10 Hz-50 MHz 10V 502 Vari RT 6ns

EH RESEARCH

132 10 Hz-3.5 MHz 50V 602 RT 10ns 2 pulse
MARCON!

TF20250.2 Hz-25MHz 10V 602 RT 7ns 2

pulse 350

RECORDERS & ACCESSORIES
BRUNO WOELKE
ME102B Wow and Flutter meter 75
BRYANS SOUTHERN
BS316 Chart 10" 6 Pen 16 speed 2500
HEWLETT PACKARD
7015A XY 1 pen A4 size 700
7046A XY 2 pen A3 size 995
PHILIPS
PMB8041 XY 1 pen Ad size 750
PM8251 Chart 10” 1 pen 12 speed . 375
SELABS
994 6 ch galvo preamp + DC bridge supply 450
6008 UV chart 8" 25 ch 16 speed 950
615Q/51 UV recorder 12 ch-inc 6 ch amps 1000

SMITHS

RE541 Chart 8" 1 pen 8 speed 250
RE501/4701 Cht4” + XY 1ch 10 spd

AC Batt 200
SOLARTRON

3240 Modular Data Logger system P.O.A.
Note: UV recorders are priced less galvos

SIGNAL ANALYSIS

EQUIPMENT >

MARCONI
TF2300A Mod Meter 1 MHz-1 GHz AM/FM 450
TF2330 Wave Analyser 20 Hz-50 KHz 900
Note: see also “"Spectrum Analysers”
SIGNALFUNCTION/ + SWEEP
GENERATORS .
ADVANCE
SG63D Generatof 4-230 MHz AM/FM 200
GENERAL RADIO
1362 Generator 220-920 MHz 375
HEWLETT PACKARD ’
8640B Generator 500 KHz-512 MHz
AM/FM Phase Lock 3800
618B Generator 3.8-7.5GHz 975
612 Generator 450-1230 MHz 750
614 Generator 0.8-2.1 GHz 825
MARCONI
TF144H/4S Generator 10 KHz-72MHz AM 550
TF801D Generator 10 MHz-470 MHz AM 180
TF955/2 Generator 0.2-220 MHz AM/FM 670
TF1066B/1 Generator 10-470 MHz AM/FM 690
TF2012 Generator 400-520 MHz FM 550
TF2015 Generator 10-520 MHz AM/FM 1150

PHILIPS

PM5127 Function 0.1 Hz-1 MHz Sin

Sq Tri Rmp 4
PM5129 Function 1 mHz-1 MHz Sin/Sq/
Tri/Ramp/Pulse + Sweep + Burst 645

" TEXSCAN

SPECTRUM ANALYSERS  Frices
HEWLETT PACKARD from£
141T/8552B/8555A Complete .01-18 GHz 8500
3580A 5 Hz-50 KHz with digi store disp 2450
8445A Pre-selector 0.01-18 GHz © 2000
8558B'0.1- 1500 MHz Plug-in for 180 series 3750
MARCONI
TF2370 30 Hz- 110 MHz Digi-store display
buiit-in counter and tracking gen . 7700

VOLT/MULTI-METER

(ANALOGUE)

AVO

8 Mk4 AC/DC/—VI+Q

BOONTON

92C AC/RF 10 KHz-1.2 GHZ % mV-3V
HEWLETT PACKARD

400E 10 Hz-10 MHz TmV-300v DC O/P

400H 10 Hz-4 MHz 1mV-300V

411A 0.5-500 MHz 10mV-10V DC O/P

427 AC/DC/V/Q

3400 TRMS 10 Hz-10 MHz TmV-300V

DC-0/P

MARCONI

TF2603 50 KHz-1.5 GHz 300V -3V

TF2604 20 Hz-1.5 GHz 300mV-300V

PHILIPS

PM2454B 10 Hz-12 MHz 1mV-300V DC O/P
RACAL

9301 RMS 10 KHz-1.5 GHz 100uV-300V 550
VIBRON/E.I.L.

33B-2 1mV-1V Electrometer 200

VOLT/MULTI-METER (DIGITAL)}
BOONTON
92AD 1999FSD 10 KHz-1.2 GHz 10uV res 525
FLUKE
8010A 2000 FSD TRMS AC/DC/VIQ 140
8010A01 As8010A + re-charging batteries 159
8020A 2000 FSD Handheld
AC/DC/VIQ + cond. 99
8022A 2000 FSD Handheld AC/DC/VIQ 75
8030A-12000 FSD AC/DC/VIQ Batt + AC
8050A 20000 FSD AC/DC/VIQ dB TRMS
8800A 200000 FSD AC/DC/VR 550
GOULD
DMM?7 1999 FSD AC/DC/V/1/2 100
HEWLETT PACKARD
3490A 100000FSD AC/DC/V/Q 625
SOLARTRON
A200 19999FSD DC only 1uV-1KV 75
A203 19999FSD AC/DC/V/Q 175
A205 19999FSD TRMS AC/DC/V/Q 195

¥ NEWS %

WE ARE NOW DISTRIBUTORS

FoR THE Esotech RANGE

OF LOW COST HIGH
PERFORMANCE
0SCILLOSCOPES.

The range of six different models
includes single and duat trace models
with bandwidths of 18, 15and 30 MHz.
There are two battery powered scopes
in the range, with optional mains
powered battery eliminator/charger.
Three models have builtin component
testers which give on-screen indication
of correct component function.

+ WRITE OR PHONE FOR OUR
CRDTECH BROCHURE WHICH
CONTAINS TECHNICAL DETAILS AND
PRICES OF THE COMPLETE RANGE.

EXAMPLES:

Moadsl 3030 Single trace 15 MHz SmV
sensitivity with buitt-in
component tester

Model 3337 Duat trace 30 MHz 5 mV
sensitivity with signal
detay

PLUS 4 OTHER MODELS AT

IN-BETWEEN PRICES

THESE INSTRUMENTS ARE BRAND
NEW AND ARE AVAILABLE FROM
STOCK

Carston
Electronics Lid
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.
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CONTACT US FOR A CASH QUOTE ON
YOUR UNDER-UTILIZED TEST EQUIPMENT

Tel: 01-897 6446 TEKTRONIX

Telex: 23734

: : 9900 Sweeper 10-200MHz6/in CRT disp 525
|FR pmision SiMlllatOfS TleciZd) 466 100 MHz 5mV 2 Tr 2TB 1350cm/us 2950 \/S60 Sweeper 5-1000 MHz R = —— - =il

TELEX NO 995855 Full details and specification of equipment listed, avallable. Because of iong copy dates thls list is not comprehensive — rlnﬁ for Inventory
; update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fridays). Prices exclude delivery and VAT.

WW - 035 FOR FUR;I‘HER DETAILS We take Access or BCII'ClOVCOI’d WW — 044 FOR FURTHER DETAILS 5 3

N ) "".,,,,,/,,v ,/,'72 % 9. ,//52 ’//'/7' ., /?' v ,// 4.4 \\\

ESSEX CM9 7NB ENGLAND
Tel. MALDON (0621) 56480

WW -~ 005 FOR FURTHER DETAILS
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RETAIL SALES
AND DEMONSTRATIONS

404 EDGWAR

MICROTAN 65

Micretan 65 1s the most advanced,
powertul. expandable micrp-
computer available - it

aiso happens tobe the

most costeffective!

Electromc Today
International held a
mammoth survey of kits
The result Micratan 65
WINS COMPUTER CLASS!

MICRDTAN 65 CONTENTS
High quality. plated thru hole printed circuit board, solder resist and silk
screened component identification. 6502 microprocessor. 1K monitor
TANBUG. Now with ‘' Bug. 1K RAM for user programme, stack and
display memory. VOU alphanumeric display of 16 rows hy 32 characters.
MICROTAN 65 system file binder. 136 Page, bound, users hardware/

Logic and discrete components to fully expand MICROTAN 65.

The MICROTAN 65 kit has won widespread actlaim for its superh
presentation. We pay attention to detaif!

kit ForM £69.00 + £10.35 VA T total £79.35,

MICROTAN 65 assembled and tested,

Specification as ahove, but assembled and fully bench tested by ourseives.
£79.00 + 1185 VAT, 10ral £90.85.

TANBUG V23 Kit £21.85 inc).

MICROTAN 65 OPTIONS

LDWER CASE PACK MINI MOTHER BOARD
Two integrated circuits which connect Used te connect Microtan to Tanex.

into tcations on MICROT AN i 3
allowing 128 displayable characters. Eull £ 1 o'oo Yl

£9.48 + £1.42, 6t £10.90,

GRAPHICS PACK

Five integrated circuits which connect into locations on MICROTAN
allowing the display of chunky graphics {64 x 64 pixels). What are
chunky graphics? Well, imagine a piece of graph paper with 64 squares
vertically and 64 squares horizontally. a total of 4096. Each square can
be made black on white

TANGERINE+TANGERINE

software manual with constructional details and sample programmes. ==
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1kl TANGERINE 0s® /era

LONDON & HOME COUNTIES STOCKISTS

TFRge

E RD.LONDON, W21ED TEL: 01-402 6822 ;

MIGRON

COMPUTER,
BN

*TANGERINE TANGERINE - TANGERINE
TANEX £43.00

CONTENTS "
High quality plated thru hole printed circuit board, soider resist and silk

Minimum
Contig Kit.
+V.AT. £6.45, total £49.45.

g £ screened component identification. 1.C. sockets for maximum expansion.
FU L LY 3 64 Way D.LN. edge connector 1K RAM, cassette intertace, 16 parailel
BU I LT A §i1/0 Iir!es, aT.TL. serial I»/O port, two 16 bit counter timers, data bys
L4 " < 2 buﬂgnng, memory mapping. logic and discrete components for
TE STE D’ S PSR o maximum expansion. TANEX users manyal. - ‘\@ LRy
# TANEX (Mini configuration} A bled . .\

and housed

£53.00 +vaT £7.95 1012 £60.95.

SYSTEM RACK MICRON £550 inc), . £395

mc. VAT, P&P

6502 based microcomputer VDU alpha numeric display. Powerful
monitor TANBUG, 8K RAM. 32 parallel1/ 0 lines. 2 TTL seriat /D lines.
Four 16 Bit counter timars. Cassette interface. Data bus butfering.
Memory mapping contol. 71 key ASCit Keyboard, including numeric
keypad. includes power supply. Also includes the first *10K MICRQ-
SOFT BASIC * available in the L K. All the usual BASIC commands.

FULL MANUALS: MICROTAN,
TANEX, BASIC, X BUG
All £5 each

TANRAM

AVAIABLE NOW  TANRAM - 40K Bytes on
one board!  Single board of bulk memory
offering: 7K Static RAM {2114}, and 32K
Oynamic RAM (4116). Onboard refresh is
totally transparent to CPU operation and is
unatfected by normal OMA's. TANRAM fully
expands the available address space of the
6502 microprocessor. MICROTAN, TANEX and TANRAM together
provide 16X RAM, 48K RAM, and 1K 1/0 - that's a lot of memory
andia lot of 1/0! Bult and tested. TANRAM ASSEMBLED.

40KRAM CARD with 16K DYNAMIC RAM £76 +VAT
CONTENTS: High quality plated thr  ole printed circuit board. solder

resist and silk screened component identification. Full complement of
I.C. sockets for maximum expansion. 64 way 0.LN. edge connector.

TANEX EXPANSION

Expanded. TANEX offers: 7K RAM,
locations for 4K EPROM {2716),
locations for 10K extended
MICROSOFT BASIC, 32 paralle! /0
lines, two TTL serial 1/0 ports, a
third serial 1/ 0 port with
RS232/20mA logp. full modem
control and 16 programmable’b aud
rates, four 16 bit counter timers,
cassette interface, data bus
buffering. and memory mapping.

EXPANDED TANEX KIT (Exciudes ROM, XBUG and BASIC)
£89.70 +v.AT £1346 101l £103 15

EXPANDED TANEX ASSEMBLED _
£99.70 +v.AT £14.96, total £114.66

DPTIONS TO FULLY EXPANDED TAMEX

'IUK Extended MICROSOFT BASIC in EPROM {with manual}
£49.00 +V.AT. £7.35, total £56.35.

Extra RAM' 1K (2 x 2114) £5.20 +V.AT 78p, total £5.98.
SERIAL 1/0 KIT £17.25 incl. [ .

6522 VIA  £8.00+VAT. £1.20, total £9.20.

XBUG  £17.35 +V.AT. £2.60, total £19.95.

% 12v. KiT £9.20 incl.

AS YDU CAN SEE THE PRICES DF DUR EXPANSION
COMPONENTS ARE VERY, VERY COMPETITIVE!

1K RAM {2114). Data bus buffering. TANRAM users manual.

EXTRA RAM:
TKSTATIC (2114)  £2.95 each. 16K DYNAMIC (4118) - £1.50 each.

£6.52 +vAT 98p, 10tat £750

20 WAY KEYPAD

Inexpensive means of getting up and running. Uses ‘Schoeller’ key-
switches, and connects to MICROTAN through a 16 pin 01.L. plugon
ribbon cable. Black anodised escutcheon, with TANGERINE legends,
finishes off what must be'the best value for money keypad available.
Available assembled-and tested.

£10.00 +vaT £150, 10 £11 50

MEMORIES exeann vounsvsTem wirh gup TANGERINE
Discounts 10% for 4, 15% for 8 20% for 16. APPRAVED CHIPS.
2102 1K x 1 Static RAM 80p IM 6402 UART  £4.50

TANGERINE DISC SYSTEM

28 CONTROLLER CARD £150.00 +vat ‘/

DOUBLE SIDED DOUBLE DENSITY DRIVE

CP/M DISK OPERATING SYSTEM

£215.00-va1 g8

_£80-+var

2708 £350 2114 1K x 4 Static RAM  £2.95
2716 £6.50 :

MK 4116 16K x 1 Dynamic RAM | D9
£150 Allincluding VAT 4118 K x 8 Static RAM £7.50

*Space Invaders game (for use with keypad only)
£15.22 +V.AT. £2.28 1otal £17.50.

- MONITORS (PROFESSIONAL)

RECONDITIDNED AND NEW - FROM £35.00 10 £129.95

POWER SUPPLIES .

MPS 1+ Input 120 or 240V AC. Output 5 Volts at 3 Amps'Regulated
MPS 1 will power both MICROTAN and TANEX fully expanded. Built.on
the same size printed circuit board as:MICROTAN etc. Available as a
fully built and tested unit.

£23.00-vA7 £345 10101 £26.45
XMPSZ +5V 6A, +12V, -5 and =12V switch mode system PSU

£69.13 +var

GENTRONICS ideal for Tangerine

71 KEY ASCII KEYBOARD £69.95 incl.
NO EXTRAS NEEOEQ.

Uses gold crosspoint keys. includes numeric keypad and ribbon cabie.
Available as fully assembled and tested

SUPER METAL CABINET IN TANGERINE/ BLACK
£20.00 +v.aT. £3.00 10121 £23 00

PRINTERS

CENTRONICS P.. £150 +vAT

Model 730 £350 +vaAT
Model 737 £395 +var

MINI-SYSTEM RACK -
We have produced a mini-system rack which accepts MICROTAN B5,
TANEX and our mini-mother board: it has an integral power supply, just
plug it into the mains and away you go! Finished in TANGERINE/BLACK,
it gives your system the professional finish. Front panel access for 1/0
cables. AVAILABLE AS AN ASSEMBLED UNIT.

£5635 incl. i
FULL SYSTEM RACK

For the man that has everything! 19 nch wide R
system rack which accepts: MICROTAN 65, TANEX, TANRAM, SEVEN
FURTHER EXPANSIDN BOARDS, TANOOS and THE SYSTEM POWER
SUPPLY. Avaitable in many formats, e g_Individual front panels, full
width hinged front panet, back panel with or without connectors.

NEW MIGHOTA"TEL * Positive strobe +5v.12v * Size 13x65x1.5ins. *
* ASCi characters * Black keys with white ledgens
POST OFFICE APPROVED + Parallel output with strobe -+ Escape shift return &
3 * Power light on cantrol reset keys

PRESTEL - VIEWDATA * Chip by General Instument  » Contro} repeat & bell keys
@ FULL COLOURGRAPH @ (AN (G.1) TTL output * Complete with DATA
STORE PRESTEL @ CAN BE USED £ 170
AS AN EDITING TERMINAL @ CAN U |ADD-ON , compact 12 button keypad | LIST PRICE
BE INTERFACED WITH PET, APPLE, +VAT KEYPAD suitable foruse with above £22.00
etc. et keyboard to extend its functions | OUR PRICE

Just connect to the aerial socket of any colour or black and white 5 - plus four extra keys. Supplied £7 95

domestic TV. receiver and to your Post Office installed jack sacket and brand new with data. A non- .

you are into the exciting worid of PRESTEL. Via simple push buttgh use encoded single mode keyboard, VAT

you are able to view 170,000 pages of up to the minute information on
many services, order goods from companies - all this without leaving

| £49.00 + VAT £7.35 10 156 35,
" NEW PRODUCTS (it vAT. inci)

SYSTEM MOTHERBOARD (4 CONNECTOR)... £44,85
SYSTEM MOTHERBOARD (12 CONNECTOR) £7285
EXTRA EDGE CONNECTORS.... £3.50
SYSTEM RACK FRONT PANEL .. 5.64
SERIAL I/0 BOARO MIN. {2 PORTS 70

PARALLEL 10 BOARD MIN

76 22K ROMBOARD (EXCL RO
TANGERINE *TANGERINE -TANGERINE
Stockist Enquiries on headed nolepaper to;

COMPUTER K

Jelex: 262284 Ref. 1400 TRANSONICS

your_armchaig!
SERIAL 1/0 BOARD MAX. (B PORTS} ...

PARALLEL I/0 BOARD MAX. (128 LIN
32K RAMCARD 16K VERSION ..
32K RAMCARD 32K VERSION ..

£54,
*TANGERINE -TANGERINE _*TANGERINE - R
All orders pre-paid and official advertised here to be
IT LTD.(Principal Distributors in U.K)
11/12 Paddington Green, London, W2.Tele: 01-723 5095

AIM/KIM BUFFER

£135.70
. {6 LINES] £54.61 1

42 - CRUG, COMBINED TANBUE & X BUG
40 7 PORT SERIAL 110 K|
90 HIGH RESOLUTION G

M) AIM TV INTERFAC!

forwarded DIRECTLY to:

PROFESSIONAL ASCI|
Ideal for
Tangerine

£29.95 ...

52 key 7 bit ASC! coded

* Superbly made

PLUS MANY.NEW EXCITING.PRODUCTS IN

TANGERI

DEVELOPMENT AUTOMATICALLY AVAILABLE FROM

US WHEN RELEASED BY TANGERINEILTD.

All products are available

FULLY GUARANTEED - BUY WITH CONFIDENCE

" J St yarAcTune oo
PUTER DEPT. I

NE TANGERINE f
FREE BROCHYR |

COMPUTER DEPT., 11/12 PADDINGTON GREEN,LONDON W2
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W FROM
gE-OFF SHOP

DIODES

12/24L.CD.
CLOCK MODULE ] o *
Featuresa 0.5" L.CD.
Display, user selectable
12 or 24 hour operation, -
dual time, alalrm, 24 r:ju?ute A
watch, sleep and timer
?&ﬁgtions. The display shows A, P and alarm
annunciations. An incandescent lamp back
bulb is also fitted. It is supplied complete with
bezel at £13.95 “one off” and £13.25 for 10+.
SINKS ,
HiAn-le;xtensive range of heat sinks manu-
factured by Redpoint is now available in the
new Verospeed catalogue at competitive
“one off” prices plusf dlscorntsémig éﬁg%itor
covers every type of popular s
package inc)Iludi%g TO5, T_O3,_TO 220, TO1_ 26,
TV1500, TO18 and a special sink for dual-in-
line devices up to 16 pin which does not
require adhesive. All types are black
anodised.

Britain’s fastest growing distributor of
Verospeed, Stansted Road, Boyatt Wood,E

1

Diodes complement the already extensive

ange of semiconducting devices supplied by
\r/c:rgspeed. Manufactured by Diodes Inc. the
comprehensive range includes IN4000 and
IN5400 series, 1 amp and 3 amp fast recovery
diodes, 1A, 2A, 3A, 6A, 15A, and 35A silicone
bridge rectifiers. All types .have an extremely
high reputation for reliability and are very
competitively priced both for small quantities
and for the published discount catalogue prlce§.

Look for these - and lots more in
THE ONE-OFF SHOP

Send for your copy. Test our
service by phoning 0703 618525
before 3.00 p.m. — and your
catalogue will be in the

post tonight
\ﬁ'ggzﬂ
branded electronic components.
astleigh, Hants. SO54ZY. Telex 477144

WW — 029 FOR FURTHER DETAILS

ONLY £48. 50 Post free, inc VAT

LO
. COST
Y cPROWR
o ERAISURE

Send chegue or official order for prompt
delivery. Telephone orders will be
despatched C.0.D. at no extra charge.

' PROMS . :
P o e S
IC .
ST ERASE TIME it
om| S'I\JALITY STEEL CASE Transam

| METER PROBLEMS?

d in Aberdeen from:
MONEY-BACK GUARANTEE T e »
_EORTHERN ELECTRONICS

51 Arundel Street, Mossley, Lancashire  Tel: Mossley (04575) 4119.
WW — 049 FOR FURTHER DETAILS

Britain'sNo.1 magazine
for the radio enthusiast

From the June issue, Practi_cal Wireless bec_:omes ﬁg
""all radio’* magazine, covering all the techniques gio
applications of radio, including Ilqer)sed amateur rjl asf
short-wave listening, D).< (long-distance) brt?aI (’:test
listening and viewing, radio control, etc., plusthela
developments on the CB scene.

ractical

Yl eis

' i iety of
137 Standard Ranges in a variety O
~si:zses and stylings available for 10-14

“ deli Ranges and
days ' delivery. Other
schiaI scales can be made to order.

Full information from:

INN ROAD. W.C.1
e AL Telex: 892301 HARTRO G

HARRIS ELECTRONICS (London)

Phone: 01/837/7937

emel]

WW — 045 FOR FURTHER DETAILS

wiww americanradiohistory com
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1980 saw a genuine breakthrough -
the Sinclair ZX80, world's first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

in March 1981, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000in the first 3 months!

Today, the Sinclair ZX81 is the
heart of a computer system. You can
add 16-times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Softwarelibrary is growing every day,

Lower price: higher capability

With the ZX84, it’s still very simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

ltuses the same micro-processor,
but incorporates a new, more power-
ful 8K BASIC ROM - the ‘trained
intelligence’ of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,

-and builds up animated displays.

And the ZX81 incorporates other
operation refinements - the facility
to load and save named programs
on cassette, for example, and to
drive the new ZX Printer.

—

L = ==
New BASIC manual
Every ZX81 comes with a comprehensive, specially- written

.manual - a complete course in BASIC programming, from
first principles to complex programs.

Kit:
£49.%

Higher specification, lower price
how’s it done?. .

Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81 reduces the 21 to 4!

The secretliesin a totalry new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the ZX80! :

New, improved specification

® Z80A micro-processor - new
faster version of the famous Z80
chip, widely recognised as the best
ever made. '

® Unique ‘one-touch’ key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single-key entry.

® Unique syntax-check and report
codes identify programming errors
immediately.

® Full range of mathematical and
scientific functions accurate to eight
decimal places. ‘

® Graph-drawing and animated-
display facilities. '
® Multi-dimensional string and
numerical arrays.
® Up to 26 FOR/NEXT loops. -
® Randomise function - useful for

games as well as serious applications.

® Cassette LOAD and SAVE with
named programs,

@ 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.

® Able to drive the new Sinclair
printer.

® Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip - unique, custom-built chip
replacing 18 ZX80 chips.

WIRELESS WORLD DECEMBER 1981

Sinclair ZX81 Personal Com
the heart of a system
that grows with you.

Kit or built ~it’s up to you!

You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of course the other
discrete components) - a few hours’

work with a fine-tipped soldering iron.
~ And you may already have a suitable

mains adaptor -600 mA at 9V DC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.

WIRELESS WORLD DECEMBER 1981

: ‘S’mﬁ%ﬁ@!ﬁ
ZX ||6|( RAM

16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or _ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to multiply your
data/program storage by 16!
Useit for long and complex

programs or as a personal database.

Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, youcan
also run some of the more sophisti-
cated ZX Software — the Business &
Household management systems
for example.

— g | — | |l

Z X8l

6 Kings Parade, Cambridge, Cambs., CB2 1SN.

Tel: (0276) 66104 & 21282.

wawvw americahradiohistory com

the ZX Printer
for only £49.%

the ZX81 (and ZX80 with 8K BASIC

~-

useful when writing or editing
programs. _

And of course you can print out
your results for permanent records
or sending to a friend.

Printing speed is 50 characters
per second, with 32 characters per
line and 9lines per vertical inch..

The ZX Printer connects to therear
of your computer —using a §tackable
connector so you can plugin a RAM

Designed exclusively for use with

ROM), the printer offers full alpha-
numerics and highly sophisticated
graphics. )

A special feature is COPY, which
prints out exactly \A./tr;‘at i? tc:\n the 4

le TV screen without the nee
rc,)?(f)u?ther intructions. pack as well. A roll of paper (65 ft

At last you can have a hard copy lopg x4 fn W|de)_|s supplied, along
of your program listings —particularly with full instructions.

by cheque, postal order, Access,

Barclaycard or Trustcard.

EITHER WAY - please allow up to

28 days for delivery. And there’s a

14-day money-back optiocr;.dWe t\)/s’(/ant
T - use the no-stamp-  you to be satisfied beyond dou 5

E:a(eFdF;EiEci(aﬁon below. Youcanpay andwehave no doubt that you will be.

——E CEED SND S G RS SN NN WD GND NG S GEED apmm I GND GGND GGnn GEED GSmS Ssm

How to order your ZX81

BY PHONE - Access, Barclaycard or
Trustcard holders can call

01-200 0200 for personal attention
24 hours a day, every day.

To: Sinclair Research Ltd, FREEPOST 7, Cambridge, CB21YY. ; Onlier
item price ota
Qty | Item Code el g ;
I . Sinclair ZX81 Personal Computer kit(s). Price includes 5 e
I ZX81 BASIC manual, excludes mains adaptor. 1 !
Ready-assembled Sinclair ZX81 Personal Qomputer(s).
I Price)ilncludes Z2%81 BASIC manual and mains adaptor. 11 69.95
I Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95
I 16K-BYTE RAM pack. 18 4:::
Sinclair ZX Printer. 27 49,
I 8K BASIC ROM to fit ZX80. B 17 19.95 _
I Post and Packing. H

| *| enclose a cheque/postal order payable to Sinclair Rg(aiar Ltd' for £ .
I *Please charge to my Access/Barclaycard/Trustcard a u&o |
foe o]

I
I
I
I
I
|
I
| O Piease tick if you require a VAT receipt JOJATSCTC :
I
|
I
I
I

*Please delete/complete as applicabie. L 1 1 J [ f ] ‘Iv l 4:'Lp1e]ase;lmn3

N Mrs/Mine. Tof 1 B Dl 4 T S ) [ ‘e
Vel T D T T I T I S ) Y

?J}ljllll’l,lll'll‘lJ,Jt’}.Jlllzl
|_FREEPOST —no stamp needed. OfferappliestoUkonly. _ _ Wewi |

WW — 052 FOR FURTHER DETAILS
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If everything were perfect...

It is rarely necessary to have to
boost the bass response of a top
quality high fidelity system,
(although the Quad 44 tilt control
does enable subtle changes to be
made to the overall balance of the

- programme), but there are a number
of high quality loudspeakers on the
market, which because of their
Lilliputian dimensions, necessarily
have attenuated low frequency
response and the Quad 44 is fitted
with a bass control which in the lift
position provides optimum
equalisation.

Considerations of domestic
harmony frequently dictate
loudspeaker placement that is less
than ideal. The almost inevitable
result is the excitation of the

fundamental eigentones of the
room and music
reproduction
with a
characteristic and
unpleasant honk.

QUAD is a registered trade mark.

WW - 018 FOR FURTHER DETAILS

The step side of t-he_v Quad 44
bass control switch eliminates this

problem without rolling off the low .

frequency information, simply by
putting a 5dB step in the frequency
response, reproducing domestic
bliss and a closer approach to the
original sound! L

Tolearn all about the Quad 44
write or telephone for a leaflet.

The Acoustical Manufacturin
Co. Ltd., Huntingdon PE18 7DB.g
Telephone: (0480) 52561.

" QUAD%

for the closest approach
tothe originalggund

WAMW america

i
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Data recording and analysis:

meet the time shrinker!

If youneed to record and analyse data
from multiple inputs, consider the
advantages of using the Microdata
M1600L data logger. B

Magnetic tape cartridge Because it
‘records on a standard ¥4 inch magnetic
tape cartridge in ECMA/ANSI format, the
output can be replayed at high speed into a
‘computer, calculator or other data
processing equipment. Alternatively, the

_internal replay facility of the data logger
can be used. No other data logger has this

. capability.

* Individual conditioning cards
Individual, plug-in signal conditioning
cards are used—one for each of the 20 input
channels (expandable up to 100). Asa
result, each customer receives a bespoke

' instrument ready to handle mixed

.transducers. Cards are available at low

write, telephone, orreturn this
advertisement clipped to your ‘
cost to condition virtually every type of ~ letterheading.

electrical signal, to reconfigure the MICRODATA LIMITED, MONITOR HOUSE,
instrument for different projects. No other STATIONROAD, RADLETT,HERTS. WD78JX,
data logger offers these facilities. ' ENGLAND.Telephone: RADLETT (09276) 3333.

Exceptional versatility The M1600L, Telex:924937
is available either as a mains powered,
free-standing, laboratory instrument or in
the portable weatherproof form operating
from its internal batteries, For more
permanent installation in existing
systems, it can be supplied in chassis form
for mounting in a 19 inch rack. No other
data logger displays this versatility. .

The M1600L is now widely adopted § &
for projects in energy, transportation,
agricultural and environmental research.
Ifyou would like further details, please

analogue and digital inputs from most

MICEOD/AZA - leaders in the field

WW — 022 FOR FURTHER DETAILS

0.01Hz to 999KHz

SINE, SQUARE and TRIANGLE
DIGITAL SETTING

MORE SPEC. FOR YOUR MONEY
TYPE 643 FUNCTION GENERATOR

OC OFFSET

PROGRAMMABLE -

SIMULTANEOUS OUTPUTS £12250

50 Q MAIN DUTPUT & £3 carriage, ins. etc.
(10V. attenuable) *

SAFGAN DT-400 Series
BRITISH MAKE
I DUAL TRACE "SCOPES

& £3 véarﬁbge, ins. etc,

TYPE 643A FUNCTION GENERATOR
’ 0.01Hz to 1.1MH:z

SINE, SQUARE and TRIANGLE

" DIAL SETTING =
0C OFFSET 3 1 :
DT-410,10MHz | DT-41515MHz | DT-420 20MHz
PROGRAMMABLE ; 3 = :
" f * CH1,CH2.5mv/dlv—20v/d31. » * ;xternaITrgger
™ + Time Base: 1 sec/div—100ns/div. + Z-Modulation.
£106.75 SIMULTlANEUUS DUTPUTS * XY Facility: Matched XY inputs. CAL output 1v 1kHz.

6000 MAIN DUTPUT
{10V. attenuable)

*
% Trigger: Level control, £ Stope:sk Graticule blue ruled 8x10 div. (4in..CRT).
selection. . % Size: H215mm, W165mm, D280mm.
“{ % Auto, Normal, TV Triggering. * Weight: 4kg.

PROBE (XI-REF-X10) £10.50

Tel. Farningham {0322) 863567

hradiohietory com

DMB ELECTRONICS, RIVERSIDE, EYNSFORD, KENT DA4 DAE

Prices, which are CWO and ex- VAT, are correct at the time of going
to press and are subject to change without notice.

FROM OMB ELECTRONICS
WW — 043 FOR FURTHER DETAILS

SAFGAN ELECTRONICS LTD.

24 GUILDFORD ROAD, WOKING, SURREY TEL. WOKING {04862} 69560

. Carriage: England & Wales £6.50 + V.A.T.; Scotiand £9.50 + VAT. BARCLATCARD
o i

Landon Stockist: Audio Electronics - Tel: 01-724 3564
North-West Stockist: Darom Supplies, Warrington, Ches. - Tel: Warrington 64764
Avon Stockist; L F. Hanney, Bath. - Tel: Bath 24811
Cardiff Stockist: Stave's Electronics Supply Co., Cardiff - Tel: (0222) 41305
Chesterfield Stockist Kays Electronics, Chesterfieid - Tel: {0245) 31636
Newcastie Stockist: Aitken Bros. & Co., Newcastle - Tel: 0632 26729
Birmingham Stockist: P.A.T.H Electronic Services - Tel: 021-327 2339
Derby Stockist: RTS, Oerby - Tei: (0332} 41235

WW — 038 FOR FURTHER DETAILS
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“Think how a

this class— it isawell-constructed b

] ench tool f
with MPU products and requiring development grr]
— Dr. Tony Berk. Practical Electronics

You can of course just use SOFTY as an ordinary
but that <
pSroog%aYn;sn}S:t‘heDESIGNER %rlgl(\:lgsltNEERwhow
ment tool at reasona .
S fermoneyand o2 doodgene S0 0iELS
f—orh%?geogzr?ﬁivs?Personal Computer World

HARDWARE DESCRIPTION (COMPON ENTS)

buffers.

Potentiometer, Sockets for major ICs.

mask and Component ident.

*No hidden extras, price is for a BUILT AND
TESTED Softy (no kits) with full 90 day
-warranty and 14 day money back guarantee.
Price includes power supply, romulator link,
postage and packing — ALL YOU NEED.
Price £169 + £25.35 ?VAT 15%) total £194.35.
Cheques payable to Dataman.

Export enquiries: Maiden Newton (0300) 20700.

good engineer can extract complex | i g
from an electrical device using an OSCILLOSC?OeI-')?(fE'.ngJOr?Ta\t’Iiosr}n '

would be wasting its true potential . ..

d
SOFTY represents goody
| purpose development tool >
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| PIGGY:BACK
SINGLE-
CHIPPER??

EPROM
SOCKET

B2 OF bb 8b IF F
CE 29 2F 3d Sd L
0o “o F3 Fao 1E i
0o ol So

U=

6502?72

6800?77

180277

YOUR
SYSTEM

SOFTWARE DESCRAIPTIDN (KEYBOARD FUNéTlDNS)

anyonedealingf
d test facilitigs ™

EPROM

the cursor is automatically incremented. @ CURSOR FUNGTIONS — UP. DOWN. LEFT. RIGHT.

nts aversatile

{which complements the HEX difference as displayed on-screen). @ MATCHBYTE function will
count ail locations containing any REQUESTED BYTE. This instruction may be repeated tofind spe

Cleared memory is all-high, rather than afl- tow, Anunprogrammed EPROM contains all FF bytes. @ |
forward in memory to find THREE UNUSED BYTES In succession (FF FF FF) and shifts inte

nightwards to permit extra instruction to be inserted @ DELETE removes the Instruction at the cursor location
and shifts code leftwards from first three unused bytes @ SERIAL and PARALLEL INPUT and OUTPUT

ROUTINES are available to fill the RAM BUFFER from an external device such as a COMPUTE

® 30 ICs include: 2K Static Ram Buffer, 2K ROM, PIA with ASSEMBLER PROGRAM or a PUNCHED-TAPE READER. BUFFER CONTENTS may also be tra
Scratchpad RAM (INS8154), MPU (INS8060), Cursor RAM TAPE:PUNCH or PRINTER These routines convert between HEX and ASGII. it is easy to interface SOFTY with

2 RS232 and CENTRONICS compatible devices (and withother BUS STRUCTURES by writing specific software
(2102), Character PROM, LS-TTL and CMOS gates, dividers,  andassigning a keyiuncion) @ TRANSWIFT i 2 FAST SERIAL DATA TRANSEER system which can be used

counters multiplexers, monostables, registers, flip-flops and  with ANY MICRO viaasingle bitof 110, s used for EASY SERIAL INTERFACES and for direct comnestion st a

TAPE RECORDER to store 0BJECT CODE on tape.« EPROM or BUFFER contents) @ EX-RAM fun

i { RAM BUFFER o 4K B 1 ‘ isfon f
@ Voltage regulators for 5 volts and 25 volts program voltage. ~ chensionol AV BUFFER o4k BYTES VA MUt DA e ESOCKET There S povag )
® 5 pole changeover DIL PERSONALITY SWITCH. function @ INTERNAL MICRD functions — SOFTY'S own INS8060 will run PROGRAMS m SCRATCHPAD
® RAM BUFFER or EPROM. @ COPYFIRM copies back FIRMWARE into the RAM BUFFER Thus It s possibie to
u Ll eld modfy SOFTY ‘and reprogram 1t for CUSTOM APPLICATIONS. write APPLICATION ORIENTED
® Zero-Insertion-Force Lever Socket. KEYFUNCTIONS etc @ RUN function wil transfer control to the device m the ZIF SOGKET Programs
® ROMULATOR lead and plug. particular applications may be committed to EPROM for use when required 2K bytes permits quits pov-
@ Strong plastic case. ' Srodes USER.PROCRAWMABLE KoV O i e pregamn SCRATCHPAD el
. . s provides P [} UTE will action the program in
® Over 50 dlscr.ete components including 4 MHZ Cry,stal, “before your very eyes . as it were. permitting insertion of BREAKPOINTS which cause the processer 1o stop
Transistors, Diodes, Zeners, Resistor Arrays, Capacitors, without LOSS DF STATUS and print contents of INTERNAL REGISTERS, SUBROUTINE POINTER etc. in the

dS];ATUS L:”‘r'f’m. BLOCKh F(l:JNC;'IOONS aée available to handle code in blocks. @ DEFINE girmns
- * . : . o sy efinition of the block using the CURSOR KEYS (The CURSOR HIGHLIGHT expands to enclose the BLOCK). @
Plated-through-Holes Fibreglass Circuit Board with Solder MOVE allows the block to be SHIFTED around m memory by se of the CURSOR KEYS, Intervening code 1s not
A POWE b grgsi%t ?R\Bes lo the otr:]er side of the block. This is a relocation function. @ STORE will take the biock into
@® Separate R SUPPLY, with { AINS { HPAD memory. where it can be called as a SUBROUTINE to provide an extra key-function. re-inserted

P . 3 moulded MAINS PLUG. into code 'ater as a MAGRO — or just provide a means to put the block back efsewhere without relocating other
code. @ REPLACE wriles the stored block into memory from the current cursor address and transfers the cursor

to the end of it @ EPROM-HANDLING FUNCTIONS — SOFTY'S CHIEF PURPOSE is the H

suspect ROMS and EPROMS. SOFTY MAKES A USEFUL PRODUCTION ROM CHECKER. @ GO

A 4 n the EPROM contents into RAM BUFFER. @ BURN transfers the RAM BUFFER contents into EPROM by
Mail to:- Dataman Designs, Lombard House, 24 Cornwall Road, applying a50 millisecond PROGRAM PULSE to each location in turn whilst holding PROGRAM ENABLE at +25
Dorchester, Dorset, DT1 1RX. Dorchester (0305) 68066. volts. LOCATIONS WHICH DO NDT REQUIRE PRDGRAMMING ARE SKIPPED so a short program under

development will burn much more quickly than a full EPROM

@ HEXADECIMAL ENTRY — DATA 15 written to SCREEN ADDRESS indicated by CURSOR HIGHLIGHT and

CURSOR KEYS controf movement of the cursor highlight DATA 1s displayed as a paw of HEX DIGITS which show
CODE CONTENTS of each ADDRESS LOCATION. ADDRESSES are MAPPED in-X-Y fashion on the screenofa.
TV receiver or MONITOR Any of 16 PAGES may be viewed each containing 512 BYTES plus STATUS
information. PAGE changes automatically as the cursor crosses thepage BOUNDARY @ ALTERNATE CURSOR
— The FIX key stores the current cursor position for later reference. providinga LABEL in ADDRESSING SPACE.
Thereatter SOFTY calculates and displays the HEXADECIMAL DiF FERENCE between cursors (showing correct
value of RELATIVE JUMP. For exampie). ® SWAP function exchanges the stored cursor with the current curser

of code @ CLEAR operates in erther FORWARD or BACKWARD modes to clear RAM BUFFER as requested

OBJECT CODE and PROGRAMMING of EPROMS. @ PRETEST checks that the program wili gonto the EPROM

This is not merely a test for erasure (it CAN be if mermory s cleared first) each location is examined in turn and
compared with the code it will receive. Those locations which cannot be programmed {BITS which must be HIGH
are already LOW) are HIGHLIGHTED and COUNTED One usefu application of this function 1s the employment of
Jefective EPROMS which have a bit of two stuck fow” This happens. Perhaps even more useful Isthe possibility
3f modifying an EPROM because the changes are in the ‘right direction” — one can be lucky' ® COMPARE,
checks each location in EPROM with the corresponding byte in RAM BUFFER and counts and highlights
differences. This function is aiso called automatically after a programming operation. |t 1s usetul for testing

PAGE — The

highlight and
cific sections

NSERT looks
rvening code

R running an
nsmittedto a |

clion permits

ANDLING of

PY transfers
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INDUSTR

ER RESPONSE DC — 45KHz + 1dB.

: OOTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD (CON-
Do R.M.S')AMPS AT 100 VOLTS OR 2KVA
D.C. OUTPUT 20 .

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

HMS.

* (F?LUGS-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION OS-
CILLATORS .

% UNIPOLAR AND BIPOLAR DIGITAL {NTERFACES, FUNCTION GENERA-
TORS, AND MANY OTHERS. f ‘

* O%TPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIR-

LLY ANY LOAD.

*ELLJTL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD. i

% 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.

Tel: 0953-452477

AMCron
IAL
MUSCLE

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

asvee. Analogue Associates

IVTodeI 3 M600

PROFESSIONAL INDUSTRIAL ELECTRONICS

WW — 008 FOR FURTHER DETAILS

PRODUCTION POWER UNITS
TESTING Now available with
3 OUTPUTS

DEVELOPMENT

SERVICING

Type 250VRU__/ 30/25

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

ALL
Continuously
Variable

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

WW — 040 FOR FURTHER DETAILS

waan americamradiohietory com

Quartz Oscillators

DIL compatible configurations

CMOS and TTL outputs

Wide temperature ranges

Frequencies one pulse per day to 6o MHz

Many standard frequencies from stock Interface
Quartz
Devices

More details of specifications from Limited

29 Market Street
Crewkerne
) Semerset TAI8 77U
ﬁ Crewkerne (0460) 74433
S Telex 46283 inface ¢

WW — 047 FOR FURTHER DETAILS
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Retail MailOrder ¢ Industrial « Educational * Export

LGD DIGITAL MULTIMETERS
SPECIAL PURCHASE — LIMITED PERIOD ONLY

6220 Reliable 22 range hand held 3% digit LCO with voit/ohms auto range, unit
and range signs. 10 amp AC/DC. battery warning. lower power ohms range:
Model 6110 Also has range hold. continuity buzzer and improved accuracy. All
models high quality rotary operation. Resolution 0.1 milli voit: 10-Micro amp:

TRIO OSCILLOSCOPES

Range of mains operated Scopes with 5" dispiays, triggered
sweep (UK ¢/p £3.50)

THANDAR - SINCLAIR

Reliabte low cost portable instruments, bench models all
25.5x 15 x5¢m. Generators mains operated rest battery
(supplied). UK c/p Hand models 65p, bench £1.15)

OUAL TRACE " i

CS1562A10 MHZ: 10 MV: 1 micro sec. £267.95 DIGITAL MULTIMETERS (31 digit LCD)

C81560A Il 15 MHZ: 10mV; 0.5 micro sec. TM354 Hand held, DC 2A, 2m ghm, 1mV - 1000V DC, 500v AC.
£363.40 £45.94

C81566A 20 MHZ; 5mV; 0.5 micro sec.

HAMEG OSCILLOSCOPES

Range of top quality scopes for Amateur and
Professional (UK c/p '307' £3.00. other £4.00)
307 Single trace 10 MHZ: 5mV: 0.5 micro sec. Plus built in
component tester, 6 x 7cm display. £158.70
(Optional carry case £18.40)

203 Dual 20 MHZ: Trig to 30 MHZ: 5mV: 0.5 micro secs:

0.1 ohm.
6220 1000v DC: 0.2/10A AC/DC. 600v AC: 2meq ohm. Was £55.95 NOW £42.95

Octional orohes — all models.
X1 £7.95 X10 £9.45 X1-X10 £10.50 X100 £16.95

GENEHATORS_ (All bench models) mains operated
TG100 Function. 1 HZ-100 KHZ. Sine/SQ/ Triangle/TTL

: £90.85
TG102 Function. 0.2 HZ-2 MHZ. Sine/SQ/Triangle/TTL £166.75

AG202A Matching 4 range Audio. 20 HZ -

200 KHZ Sine Square. Distortion 0.5-1%

Variable o/p to 10V £78.20
AG203 5 band 10 HZ - 1 MHZ. Sfne/Square: 0.5dB
deviation, Distortion Max. 0.1% Switched Alternator &
variable. £126.50
ALSO IN STOCK Newtronics 200P & 200SPC 0.002 HZ

5.5 MHZ Generators (200 SPC with 100 MHZ counter)

AUDIO ELECTRONIC

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01.724 3564

M1500 43 range 20K /Volt: AC/DC 10A
With leather case
20 Meg ohm: 5kV AC/DC

Temperature Probe for K1400 £13.80

M1200 30 range 100K/Voit: AC/DC 15A 200 Meg ohm.
Was £84. Now £49.00
K1400 26 range farge scale 20K/Volt: 10A AC/DC.

5
K200 39 range 10 Meg ohm input. 25 HZ-1 MHZ  £95.00
GPTIONS Cases: M 1500 & 1200 £16.50: k1400 £19.00

£53.80

TOTIME

ALL PRICES INCLUDE VAT.

Cubegate
Limited

ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2
OPEN SIX DAYS A WEEK ® CALL IN AND SEE FOR YOURSELF

Order by Post with CHEQUES/ACCESS/ VISA or Telephone yourorder
= WW — 026 FOR FURTHER DETAILS :

CALLERS WILL ALWAYS FIND A RANGE OF LOW COST TEST EQUIPMENT.
ACCESSORIES. TOOLS. IRONS AND BOARDS IN STOCK. ALSO SPECIAL
OFFERS FOR CERTAIN EQUIPMENT WHICH WILL VARY FROM TIME

PRICE CORRECT AT TIME OF PREPARATION F & OE,

CHOOSE FROM UK's LARGEST RANGE

Send large sag
(20p yy,

Panies,

est.

Sdrogl,, Com
€16. free on reqy

CS81577A 35 MHZ; 2mV: 0.1 micro sec. £523.25 TM352 Hand hetd, DC 10A, Hfe test. Continuity test £57.44 8 x 10cm dis
) ) ' . . play (replace model 312) £253.00
ﬁ?&gg%’:ﬂ;g ﬁgeM)HZ' Gol 02 nigre ec: AL ig] w;sclegggE} zlce/\\f\%?vc\/;}?i%? AC/DC. 20M ghm £86.25 6110 As above plus 20mA AC/DC and improved accuracy. Was £85.95 412-5 Dual 20 MHZ delayed sweep: trig to 40 MHZ&%‘%’:SU
.25% } ¥ " f
815755 MHZ, 1mV, 0.5 micro sec. Multi display Audio score. TM351 Bench, 10A AC/DC, 1000V AC/DC. 20M ohm y NOW £5995 ;J&:smgurg'se;d Bh);lllozcmD?ISapyI:z. sweep. Single sweep.
£312.80 g%ﬁ:éy;oumns i 4 £113.85 IELSinSSEEEIAL OFFER IS QUALITY WITH VALUE ?elayd"nel. Trig to 100 MHZ. 5mV 0.1 micro sec 8 x
£S1820 20 MHZ, 2-5 mV 1 micro delay sweep £483.00 ! 1 a . Ocm display £667.00
; _IFI;SO%I))UA Hand held LED 200 MHZ. 10mV {600 MHf:Zs7vgéh % DD601 27 range, push button, 24, AC/DC £30.95 Options 203/412/512 Viewing hood £6.90
SINGLE TRACE THOA0 Bench LCD. 40 MHZ. 40m\V 1400 MHZ with T £12650 188im 16 range with Hfe checker, 10 amp, DC, push button £43.50 Component tester 203, 412, 512 £46.00
CS1559A 10 MHZ, 10mV. 1 micro sec. 5" display Triggered TF200 B:ngh LCO’ 200 MH241 g‘so(r‘v‘&o(G(?JZMvﬂ;hwifl???zﬁﬁoo 2 === 189m 30 range with Hfe checker, 10 amp, AC/DC, rotary £69.95 Carry case (state model) £21.85
sweep (UK oo Eiibi?\ﬁ ol AR g £1221Z.ssd : - k675 d Optional Prol):(es u}n models) X1 £8.50, X10 £9.45. i
b g observation below and u N 3 - .50, 16.95. -
Lo Sz Tomm display (UK o/p £200) aizdzea | RO e ey e GLOBAL SPECIALISTS EQUIPMENT 2SRRI OR G

Generators (UK ¢/p £1.00] | 1
2001 1 HZ-100 KHZ sweepable function generator. TTL/Sine{/m

KEITHLEY PROFESSIONAL DIGITAL MULTIMETER

Model 130. 25 range. Easy to hold and use LCD |
DMM. Size7 x3.1x 1.5

: - TG105 Pulse 5 MHZ-5HZ (200S-200mS) various outputs £97.75 Square/Triangle. All facilities: Mains Ranges ‘
CLAMP-ON-METERS | 0SCILLOSCOPE (Bench model low power portale) 4001 Ultra Variable Pulse Generator; 0.5HZ-5 MHZ Ever D 8 e ricrotalt ‘
10 MHZ 2" trace. 10mV. 0.1 micro sec. Al facilities (acility: Mains 106.00
INSULATION TESTERS| moceisciio - % " £150.85 Fregquency Counters (UK c/p 80) D emranL oA oAb 1 o Tr’vflrcon\)”yrtnp
9, o X 29,
. (Rechargable battery pack £8.63, AC adaptor/charger  £5.69 n;fg;ﬂ ;ﬁx“pzoﬁ‘;‘g’,‘;e&ga“ew Operatg@Diait 30",‘;\69 00 AC current 2mA-10AMP 2% 1 micro amp
OPTIONAL ITEMS MAX50 G Digit 50 MHZ Hand held LED £5600 Resistance 200 cshm-20 Meg 0.5% 0.1ohm £102.35
Carry case (bench only) £6.84 AC Adaptors (state model) £5.69 MAX550 2 range 6 Digit 550 MHZ hand held LED £97.75 PROFESSIONAL TRANSISTOR CHECKERS UK C/P £1.50
PS500 500 MHZ prescaler for MAX50/ 100 £34.50 All feature auto testand matching. :
Circuit Powered Logic Probes Pulser and Monitars (UK c/p 65p) LTC 906A plus DC Parameters £111.55
CROTECH OSCILLOSCOPES Ii” OTL/TTL/CMOS: 10 MHZ. 100K ohm: Puise: Memory LVT plus FET. Multimeter £14720
; @ LTC 907 plus multi band signal injector £173.60
Range of Portable Scopes'mains and battery operated. LP2 DTL/TTL/CMOS: 1.5 MHZ. 300K ohm; Pulse £19.95 ; e
byl gt o Plus special features (UK c/p £3.00) LPS OTL/TTL/CHOS: S0NHZ 80K o e Merrory.__ Ao [ PosgemicaBducter ORIl Wit ot
c/p or £1.00 for two g - -
CHOOSE FROM UK's LARGEST RANGE Muiti-range clamps all with resistance | 3030 Single trace 15 MHZ, 5mV, 0.5 micro secs. Plus built in LM1 All. 8, 10, 12, 14 & 16 Pin IC'S. Indicates Pins on/off
KRT101 10 range pocket 1K/Valt £450 | renge carrycase & eads. Alsodigital | - Comaonent ester, 95mm e ~ £166.75 DTL/TTL/CMOS/HTL. Logic Monitor " £33.00 SAFGAN PORTABLE OSCILLOSGOPES
KRT100 12 range pocket 1K /Volt £550 | andDCclampinstock (UKc/p75p) [ 3131 Dual trace 15 MHZ, trig to 35 MHZ. 5mV, 0.5 micro sec, DP1 Digital Pulse. Single shot or 100pps. £6850 Range of low cost Dual Trace Scopes mains operated. Made in UK to
NHS55 10 range pocket 2K /Volt £6.50 | ST300300A 600V 9ranges  £25.95 | 130mm tube, plus component tester. £264.50 s exacting standards. Available as 10 MHZ: 15 MHZ or 20 MHZ. All feature
AT1 12 range pocket Deluxe 2K/Volt _£7.75 | ST310300A 600V 9ranges  £29.95 | 3034 Battery-mains dual trace 15 MHZ, trig to 20 MHZ, VARIABLE REGULATED 5mV sensitivity: 0.5 micro sec: 6.4 x 8cm display. (UK c/p £2.50)
$T5 11 range pocket 4K/ Volt £8.90 | K2602 1504 600V, ACTranges £3595 | Dultin Micads Smu. 0.5micro secs £356.50 SABTRONIGS EQUIPMENT POWER SUPPLIES 07410 Dual 10MHZ £194.35
NHS6 22 range pocket 20K/ Volt £11.95 | *K2606 3004 600V, ACBranges £44.00 [ (Eliminatorcharger optional%28.75) New reliable range of DMM's and Mains operated regulated 01415 Dual 15 MHZ £201.25
YNSBOTR 19range plus Hie Test20k Vot £13.50 | K2B03300A, 600V, AC 9 ranges £53.95 | pysq availante 3033, single trace 3034 £293.25 f ters with tho ingle meter (UK cip $1.50) 0140 - Dyal 20 MHZ ‘ £21620
ﬂ?‘é%? % i erdTesglz%‘(v/(vtl : E} 223 :g?gg ?ggé/i 75031 R0 e 5!7]%3(0) 3035, 130mm 3030 £18975 er:t(z:%g?i/li?i%?gﬁdeﬁ):petitiv:e ;Tlgoe/;n; D24V 1 :mp' £350p | Optional probes available {see Hameg above)
range - range double olt ! . 750V, AC9 ranges ) i K i 4 |
AT1020 19 range Deluxe plus Hfe Test 20K /Volt £16.95 ‘| *Optional temperature probe  £13.80 {Optional Progggglfrl:laolgq MHSZ 1$O_mmb R (psnces”.e/(\jl)l %itctgr!{ ggzeéztg‘dams a0 Fa0 L =
ETC5000 As KRTS001 plus colour L N 7g5 | ELECTRONICINSULATION TESTERS g AL Optondl mains gliminators availabi R L [y, emmee WD g
: Battery operated complete with carry = ' IT COUNTERS 0.1 HZ to 10 HZ Res. 2 = - i
7081 18 range - range double 10A DC 50K/Volt £20.85 | case (UK c/p £1.00) e ) ”Lﬁ-@_ e
THKS0023 range. Pls 124 DC lus Cont. Buzzer 2 | YFSODL 500/ 10Meg Pus 01000m LOGIC PROBE DIRECT READ OSCILLOSCOPE U sgnsi ity o "’("U“,ﬁ';%p £1.00) .
z . 55.00 - ] A i \
HTZ0521cangeDeloa OADEBNOR  E2575 | K100 00/ 00eg s HV PROBE PROBE KITS A2 ZI0BZ ln2 Tanee LASCAR BENCH MULTIMETER | TV GOLOUR BAR
range large scale 10A DC. 5KV AC/DC £05.00 10A 20 HZ-600 MHZ in 3 h 1 Digi in UK: i ic0.19 PATTERN GENERATORS
20K /Volt £27.50 K3106500V & 1000V, 1000 (UK c/p 50D per 10 3) 8610420 in ran?es = 31 Digit LCD Made in UK: 25 ranges with basic 0.1%
TN v, e, p Oy . 1000 & 2000Meg , , ) £113.85 : accuracy: 2A AC/DC with 0 1. Microamp resolution: | PAL UHF and VHF Models All 2201240V AC
i ge. Large sc SOk/Valt — £26.50 , £104.00 (UK c/p 45p) Avajlable BNC plug ar Banana 9 DIGIT COUNTERS 30mV sensitivity to AMATEUR/CB 1KV AC/DC 20Meq ohm ETC. LGC333 VHF 6 pattern £143.75
21023 range Detuxe 12A AC/DC 100K/Volt  £31.00 | K4101 Earth resistance tester £136.50 | Leader LDP076 50 MHZ. x1£7.95, x10 35 1GHZ. Resolution 0.} HZ-10 HZ ; LM100 £89.00 (UK ¢/p £1.00) LCG392u UHF 15 pattern  £228.85
3607R 23 range Large scale 10A AC/OC Hie Test golieq | MO0 Hand ranked insulation testgr | 1OMEG ohm. 10n Sec. wit (UKc/p B5p) X1-X10£10.50 86108 10 HZ-600 MHZ in 3 ranges. KOMG 1 510 250 MHZ Dip eter | also modei LM2001 hand held model 2Meg ohm LCG352v VHF 15 pattern  £231.15
ohm. 1KV AC/DC 100K/Volt £34.05 | 500V/100Meg. £6750 | carycase - £96.90 | O/4OKV:20KVolt E18.40 | AloXIO0(BNCon 81695 £125.35 e onzwR » o0 | o AC/DC ETC. £57.70 (UK c/p B5p) : LCG399 VHF/UHF 13 pattern £572.70
- - : 80008 10 HZ-1GHZ in 3ranges - r MC101 UHF pocket colour  £162.50
& £184.00 : £9.50 : ' : :
TRIO GENERATORS PROFESSIONAL MULTIMETERS | THURLBY FNGTON G0 %/ 5100 Wwmax o' g136; |LEADER AUDIO RF FM TV GENERATORS
e 7 DIGITAL 5020A 1 HZ-200 KHZ Sine/Square ?5&3‘"9'9"‘9‘9’ SRR ”0“%5 s prn e
y MULTIMETER lland e ClEreq, sweep. Low 110 SWR/Power /FS-10/100W ‘
distortion £98.90 £11.95

DIGITAL MULTIMETERS Two LCD

hand held - one with temperature 171 As 110 Twin meter £14.50

e e .
ot a2, o T WERET | s i
A 30ranges: 1200V OC. 750V AC, 10A AC/DC, 32 Meg ohm. Also includes P3cA g% digitLCD hand. 2A AC/DC s 176 As 175 + 0/5/50 Watt = AUDIO

frequency measurement to 4 MHZ and 4 KHZ output. g ; £16.95 29 LAG26 4 range 20 HZ-20 KHZ. Sine/

20Meg ohm ETC £95.45

PORTABLE EQUIP- A ; \ power ! ho 1220
T Ko 10y fonpct? J:avlflctzr?;tctzrsfiztasj Sle)zads and mains adaptor. £171.00 2037A As 2035A with ~50°C 10 'S7c"a I‘;S 175+ 010/ WOWE]'\&%% High quality mains gperated Square: 5V o/p: Distortion 0.5‘-:170/30 x
8G402 6 range RF 100 KHZ - 30 MHZ + 1.5, INT/EXT (UK c/p £1.50) All featuring AC/DC Voits/Current & i y UK ¢/ E.l 00 +150°C Temp. range 0.1 HN20 SWR mater Plus 206 /Yol equipment (UK c/pEF.SU) 3.

MOD. 100 mV o/p Variable £68.00 Ohms ranges. URc/prl resolution £109.25 19 range Multimeter  £28.85 LSG16 RF Generator (matches LAGZ6) LAG120A 5range 10HZ-1 MHZ. Sine/

20104 3%, Dig.il LED. Auto decimal &
minus. 10A AC/0C: 20Meg ohm etc.
£95.45

Options Touch & hold

Probe for DMM's (Note: SWR-Power ETC to
£

1495 144/150 MHZ)

d Just a selection of:a huge range
instock - send for latest lists
including professional ranges.

2015A LCD version of above.£109.25 ‘Battery eliminators
(c/p2035/37A 65p: All others £1.00)] (state model)  £5.69

| S °
L %%

Square: 3V 0/p: 0.05-0.8% Max

5ranges 100 KHZ-100 MHZ (300 MHZ Distortion Switched attenuag)]r‘.‘

harmonics). Int/Ext MOD: 100mV

0/p: + 1.5% acturacy £63.25

LSG 231 FM Stereo Generator 100 +
MHZ, alt facilities £211.60

LAG125 Low distortion (0.02%)
version of LAG120A Pius ‘Burst’ g{ﬁe
signals for Speaker test  £273.00

POWER SUPPLIES 13.8 volt. Qutput regulated
. mains operated (c/p £1.00)

3to5amp

5to8amp

301 EDGWARE ROAD, LONDON, W2 1BN

DISCOUNTS smali and large quantity Discounts available for most products for UK and Export Your Enquiries Invited.

LECTRONIC

. ENGLAND. TELEPHONE 01-724 3564
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2

OPEN SIX DAYS A WEEK e CALL IN AND SEE FOR YOURSELF
Order by Postwith CHEQUES/ACCESS/ VISA or Telephone your order

Cubegate
Limited

Send far,
(2 ge SAE

Op uk
Schools, :

etc. free

ComPanies,
on request,

WW — 027 FOR FURTHER DETAILS

i

WWA americaniradiohistory com
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= LOWEST PRICES - FASTEST DELIVERY
I S s .
EREC I ING == ] Bovics Price | Devica Price | Davics Price | Device Price
Diodes-High Speed Diodes-Zener Diodes MEMORIES EF6862 891 | 4076 080 | 741595 0.44
y « 21141-200ns 1+128 | EFG871-AMT 1870 | 4077 022 | 745109 025
Rectifer Bridges-UHF-VHF Tuners 25+119"( EF6880 107 | 4078 024 | 7Lsi12 025
- - 21141-300ns 1+|zt°s Egg&ga g.ﬁ 388; g.:: 7415113 025
3 25+1.1 , 8 . 7415114 025
Hereis the expertise you can depend on 2708 4500 199 | EFG8T5 418 | 4085 083 | 7415122 039
- - 2716 45005 1+2.49 4885 g.en 7415123 055
When you choose a mast from the comprehensive Clark range you o7io ss00s - a8 | Sveesuz | ags | 450p 0% | 7ilsio8 028
are assured of a high standard of engineering and operational B4 LIa3 | Sveses 405 | 4o o FrH
ol : a 1| sYpes22 X 1. 741513 !
reliability. r 2732 450ns | 1+480 | SYPE532 705 | 4510 060 | 7415136 028
Why compromise? 6 150 zfiﬁg 8060 FAMILY 22}; ' g':g R bpe
. . . — 4116 150ns ; X 7415139 037
63/70 Trailer mounted Mast ~ The idesi 21 Extended heights 4 metres-30 metres, capable of lifting headload 25+1.06 | 8085A 550 | 4514 140 | 7415145 075
Sroabiof sepomunication Ha Mast, . 1kg-200 kg. Sectional or telescopic air operated for field or vehicle Wy |3 S st Ul (G500 s
atits maximum height of 70 ft. mounting. Write or phone us for details today. G116 200rs 1098 | 822 245 | 4sig 040 | 7aLsis3 03s
‘ : 118 200ns ! 7415155 ;
= 8264 200ns 1200 | 8251 - 395 | 4520 069 | 7415156 0.38
| 5516 200ns 2288 | 8253 7985 | 4521 149 | 745157 0.34
8255 395 | 4522 120 | 7415158 036
221’ gﬂﬂ;:lﬂcl.lﬁﬁksuv 4229 g;ﬂ 7418160 0.39
0GRA SP CMOS 4000 '’ SERIES | 4527 9 | 74LS161 039
PROCESSORS £000 012 | 4528 070 | 7415162 039
EF9364 504 | 4001 013 | 4532 089 | 7415163 039
v — EF9365 6280 | g0 013 | 4541 138 | 7405164 0.47
- - EF9366 6280 | 4006 060 | 4543 099 | 7415165 0.9
SN 4007 017 | 4553 280 | 7415166 084
g#lfsrggs osa | 4008 056 2222 g.;g 7418173 070
; : 28 ! 745174 054
Bactites Dicdes Boctite: Bridyes UR DISTRISUTORS. 81L596 0.80 3328 3,29 4585 088 | 7418175 054
34 Serses 1N 5400 and BY 251 1A Bones CIO00, CI00A  [isidlecnilsstuoulimitss, 811597 0.80 | 4019 0.14 " 7415181 . 130
High Spoed Dicdes 154 Serias CIS0GR Longfaed, Mildiaass, UB? OLL, England. 81L598 090 | 4512 0.7 | LOWPOWERSCHOTTKY | 74LS190 0.55
1A Serien BA 150 and 1P840 154 Sertes C1500/1000 Telophone: 01907 6445 8T26A 150 | 4013 033 | TTLICs- 7418 SERIES | 74LS191 0.55
18 Sucea EY 20 Th s e I s e 8128A 150 | 4014 058 | 741500 ail | 7415192 089
Suiehing Diodes SA Seriss CS000/300 -§ 8195 150 | 4015 058 | 74LS01 011 | 7415193 059
0.1A Series BA 243 - BA 243A et ot o FieldteCh 8T97A 150 1 4016 028 | 74LS02 012 | 7415194 039
Zener Diodes o 87198 150 | 4017 045 | 741503 012 | 7418195 0.39
$00mW SenanZED @v7 _s1)  UHE/VHE Tucers Heathrow 4018 058 | 741504 013 | 74(51% 0558
S00:nW Serios BZXSSC (V1 - 62V) (LM Scaneen DATA CONVERTERS - 7415197 065
O S e o “v)  *RIMA Syatom ZNA25E-8 350 7415221 060
' *Otror Standards on Request ZN426E-8 300 | {CHRISTMAS SPECIAL OFFER| | 7405210 0.80
INA27ES 6.28 7415241 0.89
ZN428E-8 478 7415242 079
IN429E-8 210 0 7415243 079
IN432CH10 2808 0 7415244 079
= | INA33CH10 2259 ! 7415245 088
WW — 064 FOR FURTHER DETAILS M40 583 | I[DISCOUNT ON ANY ORDER]| | 723247 Lo
n MISCELLANEOUS IF ACCOMPANIED BY THIS| | 7415249 0.68
.WW — 007 FOR FURTHER DETAILS AY-3-1015 390 r 7415251 038
' - AY-5-1013 3.45 ADVERTISEMENT 7415253 038
"l‘l‘f" l‘ AY-5-2376 695 | 7415257 g.;;
g e \ n h MC1488 064 | 4019 029 | 74LS05 013 | 7415258 .
N\ ¥ MC1489 064 | 4020 058 | 741508 013 | 7415259 038
TV TU B E R E B U I I. D I N G lU““Al l(’l\ l‘la MC14411 694 | 4021 060 | 74LS09 013 73Ls§sé a;g
‘ ’ » ’ MC14412 790 | 402 082 | 741510 013 | 74152
e 1y Vi i J -3-2513L 70 1 741511 0.14 | 74L5273 090
Falrcresft Engmeermfg Ltd. manufalcl:ture a comprehen;lve LBE PREPARED VIEW THRU LENS b TBUE As AN ABBUW Eg-s-gglsu ;.:llu 3853 g.a; 741512 0.15 | 7415279 0.34
range of equipment for processing all types of picture tubes, ideal for the experimenter . .P A R ZN450E 7681 | 4025 0.16 741513 022 | 7415283 044
: . g : ; rofessional Wire and Cable Fasteners
colour and mono. Standard or custom built units for estab- B THIS DOSIMETER WILL AUTOMATICALLY for all installation requirements 33?2 3?3 385‘; 3‘33 ;:tg}g g':; %tgggg g'ig
llshelcll or new busme.sse% V\'/(eéexbport world-mdﬁ a_md| have an DETECT GAMMA AND X-RAYS 3 7905 055 | 4028 055 741520 012 | 7415365 0.34
excellent spares service backed by a strong technical team. W UNIT IS SIZE OF FOUNTAIN PEN & CLIPS ‘ ; F 7912 055 | 4031 185 | 74521 014 | 74LS366 034
Full i : i % g:g&;ﬂ)’mggkﬁ FREE JErerinc ASe TELEPHONE - ELECTRONICS 4033 180 | 741822 014 | 74LS367 034
ull training courses are individually tailored to customers TRUMENT - ZIL0G 280 FAMILY 4034 155 | 741526 - 0.18 | 7415368 0.34
roquramens. = WANUTACTURERS URRENT eice o iy ol S Mow e 8p 88| AE fe ) ABL
.. ] s , SIMITARMEDECDYE RS2SR eH ' SYSTEMS, ETC. 280 CTC 400 | 4041 089 | 741530 012 | 7418375 047
For full details of our service contact Neil Jupp British design & manutaciure inc VAT Post & Pack60p [’ e %gg‘\[)%% ;Jllg 3% g.g: ;:tggg g~:: ;:tgg% ggg
) Tested and fully guaranteed. Ex-stack delivery. | COMPLETE 780A DART 718 | 4044 064 | 741537 016 | 7415379 084
FAIHCH EST EN GINEEHIN G LTD i WITH DATA 780 DMA 1152 | 4045 165 | 741538 018 | 7415386 028
» e Z80A DMA 999 | 4046 088 | 741540 0.13 | 7405390 059
780 P10 378 | 4047 068 | 741542 034 | 7415393 058
; 780A PI0 378 | 4048 054 | 741847 039
4 Union Road, Croydon, CRO 2XX 780510-0 1385 | 4049 030 | 74148 060 | LOW PROFILE OIL
01-684 1422/01-684 0246 = Z80A S10-0 1385 | 4050 030 | 741549 059 | SOCKETS
- : > = 780 SI0-1 1395 | 4051 059 | 74851 0.14 | Number of Pns: .
WW — 055 FOR FURTHER DETAILS - Z80ASI0-1- 1395 | 4052 0.68 741554 0.15 8 007
. ; d 780 SI10-2 1395 | 4053 059 | 74LS55 015 14 0.09
. 2 4 B0ASI02 1395 | 4054 120 | 741573 0.20 16 009
~3 Model for 4055 120 | 741574 0.17 18 015
wires up to 2" EFCIS 6800 FAMILY 4060 089 | 74LS75 028 | - 20 017
EF6800 370 | 4063 085 | 74LS76 0.20 2 021
AD A PTO R S EF6802 511 | 4066 034 | 741578 024 24 023
HIGH » 4 Precision made modeis. EF6803 11.80 4068 017 741583 050 28 0.25
HAzléA:gV;ET:;T::S:sMEns /] 12 Different staple sizes. EF6809 1195 | 4069 017 741585 0.70 40 029
Rugged all steel construction in EF6810 135 | 4070 018 | 74LS86 017
chrome finish EF6821 174 | 4071 019 | 741590 030 | CRYSTALS
g . Grooved guide. EF6840 420 | 4072 018 741591 080 1 Mhz 3.00
’ AT LAST — A HIGH-QUALITY BRITISH POWER Grooved driving blade. EF6845 850 | 4073 019 | 741592 035 | 18432 M 250
EYE BALL ,! E YE BALL ’ ' ; SUPPLY AT A FANTASTIC PRICE. G ;zszi?rﬂ;;nh;ggegi%? EF6850 170 | 4075 017 | 741593 034 | 4Mn 165
o . § Q
! A —
POWER SUPPLY ONLY . + VAT Short span easy compression handle. ;
13:8v 3/5AMP £10 95& P/P i‘ITHy;)VERVOLTAGE PROTEA(i'EIEO"f‘: t1;21995(28 3500 ti‘s ’_f‘lallvleajsfeatures y;)u would expect on units costing nearly three a%mguz:;tt:ﬁ;ﬁ‘atu‘resln}ax n;ﬁkienatn ﬁ;;?:; c:r?l?nf:swner 8;’|:)ISI:IIQLWELCOMgRED'TV&SFCDO?FEDERSDISCOUNTS Iglli\’l\l_Nt;rBIIE
=Fk= 71vpece3s00 WD b ey IT DONE? Quite simply by design and the advantages of 98°S " gte Tgdes All prices exclude post and packing on orders under £10 (50p) and
: - The CB 3500 is housed in an attractive matt black ABS case and comes with full \% “Iiustrated literature and details of Staple sizes A ,S-LSLO/[’)R’E‘ﬁbﬁg?:%%so%%sgéggo%% %EBJ?S‘;\IYFORFE'QRSESJF?-DW‘TH
PLEASE SUPPLY, {QTY)CB 3500 POWER SUPPLIES AT £10-95 Each  ontne tranclorme for s uros jused on the PCB and there is a THERMAL fuse available from: 24-hour Telephone Credit Card Orders '
; , +£1-64 VAT AND £1-75 P/P TOTAL £14-34 SEND TODAY — rnoney back if not completely satisfied. ot SPECIAL PRODUCTS
lenclose Cheque/PO for £ Name_ LFs MIDWICH COM PUTER CO- LTD.
e e e i{  DISTRIBUTORS LTD. (Dept WW)
81 PICCADILLY, LONDON W1V OHL. Tel: 01 629 9554, Telex 265200 (A B RACEN) R WIRLHOUSE JNORTHGATE SR S5y
SEND TU TIIAN THA [ v — Cables Speé:f rod London W1. - - BURY ST. EDMUNDS’ SUFFOLK iP33 1HQ
NSFORMERS, DEPT. WW, CENTRAL HALL, DUNCOMBE STREET, GRIMSBY, SOUTH HUMBERSIDE DN32 7EG 3 TELEPHONE: (0284) 701321 TELEX: 817670
WW ~ 059 FOR RTHER DETAILS - - WW — 065 FOR FURTHER DETAILS WW — 006 FOR FURTHER DETAILS

www americantadiohictory raom
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PHILIPS SCOOPS THE HONOURS WITH A

HOW TO SUCCEED IN THE ELECTRONICS BUSINESS:

Available at your
newsagent or

INVEST 60p AND MAKE

£2.40 net profit

NEW CONCEPT INDIGITAL INSTRUMENTS

Op p&s AWAH n t
i Buy Ambit’s new concise component catalogue and get £1 \
vouchers. Use them for a £1 discount per £10 spent. But even
without this, you will still find WR&E offers the low:. prices, ‘ ]
fast service and technical support facility second to none. ’ |
‘ Here are some examples from the current issue: l
280 SERIES 1.C. SOCKETS DISCRETES BC556 12p —— i
280A 4.99 A range of high quality, low cost, BC237 8p BC550 12p 2SK168 35p M 2827 aunmatic {
ZBOADRT 7’50 low profile DIL sockets ideaily suited BC238 - 8p BC560 12p 4310 69p B
Z80APIO 4.10 for bath the OEM and hobbyist, All 2TX238 9p BC639 22p J176 65p
Z80ASIO/1 14.00 types feature double sided phospher BC239 8p BC640 23p 40823 65p 2 b ‘
ZBOASIO/2 14.00 bronze contacts, tin-plated for low BC307 8p 2SC1775A 22p 3SK45 49p & 8 - i
ZBOASIO/9 14.00 contact resistance. BC308 8p 2SA872A 18p 3SK51 S54p !
Z80CTC 4.00 8x0.3" 12p 22 x 0.3” 20p BC309 8p 2SD666A 30p  3SK60 58p =3 v
ZBOACTC 450  14x0.3” 13p 22 x 0.4 20p BC413 10p 2S8646A 30p  3SK88 99p Domp QRAEE
1 6500 16 x 0.3 13p 24 x 0.6” 22p BC414  11p 25D668A 30p MEMEB0  75p owER
PROM 18x 0.3" 18p 28 x 0.6 25p BC415  10p 25SB648A  40p  BF960 99p
ora 20 x 0.3 19p 40 x 0.6~ 35p BC416  11p BF256 3gp  BF961 70p
e g»% 20x 0.4” 19p 42x 06" 38p BC546 12p 2SKS55 28p BF963 99p
2632 8.50 XTALS
2732 8.50 VOLTAGE REGULATORS 1MHz 3,00 ~
RAM 7BXX1A TO-220 pos  0.58  3.2768MHz 2.00 O D e e A
.70 79XX1A TO-220 neg 0.60  4MHz 1.70 5 A"R‘E"{A"Y&RD v Rl
3.40 (BCHTANIO;2 20 e /[pesRuNITI ] 4.194MHz  1.70 itt tele; hon-acrvdln - official
¥ao 78G 1A TO-3adjpos  3.95 4.43MHz 125 R s e L0
5.78 78HSA TO-3 5v pos 425  5MHz 2.00 £ ", A P'l.’m. e aay
159 78H5A TO-3 12v pos 5.45  §,5536MHz 2.00 g a\ize fur thosa Shiety
< . 1.49 78::652 Iog adj pos ;'45 il u:::lnzilurv;vi‘th':oryuz:i’u Ié you
CONCISE PARTS CATATOCCE e o e Ll e oy < (TGS G At T y
AMBIT INTET{NAT‘OT\AL 1125 LM337.5A adj neg 1.75 10MHz attach it to your order. E&OE.
1250 78S401.5A adj pos swreg 1.20  11MHz SE HV|cEs

‘ p : = = TELEPHONE
AMBIT internationa

(STD 0277) 230909

TELEX 995194 AMBIT G

POSTCODE CM14 456

200 NorthService Road, Brentwoad, Essex

WW — 060 FOR FURTHER DETAILS

E P40 oo EPROM EMULATOR PROGRAMMER

P4000

PRODUCTION PROGRAMMER

® Program up to 8 Eproms

simultaneously

WW — 051 FOR FURTHER DETAILS

WWAM americant

=

TO MEASUREMENT

Philips amazing new Digital
Measurement Centre is so
much more than an ordinary
4'%2-digit autoranging instru-

allows the DMC to measure:;

% Volts, current and resistance
* Frequency

¥ Time

% dB (and relative dB)

* Peak voltage

% Relative reference

% Temperature

% Diode forward volt drop

leaflet about the DMC, circle

% Instruments

adiohicstorvy com

VERSATILE
TV GENERATOR

ment. Just look at all these Inquiry No.
L quantities which the calculating Philips PM5519 Colour Pattern PM2521 Digital
power of its microcomputer Generator can be used with Measurement Centre 220

CTV, TV, VCR or VLP, operating
with practically all international
TV broadcasting systems and
standards.

% Over 20 combinations of test

patterns (colour and black/
white)

sk Adjustable (0-1.5V) vudeo
output available for CCTV
~systems

preset channels

Circle the inquiry card numbers
listed below, to receive
information about relevant
product groups.

PM5519 Colour pattern
generator

PM6667 High resolution
counter 222

Alternatively, 'phone Cambridge
(0223) 358866 and speak to our
Commercial Office on extensions

221

145 or 148.

g gggg/z%rgg/r;ﬁé%'/uz'gsg/z758/2516/2716/2532/2732E ®C
l / proms overs same Eproms as ey 1ay .

® 4K x8 Static Ram ERSP%S UV141 sencniror In addition, it's got-5% longer i é”cfég%aylgté?n-ré ?t&ngﬁadN
® Video O/P and 8 digit LED display BT c i =ockets UV140 crrom erasers ranges than usual, compen- Colour PAL (RTMA-NTSC ’
@ Emulates simply at the push of a key @® Independent blank check/ 'sated current measurements : i ;

~ 15 verify/program modes ® Two units with 14 Eprom ; : version ava”abl'e)
@ Powerful editing facilities Pt e 5 ga;f)acntyt ¥ o and self-test and calibration. ~ FROM PHILIPS (@ TEST & MEASURING INSTRUMENTS

0 use wi e : : ' ¢
° g&n'&r))ratesh;ra\ilgaergn/OUt {RS232, TTL, 20MA Loop, Parallel, pass/fail LEDs for i e Efem%ﬁceﬂﬁ?%e(uw?nd A battery version will be * Eull §F|Cﬁ\|/e|r€ga?]d T\\// |F,
: :

@ 2764 adaptor now available o Uc\)/q‘ﬁnéif]sttgék%tt?;siavx‘ available soon. g ol Bt : h Pye Unicam Ltd

: . & Exjtock.at £646 + VAT + ® U140 ex-stock at £61.50 + ’ - % Electronic tuning with six o e :
@ EPA000 ex-stock at £545 + VAT + £12 delivery - £12delivery For a free eight-page colour Philips Electronic Instruments Dept,

York Street, Cambridge CB1 2PX

T . Reader inquiry number 220  Reader inquiry number 221 Tel (0223) 358866 Telex 817331
i & Ta = - 31l ‘ AU b piups] Test & Measuring pH I LI ps
0 » 0 0 nf:[o 3) 863360 3 3 p



I;X‘:l JIJSI‘I ]; 14 Hand Tools & Production Aids for the Electrnics Industr
MULTIMETER |

YEYEN a B Top quality meters all supplied
4 | 4 with test leads, batteries,
o A handbook and carry case.

SOUND INVESTMENT

| i,
Replacement tape heads from'Monolith could mean a big
improvement in sound quality from your tape recorder. A full
catalogue is available, price 50p, which features a wide
range of heads for cassette and reel to reel machines, as

[WHILE STOCKS LAST!

'LGD DIGITAL

well as replacement motors, tape transports, etc. i : = . . De-Soldering Guns
M U I-TI M E Universal cassette heads to EIAJ standard, hole centres ; Cushlon-Grlp Hand Tools Standard Gun: g TSG-1 £5.95 each
’ An?Ied Side Cutter: Mini-Gun: . TMG-1 or £10 per pair
17mm apart, 12mm from head face: (fitted with safety spring to £3.75 each Sk SLS
MODEL6110 hold cut wire ends) CGC-1 or
3, Digit LCD f > 81202 Mono record/playback £ 4.62 Short fine-nosed Pliers: CGP-1 . £10per set
/» Digi eaturing 23 ranges - B24-01 Stereo playback : £ 4.62 | Long fine-nosed Pliers: CGP-2
with v_oIts/ohms autorange, unit p B24-02 Stereo rfp £ 7.66 b
32333r&«mﬁ?oﬁﬁoaw";??ncnﬁgc‘ B24-07 Stereo r/p for Dolby systems £ 9.05 .
ranges. Range hold and continuity C42RPH20 Stereo r/p sendust head, suitabte for chrome &
buzzer. Fuse protected. Resolution TR (TS B
0.1mV DC, TmV AC, 10 microamp, C42RPH04  Stereor/p glass ferrite, the ultimate long life,
0.10hms. Supplied with battery and | apipeiiolmancelhead RIS Y
leads. Fitted top quality rotary switch. | C42RPS18  Stereo twin gap r/p long life head for record
. \ monitoring £28.99
RANGES C21ES18 Mano/Stereo erase head £ 213 )
AC/DC Current-20mA/200mA/10 amp C44RPH03  Four channelitrack r/p £15.15 . ’ ]
DC Voltage (auto)- 200mV/2V/ C22ES04  Twin half track erase £ 548 | Miniature Hand Tools i
Fine Tweezer/Plier: PEG-203

20V/200V/1000V. - A A g g
AC Voltage - 2V//20V/200V/600V. Ex stock deliveries, all prices include VAT. Post and packing 40p. Miniature Side Cutter: PEG;302

Serrated Scissor/Shear:

£ _ ] Resistance (auto)-200/2K/20K/ ' i -
UK Carriage! 200K/2000K ohm. : Solder-Aid Set (for cutting fine wires, PEG-4
acking pa\d Knife — Scraper — Stainless Steel brush — Fork — Reamer — Hook foil and card ’
P £3.74 per set £3.75 each or £10 per set. t

ALSO AVAILABLE MODEL 6220 ’

gi?; lag%gigggggang%hold and Continuity buzzer. &g e|8Ctpon'C DPOdUCtS ] FREE With all orders over £10. Reel of de-solder wick and tweezer (value £1.20) All prices include P. & P. and V.A.T. i
Was £55.95. Now £47. 95 postpaicr o ooe The Monolith Electronics Co. Ltd, 5/7 Church Street, - TELE-PRODUCTION TOOLS LIMITED Dpeot. ww-1
. 3/ ‘

Crewkerne, Somerset TA18 7HR. Tel: 0460 74321. Telex:
PROFESSIONAL

46306 MONLTH G. Stiron House, Electric Avenue, Westcliff-on-Sea, Essex, SSO9NW - - Telephone: Southend (0702) 352719

one module per PSU or if using a stabilised power suppiy. ?
NEW: We now have a completely new Hi-Fi Kit package to offer: ;
CK 1010 contains pre-amp circuitry, all metalwork, connectors, wire, etc., to make a

Crimson modular audio amplifiers feature complete pre-ampli e

;s?::g‘;’:.:ze: fn?;::l:':;::;;za(::;:tim CK 1040 contains power amp modules, all metalwork, dual power supply, connec-
tors, heatsinks, wire, etc., to make a complete 40 w/channel power amplifier.

Hz) less than 0.0S% = on board electronic
€S 1100 as CK 1040 but at 100 w/channel
protection * PCB pin and edge connector i ) z
termination + full range of complimentary Unlike other module manufacturers CRIMSON have a major share of the esoteric,
components available le. PSUs, heatsinks, etc specialist Hi-Fi market. Unlike many manufacturers we acknowledge the massive
i ' Al audible differences that small component/circuit changes can produce. However
our amplifiers are technically outstanding and have been subjectively ‘tuned’ to a
stunning leve! of crisp and detailed reproduction. ! .

MODEL M1200 SPECIFICATIONS
DC Voltage: 0.15-0.5-1.5-5-15-50-150-500-
1,500V (100k ohms per volt)

AC Voltage: 1.5-5-15-50-150-250-500-
1.500V (31.6k ohms per volt)

DC Current: 10-15-5000uA-15-500mA
-1.5-15A AC Current: 0-15A
Resistance: 20k ohms-200k ohms-2-20-
200M ohms (100 ohms-1-10-100k ohms-
1M ohms midscale) 2
Accuracy: DC Volts: x2% ot tull scale
Amps/AC Volts: +3% of full scale
Dimensions: LWD 180 x 125 x 65mm
Approximate Weight: 650g

MULTIMETER ; Bt 054 FOREURHBRIDETALLS WW — 066 FOR FURTHER DETAILS :
. T ~ - . —_ -
90 \_ A Res o
100,000 { B e “
¢ - fROM o
ohms/volt : " g0t o e
® Exclusi P A s“g If you are looking for amplification, take advantage of the same superb quality Crimson modules that the BBC, IBA, KEF and numerous recording
XGlusive Oﬂqr for limited period i SBEC\“\v studios have been using for years! Our expertise in this field of electronic design is internationally renowned, our reputation is based on quality,
of this versatile, professional, % pD WA S reliability and value for money and when it comes to technology, our modules feature possibly some of the world's most advanced audio circuitry
top quality multimeter RO ’3 ')_V yet devised. The Crimson range of audio amplifier modules is available to industry and public alike andisbacked by full technical data, free technical
= V1D A a\ advisory service, fast delivery and a full range of complimentary components available such as toroidal power supplies and heatsinks, etc.
®30Ranges ® 15AMP AC/DC , é G SPECIFICATIONS ,
®Size 7'x 5"'x 214" v 8 /P o/p slew Y i .
This ial offer incl leath 2, Type 8 ohms* 4.ohms PSU H/sinks limit S/N Sensitivity THDityp) FR( - 3d8) Size
" (normatl Cairyjcase CE 608 38 = CPS 80 HS50 30VuS 11048 775mv 0.0035% 1.5Hz—50kHz ~ 80—120—25
mally £16.50 extra) CE1004 44 70 CP3150 HS50/100 30VuS 11008 775mv 0.0035% 15Hz—50KHz ~ 80—120—25
CE1008 65 — CPS$150 HS50/100 30vus 11048 775mv 0.0035% 1.5Hz—50KHz 80—120—25
MOdel M I 200 CE1704 85 ’ 121 CPS250 HS100/150/FM1 30vus 11048 775mv 0.0035% 1.5Hz—50KHiz 80—120—25
o CE1708 125 = CPS250 HS100/150/FM1 30vus 110dB 775mv 0.0035% 1.5Hz—50KHz. 80—120—25
As advertised by us at CE3004 170 250 CPS$250 HS150/ FM2 30VuS 11008 775mvV 0.008 % 15Hz—50KHz * 161—102—35
£67 50 CPRIX output 775mv REG1 - 3vus 7048 28mv - 0.008 % 10Hz —50KHz ~ 138— 80—35
.U + ¢dse d MC1X output 2mv qu - 3Vu§ 6508 70/150uV g.ooe 5/& 10Hz —50KHz 1?8_138_38
: . o X02/3 output  775-2500mV REG — avu 9048 775mV 01 % Preset | -— 50—
Total £84.00 including VAT [by ys . AS advery; / : ned fusi Y
. _Bf £67 50 Sed; “Power output is quoted in WRMS and is given for two modules off the same power supply. Higher powers can be obtained if using our d al power supplies or

i . +ca
I.e.£84 g “75€

Plus many other features including mirror scale, polarity e ' '
r i i i Power amp modules Power supply modules " Heatsinks Alf pricesinclude VAT. Pleaseadd £1.10for ordersup
everse switch, electronic overload protection and taut CE 608 £21.00 CPS80 £26.24 £ 184 to £20.00, £2.50 Up to £50 and £2.65 £50 and over.
band suspenslon. / CE1004 £2450 CPS8QD £31.77 H$S100 £ 2.99 Foaliow for post and packing (UK only.
ORDER BY POST [OR HO Open 6 Day CE1008 £27.50 cps158 £29.78 ?'a 50 Esg.gg S 1 N - t
s CE1704 £3500 CPS150D £36.4 1 ! xport—No problem. Please write for

- NE) OR CALL IN a Week CE1708 £3500 CPS250 £36.83 FM2 £41.52 quotation or guote your Visa/Master-

Cubegate Limited CE3004 £4300 CPS250D £45.34 charge card number. :
AUDIO ELECT i - f
Nl s Equipm CPR1X £36.00 Active crossovers COMPLETE KITS
Pment MC1X £32.00 X02 PRE-AMP CK1010 i
REG1 £ 930 XO3 POWER AMP CK1040.

301 Edgware Rd. London W2 1BN 2 alogue
Tel: 01-724 3564 send large
—) Also at Henrys Radlo 404 Edgeware Rd. W2 BR<U3

WW - 028 FOR FURTHER DETAILS = WW - 037 FOR FURTHER DETAILS

POWER AMP CK1100 ...
[R5 BT ML {MOVING COIL ADD-ON ..

ED CrimsonHektrik

9 Claymill Road, Leicestér LEA 7)) - Tel 0533 761920

- Tetex 34964 Chamco G Crimiek

Wi americantadiohistony fcom
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H i - Cable Sl d Markers fi £1.52
Garbion Film Resistors ~Cable Sieeves and Markers from §1.58

(Send for lists of values

DRIVE
UNITS

AUDAX HD12,9D25

PA GROUP &
DISCOUNITS

PA Grou p'Disco units

WIRELESS WORLD DECEMBER 1981
[T 1% it
110R 1 110k
£1295 METALFILM RESISTORS :x 1o = oo
1% Tolerance, VaWatt 2% <2 1o 13
180R 1k8 18k 180k
PT7 9 007 2k 20K 200k EVERYTHING IN STOCK
- 240R 2k4 24k 240K FOR THE SPEAKER
PROGRAMMABLEI.C. TESTER o Pae . w0 CONSTRUCTOR!
with built-in protection against misuse Joon e 3 P BAF, LONG FIBRE WOOL, FOAM.
3e00 38 39K - CROSSOVERS, FELT PANELS, COM-
Pon 4o b o PONENTS, SPEAKER STANDS,
200 2 51k e S\%F:SAECKSEETLSE'(?‘ITICC.JN OF GRILLE
e fe L e Pl
680R Bk8 68k 680k
o Zstg ;gt ezai' (Send' 3)0p in stamps for fabric
v Y samples;
ONLY 3p EACH speciai Offer: 5 PCS of EAGH (445 RESIS-
§ Minimum order £10 TORS} ONLY £11.50.
.‘ Minimum 5 pcs per value High Quality High Stability, Huge
OUARIGEN PHCTRSEEAER AL & BOValeTaRY \slggl:n:ruswe Add £1.00 p&p all areas.
' ORION SCIENTIFIC PRODUCTS LTD.
] | 4 Golden Square, London, W.1 e
! HI-

AUDIO

|KITS FOR MAGAZINE DESIGNS,

SPEAKER
KITS

PRICES PER PAIR

Crimp Terminals from £1.44 D 895 | CELESTION G12/50TC.. ! CARRIAGE £3.95
available) per 100 AUDAX HiD1 P28t . £7.95 | CELESTION G12/80CE., 50 | efc . ; UNLESS OTHERWISE STATED
Audible Warning Devices, Buzz- AUDAX HD20825H4 £15.95 | CELESTION G15/100CE . Kits include drive units, crossovers,
Vaw tone, Bleeptorie, Banshee, Bedlam, AUDAX HD13D34H £1350 | CELESTION G15/100TC : BAF/iong fibre wool, etc, for a pair of | COLES NIMBUSKIT......c.cccocccruveee £69.00
5% 1 000 etc ’fmmsl 14 each AUDAX HD24545C £21.95 | CELESTION G18/200 3 speakers i " (mounted on baffle)
U p 1f-adh b guides from £5.04 AUDAX WFR15S £23.95 | CELESTION G18/250 . Carriage £3.95 DALESFORD ‘D’ KIT (including cabmet)
. Self-adhesive pe gu1 SSREOm COLES 4001 ... £7.65 | FANE CLASSIC 10/100.. d unless otherwise stated £69.95
Carriage & VAT extra per 100. COLES 3000 7.65 | FANECLASSIC 12/50 £15.75 Prices per pair BALESFORD © inciuding cabinets)
: COLES 3100 ... " £7.95 | FANECLASSIC 12.100.. £2175 | ) 9.00
J COLES CE2000 £14.95 | FANE CLASSIC 15/100.. £29.75 | Everyday Electronics EE70.., DALESFORD Rock kit inc. ﬂatpack cab-
o ERL TING CELESTONHELIOIT g as | DA SRS I S | ey s £ o A 6 iR
Fdll function and parametric tests for up to 24-pin devices of CELESTION HF2000 . £15.25 | FA 15/200., : i Fi Answers Monitor .......... L KEF Reference 104AB (carr.
£9.95 | FANE CLASSIC 18/200.. £47.95 | Hi Fi for Pleasure Compact Monitor 104AB kit with f/pack cabinets (carr, EB)
the following families: TTL, RTL CMOS, Schottky TTL, DTL, & ANTI SURGE Bﬁtégﬁg:g 358,'%’5,. 51?,35 FANE CLASSIC 18/250.. £51.75 £117.00 [ . 5 £172.
HTL, & MOS. CARTRIDGE FUSES DALESFORD D50/153 .. £12.95 | FANEDISCO 100/2.... £28.75 | Hi Fi for Pleasure ECM inc. foam, fet | KEF Cantata kit
Holds up to 500 test programmes including your own and/or DALESFORD D50/153 poly £15.25 | FANE GUITAR 100L £26.75 | panelsetc £77.50 |  LS3 Micro Monitor .
f 9 gy 2 1 DALESFORD D50/200......... £12.95 | FANE GUITAR 100B.. £2750 | HiFi News State of the Art . LS3 Micro Monitor inc. cabinets etc
rom the Quartech library. | 3 FANE PA 100 ...... £26.75 | HiFiNews Midiiine . £119. £103.9
F £3.15 100 : 100 supplied at 1,000 off price FANE BASS 100.~. £39.0 Hi Fi News Miniline .. LOWTHER PMB6 kit...
QUARTECH e B e 1 H DALESFORD D300.... EANlEngUDIO 12L,12B f:ggg Hi Fi News Tabor with J4 bass E;&tgo LOWTEER PM6 |1:/.|k1 \it.
Design & Development Ltd. NOVAPROD Golden Green, Tonbridge DECCA London Horn AUSS 12’ models .. £146. LOWTHER PM7 kit ;
GAUSS 15 models... £162.00 | Hi Fi News Tabor with H4 bass units RICHARD ALLAN Tango Twin.......
14 Kingsgate Place, London NW6 4TA UCTS ceninioli S OPHON KK30/3 . GAUSS 18" models . £220.00 £75.00 | RICHARD ALLAN Maramba .
01-328 7987/624 1487 Member Crystalate Group Hadlow (0732) 851345 JORDAN 50mm unit. GOODMANS PP12 £22.50 | Popular Hi Fi BOXEF......ccoveserarrsnrins £299.00 | RICHARD ALLAN Charisma..
CooBMANS o i | romr 1 Sorr bl b, | ACHATOLUM NS,
WW — 042 FOR WW — 056 FOR FURTHER DETAILS ] W dul ! ! 0 : RICHA it
FURTHER DETATLS - 38382# wﬁﬁg Mé’ m‘tJ e .............. £10.50 | GOODMANS HIFAX 50HX £21.85 | Popular Hi Fi Jordan System 1.. £120 00 | RICHARD ALLAN RAB2L kit . {
KEF T27 I GOODMANS HIFAngOHx g:-gg gopularth Fi Mgln %S?Lmr g ﬂ!40|0 "RICHARD ALLAN Super Sarabagdg 1;
B . . F y McKENZIE C12/100GP.. . ractical Hi Fi inc. fetl panels v
Elfiot Electronics Ltd,, F. Blakley & Sons L1d., F.P. Tools Ltd., Horizon Electronics AR '50 | MCcKENZIE C12/100TC .. £24.95 | and level controls... £158.00 | SEAS 974
Leicester 0533-553293 Heywood 0706650 Motherwell 069-65672 Glastonbury 045833 KEF 8139 | ; MCcKENZIE C12/100 bass. £24.95 | Practical Hi Fi BSC3 cerrener. £69.00
P e S e lbis I ; KEFDN12... . £9. McKE“%:E g}g;}gg% ﬁgg.gg Wireless World T.L. KEF units ... £125.00 |
- 15 Electronics KEF DN13 SP b 4 McKE! % . 0 .
A f 1 i f ~. : . £6.! McKENZIE C12/200 £654.25 | Flat-pack cabinet kits are available for SEAS Disco 47 . .
Afascinating new1rcnge of micro electronic Hobby Kits Wokingham 0734-79 fgmﬁg%ﬂgf: e MOKENZIE GP18 . £3550 | LS3 m,cm&omm&%sc&’#?dcfmgggt SEAS Disco 47 cabinete. mair. Assems
X i to bring the silicon chip into play! . £67.75 | McKENZIETC15. €3550 | monitor, EE20, El /harfdale , | bied (carr. £15).
I q?s 'ghned ? I 9 e ctad ei z Ry Batvale Marketing tSMEEE ﬁM? g £99.00 | McKENZIE C15 b £59.60 | E70, E90 (also E0 in Pro disco style). WHARFEDALE DE
Using all the carefully selected electronic Ely 0353-77t PEERLESS KO10DT £12.25 | McKENZIE C15/200 £6325 | ) | WHARFEDALE SHELTON XP2 kit £40.40
components’ with our easy to follow- step by step Ely 0353-77t PEERLESS DT10HFC £10.95 | McKENZIE C10/100 £22.50 | Wilmslow Audio BA1 sub bass ampli- | WHARFEDALE L60 kit .. £52.50
tructions, each kit builds into a different and Y PEERLESS KO40MRF .. i MOTOROLA PIEZO .£4.50 | fier/crossover kit £37.95 plus £1 carriage. | WHARFEDALE L80 kit £72.00
instruc (24 RICHARD ALLAN CGE&T... MOTOROLA PIEZO HORN 2" x 6/ £8.75 . WHARFEDALE L100 ki £87.00
QQ absorbing game that fits into the original case. RICHARD ALLAN CG12T Super RCF L12P24. 50 | Alf prices include VAT at 15% and are | WHARFEDALE E50 kit 129.00
5 RICHARD ALLAN HP128B. RCFL12P11C correctat 1.6.81. WHARFEDALE E70 kit £160.00
M Cod RICHARD ALLAN DT20 ... RCF L15P03 . ; WHARFEDALE E90 kit £249.50
g B RICHARD ALLAN DT30 RCF L15P/10 CARRIAGE & INSURANCE o
Got the message? SEAS H107... Eg; %5’? 6?69‘ Tweeters/Crossovers 70p each WLL'\rnﬂsjt?v%r;?)ul?itloplmEE\;\?ésme?atk:a&
. . al e !
plidmisRitansyou canfsepgiicin §5§§Eaﬁ‘irleéé°$'#.'{i RCF TW25 S T o0poach | c2Dinet kit including reflex port trims,
3 orse aiphabet enclosed q i RCF TW105.. " to 612’ - 90p acoustic wadding grille fabric, nuts,
ull morse alipl € Electronic Organ SHACKMAN ES units with cabs G o006 i B”,}oﬂ‘;:’ e .51_10“6: it i, ; '
Maestro of the keyboard - with TANNOY DC386 ... ! RCF H4823 flare .. 127,13 x8", 14" x9 -ggg eﬂch ..... £182 pair. Carriage £8.
Qui % this kit you really do make the TANNOY DC316 ..£159.00 | RICHARD ALLAN 5” b g ey ,
uick Reaction y v TANNOY DC296 £118.00 | RICHARD ALLAN HD10,HD10T 18 -£5.00each |\ MSLOW AUDIO WE70. Total kit as
It's the fastest draw in the West music. A fuli scale to compose on VOLT B250...... £58.00 | RICHARD ALLAN HD12P Speaker Kits . £3.95pair | apove butwith E7 £220 pair. Carriage £8
! VOLT 10" ABR 1 RICHARD ALLAN HD12 su Mag. Design Kits . -£3.95pair | W|LMSLOW AUDIO WES0. Total kit as
Move at the speed of light VOLT B220... RICHARD ALLAN HD15 " Unless otherwise stated above but with E90 £330 pair. Carriage
! “ABR. RICHARD ALLAN Atfas £10 . ’
TIPSl SIS YOLTB ol WILMSLOW AUDIO WES0. Total kit ~
Building speakers is easy . Wharfdale E90 kit plus WESG flatpack
Electronic Dice with the new cabinet kit including reflex port rims,
; ; . _—r FLAT acoustic wadding grille fabric, heavy
Flashing Dice - a game of nerves e SN . w&“f:“&‘(&ﬁé?'ﬁrén duty handles, castors with brakes,
Throw a switch to win! ! > . ACK L protective corners, black vynide cabinet
- covering, input panels, protective fuses,
e‘ nuts, boits etc. An ideal high qualntg
_ disco (speak?r forogmphfler(zl up n; 1?“
I watts {disco) or 200 watts {domestic Hi
e ¥ ALL PRICES INCLUDE VAT at 15% F 367 csch. Canlage £6. O £365 pair.
Monssieur et Maodame

place your bets
your numbers up

Neltronic Ltd.,
Dublin 510845

Cobbies Ltd.,

Telephone Amplifier
When everyone wants to listen!

and are correctat 1/11/81

Send 50p for our 80 page catalogue — {or price list only free of
charge) packed with pictures and specifications of speakers, kits,
cahinets, crossovers, mics, amps, mixers, grilles, effects etc. Ex-

port catalogue £1 or $3 US

FT

OF WILMISLOW
The firm for Hi-Fi
5 Swan Street

Tel: 0625 529599 for speaker drive units, kits, PA equipment, mail
order enquiries, and all export enquiries.

Tel: 0625 526213 for Hi-Fi equioment and complete
speaker enquiries.

Carriage £10.

27

36/39 Church Street
Wilmslaw, Cheshire -

London. 01-699-2282
Microdigital Ltd.,
Liverpool. 051-227-2535
Electronica CG Ltd.,
Manchester. 061-788-0656

Spectron Electronics (Manchester) Lid.,
Salford. 061-834-4583

Wilmslow, Cheshire

. Transa E Lightning service on telephoned credit card orders! E““”‘“‘““

London. 01 405 52 - x

A. Marshall (London) Li¢
London. 01-624-08

Interface Components L
Arnersham, 02403-223(%

RO W/Uﬂz:

AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS

WW — 010 FOR FURTHER DETAILS .

Jee Distribution Ltd.,
Middlesex. 01-897-3429

Watford Electronics Ltd.,
Watford. 0923-37774

Technomatic Ltd.,
London. 01-452-1500

diohictorv com d .
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CX80 corour . § | - Sowter I

Keithley 129 DMM

MATRIX PRINTER £895 .+ vAT.

At last a low-cost Colour Matrix Printer for
Text, Graphics, Histograms, Colour VDU
Dumps, etc. <

Transtormers

With 40 years’ experience in the design and manufacture of several hundred
thousand transformers we can supply: -

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOUNAMEIT! WE MAKEIT!

OURRANGE INCLUDES

Microphone transformers (all types), Microphone Splitter/Combiner transfor-
mers. Input and Output transformers, Direct Injection transformers for Guitars,
Multi-Secondary output transformers, Bridging transformers, Line transformers,
Line transformers to G.P.O. Isolating Test Specification, Tapped impedance

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

Com patlble With most microproc . . g -, . matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
eSSOl’S, prlntS in 7 Colours — S0 hlst|cated internal transformers (all types), Miniature transformers, Microminiature transformers for

i i f . Ultra low f f i

programme makes the CX80 easy to use. P CieaTnear o %:ﬁ::?!en?f?rr‘v::pssf%q'g%ist::':anoélv Vaﬁg‘%‘fﬁﬁf‘i;‘;lé’sugzg?c}
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, mpli-

Eﬁ;rﬁgg:g?garglri -lé e1r15trus¢r pr?grfmmabLeR%haracters, 96 ASCIl and 64 graphics IL?EL%‘?&?SSV;‘;'}};1}&::%?2’2‘5{5%&3&5?ﬁ;j:;;es“f%?&l}‘é"(‘;ﬁ“?féil'el?f S

; onics interface with RS232 and IEEE488 options. = o, deasior BTN : '

Th it R A A T ST A e
e CX80 -iS . . R LL | [ S. Many standar.

o A .a product of our own design and development laboratories. It repre- s e ok e T MR, OF BROADCASTING AUTHORITEES,
sents a British breakthrough in colour printer technology. Colour brochure on MIXING DESK M T e, e O S T B oAttty s e
P H J 3 and wi

request. OEM pricing available. , DD GRS D e € OMMONWEALT, EE.C USA MIDDLE EAST. etc.

Send for our questionnaire which, when completed, enables us to post quota-
tions by return,

Keithley quality; professional performance. At a price no

i ‘ ' ‘ ' enthusiast can afford to miss!
. : Ow er - That’s the new 129 from Keithley Instruments—one of the
NRDC-A MBISO NIC ‘ ° ° ° leading names in DMM’s. Specification includes @ full
3 ; : Manuf. s

U H J 10 amp range @ only one calibration adjustment required

IO per year @ 25 ranges; 5 functions: ac/dc VI and Ohms

; &, HREC . E. A. SOWTER LTD. (Established 1941) : Reg. No. England 303990 :
S UR , d s o Txin N Yord, Cultingham e, Vi SER Stk @ 20,000 hour M.T.B.F. @ Resolution 100uV, 1uA, 0.142
ROUN D SOUND RS b - o P.0. Box 36, Ipswich, IP1 2EL, England ( @ 0.8% dc accuracy.
f : Mmﬂé ey ""°“°‘1?‘|73::;::;;"sg“w7t32‘939" The 129 is now available on mail order bringing it to the
D E c o D E R : . : =N — = widest possible market. At the lowest possible price.

WW - 041 FOR FURTHER DETAILS

LECTROVALU

The first ever kit specially is Briti
st y produced by Integrex for this British NRDC backed surround sou
) 0 nd s
}'2: :rem |; de;ng‘ned to decode not only UHJ but virtually all other ‘quadrophonic’ systems (Not
coder is linear throughout and does not rely on listener fatiguing logic enhancement tecl

ystem which is the result of 7 years’ research by the Ambisoni '
v i onic team. W.W. July, Aug., G
CD4), including the new BBC HJ. 10 input selections. i

Camplete with mains power T R G T ] e e fy niques. Both 2 or 2 input signals and 4 or 6 output sujndls are provided in this most versatile unit

Complete kit, including licence fee £57.70 + VAT or ready builtand tested £76.95 + VAT

A superb leather case and
stand. value over ten pounds.
® Only with this offer.

Easy to order: Fill in and post the coupon enclosing
cheque/credit card details.

I'NT'RUDER 1 Mk. 2 RADAR ALARM

With Home Office Type approval

The original ““Wireless World*’ publi ) ) . )
performgance. Th;rkiteissseve?\rlgasigru:)o“ghﬁg |‘:_1t!1ru.der 1 has been re-designed by Integrex to incorporate several new features, along with improved Ina hurry’? Then rng

or 12V battery operated. Disguised as au;aafd-b:claézrgzloiu%gle alarm turns off after approximately 40 seconds and the unit re-arms. 240V ac mains 0734751777 or Freephone 3272 for our 24 hour
o 00k. ection range up to 45 feet. Internal mains rated voltage free contacts for external bells 2 answering service.

Complete kit £52.50 plus VAT, or ready built and tested - £68.50 ptus VAT.

N
wwmi || lKEITHLEY
copy now — 64

pages (A4).

Keithley Instruments Ltd

More than 6000 glocs 1 Boulton Road Reading Berkshire RG2 ONL

boits to complete

Wireless World Dolby noise reducer

Trademark of Doiby Laboratories Inc. Typical performance compuielbYsCEE.
Noise reduction better than 9dB weighted. d Wwith it we include a -—
Clipping level 16.5dB above Do‘llﬁl?e;zr(measured at 1% third Reclaim Voucher ----------------1,
e 3 a ﬂm@@ﬁﬁ% harmonic content) \_/alue 70p Lo" sp([ejnd-
. » : Harmonic distortion 0,1% at D ing towards orders I st I
EEALL O ;;:.’:r:“‘ most of;;am'is, ?irsi,:slo a ma:;muorllbzfl(elv%}’/zplca”y O vallicEioeipere, | Name:
o Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal at Dolby level)’ l Address: .
at Monitor output 8
N § - b s 7= ~°09° FROM CATALOGUE l i
Complete Kit PR'CE: £4995 + VAT (3 head model available) e o 30mV sensitivity ) 82, PAGE 22 r!'L.P. TOROIDAL TRIANSF(%RMERSQ I - l
Al . g | . . With secondary O/P voltage of 9 + 9,12 +
50 available ready built and teSted .........oco.oiiie i Price £67.50 + VAT A 7 Wi K e 12,15 + 15,18 + 18, 25 +925, 30 + 30, 110, l l
Calibration tapes are available for open-reel use and for cassette {specify which) ........Price £2.75 + VAT .”—kv:]m": A . %%)Dé“ﬂ?NZTATE REQUIRED VALUE WHEN Please send me Keithley 129(s) at £80.50 each ;
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fact:

microp

Shure brings
intelligibility & reliability
to professional com
hones |

Experienced operators recognize that the audio quality of

the transmitter is limited by the quality of the input from the
microphone. On the air, there's no mistaking the crisp, intelligible

messages from Shure microphones.

Shure microphones have been the overwhelming choice of
professional communications users all over the world for over 30
years. Many milestone improvements developed for demanding

professionals are found on Shure microphones:

ARMO-DUR® Case: Lightweight, immune to oil, grease, fumes,
salt spray, sun, rust, and corrosion. Prevents RF burn!
“Million Cycle” leaf switch: Just one of the crucial wear points
- Shure-tested to ensure reliability and extraordinary durability.
TF!IPLE-FL_EX® Cable: Provides three or four times longer flex life
than previously available cords on hand-held microphones.
CONTROLLED MAGNETIC® or Dynamic Transducer: The
exclusive Shure-desygned super-rugged transducers that
give excellent voice intelligibility and super reliability.
To improve your on-air intelligibility we suggest

the following Shure Microphones:

Mobile Fixed Station
Application Application
sl 444D
SSB AT 526T Series |l
5TTA eries
414B*
e 450
526T Series |l
5778** eries

*General recommendation: Consult equipment instruction

manual for correct microphone inpedance.
**Noise-cancelling.

Omnidirectional

Mics (Models 407A,
4078, 507B)

Small, easy-to-handle de-
sign, with rugged Dynamic
or CONTROLLED MAG-

© NETIC®transducers for ex-
cellent voice intelligibility.
Hum-shielded and insu-
tated against shock. Model
5078 Dynamic version fea-
tures extended low and
high frequency response,
‘especially suitable for
mobile FM transmitters.
Modular construction
simplifies field service.

SHURE Hand-Held Mobile Mics

—

Compact Mini Mics
(Models 414A, 414B)
Ideal for miniaturized or
portable communications
systems, or where
dashboard space is lim-
ited. The 414 Series CON-
TROLLED MAGNETIC®
microphones are about half
the size and weight of con-
ventional microphones—
yet they are rugged

units, recommended for
critical outdoor or indoor
applications.

WIRELESS WORLD DECEMBER 1981

munications

SHURE

Microphone

(Models 444D, 450)
Our most popular fixed-
station microphones.
Unmatched perform-
ance characteristics.
Adjustable stand raises
microphone for most
comfortable talking

postion.

Controlled Magnetic®
Fixed Station

Fixed-Station Mics

New
Transistorized Fixed-

Station Microphone
(Model 526 T Series Il

A new design for maximum versatility
in fixed-station operation. Modulation

level (volume) control for high undistorted
output with high- or low-impedance inputs.

W“

Noise-Cancelling Mics
(Models 577A, 577B)
These Shure Dynamic mi-
crophones shut out back-
ground noise, permit clear
transmission even where
the noise level is so great
that the operator cannot
hear himself talking! The
ARMO-DUR® case is light-
weight, feels naturai to the

touch. The 577Ais highim- -

pedance; the 577B is low
impedance.

Communications Microphones by. . .

o <

Shure Electronigs Limited, Eccleston Road, Maidstone ME15 6AU
Telephone; Maidstone (0622) 59881

.
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A charter for isolation

One small indication of the nature of the
UK’s new Engineering Council is the fact
that the job of chairman is to be part-time
and unpaid. The high abilities of Sir
Kenneth Corfield, who will be the first to
occupy the seat, are beside the point.
Apparently the duties are not considered
important enough to require full-time
attention nor valuable enough to be
rewarded. Of much greater significance,
though, is the fact that this creation of
the Department of Industry is being
incorporated by Royal Charter, rather
than by statute as recommended by the
Finniston Committee. As such it has the
approval of the monarch, and hence of
the government, with all the social cachet
this implies; it is guaranteed continuance
and the monopoly power to do its own
thing; and there are the financial
advantages of being a charity. But it has
no real power to make changes: unlike a
statutory body it has neither the
authority of Parliament behind it nor the
responsibility of having to be accountable
to Parliament for its actions.

The individual British engineer may
be forgiven for wondering what this cosy

group of big-wigs can actually do for him

— or, indeed, for the country as a whole,
in the sense that Finniston had in mind
(see his famous report). At the time of
writing the emergent Council does not
even possess the powers of that other
chartered and ineffectual council, the
CEI, which at least has its own national
register of engineers and the right to dub
us “chartered engineer”.

But it is only fair to wait and see. We
can only judge by the results. What is,
however, immediately obvious from the
government’s decision not to allow a
statutory Engineering Authority is that
British engineers as a body are to be
firmly isolated from public affairs.

Engineering is changing the world,
and it is in politics whether one likes it or
not. (If you doubt this, think of weapons
systems for a start.) Yet in the UK
engineers are not considered good
enough to be involved in the decision
making which determines the uses of
their work in the wider world. Or is it,
perhaps, that they are considered too
dangerous — because they are often the
first to know what is really going on? The
Oxbridge arts men who are still the most
influential members of Britain’s

bureaucracy do not like to admit that
they are really running a technocracy. To
open the doors to engineers would make
this too explicit. They prefer to keep
engineers in a bin and take them out to
perform like puppets when required —
then put them back and close the lid
firmly, before they start asking awkward
questions about the purpose of the act. It
would not do to let engineers become too
aware of their real power.

Fortunately for the bureaucrats, and
their political bosses, engineers as a body
tend to be conservative in outlook. When
roused, they will proudly unfurl a banner
with the strange device Nihil aliud nisi
officium (I’m only doing my job). This
attitude, according to one contributor to
this issue, Dr Peter Hartley, is a result of
a system of engineering education which
is inappropriate for the contemporary
world — a system rooted in the 18th-19th
century ethos of humanism and the
“conquest of nature”. It leaves us, says
Hartley, with a ““‘conception of the
engineer as no more than a high-grade
technician, a functionary not fully
professional — that is, with no
responsibility for his actions beyond their
technical adequacy.” Of course, most
engineers like to think of themselves as
being responsible in a fully professional
way; but where do they get this idea?
More often than not it is a delusion,
arising because their education is
different from that of technicians and
probably longer, because their work is

‘often more difficult as a result of having

to consider options and decide among
them, and because these decisions are
likely to have wider effects. But if with
all this the engineer still really does no
more than react to requirements that he
must accept as given, he is not being fully
professional, says Dr Hartley, since he is
not taking into account the ultimate
meaning and consequences of his
professional actions.

A new body like the Engineering
Council would be in a good position to
initiate a system for educating engineers
to become fully professional in the above
sense. But while this organization
remains virtually a cocoon, isolated from
interaction with public policies except
through the market for engineering
products, there is not much chance of
this happening.
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Millimetre-wave lens aerials
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New method for constructing metal plate refractors is simpler

by K. L. Smith Ph.D.

~University of Kent at Canterbury
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Metal plate refractor aerials were
once popular for use at lower
‘frequencies, but fell into disuse
mainly because of manufacturing
difficulties. They have considerable
advantages for some purposes and a
new way of constructing them is
‘described here. This economic
method yields a large number of
identical units.

While looking at aerials for experimental
propagation studies and communications
tests near 24GHz, we had to face the usual
daunting task of figuring dishes for suffi-
cient accuracy of surface. Alternatively,
trying to raise enough money for someone
else to do it would be nearer the truth.
Winston Kock’s early paper! on metal
plate lenses, where the effective dielectric
constant for the waves is less than one,
seemed tantalising enough to offer an ex-
cellent system if simple design and con-
struction techniques could be developed to
give efficient operation at millimetre wave-
lengths. ‘

We ' carried out the design described
here and obtained the good results re-
ported. During the design for one aerial,
twelve were actually made as a by-product
of the method. The cost of these twelve at
the design price of one was simply the
extra cost of the materials. One of the
lenses is shown in Fig. 1 and on the front
cover. ]

L[ it
Fig. 1. One of the lens aerials constructed
by the new method.

Advantages over a reflector

Because both the incident and the reflected
waves are distorted or scattered by any
irregularity on the surface of a mirror, the
figure or accuracy of the surface of a reflec-
tor has to be held quite rigorously in terms
of fractions of a wavelength. But a wave
passing the surface of a lens is only affected
once, so that the figure of that surface can
be relaxed to half the accuracy for the same

performance. A reflector operated off the
axis of symmetry introduces a rapid dete-

rioration of gain, beamwidth and perform-.

ance generally. The lens aerial described is

relatively insensitive to this off-axis opera-

tion — so much so that two (or more) feeds
can be used for simultaneous communica-
tion with more than one station, yet with
only a small reduction in aerial gain over a
considerable solid angle around the axis.
The lens performance is also insensitive to
small amounts of twisting of this shape. (A
reflector is very sensitive to this twisting.)
These properties correspond to perform-
ance with respect to ‘coma’ and ‘astigma-
tism’ in optics.

Another advantage of the lens is that the
energy is transmitted forward through the
lens and only a fraction of the already small
percentage reflected back is able to re-
enter the feed horn. At first sight, the
required thickness of the lens would
appear to be comparable to the depth of a
reflector, but an aerial of this type can be
‘stepped’ and this reduces the thickness
and therefore the amount of material used.
One small disadvantage of stepping is the
slight shadowing that occurs, as it reduces
the effective aperture a little. But to make
up for this, one should consider the ab-
sence of feed horn or secondary mirror
blocking that occurs in reflectors.

Slightly more sophisticated advantages
accrue from the strongly polarising effect
of the grid of plates making up the entire
aperture. This yields an aerial with a re-
markably low cross polar response. Fre-
quency re-use systems might find this of
considerable value. One disadvantage of a
lens aerial over others is that it is band-
width limited (equivalent to chromatic
aberration in optics), although some
people may consider this an advantage.
Stepping the lens profile has the interest-
ing effect of broadening the bandwidth.

~ Theoretical operation

From the simple derivations in the appen-
dix the predicted curve on the surface is an
ellipse on one side, for a plane surface on
the other. Readers might think it strange
that a concave lens is required to give the
plane wave from a point source. The expla-
nation is that the phase velocities of the
wave are greater than the velocity of light
inside the plates, which yields a refractive
index less than one — hence the concave
shape for a converging system. At every
point where the phase of the wave in-

creases by 360° as one moves out over the

lens from its centre, that much of the metal
plate may be removed without affecting
the final plane wave phase front. This is
the explanation of the stepping.

The spaces betwgen the plates form a
waveguide and for this reason the spacing
cannot be less than half a wavelength, or

the ‘waveguide’ would be below cut-off
and no propagation would result. The ac-
tual thickness in terms of the wavelength
sets the value of the refractive index. Of
course, wavelength changes with fre-
quency — so therefore does the refractive

~ index, as can be seen from equation Aj.

This is what makes the lens frequency-sen-
sitive.

Because the refractive index is deter-
mined by the separation of the plates, then
careful spacing for constancy over the sur-
face is required. This was achieved by
small accurate spacers threaded on high
tensile wires, as shown in Fig. 2.

Construction v

To make the project a little more challeng-
ing, the design frequency was increased to
30GHz (wavelength = lcm). The very
complex problem of developing stepped
curves gradually changing plate by plate,
which when assembled make up the lens,
was obviously one of the ‘acute manufac-
turing problems’ reported in the earlier
literature. It was while working out how to
make this surface of revolution in one
operation that the original idea in this
work occurred. The material chosen was
thin aluminium sheet — ‘which, of course,
had an intrinsic thickness according to its
gauge. By choosing the appropriate gauge
and stacking twelve of these strips, one
obtains the precise design spacing, a, by
taking strip one, thirteen, twenty-five and
so on. Eleven other lenses are obtained by

taking the corresponding strips in the

series.

The important advantage of this proce-
dure is that once the strips are assembled
and the template made, then by turning
the whole stack on a large lathe (and engi-
neers have mentioned that vertical axis
lathes are available to turn everything up
to four metres diameter!) all the strips are
cut to the precise figure at each point. In
practice this process was fairly simple,
once the strips were bolted together and
bedded in wax against the faceplate. Fig. 3
shows this work in progress.

No mention has been found in the litera-
ture indicating that this method has been
employed before. Most of the difficulties
of making these lens aerials are overcome
by employing it.

Design example

The wavelength at 30GHz is just lcm.
When the refractive index has been de-
cided on, the spacing of the plates is calcu-
lated from equation Ajz. If the refractive
index is too small, reflection losses at the
surface increase. On the other hand if it is
too large, the lens thickness tends to be-
come unmanageable. Gaining experience
with such considerations enables a com-

Fig. 2. Assembling the aluminium strips on
high tensile wires, with spacers threaded
on the wires to form the waveguide
between strips.

promise choice to be made. We chose n =
0.583 and using equation Az

A

S 0.62cm

Now the size of the lens aperture requires a
decision. This depends on the gain G. you
are looking for, which, as shown in the
appendix, is closely linked with the beam-
width obtained.

An important relation between the
maximum gain of an aperture aerial over
that of an isotropic radiator, and the area A
of its aperture, is given by

a=

_4nAn
et
or in dBs,
4nA
Gap=10l0g=5 1

Here 0 is called. the efficiency and is a
fraction of how close the effective electrical
area approaches the geometrical area.

The other variable yet to be decided on
is the focal length, f. We decided to work

to a chosen gain, to see how closely we

could achieve it. The choice was 45dB over

an isotrope. This gave

2
A=£‘4’—,
where d is the required diameter. Placing
this into the gain equation;
nd?

;\'2
or d=%\/G=56cm

As work progressed, the final diameter as
swung on our lathe was 54cm, yielding a
theoretical gain expectation of 44.59dB.
Using d, we have immediately the 3dB
beam width from equation Ay,

g° 37:3A_1 06°
d A

Also knowing d, the number of plates in
each lens is easily found from d/(a + g) =

82 (g = plate material gauge) which was 24

s.w.g. (= 0.57 mm). Finally, having estab-
lished d, the focal length can be chosen.
Often this is set by the beam pattern of the
primary feed horn, or by the ease of mak-

Fig. 3. Aluminium strips bolted together
and bedded in wax are turned on a large
lathe to produce the required figure. A
vertical-axis lathe could be used for larger
diameters,

ing the horn to meet the dish or lens illu-
mination requirements. The power density
pattern from a feed radiator drops off grad-
ually from its maximum along the axis, so
it is not possible to illuminate aperture
aerials uniformly up to their edges, then
have the feed power drop off instantly to
zero. The compromise chosen is: often
based on the ‘10dB down’ rule, that is,
when the 10dB down circle in the (hope-
fully!) uniform primary feed pattern falls
on the perimeter of the dish or lens, ‘opti-
mum’ illumination is said to be achieved.
The wasted ‘spillover’ is ignored, but con-
tributes to the inefficiency. This was the
criterion chosen here and a diagonal horn
was designed to feed the lens from a focal

Fig. 4. Set-up for measuring the :
péqrformancg of the lens aerial, Calibrated
attenuator is set to equalize r.f. power at
detector, then attenuator readings give
gain of aerial over standard horn. -

=

=
Wavemeter
: : Amplifier
30GHz 5 ARl il : : Catibrated B Detector RS i
oscillator ] - attenuator p.sd.
. Transmitrer Receiver ‘
Y
3
4
Pen
recorder
Modulator
l Reference sigaot
S
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point 64cm behind it.?

With the focal length settled, and a
known refractive index, the various
ellipses were carefully plotted to scale,
according to the equations given on Fig.
A;. A metal template was worked to these
_curves, and this enabled the final figure to
be achieved while turning the curves on
the lathe. The focal length and diameter
chosen resulted in six steps across the lens
radius.

Performance measurements

A horizontal test range has to be long
enough to enable the sending and receiving
aerials to be in the far field zone. The
minimum distance for this condition is

2
Range 2%:58 metres for this aerial

We measured the gain and beam pattern
over a 60-metre range. There are stan-
dard gain horns available commercially
and the measurements on any test aerial
can be relative to one of these. The system
used to do this is shown in Fig. 4. By using
a calibrated attenuator the received r.f.
power reaching the detector can be
equalised in both cases. The difference in
attenuator readings indicates directly how
much higher the gain of the test aerial is
over the standard horn. The synchronous,
or phase sensitive detection > system yields
a more precise performance in this kind of
measurement and greatly increases the sig-
nal-to-noise sensitivity.4 The result ob-
tained was a gain of 39.3dB for one sample
lens and 38.2dB for another. This shows a
good agreement in performance. ,
For the best sample, the efficienty ism =
30%. This means that the 54cm physical
diameter of the lens is equivalent to a
perfect one 32cm in diameter, although a
rigorous discussion of this point brings in
consideration of what is called the aerial

directivity, D, as well as the gain, G. This.

performance is quite good, when it is re-
membered that the theoretical uniform
power distribution across the aperture is
never obtained in practice and that some
power is wasted through “spillover”’, scat-
tering and reflection.

Beamwidth and sideholes

The same test range enables the beam
power pattern to be plotted by turning the
lens about a vertical axis through small
known angles. The drop-off in received
power as the system is turned off-axis is
made up by reducing the calibrated atten-
uator value, thus gaining a direct dB
reading for each point. Plotting on polar
paper gives the beam pattern.

We cheated a bit on this measurement in

that a direct X-Y plotter arrangement was
used, but this luxury is not necessary for
less well-equipped experimenters.
* Fig. 5 shows the pattern obtained for the
39.3dB gain aerial. The 3dB beamwidth is
1.4° and directly from equation Ay the
effective diameter is

57.3x1
=4
L4 lecm

This is larger thdh the predicted size from

defi=

RELATIVE POWER (dB)

2 1 0 1 2
DEGREES OFF AXIS

Fig. 5. Polar diagram of lens aerial. Slight
-asymmetry suggests astigmatism in lens.

the efficiency calculated from the gain
measurement.” This is explained by the
lack of consideration of “spillover”, scat-
tering and reflection in the calculation.
Thus the aerial is more directive than the
gain calculation suggests and further illus-
trates the difference between the ideas of
gain and directivity of an aerial.

From Fig. 5 the slight asymmetry on the
polar diagram shows that in all likelihood
there is a small amount of astigmatism
in this lens. - The unequal sidelobes
strengthen this assertion. The worst case
sidelobe is approximately 25dB down on
the main beam peak.

Concluding remarks
Building aerials is interesting work and the
pleasure of obtaining such a good result

" was satisfying. Many other possibilities for

lens aerials have arisen from this work and
the author would be pleased to see some-
one obtain good ‘on-air’ results at 24GHz.
Amateurs could certainly design a system
from the data and example given.

But a number of other applications come
to mind and there could be considerable
development work for interesting student
projects or professional applications.

We attempted to measure the off-axis

cross polarisation peaks, but no response
at all was seen! A much greater sensitivity
might yield some cross polar performance
figures, but these appear to be many tens
‘of dB down on the co-polar levels. Future
work is planned to find these cross polar
levels. g 3 .
One advantage of lenses for repeater
links is the reduction of cross-talk between
transmitting and receiving aerials. This
often plagues reflector systems in that the
transmitting horn points towards the re-
ceiving horn and spillover is likely to cross
couple. This is absent in double lens re-
peater stations, as shown in Fig. 6.
Switched beam repeater stations can be
designed easily, by erecting two or more
lenses in the surface of the ‘bin’ on the
tower and simply switching round the feed
horn to the appropriate focal point.

An outstanding possibility exists for an

experimenter to develop a ‘venetian blind’’

erecting system for the plates of this lens
system. Although this would be awkward
and unstable on Earth with gravity and
wind éffects, a number of satellite people
with whom we had a discussion got quite
excited about the possibility. Once in or-
bit, the stacked plates would be pulled up

Fig. 6. Use of lens aerials jn repeater station
{b) reduces cross-talk between transmitting
and receiving aerials indicated by arrow
around dishes in (a).

Repeater

7

Repeater \']

Receiver

a

Transmitter
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on fine cords and would remain fixed and
rigid at highly accurate spacings.

The project has been interesting and I
would like to thank Mr U. E. Ekaette, who'
carried out experiments on this project,
and the staff of the Electronics Laborato-
ries, UKC, who undertook constructional

‘work.

Appendix
The phase velocity of the e.m. wave between
metal plates is given by waveguide theory as 5:

VT

where ¢ is the velocity of light, @ is the plate
spacing and A is the free space wavelength. If ¢
is set at /2, v goes to infinity; in other words
no propagation is possible. The waveguide is
said to be ‘cut-off’ for @ larger than M2, v is
greater than c.

Fig. Ay

From definitions in optics, the refractive in-
dex n is the ratio of wave velocities in the two

media,

At A,
v

and for this work, n is less than 1. From Al

Again from optics, optical paths (that is, paths
along which the phases are the same) are defined
as
geometrical path
wave velocity
Consider Figure A;. If the curve is such that all

optical paths from P to the axis OY are equal,
then the point source radiating spherical waves

=optical path Ay

at F will end up sending out a plane wave to the

left from OY onwards. Clearly for all parts of
the incident spherical wave to end up producing
a plane wavefront in phase along OY, the veloc-
ity between the plates must be greater than c.

Therefore, equating the optical paths OF and P
will give an equation for the required curve.

V=04t x_f As

¢ T
Tidying up and wtiting in n for ¢/v,
(=2~ 2(1-m)fx+y*=0 Aq

Co-ordihate geomeétry buffs will inimediately
{ récognise this as the equation of an ellipse. If we
clit this clirve as a concave ellipsoid surface on
the stack of metal plates, it should act as a
precision apertute aerial of focal length f.

———(1-n?)x2- 2f (1-n)x+y? = O
’N
\ -t xe - 2 )= Rl (e Ao 0y2 = 0

v

Tl 2 -t

Fig. Az

Fig. A3.

Stepping

In a distance A/(1—n), the phase of the wave
changes by 2 radians inside the plates. So a
whole family of ellipses with A/(1—n) as a run-
ning parameter enables metal to be removed as
shown in Figure A;.

These curves can be plotted accurately in
order to construct a template, which can be used
during manufacture to yield a surface figure
whose r.m.s. errors are much less than a wave-
length (~ A/16 at 30GHz with care). :

Approximate beamwidth of aperture aerial
In microwave communication (and at many
other frequencies for that matter) the ability to
‘beam’ the energy towards the intended receiver
is a great help in keeping the required transmit-
ter power down; making the system more in-
terference free; making the communication rela-
tively private; and in some cases avoiding
problems with ‘multipath’ effects — which is a
version of freedom from interference. All this is
especially true in satellite communication
systems. The contour diagram of the aerial
beam intersecting the Earth in that application
is termed the ‘footprint’. 4

Consider the aperture aerial in Figure Aj. If
the aperture is illuminated uniformly right
across the dimension d, then any small element
of the wavefront dA, will radiate in phase along
the forward direction. It will also radiate nearly
equally in other directions (some readers will
recognise that this is what Huygens said in his
corments on ‘secondary wavelets’). However,
the phdse of the waves in these directions will
differ.

In Figute A, coiisider waves along directioh
8/2 10 the forward direction. If the waves fromi
dAi and dA; vibrate 90° out of phase along

2\

2.
Poaty=0

F o Forward
-~ *direction

direction 6/2 then that will be true also for all
dAs separated by 4/2. But this amount of phase
difference means that the power density in the

~ “wave is now half that going along the forward

direction. This is called the ‘3dB down’ direc-
tion. To get 90° phase difference in the contri-
butions from the dA;s and dAjs, x;+x; must
equal quarter of a wavelength.

.. from the right angled triangle:

dtod .
2 8 4 2
Now for any reasonably high gain aerial, the
3dB down’ beamwidth 6 will be small. This
means that sin /2 = 6/2 for the angle in
radians.
A

radians=z Ag
= 59 .
or & = Ay

This is approxkinate, but quite good in practice.
Real beamwidths would always be greater than
this optimistic estimate.
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Named after their originator, an
American mathematician, Waish
functions are now beginning to find
applications in electronics. This article
first discusses the use of ,
mathematical functions in general in
telecommunications then goesonto
illustrate the nature of Walsh
functions through a practical
technique for avoiding crosstalk
between overhead telephone wires.
Generation of Walsh functions and
some of their applications will be
dealt with in the concluding part of
the article to be published later.

At somewhat irregular intervals readers of
Wireless World find themselves confronted
by an article on some mathematical func-
tion. It may be, indeed it often is, our old
friend the exponential, or it may be, say,
Muratori’s function. Why does this hap-
pen, why do we write these things, why do
you read them?

It is not just the money, barely enough
to pay the ink bill, which makes the author
produce this stuff. There is a real satis-
faction in attempting to make poor old
exp(x) fresh and interesting: there is a real
challenge in explaining Muratori’s func-
tion clearly without boring the reader stiff.

The reader is more of a problem. Many
years ago the editor, not this one or his
predecessor, told me how he had actually
seen a reader, reading the latest issue. In

‘the Underground. However, little is
known about the great mass who live a no
doubt quiet and industrious life, and never
write letters or complete questionnaires.
The problem is quite simply this. Either
they know all about the Binomial Theo-
rem, let us say, or they don’t. If they
don’t, either they need to, or they don’t.
The last group have lived happily in ignor-
ance, while the ignorant who need to know
must surely need to know more than can
“be packed into a few pages.

The answer, I have decided, lies in the
sort of people we are. In most organisa-
tions there are two sets of people. There
are the hard-headed men committed to
getting stuff out of the factory gate and the
long-haired boys messing about with slide-
rules. If you prefer it there are the fossils
who spend a week getting it wrong with a
soldering iron rather than a morning on
the computer finding an optimum solu-
tion. Muratori’s function is a weapon used
. by the theorist to defend himself against
the pragmatist, especially if the pragmatist
s his boss. Know your enemy.

With this in mind I began to peer back
into the early days of our trade. It turns
out that we have been in business longer
than I thought. The electric telegraph is,
of course, the starting point, but it is sur-

prising to find that the proposal for an
electric telegraph actually preceded the
work of Volta and Galvani. The first
proposal, in the Scors Magazine, was in
1753, and the scheme was to use 26 wires,
each with a hanging pith ball which would
strike a bell, using a Leyden jar as source.
Once the cell had been invented, and
Oersted had found that a current would
influence a magnet, the way was open.

By about 1850 things were really moving
and the contrasts, the tunnel vision, all the
factors of our modern technology were.
showing themselves in all their glory. The
submarine cable, and especially the Atlan-
tic cable, bring out all that is finest in
pragmatism, theory, and the use of theory
for analysis but not for synthesis. Fig. 1

Steel wires

Alternate layers
of Chatterton's
compound and
Gutta-percha

Stranded conductors

Fig 1. Cross-section of a submarine
telegraph cable, as constructed at about
the turn of the century.

comes from Notes on Telegraphy, A. G.
Pratt and G. Magg, which my mother
seems to have bought in 1903. The use of
the stranded conductor was the idea of
Professor William Thomson, later Lord
Kelvin, in 1854. Clearly he was a sound
practical man. In 1855, however, he was
considering the partial differential equa-
uon

2
LCZ I +(CR+LG) ™+ RGn=21
at? at ox?

The trouble is that he decided to neglect
the inductance, L, and the leakage, G. The
full equation, called the telegrapher’s
equation, was published by Kirchhoff in
1857, and forgotten, by Heaviside in 1876,
but Heaviside never had any luck, and by
Poincaré in 1893. Thomson comes up with
a solution for the line current at time ¢, 7,,
in terms of the maximum current the bat-
tery can produce, /,, of:

[t=[o(l_2(€—n2ﬂkc12

_€—4n2ﬂkcll+€gn2ﬂkc12. i ))
where €=(3/4)%% and a="kcllog(4/3)/n?

There’s glory for you. At the end of the
day it boils down to saying that for a parti-
cular type of line the speed of working is
inversely proportional to the square of the

length.

At this point there are three ways to go.'

The first, Thomson again, is the purely
instrumental one. When the battery is ap-
plied at one end of the great distributed
RC circuit the current starts to grow, very
slowly, at the far end. Invent a very sensi-
tive detector and it will only be necessary
to hold the key down for a relatively short
time to get a signal, and the reduced
charge in the system will soon die away
ready for the next mark.

The next step is to use what politicians
call a U-turn: at the end of a positive mark
the battery is reversed, to send a curbing
current down the line. The duration of the
curbing current was changed according to
the speed of working but was typically
about four-fifths of the mark pulse. After
the curb came an inter-pulse interval, with
the line earthed.

This is nothing but something we tend
to regard as quite a modern idea. The
signal characteristics have been tailored,
coded, to suit the characteristics of the
medium. Indeed, the telegraphers did
quite a lot of this. Morse produced a code
in which the commonest letters used the
shortest groups, and on the long cables,
with the sensitive receivers, input and out-
put capacitors were used to eliminate the
effects of earth currents. Then they went
to multiplexing by using three-value logic,
and to some quite sophisticated time divi-
sion multiplex systems for short lines, with
synchronisation between the two ends.

All this ingenuity, all this tedious calcu-
lation of the rise and fall of current in long
lines, but no-one really looking at the
telegrapher’s equation. At least, memory
suggests that Heaviside did, but his sad cry
‘even Cambridge mathematicians deserve
justice’ summarizes his influence. In
Europe the invention of the loading coil is
attributed to Pupin, but really it is sitting
there, just waiting for someone to ask’
“what value of L do we need?”

If there is a moral, and I think there is
one, it is that it is a waste of time to use
mathematics to find out why it works. Use
the mathematics to find out if it will work,
or how to make it work better.

Under certain conditions the telegra-
pher’s equation brings up the Bessel func-
tions in its solutions. The Bessel functions
weave in and out of the history of telecom-
munications. They became very trendy

WAAMA Aamericant

" just after someone had the idea of sticking

a paper cone to the centre of an ear-piece,
instead of fastening the ear-piece to the
end of a large horn. Looking back we can
ask why there was such interest in calculat-
ing how the cone would break up into
spatial harmonics when the real problem
was to prevent this happening at all. More

- recently the Bessel functions have ap-

peared in filter design, although I found
them in a pulse response problem quite a
long time ago.

Then, of course, there was frequency
modulation. The idea, that by keeping the
carrier going at full power all the time the
noise at the receiver could be kept down,
seems a fair one to use for examining a
system. And it seemed to work. The theo-
reticians began to study the characteristics
of

e=E sin(wt+mgsinpt), where
w=27nf,, with f. the centre frequency
p=2nfs, withfs the signal frequency

and my, the modulation index, is the ratio
Of /fs.

When this expression is expanded it be-
comes

e=E[¥(mpsinwt

+Fi(my) [sin(w+p)t—sin(w—p)i]
+F(mpl . .. (@+2p) . .. (w—2p)
+Fa(mg) . . .

At this point the interpreters did the
wrong thing. If the spectrum is to be kept
into the same bandwidth as we need for
amplitude modulatiori we must have F5(my)
and the higher Bessel functions small, so
that the (w+2p), (w+3p) etc. terms can be,
neglected. This leads to a modulation in-
dex of about one half, for which the ¥,
term becomes about 3%. If you go on to
calculate the noise advantage you find that
the whole thing is just a lot of nonsense.
Mathematically it is clear that there is no
point in taking it seriously. Every
schoolboy knows now that the two keys to
f.m. operation are hard limiting and a high
modulation index. _

Here we have the theoreticians saying
something would not work, and the practi-
cal man showing that it did. A rather bi-
zarre phase was the ‘sidebands don’t exist’
period. The expansion of

A(1+m sin 2nf ) sin 27fct

to give a carrier, A sin 2mfct, and two
'sidebands at (f,%f,), is not the most diffi-
cult mathematics we expect to meet. It
was, however, too much for a school of
thought, still alive around 1930, ‘which
held that the signal was there, in the car-
rier, and could be received with a very
narrow band receiver. Circuits were pub-
lished, sets were made. We shall never
know just why they seemed to work, but
there are two obvious possibilities. The
narrow bandwidth was produced by a
string of tuned circuits, which would not
be all that narrow even if they were tuned
to the same frequency. The detectors used

Sir George Jefferson, chairman of British
Telecom, waves cheerily from an elevated
position at BT's training school, where
engineers practise ¢limbing on these short
poles.

then behaved much better at low modula-
tion, so that the carrier' enhancement
would have improved the detector. The
audio amplifier, with CR interstage coupl-
ing, could easily have boosted up the lost
treble. Alternatively, or additionally, we
must not forget one of the great design
problems of the time, the feedback from
anode to grid through the valve capaci-
tance. Strong coupling, both capacitive
and inductive, between the tuned circuits
must have been present. Immediately we
have a bandpass structure, not a single
narrow slit. The true believers would not
be deterred.

I referred to this as a bizarre ‘event,
because it took place when multi-channel
carrier systems were already in use on tele-
phone lines. The distance-limit of
speaking by telephone depends on the pro-
duct of the resistance of the circuit, (in
ohms) R, and the capacitance of the circuit
(in microfarads) K — or KR. The fol-
lowing figures show approximately the KR
which limits easy and practical speech, and
indicate the telephonic value of the
conductors:

KR 10,000
8,000
5,000

copper wire (open)
cables or underground lines
iron wire (open)

The low value of iron is due to the pres-

ence of electromagnetic inertia, which is ab-
sent in copper.

So the next step was to put in more
electromagnetic inertia, in the form of the
loading coil.

The great influence which the loading
coil was to have on the communications
industry arose from the simple fact that the
numbers needed were enormous. In the
Bell System light loading was a coil every
6,000ft, and heavy loading a coil every
3,000ft. At 3,000Hz loading brought the
attenuation per loop mile down from about
2dB to about 0.5dB. Longer circuits, bet-
ter circuits, more traffic, and so more cir-
cuits and more loading coils. The size and
the spacing demanded close study. This
study, of a long ladder of series inductors

"and shunt capacitors, brought the func-

tions cosh 8 and sinh 8 into the commu-
nication engineer’s life. The development
of the low-pass filter, followed by the other
classic filters, from the long line analysis
explains the awkwardness of early filter
theory. In the long line the problems of
end effects were relatively trivial, but the
ends could wag the filter if only a couple of
sections sufficed. Clever systems of high
class bodging, like m-derivation, mm’ de-
rivation, «-matching, and tedious calcu-
lations of mis-match and interaction loss
made filter disign an art. Then we found
Tchebycheff. If my memory is correct, his’
interest, in St Petersbourg (he wrote in
‘French) in 1875, was steam engines. All
those shiny bits that move to and fro, while
the wheels go round, should move in a
straight line. Like the pass-band response
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of a filter. The Tchebycheff functions were
a step in linkage design.

Not very much relevant to our theme
can be found in the history of modern filter
design. Once it was seen that the problem
was, quite simply, to design a finite net-
work of defined properties, it became a
matter of using well-known techniques.
The vital step was the realisation that the
idea was to find the best value to use in the
structures which had grown up from the
long line.

Softly the functions come and go, or, if
your taste is more demotic, I go, I come
back. The Laguerre polynomials have
cropped up again, though I haven’t seen
them around since I dealt with a chain of
regulating repeaters, back in about 1950.

The story began with telegraphy, with
signals which were either marks or spaces,
and moved on to telephony, with the sig--
nals a mixture of sine waves. In the 1930s,
however, Alec Reevés was building one
pulse modulation system after another. Be-
fore any of them came into service the,
digital computer was on the way. The Boo-
lean algebra, which we had come to asso-
ciate with the use of mathematics in clean-
ing up classical logic, began to be a really
bread and butter affair.
~ Although Boole’s logic, and the tech-
niques based on it, like the Karnaugh
map, were central to the signal processing
operation, the signal frequently needed to
be transmitted from place to place. The
available telephone channels, and the gen-.
eral thinking of the radio circuit designers,
were based on bandwidth, on the available
chunk of frequency spectrum. Information
theory, which started well before it really
mattered, defined what could be done.
Fourier analysis could be used to discover
just what the circuits did to the pulses.
There is a faint memory of Heaviside here.
The pulse gives an infinite series, and then
the bandwidth limitations just chops off
most of the terms. In pulse modulation
systems, indeed, the sine wave really needs
an infinite number of pulses, and the
pulses need an infinite Fourier series.

The pulse-makers clearly need a new
kind of series, to do for them what the
Fourier series had done for sinusoidal
waveforms. It is to the favourite in this
field that we now turn our attention. The
biggest advance since sliced bread, we are
told, is the Walsh functions, although I
regard sliced bread as a cruel and un-
natural punishment. But Walshites have
written:

“We may well come to the point of view
that if Walsh functions had been with us
from the start and someone had then come
up with the idea of sinusoids we would all
want to know what use they were.”’*

A fund is being started to buy ocarinas
for supporters of this view.

We have already seen how important it
is to keep one’s feet firmly planted on the

% R. Barrett, J. A. Gordon, D. Brammer.
Theory and applications of Walsh func-

tions. Hatfield Polytechnic Symposium,

1971.

1] am indebted to Mr A. Emmerson of
British Telecom for locating Fig. 2 in the
_book refe’rred to.
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Fig. 2. Transposition of telephone wires for
avoiding crosstalk caused by mutual
inductance. On the left is the pattern

“employed and on the right the method of

wiring at a transposition point. (Adapted
from Railway Signalling and

. Communications, Tattersall et al, 1946.)

ground when considering the use of ma-
thematics. It is therefore appropriate to
look at Fig. 2. When telegraph poles began
to be used for telephone circuits it was
soon found that if the two wires of one pair
simply ran parallel to the two wires of
another, the mutual inductance produced
cross-talk from one to another. A simple
answer is to split the run in half, and cross
one pair at the mid point. We can write
this symbolically as:

1 N
1 -1

When there are more than two pairs we
can start by taking two pairs as a quad, and
use the same symbolic solution, which we
can bracket up to be a matrix:

< Q Q )
Q -Q
This is short for:

1 1 1 1

=l 1 -1

1 =l =l

N1 -1 -1 1

Four pairs can be transposed according to
this pattern, with the total run split into
four sections. If we call this (G), we can

transpose eight pairs according to the
scheme .

)

We can go on'-expanding in this way, and
what we are doing is working with Hada-
mard matrices. Using the definition

1w
H,=
“ ARTP-—

Hn=Hn, Q H; N

we have

1600yards
{approx)

where (X) is the Kronecker product, so
that

Hs=H;QH,

IS RN R 0
1 -1 1~-1 1-1 1-1 \
IS R R S| =S =
1RSI Sl SIS |
1 1 1 1-1-1-1-1
ISl LS IS =
1 1-1-1-1-1 1 1
1 -1-1 1-1 1 1-1

The working of Fourier analysis depends
on the fact that the sine and cosine wave
system is orthogonal, so that

T
cosmBcosn0d06=0 if m*n
0

The rows, and the columns, of the Hada-
mard matrix have this orthogonality char-
acteristic, which is why row 1 transposi-
tion does not couple to any other row. And
the rows are, quite simply, the Walsh
functions. There is another way of produc-
ing them, which gives a different order.
The Rademacher functions are defined as

iry(8)=sign of (sin(2™'x0)), 0=<6=1
and some of the Walsh functions are

wal (1,8)=r(6)

wal (3,0)=r(0)

wal (7,0)=ry(0)
wal (2¥—1,8)=r,.1(0)

The way in which the rest of the family is
derived depends on an equation which
looks very simple:

wal (i,8) . wal ,0)=wal (&®},0)

The symbol @ stands for modulo-2 addi-
tion, which is binary addition without a
carry sign. If we take

1-0001
@®3—0011
2<0010

so that wal (1,0). wal (3, 8) = wal (2, 6)

WWW americani
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A set of wal functions is shown as Fig. 3
A point to notice is that 0 is a time base,

+1

0 wal (0,8)

wal (18)

+1 ————

0 - i wal(2,8)
_1 . .
+1

0 I wal (3,8)
L ]

+] — —

0 wal {4,8)
1_1 ‘

. _—l .

0 wal (5,8)
y [ i
H—1 ,—-l —

0 wal (6,8)
e Il
M3

0 wal (7,8}
- | o
e P

8 —»
Fig. 3. A set of Walsh functions, wal(n,0).
Note that8 is a time base and that, as the
functions have the values +1, they are
rectangular in form.

which goes from —¥2 to +%2 in the time
interval T. Another important feature is
that the functions can be sorted out into
two groups. If you imagine a sine wave and
a cosine wave which have been clipped
right down, a technique used, with 20dB
of clipping, for some transmission systems
on noisy circuits, you will see that wal (1,
6) looks very much like a clipped sine
wave, and wal (2,0) like a cosine wave,
The odd Walsh functions, which are
antisymmetric, are written as sal (i, 6),
while the symmetric properties of the even
functions give them the form cal (i, 6).

The sine wave we assumed to be clipped

4right down to give sal (1,08) possessed the

property of having a frequency. sal (1, 6),

“a single cycle in the sine wave, has two.

crossings of the zero axis in each unit of
time. (As shown the end zeros are shared
with the next cycle.) The sequency of a
Walsh function is similarly defined as:
Sequency in crossings per second =
14 (average number of zero crossings per
unit time) ’

What have we now gat? A set of ortho-
gonal functions, and the concept of se-
quency, It is the switching man’s equjva-
lent of the sinusoids and the eoncept of
frequency.

To be concluded in the next article, which will
show how Walsh functions ean be produced
by hardware and discuss their use.

Police communications use
computerised switching

When Leicestershire police planned to move
their headquarters from the centre of the city of
Leicester to a new site 5 miles out at Enderby,
they decided to modernize their communica-
tions system at the same time. The up-to-date
communications centre is now working, though
the rest of the headquarters had to be left be-
hind because of government spending cuts.

The essence of the new system, designed .and
built by Burndept Electronics, is that it is based
on a computer. This provides, first, real-time
switching between audio channels in a network-
ing system which deals with radio and telephone
messages and interconnects the police officers
concerned in any required pattern — for
example, a policeman on his beat, a patrol car
and a monitoring operator at the headquarters.
Secondly the computer receives, stores, displays
and prints out digital information from a data
transmission system which gives the locations
and availability of 236 police vehicles in Leices-
tershire. Thirdly, it provides a means of trans-
ferring textual information over private police
lines and a store of data accessible to main police
stations. (Actually three computers are
installed: one operating, one standby and one
spare.)

For the networking system there are six
consoles in the main control room (see picture):

‘Each console has a v.d.u. and keyboard connec-
ted to the main computer and also two switching
control positions based on local microcomput-
ers. At each of these switching positions an
operator can use a keyboard and an l.e.d.
display unit to control up to 10 audio channels.
With each channel the operator can order pat-
terns of switching for a variety of functions. For
example a “talk-through” function allows in-
tercommunication between mobile radio sets,
such as between a patrol car and policeman on
foot with a hand-portable set. Link-ups can be
made between radio and radio (v.h.f. or u.h.f.),
between telephone and telephone, and between
radio and telephone. Six functions are available
for each channel, and whichever is operating is
shown by a l.e.d. lighting alongside an appro-
priate label. The control positions also allow the
operators at the consoles to communicate with
each other and to be connected to a PABX
system. And, of course, they allow the Leices-
tershire police to communicate with police
forces in other areas. As a safeguard to ensure

‘under computer control is done by a solid-state

that all calls are answered, any unanswered call
is indicated at all the control positions until it is
dealt with.

For dealing with unusual incidents there is
also available a special remote control console
which can be operated, for example, from inside
a van. This is connected to the rest of the system
by modems.

The actual electronic switching of channels

space matrix, using a 4-wire switch for each
channel. )

The vehicle monitoring system mentioned
above was developed by Burndept Cyfas. It uses
a data encoding and transmitting unit connected
to the mobile radio in each car and, at the com-
munications centre, a decoding unit connected
to the main computer. In the vehicle a small
control box fitted under the dashboard carries a
rectangular grid pattern corresponding to the
grid on a map of the area. Against the rows and
columns of this grid are press-buttons. At regu-
lar intervals a policeman in the vehicle presses a
row-button and a column-button, which to-
gether indicate the vehicle’s position on the grid
at the intersection of the row and column. He
presses further buttons to signify whether the
vehicle is available for duty or not. As a result
binary digital codes are generated at a data rate
of 100 bit/s and these modulate the vehicle’s
radio transmitter on one of its voice channels by
two-tone frequency shift keying. The codes are
available to the police officers as pairs of decimal *
digits (for example 5/8 means the car is at the
police station and the crew is coming off duty)
and these automatically indicate the type of
vehicle (e.g. 5 for Panda cars, 6 for Range Rov-
ers). b

At the communications centre, the data is
demodulated from the radio voice channel, de-
coded and fed into the computer system, where
a complete list of vehicle locations and states of
availability can be displayed on the v.d.us and
printed out.

Leicestershire police say that the new system
has not only improved their communications
but also made administration easier and more
efficient. At the same time as adopting this new
technology they do recognize the increasing
need of communities for the friendly, neigh-
bourhood policeman on foot, the old-fashioned
“bobby on the beat”.

. Main eqntrol room in the Leicestershire police communjcations centre,
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Direct digital frequency synthesizer

lon spectrometer application needs all-digital technique

by J. H. J. Dawson, Ph.D.

A 1MHz per millisecond scanning rate
and absolute phase reproducibility
are the essential features of this
recent synthesis technique. The unit
described performs entirely numerical
manipulations and is ideally suited to
being computer driven, using a d-to-a
converter only as the final operation.

A direct digital frequency synthesizer is
the hardware equivalent of a function gen-
erator constructed from a computer and a
digital-to-analogue convertor. The combi-
nation could be programmed to calculate
incrementing angular values of a sine wave
function and to output them via the
converter at a fixed rate. Frequency would
be determined by the size of the angular

step and the output rate, which might re-.

quire some software/hardware synchroni-
zation to hold it constant. The maximum
frequency which could be generated would
depend upon how quickly new sine values
could be calculated or fetched from a pre-
calculated data table. To push the output
frequency up into the rf band computation
time must be drastically reduced: a dedi-
cated hardware processor must be built.

Figure 1 shows the basic arrangement of
such a synthesizer. The d-to-a converter is
fed with numbers generated by stepping
through a sine table read-only memory in
(fixed) angular steps at a fixed clocking
rate. The step size is chosen according to
the output frequency required. For
example in this synthesizer a IMHz output
is generated by advancing through the sine
table by 45° once every 125ns. The process
need not start from 0°, but if it does, the
r.o.m. output will follow the cycle 0°,
+1/V2, +1, +1/V2, 0, -1/V2, -1,
—~1/V2, 0. Converter output would then
be as shown in Fig. 2. A good low-pass
filter converts this waveform into a sine-
wave, but for a full treatment of the distor-
tions arising from step approximations and
numerical rounding errors consult JEEE
Transactions on Audio vol. AU-19, 1971,
pp- 497-505.

Figure 1 glosses over one practical snag
from which much of the complexity of a
practical synthesizer arises. As with paper-
back sine tables, commercially available

r.o.ms include only sine values for the first -

quadrant. It is left to the user to generate
the values for the other three quadrants by
reflection and inversion operations.
Another complexity arises because the
r.o.m. used does not actually contain the
angle 90°.

That is because the first quadrant has
been divided up into 90°1024 steps
starting from 0°. The zero-crossing errors
which would result from ignoring this fact
have been eliminated in this design, but a
negligible error has been accepted in ap-

Clock
pulses

Frequency number input

|
+1
07 L=
ps
Angle adder l_-‘_’
- .
. A
EOIR UG EIE oD Fig. 2. Step size is chosen according to the
T output frequency required. For example, a
1MHz output is generated by advancing
= through the sine table by 45° once every
' 125ns.
Sine table
r.o.m.
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proximating the value of the sine of 90° to
that of its adjacent angle in the r.o.m.

The next practical complication occurs
because the logic which generates the sine
values for the third and fourth quadrants
does so simply by supplying a sign bit to go
with the magnitude generated as for the
first two quadrants. Alas, sign/magnitude
input coding is not found in commonly
available d-to-a converters and so code
conversion to straight binary has to be
adopted; this is not difficult, but requires
another six i.cs. Finally, since this synthe-
sizer is designed to clock as fast as is pos-
sible, commensurate with a reasonable
safety margin, extra edge-triggered latches
are needed to achieve synchronous opera-
tion at SMHz.

Circuit description

The input frequency number in true 16-bit
binary code is fed, as in Fig. 1, to the 16-
bit full adder IC;4. There is no carry in-
put, but the carry output passes to an
exclusive-OR gate IC;o which functions as
a partial adder and thence with the other
adder outputs to the D inputs of 17 edge-
triggered latches, ICs.;. The clear line for
these three latch chips is shown as held
high, but if you want to add a clear facility
to the synthesizer then this is the place to
do it. The latch outputs go back to the

other set of adder input ports so that the
present state of the latch outputs will al-
ways be incremented by the input fre-
quency number at the next positive-going
clock edge. If the input number is simply a
1 in the most significant bit (m.s.b.) then
the angle adder will come back to its initial
state after four clock pulses. In other
words, the m.s.b. input corresponds to an
output frequency of one quarter of the
clocking frequency, which in this case
means 2MHz. The ls.b. input must
therefore correspond to 2~ “MHz (about
61Hz) and so the output frequency is de-
fined as Nx2 “MHz, where N is the
input number.

Reflection (looking backwards through
the r.o.m.) in the second and fourth qua-
drants is performed by the exclusive-OR
gates 1Cg.19 which invert when the m.s.b.
output from ICg is high. Except at 90° and
270° (conditions detected by the gates in
ICy1.12) the reflected angle is incremented
by 90°/1024 so that the reflection does ac-
tually occur about 90° even though it isn’t
present in the r.o.m. At 90° and 270° this
addition is not performed, with the result
that the memory is addressed at the maxi-
‘mum angle which it does actually contain,
viz 90°% 1023/1024. With the Schottky and
low-power Schottky chips specified, the
latch propogation delays, gate delays,

typical add times and latch set-up times in
this section of the circuit amount to about
36ns less than the 125ns interval between
clock pulses.

The read-only memory IC;g is rather
slow (maximum address access time 100ns)
and so it is sandwiched between two layers
of latches ICjg,17,19. The sign bit, derived
from the carry output of ICy, is also passed
through the latches to equalize delays and
this must now be combined with the sine
magnitude information derived from the
r.o.m. to form a straight binary-coded out-
put. This is done by the standard method
of complementing the magnitude in ICz.22
and adding 1 in ICz3 ;5 when the sign bit is
high. The inverted form of the sign bit
must be added to the carry output of the
complementing operation if disaster is not
to occur at 180°. The resultant binary
number is latched again before the d-to-a
converter so that when a fast converter is
used de-glitching should be unnecessary.
The output code swings symmetrically
from 0000000001 to 1111111111 about the
zero level 1000000000.

To squeeze the last bit of frequency
range out of the synthesizer a sharp
multisection elliptic low-pass filter is used
in the circuit shown, after the d-to-a
converter. It is designed to be 1dB down at
3.3MHz and with a minimum stop-band

lonic chemistry without solvents

The circuit described in this article, to-
gether with scanning, timing and control
logic, made up the programmable fre-
quency synthesizer required for a Fourier
transform ion cyclotron resonance
(FTICR) mass spectrometer. The heart of
this instrument is a 1-inch cubed “trapped
jon cell”, see diagram, housed in a contin-
uously pumped vacuum chamber and
situated between the pole pieces of a large
electromagnet. Chemicals are leaked into
the vacuum so as to give a sample pressure
of about 10~1? atmosphere inside the cell.
Gas molecules are ionized by passing a
20eV electron beam current of 50nA
through the cell for 5Sms,and trapped inside
by the combined effects of the magnetic
field and a potential well created by a small
potential (1V) on the plates parallel to the
magnet pole caps. The remaining four cell
plates are d.c. grounded, one opposing
pair being connected to the differential
outputs of the synthesizer, and the other
pair through a preamplifier to a small com-
puter, being digitized at rates up to eight
megasamples per second.

Just prior to “detection” the cyclotron
motions of the ions present in the cell are
excited by a swept frequency burst from
the synthesizer, say 30Vpk-pk at 2ms/de-
cade. Ions of the same mass have the same
cyclotron frequency

_ 1537B(kg)
F(kHz) = m(a.m.u.)

so that at 15kG a mass range of 10 to 100
atomic mass units requires a frequency

range from 2.3MHz to 230kHz. Each
group of coherently-excited similar-mass

Excitation plate

Magnetic
field

Electron beam

N

A2

L Listening plates
To preamplifier

}

1
T

Filament

VW

ions makes its contribution in the form of a
decaying sine wave to the total transient
signal which the preamplifier picks up. To
improve the signal-to-noise ratio of the
instrument it is then usual to quench the
jons in the cell by reversing the polarity of
the side plates, repeat the whole sequence
of events, and to accumulate successive
transients within the computer’s main
memory. It is so that this may proceed
smoothly that the rapid sweep from the
synthesizer must be absolutely reproduci-
ble with respect to phase, as must all
timing operations concerned with the de-
tection process. As in a spectrum analyser,
a Fourier transform program will then
separate the individual frequency compo-
nents from the transient and allow ion
concentration versus mass to be plotted.

Trapping plates
potential * 1V

L *

VW

The technique is insensitive by compari-
son with conventional mass spectrometers
having electron multiplier detectors, but
mechanically it is very simple and yet can
provide exceptionally high mass resolu-
tion. The real use of the technique comes
from delaying the detection process until a
second or so after the electron beam pulse.
During that time ion-molecule collisions
occur and if some of them produce new
chemical species the mass spectra will
change accordingly — ionic chemistry
without solvents. The chemistry of com-
plex mixtures can always be unravelled by
studying the effect of running the synthe-
sizer at a fixed frequency shortly after the
electron beam pulse so as to over-excite
and hence expell one by one each possible
reactant ion.
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attenuation of 50dB starting at 4.65MHz.
The filter was designed from data con-
tained in Simplified Modern Filter De-
sign, by Philip Geefe (Iliffe Books, Lon-
don, Table A4-4, page 146). In setting up.
the filter the nodes should be tuned to
7.7814 and 4.8147MHz. The converter
and filter have been matched to deliver 1V
pk-pk into a 400-ohm load.

Possible modifications

Finer frequency control can be provided
by widening the angle adder; for example,
a 24bit-wide adder when used with a clock-

ing rate of 8.388608MHz will make the
L.s.b. of the input number correspond to a
14Hz step in the output. If only audio
frequencies were required the clock fre-
quency could be lowered and the latches
around the r.o.m. discarded. Unbelievably
versatile dynamic control over the output
phase can be achieved by placing another
adder immediately after the angle adder as
indicated in Fig. 3.

The method for introducing frequency
scanning has also been incorporated into
Fig. 3. Another adder and bi-functional
latch are introduced before the angle ad-
der. In one state the data selector/latch

simply passes the initial frequency to the
angle adder, but when toggled to its other
set of inputs the latch will keep increment-
ing the number fed to the angle adder by
the scan mantissa at a rate determined by
the scan exponent. The exclusive-OR gates
in the scan adder loop will enable the in-
strument to scan down as well as up. Un-
less astronomic scan rates are required the
scan exponent will need to be a divided-
down version of the clock rate and it may
be desirable to have a rather wide-scan
adder, with the scan mantissa being fed to
bits which are less significant than the
1.s.b. of the initial frequency number.

WWw americandadiohistory com



News of the Month|

WIRELESS WORLD DECEMBER 1981

WIRELESS WORLD DECEMBER 1981

45

-

Prize-winning
computer

Sixth-for_mers Alistair Melvflle, William Morel
and Chris _Thomas won the first prize in the
group entries for 18 to 19 year old age group in

the Young Engineer for Britain 1981 Awards. |

Th?ir entry was a microcomputer system and
their prize was a North Sea trip and £200. Their
real prize, however, was one that they had orga-

nized for themselves. At a computer exhibition

.they .established contact with a firm specializing
in microcomputer interfaces, 3D Digital Design
and Development, and managed to negotiate a
deal for 3D to manufacture the computer and
for them to take a royalty and to continue to
develop the system. They seem to have traded
part of their deal for regular salaries as, after
cox;gleting their A-levels, they are all employed
at 3D. j

The three seem to constitute an ideal combi-
nation with one of them, Chris Thomas as the
hardware expert; William Morel specializing in
software and Alistair Melville as the busi-
nessman.

The microcomputer has received the name
3D09 and because of its modular, rackmounted
p.c.b. structure, it is very versatile. It is based
around a MC68B09 and this gives it high speed,
wlth.a 500ns cycle time. The MC68B09 has an
architecture which encourages structured pro-
gramming. The computer has an e.p.r.o.m.-re-
sident operating system enabling the user to
have several programmes running concurrently.

- Low-level and high-level programming lan-
guages are incorporated in the Flex disk operat-
ing system. Available languages include Basic,
La_lbasic (with optional structured program-
mmg),‘ Pascal, Fortran, Forth, Algol68, Lisp’
and Pilot as well as assembler, disassembler,
«and simulation operations. i

Technically the computer includes a proces-
sor card with 2Kbyte e.p.r.o.m., 2Kbyte static
r.a.m, two full RS232 interfaces, a 3-channel

o

which they designed while still
Engineer for Britain Awards. = 90

counte;/timer, a 1Mbyte addressing range with
an opuopal cassette interface. Random access
memory is expanded by the addition of memory
cards with 64K on each card. ]

.There is a controller for up to four floppy disc
drives which are available in a number of combi-
nations of size and density. The video controller

provides 40 or 80 characters width with 24 lines,

and graphics with 640 x 240 pixels. There is a
choice of keyboards. Further developments in-
clut.:le high resolution and colour graphics; a
Uniflex operating system which will allow the

computer to operate exactly like a PDP11; and’

‘multi-user capabilities.

Messrs Thomas, Morel and Melville with a productic; del of 09
ol, and which won them a prize in the Young

P

computer

The computer nas been designed for maxi-
mum ﬂexibiﬁty with a wide range of options and
its des_lgners are expecting the majority of users
to be in industrial or scientific fields. It can be
linked up to monitor and control processes and
may als.o be used for business applications, such
as administration and records, accounting, data
and word processing.

QOncentraﬁn on their computer design, the
designers did not get very good results in their
A-levels. However, the success of the design
and t!le winning of the award has assured them
of university places and they will return to Aca-
demia in September 1982.

C.b. campaigner into designer

J?n'-nes Bryant, well known as a campaigner for
cmzex_ls’ band radio through the Citizens’ Band
Association, has now returned to his normal
work as an electronics engineer and designed a
c.b. set for the new British market. Under the

trade name Tenvox, the 40-channel f.m.
transceiver is being manufactured by Voxson
Audio Ltd, of Abingdon, with whom Mr Bryant
now works full time. The set conforms to the
recent Home Office specification MPT 1320

The British designed and made Tenvox c.b. transceiver.

TENVE « 7
E—-‘
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(June issue, p.65) and, as well as being designed
and produced in the UK, it uses British made
semiconductors, from Plessey, for the r.f. and
frequen_cy synthesizer circuitry. In fact the
synthesizer circuitry is similar to that published
!)y Peter Chadwick of Plessey Semiconductors
in our September issue, p.59-61. Mr Chadwick
collaborated with Mr Bryant in the design of the
set.

:I'he receiver has p-i-n diode antenna
switching and a mixer with high dynamic range
(avou_img the need for an r.f. gain control). The
ﬁ_rst i.f. is about 10.7MHz while the second .
high dynamic range mixer produces an i.f. at
450kHz. The f.m. detector is a phase-locked
loop type, and there is a 5W audio output stage
compatible with the 4-ohm loudspeakers al-
ready ﬁgted in cars. The transmitter includes
automatic speech processing to avoid the need
for a power microphone and there is a three-
stage power amplifier. On the control panel are
two "touch buttons for electronic channel
selection (‘up’ and ‘down’), slider controls for
volume and squelch, selectors for high or low
power transmission and 1.e.d. indicators for sig-
nal strength, transmit/receive modes and chan-
nel selection. The set will be on sale in early

-1982 through appointed dealers.

Do-it-yourself integrated circuits

Integrated circuits make commercial sense even
for the smaller manufacturer of electronics

“goods, according to Marconi Electronics De-

vices (MEDL), who recently launched their
System 85 — gate array design system. Gate
array is another name for uncommitted logic
array; a matrix of pre-processed cells which
require only a single layer of metal interconnec-
tions to form an integrated circuit for a specific
purpose. This allows a large number of wafers
to be manufactured in advance which can then
be completed in small numbers and in a short
time to a customer’s specification. Marconi have

called the system ‘gate array — plus’ and the

plus refers to the ability of any competent
electronic engineer, who can, for instance, lay
out a printed circuit board, to lay out the metal
tracks for the integrated circuit.
To do this the engineer requires a ‘design

pack’ which consists of an instruction manual,
with a step-by-step procedure for manually in-
terconnecting the gate arrays; a printed copy of
the library of cells is available and the cells are
also printed on to ‘decals’, self-adhesive block
schematic representations of the gates which
may be stuck down onto a layout sheet,
preprinted with the basic logic array. The de-
sign is then sent in to Marconi who will code it
into their computer which, can simulate the de-
sign and run a series of checks to ensure that the
circuit conforms to a number of design rules.
The design for the interconnect mask will then
be produced automatically. This process can be
used for comparatively small production runs of
a device. If subsequently larger numbers are
required the same computer information can be
used to produce an Iso-Cellmos device (see
Wireless World, News of the Month, April
1981). The same computer can also produce a
series of test patterns to test the device automat-
ically. If the desjgner knows how to use a com-
puter, he can hire time at the Marconi Design
Centre, input the data himself and verify his.
design. MEDL will also offer the CAD facility
as a software package to be run on the designer’s
own computer. "

System 85 is available in a family of four
devices. The MA8505 has up to 560 gates, the
MAS510 has 960 gates, the MA8515 has up to
1440 gates and the MA8520 has 2014 gates fit-
ting into a 24-pin package.

All the manufacturing of the devices takes
place in a brand new processing plant recently
opened in Lincoln. The plant represents an
initial investment approaching £15 million and
is part of MEDL’s ten-year expansion plan.
Occupying some 100,000 sq. feet, the plant has
twice that amount assigned for future expan-
sion. Five hundred people are employed there
and the company is recruiting staff at all levels
from senior engineers to factory operators.

The Iso-cmos process used in the manufac-
ture of the devices is also used by Plessey
Semiconductors and the two companies have
agreed to second-source each other’s products.

@ The Department of Industry has announced
the UK5000 gate array project which is a ven-
ture to produce a suite of design software for use
with c.m.o.s. gate arrays. The gate arrays will
have up to 5,000 usable gates using oxide iso-
lated c.m.o.s. technology and a double layer of
metal interconnections. The software will simu-
late the logical behaviour of a design, automat-
ically convert a proven design into pattern gen-
erator tapes from which the masks for
committing the arrays can be made, and auto-
matically produce a test pattern which can be
used to test the resulting chips.

The organisations involved in the project are
British Telecommunications, the Science and
Engineering Research Council, the Ministry of

Defence, ICL, GEC, STC, and TMC Ltd. They
will be meeting their own project costs but the
industrial members may qualify for support un-
der the DolI’s Microelectronics Industry
Support Scheme.

An outline specification has been drawn up at
the Rutherford Appleton Laboratory and pro-
ject teams have been appointed by all the parti-
cipants. The SERC hopes to encourage the
involvement in the project by the academic
community. The Dol is providing an indepen-
dent chairman for the management committee
and British Telecom has provided the project
manager.

Channel 4 trans-
mitters are ready

The first pair of television transmitters for the
Independent Broadcasting Authority’s Channel
4 service have been connected to their channel

" combiners and handed over ready for use when

the IBA brings Channel 4 into service during
1982. ¢

The two transmitters, Marconi 15kW Type
B7445 u.h.f. equipments, have been installed
and commissioned at Winterhill, Lancashire, by
Marconi Communication Systems Limited.

Marconi is equipping a further eleven IBA sites

throughout the United Kingdom with similar
transmitter suites, as well as installing a one-
B7445/one-B7442 (4kW) u.h.f. combination at a
further thirteen sites, all for the Fourth Channel
network. All these, as well as some twenty five
further sites throughout the United Kingdom
are being equipped with Marconi-designed
channel combining units which will enable all
four television channels to be transmitted from
the same mast.

Mike Aldrich, managing director of
Rediffusion Computers, with a Teleputer
system, one of a range of videotex "
terminals that his firm believes willl be at
the centre of the 'home information
system’ towards the end of the 1980s. The
terminals combine broadcast tv, videotex,
video tape recorder, video disc and
telecommunications with personal
computers. g

Ruth Everard, 19 months old, suffers from
spinal muscular atrophy. She is seen here
driving the wheelchair designed for her by
her father, Dan Everard, who is perched
behind. The design departs from standard
practice by using shunt-wound motors
controlled by c.m.o.s. to give free
movement in three dimensions. The seat
design is modular and can be made to fit
any child; it can even be replaced with a
standing platform. Its controls require very
little strength to operate although the chair
is capable of carrying an adult passenger,
as shown. Ruth is learning to drive it about
as quickly as most children learn to walk.
The chair has been built in the labs of
Cambridge Consultants Ltd. Dan once
worked for CCL and the company have
contributed laboratory space and
engineering effort. In 1974 CCL developed
a sensitive electronic wheelchair controller
after working on a prototype wheelchair
designed by his father for Terry Wiles, a
thalidomide victim. That experience has
now found another use in helping Dan with
Ruth’s chair.

High-speed
Ceefax

Waiting time for BBC Ceefax pages to appear on
the screen has been halved — and now averages
seven seconds. The improvement has been
brought about by using two extra data lines.
The maximum time for a page to appear after it
has been selected will be up to 14 seconds,
depending upon whether or not the chosen page
_has just been transmitted.

Timed to coincide with National Teletext
Month, October, the improved system
overcomes.the problem of lengthy waiting be-

‘tween pages, previously considered to be a
. drawback.

Colin Mclntyre, editor of Ceefax, said, “We
decided to use the extra lines to cut the waiting

.- time for the next page to appear to make the

service even more attractive to the viewer.

There is a great deal of enthusiasm in the trade

for Teletext and the future looks assured”.
Since the start of the service in 1974 the BBC

. has used two blank television lines, 17 and 18,
" to carry data for each of the BBC 1 and BBC 2

magazines. Now, four lines are being used for
each magazine — 15, 16, 17 and 18. The digital
pulses for the Ceefax and Oracle systems are
carried on the normal television signals as the
receiver scanning spot returns to the top of the
screen between pictures.
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Three bands to
open

The first new amateur h.f. bands to open

since 21MHz in 1952 will become available
to UK amateurs (on a secondary basis)
from January 1, 1982. These are 10,100 to
10,150 kHz; 18 068 to 18,168 kHz, and
24,890 to 24, 990 kHz, the new allocations
agreed at the World Administrative Radio
Conference in 1979. The 18 and 24 MHz
bands remain allocated to the fixed and
land mobile services until existing assign-
ments have been transferred to new fre-
quencies, after which the bands become
“exclusive’ amateur allocations. They are
being made available in the UK to the
“amateur” and “amateur satellite” ser-
vices on a non-interference basis.

Under voluntary band-planning propo-
sals it is being recommended that opera-
tion in the narrow (50kHz wide) 10MHz
band should be restricted to c.w./r.t.t.y.
operation. Since the Home Office is one of
the first administrations to permit amateur
use of 18 and 24 MHz the initial activity
may be rather restricted and most ama-
teurs will need to modify their equipment
for operation on these bands.

Considerable interest is being shown by
amateurs in wideband aerials that could be
used effectively on the 14, 18, 21, 24 and
28 MHz bands, including centre-fed di-
poles fed from open-wire (or 300-ohm)
balanced line and brought to resonance by
means of aerial tuning units, also the
classic W8JK bi-directional array and
various forms of log-periodic arrays.

Here and there

Long sea-path ducting has brought about
another - 144MHz contact between the
British Isles and the Canary Islands off the
coast of Africa. On September 4, a late-
evening (2240 GMT) openmg enabled
Richard Baker, GDS8EXI in the Isle of
Man to make two-way contact over a
distance of about 3025km with EA8XS.
Attempts were also made to use the duct
on 432MHz and while no two-way contact
resulted, EA8XS reported hearing signals
from GD8EXI on that band. The year has
thus seen 144MHz from the UK with both
- Africa and Asia (G3VYF and 4X4IX, a
3540km contact in June).

A distance of just over 1000km has been
achieved by European stations on 2.3GHz
with a two-way contact between DL7QY,
Gerthany and SM6HYG, Sweden: Weak
signal reception on the microwave bands is
clearly benefiting from the availability of
low-noise GaAs f.e.t. devices (“‘gasfets”).

AMSAT-UK, the rddio amateur satellite
organisation of the United ngdom, has
published an AS-sized technical handbook

covering the University of Surrey amateur
radio scientific satellite. The 22-page
booklet provides technical data and operat-
ing aids for the slow-scan television
system, the h.f. propagation beacons and
the other experiments. Non-members of
AMSAT-UK can obtain copies from R.
Broadbent, G3AAJ, 94 Herongate Road,
Wanstead Park, London E12 5EQ (£1.16
includes postage).

Although it is now almost two years past
the peak of solar cycle 21, the 1981 autumn
season has again seen very high maximum
usable frequencies, including north/south
openings on SOMHz. Several South
African stations were heard on SOMHz on
September 20 and ZS3E on September 27.
Conditions have been good on 28MHz.

1 71

Death of “'Steve

Roy Stevens, MBE, G2BVN who over the
past two decades has played a leading and
influential role in many of the national and
international amateur radio activities died
on September 27. A former president
(1966) of the RSGB, for many years chair-
man of its technical and publications com-
mittee, telecommunications liaison officer
and secretary and editor for the IARU
Region 1 Division, he was a member of the
UK delegation to the Geneva WARC in
1979. He received the MBE in the Queen’s
Birthday Honours List 1980 in recognition
of his work for amateur radio.

Roy Stevens was licensed in 1937 and
became one of 37 amateurs in the first
draft of the RAF Civilian Wireless Reserv-
ists to reach France on September 5, 1939
only two days after the outbreak of World
War II — a draft that became known as
“The Early Birds™.

The deaths have also occurred of Edgar
Wagner, G3BID, one of the pioneers of
mobile h.f. operation in the UK and A. J.
H. Watson, G2YD, a former honorary
treasurer of the RSGB.

Interference to
home equipment

A new “Information Sheet” has been pro-
duced by the RSGB’s interference commit-
tee concerning the problem of interference
to domestic entertainment equipment
caused by local transmissions. This sur-
veys the problems that can arise, explains
how the viewer or listener can benefit from
the radio interference service operated by
the Post Office on behaif of the Home
Office, outlines the basic différences be-
tween interference to radio receivers and
television receivers compared with other
forms of domestic equipment in which
unwanted detection of local transmissions
is “wholly due to deficiencies in the equip-

ment suffering the breakthrough,” and
provides some facts about the regulation of
amateur radio. The information sheet, en-
titled “Domestic entertainment equipment
and the radio amateur” is available from
RSGB, 35 Doughty Street, London
WCIN 2AE on receipt of a s.a.e.

Transatlantic
canniversaries

December 1981 marks two notable anni-
versaries in the history of transatlantic
communication: Marconi’s classic, but still
controversial reception at St John’s,
Newfoundland on December 11, 1901 of
the “S” signals from Poldhu, Cornwall, a
feat that many considered impossible; and
the reception by Paul Godley, 2ZE, a
noted American receiver designer, at Ar-
drossan, Scotland, of the first message to
be transmitted by amateur radio across the
Atlantic. This came from the special sta-
tion, 1BCG, set up by the Radio Club of
America for the transatlantic tests orga-
nized in the UK by Wireless World. One of
the signatories to that message was
Howard Armstrong, whose long string of
inventions included the development of
frequency modulation and the superhet.

In brief
The 1982 president of the RSGB will be
Jack Anthony, G3KQF, of Derby, cur-
rently chairman of the Society’s education
committee and also of its membership and
representation committee . . . . GB2VER,
a special event station operating on h.f.
bands and 144MHz during November,
marks the 21st anniversary of the founding
of the Verulam Amateur Radio Club of St.
Albans . . . . Membership of the British
Amateur Radio Teleprinter Group is now
approaching 900 and continues to bridge
the gap between mechanical and electronic
teleprinting . . . . The high cost of diesel
fuel on remote Pitcairn Island has limited
local power supplies to about two hours a
day but Tom Christian, VR6TC, is able to
operate using a bank of three solar panels
containing 36 photovoltaic cells to keep,
batteries charged . . . . For ardent “coun-
try chasers” China remains the most elu-
sive country to work as it is now many
years since regular amateur activity was
permitted there, although hopes are being
expressed that this may change soon
. Efforts to increase amateur activity
in Thlrd World countries continueé with
the American ARRL “Goodwill Project”
and the German DARC worldwide ama-
teur training activities iri Sri- Lanka, Su-
dan, India, Iran, Egypt, Libya and Kenya.
PAT HAWKER, G3VA
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Current mirrors, amplifiers
and dumpers

Improving the performance and application of the basic circuit

by B. Wilson, B.Sc., Ph.D., Department of Instrumentation and Analytical Science, UMIST.

The accuracy of a two-transistor
current mirror circuit can be greatly
improved by the addition of a further
two transistors. The resulting four
transistor mirror can be used to
design simple low-distortion
operational-amplifier circuits that
produce an output current
proportional to either input voltage
{v.c.c.s.) or input current (c.c.c.s.). In
addition, they make possible the
design of current-dumping’
amplifiers where the output current is
controlled by a pair of unbiased
transistors, operating entirely in Class
B with the crossover distortion
eliminated by a feedforward amplifier
using current mirrors.

The simple two-transistor current mirror
in Figure 1 attempts to produce at its out-
put B an identical copy of the input cur-
rent at A, whilst minimizing unwanted
current-voltage interactions. Its operation
can be easily understood by considering
the input transistor as a collector-base con-
nected diode, driving an output transistor
with a matched Vgg to produce an iden-
tical collector output current. The basic
mathematics of its operation were des-
cribed recently and will not be repeated
here !. Figure 2 shows the symbol often
used to signify a current mirror, indicating
by an arrow both the polarity of the cur-
rent and the input side of the mirror. It
should be remembered that, due to the
circuit topology, the input terminal will
always remain at a fixed voltage, in
contrast to the output terminal which will
take up a voltage determined by the load
conditions. )

The current transfer ratio I,/I;,, usually
termed A, is normally the most important
parameter when using current mirrors. It
is obviously desirable that A should be
constant, irrespective of changes in current
and output voltage. (Whilst mest current
mirrors are intended for operation with a
unity value of A they can be designed for
other integral values by duplicating tran-
sistors accordingly.)

Unfortunately, the performance of the
two-transistor mirtor is often inadequate,
largely due to the high dependence of A on’
the values of the transistor parameters in
such a sxmple, unicompensated circuit. It
can be shown 2, by considering basic tran-
sistor operation, that the departure from
unity current transfer ratio for @ two-tran-

sistor mirror can be represented by:
A=12(2/B)x(Vos/V1)-Va/(VDq

where B is the common-emitter current
gain, Vs is the difference in base-emitter
voltage required to produce identical col-

Jector currents, V't is the thermal voltage

= 25mV, Vaq is the difference in col-
lector-base voltages of the two transistors
and (V) is the Early intercept voltage at

the operating point Q*.
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Fig: 1. Basic, two-transistor, n-p-n current
mirror .

C
Fig. 2. Shorthand symbol for circuit of Fig.
I

Fig. 3. Accuracy of current transfer
between input and output depends on
output voltage and output current. Ratio
Io/lin is plotted here for currents up to 10mA
atupto 10V.
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