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FREE PROJECT BOOK WITH APS NEW EBBO BREADBOARDS I

WITH EACH EBBO IC-1 OR DC-1 STARTER PACK A FREE STEP BY STEP 10 PROJECT BOOKLET ]
ANYBODY CAN BUILD ELECTRONIC PROJECTS WITH EBBO MONEY BACK GUARANTEE IF YOU CAN'T

ExPENGIVE T MOST I SUPERSTRIP SS2 THE BIGGEST SELLING

A i
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n
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Cutaway model of a capaci-
tor measuring microphone
| from Briel & Kjaer (UK}

Ltd symbolically introduces

! the article on ‘just detect-
§ able’ distortion in this issue. 31 The new bureaucracy

When you buy a SUPERSTRIP BREADBOARD you buy abreadboardto last you

. for ever, we give you a LIFETIME guarantee. SUPERSTRIP is the most used ]
Three poweraces that give you the\(y breadboard by hobbyists, professionals and educationalists because it gives b IN OUR NEXT ISSUE
ultimate in breadboarding. Builtin V"8 You more for you money ... With 840 contact points SUPERSTRIP accepts ali , A range of counters for con- ]
power supplies and a FREE logic DIP’s and discrete components and with eight bus bars of 25 contact points struction based on _the ver- 32 ‘Just detectable’ distortion
probe is built into MODEL 102 each SUPERSTRIP will take up to nine 14-pin DIP’s at any one time. , . |s:a¢t,“e ;nt:;:lloflcnhfzglfesl-% by J'ames Moir
POWERACE 101 923221 £61.30 You should only buy a breadboard once so buy the biggest seller with a lifetime ! v;,{;‘ty of instruments can

POWERACE 102 923222 £95.80 guagantess be assembled.

POWERACE 103 923223 £95.80 SUPERSTRIP SS2 923252 PRICE INCL VAT £9.78 35 Wind speed and direction indicator

Magnetic recording by N. Pollock
progress. Tape recording

has developed rapidly,
Blgsians byltheipoptiiarity ' 39 World of amateur radio
of hi-fi reproduction. James
Moir reviews advances in

DIP-DIP-DIP-DIP-DIP JUMPERS ' | TEST-CLIP TEST-CLIP

‘AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK

equipment and tape coat- .

B EX-STOCK DELIVERY ings. 40 News of the month
B 5 STANDARD LENGTHS ! ] ' e Business communications satellite  Video cassettes levy
6,1218,26,36" | | sy S " Responseto . Groen Paner
B WITH 14, 16, 24, 40 CONTACTS , : { } tions engineer, covers
& o i electrical characteristics and 44 Morse decodin
W FULLY ASSEMBLED AND TESTED 5 S ' applications of three s.a.w. ~ by N. Kyriazis 2
B INTEGRAL MOULDED ON TRy I types: bandpass filters,
—— - = - delay lines and oscillators.
STRAIN RELIEF ; | :
— . Clipan APTEST-CLIPoveran|Cand ! 47 Letters to the editor
p e B LINE BY LINE PROBEABILITY you immediately bring up all the Open channel frequencies Commercial broadcasting  The speed of light
SINGLE-ENDED DOUBLE-ENDED all prices 1-9 off. Huge discounts for quantity f§ '€2ds from the crowded board into
CONTACTS | 24" | | CONTACTS | 6" | 12" | 18" | 24" | 3§” L Cee B e o
14 £1.67 14 £211 | £221 | £231 | £243 | £263 Z2NEWAPTEST BHPSIVO P ' 5 Tg".]'?grfng;gge
16 £1.89 16 | £233 | £245 | £258 | £2.66 | £2.97 FROM . AV
24 £2.74 24 £345 | £362 | £3.78 | £3.94 | £4.30 SABIMpIES: ;g }g gggggg £2.76 . :
40 £4.38 40 £531 | £5.61 | £591 | £6.22 | £6.81 a8 EiE0n Issue priceloOprback it 54 F.m. detectors — 2
We can supply DIP, SOCKET, PCB, CARD-EDGE RS232, assemblies made-up, TRah T B e rede. Conntor, Unite 1 82, by S. W. Amos
tested, ready for use, cheaper than you can buy the parts, ask for quote. : ?:;‘"g;?:e{f'd;’osggg'r}cg’gﬁﬁe;A%‘;ﬁ: -
able on microfilm; please P h
. i : i 57 Battery-powered instruments
The NEW Modular Circuit Until now hobbyists had to buy professional solderless breadboards for their projects and pay professional prices. But g(;n‘t,zcstt'eggﬁrent issue 96p, back E rgypla:vHickn"']an :

‘now there’s EBBO a brand new total breadboarding system thats not only economically priced but offers far more issues (if available) £1.50, order

Buil dlng System advantages to hobbyists and schools. At the core of the system are twé starter packs, one for discrete component projects,

; S A neral
the other for integrated circuit (IC) projects. Each starter pack comes with a number of EBBO system modulesfittéd into a Elilinaymants toLCERROS

Sales Dept., Quadrant House, K E

tray and an illustrated booklet which guides you step by step in building ten proj ildil jectis si i A 2 Ci iti

t I jects. Building a project is simple because . The Quadrant, Sutton, Surre A 62 Circuit ideas
the modulefes:/re co!our-keyed anfj letter/number indexed and because EBBO is expandable, you can add to your system ; SM2 5AS ’ i L . (Gate tester Wide-ran ep.p.m Programmable ba ndpass filter
as many of the available compatible modules. For schools and beginners we have a complete step by step approach to Editorial '& Advertising offices: . A d 9 — 9

teach yourself electronics consisting of five basic electronics books and the discrete starter pack. So buy your EBBO

) A .. by it ———— -

Starter Pack, get your free step by step 10 project book! idi ; p Quadrant House, The Quadrant, @,
. guarantee. 'y step 10 pro) ooklet and start building projects yourself. Free advice or money back : Sutton Surrey SM2 5AS,

Student rates: 1 year £5.00 UK by A. W. Critchley

BASIC DISCRETE COMPONENT STARTER PACK and $16.00 outside UK.

This Starter Pack contains a tray, discrete component strip, battery holder and connecter and project booklet with ten

Distribution: 40 Bowling Green .

: Telephones:  Editorial | 01-661 : 67 Interfacing microprocessor systems
BASIC INTEGRATED CIRCUIT STARTER PACK s 3500. Advertising 01-6613129. by P. J ackgon and S. O. Newstead
The IC Starter Pack includes two terminal strips, two distribution strips and a spacer/support strip already in an EBBO tray, ; Telegrams/Telex: 892084
ready for use. A free project booklet containing ten IC projects with step-by-step instructions completes the pack. t ngbPRS_ (?t;o t 1year £10.00
o ubscription rates: 3 )
I s g el ’ UK and $33.80 outside UK. 71 Mulbtiplex keying for organs — 2
|
f

PrefEEs: ) Lane, London EC1R ONE. Tele- l ’ -
DC-1 Discrete Starter Pack £4.67 ) phone 01-837 3636. 5 77 Tellegen’s theorem — some applications

Subscriptions: Oakfield House, ’
Perryrnp;unt Road, Haywards by Harty E. Stockman

All prices shown are recommended retail incl. VAT
In difficulty send direct, plus 50p P & P.

Send S.A E. for a free copy of colour catalogues
detailing our complete range.

Heath, Sussex RH16 3DH. Tele-
phone 0444 59188, Please notify
a change of address. %

USA mailing agents: Expediters
of the Printed World Ltd, 527 Ma-
dison Avenue; Suits 1217, New

80 New products

AP PRODUCTS, PO BOX 19, SAFFRON WALDEN, ESSEX, (0799) 22036 York, NY 10022. 2nd-class

postage paid at New York. 82 Sidepands
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lectronic Brokers~Europe’s Prem

SUPERLATIVE U

Unless otherwise stated,
all test equipment sold
by us carries a 12 month
warrahty; For VDUs and
Teletypes we offer a 90
days warranty, and
computers are offered
with on site acceptance

and diagnostic tests
(which may qualify them
for independent on-
going maintenance).
When you buy from
Electronic Brokers you
know the equipment is
in ‘top notch’ condition.
It is refurbished in our
own service laboratories
and checked to meet the
original manufacturer’s
sales specifications. And
it's serviced by our own
highly qualified
technicians.

A copy of our Trading
Conditions is available
on request.

ANALOGUE VOLTMETERS
AND MULTIMETERS

Boonton.

93A True RMS Volitmeter. Bandwidth 10Hz-
20MHz. ImV-300FSD... ......... £375.00
Fluke.

883AB AC/DC Differential Voitmeter. 20Hz-
T00KHz. TmV-1100V. Very high accuracy
............................... £975.00

895A DC Differential Voitmeter. O-1 100V. Null -

sensitivity. 100uV-100V Very high accuracy
........................... . £95
Hewiett Packard.

400E AC Millivoltmeter. 10Hz-10MHz. 1mv/-
300V DC ofp proportional to ifp. . . . . £235.00
7563A DC Log Voitmeter / Ampilifier. Single i/p
range 360uV-100V O/P 0-1.1V @ 10mV/dB
............................... £400.00

Marconi.

TF2600 AC Milivoitmeter. 10Hz-5MHz. 1mV-
300V, IR e £175.00
TF2603 RF Millivoitmeter. 50KHz-1.5GHz.
UGENVASNY o oo o oo oy g £525.00
TF2604 Electronic Voitmeter. AC
20Hz-1.5GHz. 300mV31KV.DC 10mV-1KV.

02Q-500MQ. ... ... .. ... £350.00
TF2606 DC Differential \Voltmeter. 1mV/-
1100V on 5 decadediais. .......... £ 00.00
Philips.

PM2454B AC Millivoltmeter. 10Hz-1 ZMHZ
URANVESIEOY o i £oans moan £225.
ANALYSERS

Biomation.

1650D 16 Channel Logic Analyser. Displays
Timing, Map. hex, octal. Clock rate upto
50MHz. Supplied with display formatter and a
Hameg HM312-8 oscilloscope . . . . . £3600.00

General Radio.
1911A Sound and Vibration Analyser. C/W
Graphic leve recorder. 4.5Hz-25KHz. 1/3 or .
WAQETENE ,  t o e g e £1750.00
< 141T-8552A Spectrum
Analyser 0.5to
1200MHz. —117dBm
sensitivity. Log and
linear display. Variable
persistence CRT
........... £4350.00
8407A/8412A Network Analyser. C/W
8600A/8601A sweeper. 0.1-1 10MHz

............................... £3500.00
Marconl.

TF2330 Wave Analyser. 2bHz-20KHz, 30V~
EI00W ol n- - & - - 3e ol SRS £395.00
Tektronix.

IL5 Spectrum Analyser. 10Hz-1MHz . £750.00
BRIDGES & COMPONENT
TESTERS

AVO/BPL.

CB154/4 Electrolytic Bapacttance Tester. Q. 1uF-
IF. Accuracy 19% 10 2% .. ....... .. £515.00

Boonton.

63H Inductance Bridge. 0-110mH. Bndge
frequency 5-500kHz .. ........ ... £1950.00
280AP VHF Q Meter Q 2010 25,000.
210-610MHz. . ... £650.00

General Radlo.
1607A Transfer Function and [mmitance
Bridge. 25-1500MHz. Direct reading . £750.00

Marconi.

TF1245-TFi246-TF1247 'Q’ Meter and
QOscillators. Q 5 to 500. 40KHz-300MHz
................................ £950.00
TF1313/2M10.25% LCR Bridge. O.1uH-110H,
0.1pF-100uF. 3mQ2-110M&. 1 and 10KHz

TF2 700 1% LCR Bridge. 0.2uH-110H, 0. 5pF
110uF, 0.012-1 1MQ. Battery operated

0.00

Rahde & Schwarz.

KRT (BNSIOO] Capacitance Meter 1pF-100uF.
2.2-285KHz. ..o £395.00
LRT [BN(:IOO] Inductance Meter. 1 pH-100uH.
2.2-285KHz. .. ... L. £395.00
Wayne Kerr.

B2210.1% LCR Bridge. 0.0002F-1 1. 1uF.
90-500G, 0.9mH = 5MH, 2pu-111muy

B641 0.1% LCR Bridge 0.002pF. 50, OOOuF
200nH-5MH, 2mQ-50.000MQ, 20pu- SOOu
............................... 445.00
A60 Testmatic Dynamic Circuit Tester
Automatically checks upto 60 functionsin-10

secondsonPCB's................ £B895.00
CALIBRATION EQUIPMENT
Advance.

OFSZB Off Air Frequency Standard. O/P 1 and
HOMEIZ S NS ~ ... .. .. % £95.00
Bradle

1258 AC Calibrator. 0-51 1V in 0.1V steps @
COREORIOIRE L odtet a0 £42

Fluke.

© 332ADC Voltage Calibrator. Oto

1117.1110V. 0.1ppm resotution. 0.003%

calibration accuracy. .. .. ... ... £1750.00

760 Meter Calibrator. DC/AC Volts and current
£2150.

Hewlett Packard.

7418 DC Voltage Source and AC/DC
Differential Voltmeter. . . ... ...... .. £695.00
Tektronix.

191 Constant Amplitude Generator. 350KHz-
TOOMHz ... ... . £350.00
FREQUENCY COUNTERS
Advance,

TC15 & P1 Frequency Counter. DC —
500MHz, 9digts ... ......... ... £400.00
Fluke.

1900A-01 Frequency Counter. 5Hz-80MHz. 6
digits. Mains / battery operation . ...£195.00
1911A-01 Frequency Counter. 5Hz-250MHz.

7 dr%itsA Mains / battery operation’ . . . £325.00
1912A Frequency Counter. 5Hz-520MHz. 7
digIt s L £340.00
1925A Frequency Counter. 5Hz-125MHz, 9
digits, EM! proof case .. ............ £375.00

Philips.
PM6604 Timer Counter. DC — 50MHz, 6 p
GGIES R £150.00
PM6614 Frequency Counter. 10Hz-520MHz, 9
iGN - - TN £450.00
PM6615 9 digit 1GHz
Frequency Counter.
10mV sensitivity.
Penod. ratio and
totahzin . £695.00
PMb664 Fully Auto Frequency ounter. 10Hz-
520MHz. 8digits . ...... ... .. £250.00

DVM's AND DMM'’s

Advance,

DRMé6 42 Digit True RMS DVM. DC — 1MHz,
10uVresolution . ........ ........ £150.00
Datron.

1051 5Y2 Digit DMM. AC/DC Volts.
Resistance. True RMS. 0. TuV resolution

............................... £900.00
Fluke.

8800A 52 Digit DMM. AC/DC voits,
resistance. tuV resolution .. ..... ... £495.00
Hewlett Packard.

34702A & 34740A 4; digit DMM. AC/DC
volts, resistance .......... ....... £225.00
3490A 52 Digit DMM. AC/DC volts,
resistance, |uV resolution .. ........ £495.00
Philips

PM2 IB/\ 32 Drglt DMM. AC/DC volts and
cusrent, resistance. . £80.00

.-.... Latest Test Equipment.....

PM2514 32 Digit Autoranging DMM. AC/DC
volts and current, resistance . ... . ... 5.00
PM2517E 4 Digit Auto ranging DMM. AC/DC
volts and current, resistance.. . .. ...

PM2527 42 Digit DMM. AC/DC volts current
and resistance. TOuV resolution. True RMS

.............................. . £400.00
Solartron.

A243 52 Digit DMM. AC/DC volts, resistance.

luVresolution ........... 0% . . .. £425.00

7055 Microprocessor DMM. Scale length
200.000. AC/DC volts, resistance. . . £850.00
7055 plus processor control and RS232
(MTEEE o i - - o e o o g - o £11 50.00
7065 Microprocessor DMM. Scaie length *
1,400.000. AC/DC volts, resistance .. £950.00
7065 plus processor control and RSZBZ

nterface R L IT T £1250.00
Weston,

4440 3Y2 Digit DMM AC/DC volts, DC
CUTentresistance ... .............. £90.00
MISCELLANEOUS

Avantek.

UA10I RF Modular Ampiifier. 5-500MHz,
10!5dBgain, . =il S5 g £39.00
UA103 RF Modular Amplifier. 10-500MHz,
10dBIgdim, - i £39.00

gain 39.00
UA305 RF Moduiar Amplifier. 2-500MHz, 13dB
gainey:: i B g o g SN £39.00

Avo.

VCMI63 Valve Tester ... .......... £425.00
Dymar. '

1581 RF Power Meter. DC — 500MHz.
30mW-100W. oo £350.00
Ferrograph.

RTS2 Recorder Test Set Measures Wow &
Fiutter, Distortion. Gain. ........... £345.00

Hewlett Packard. i

335E Programmable Attenuator. 0-12dB. DC
—10GHZ, 502 .. ................. £75.00
432A Power Meter with 478A Thermistor
Head. 10MHz-10GHz. 1004W-10mW/

................................ £450.00
4329A Insulation Resistance Meter. Range
500KQto2x 10%8Q. ... ... ... £500.00

481 5A Vector
impedence Meter. 0.5
to 108MHz. 2 range
182-100K8. Phase
0-360°. Recorder O/P
01V ...... £1650.00
8745A S Parameter Test Set. Fitted with
11604A Universal Arms 0.1-2GHz. . £2750.00

Marconi.

TF791D Deviatton Meter. 4-1024MHz
......................... ... £195.00
TF893A AF Power Meter. |mW-10WE185.00
TF2300 AM/FM Modulation Meter.

(QIDZIZ Q0N 1 ZASNN S £375.00 .
Rohde and Schwarz. )
MSC Stereo Coder. 30Hz-15KHz. . . . . £500.00
Radiometer.

BKF10 Automatic Distortion Analyser. 20Hz-
20KHz 0.02%-10% .. ........... £1100.00
Rifa.

EVV 300 Microprocessor Development Kit.
Based ori Motorola 6800 TTY interface
................................ £495.00

Tektronix.

TMS515 Main Frame C/W FG504. 0.001 Hz-
40MHz Function Generator and 2 off PS503A
Power Supplies. . ................

TM515 Main Frame C/W SC502. 15MHz
oscilloscope, FG503 1.MHz-3MHz Function
Generator, DM502 3V digit DMM, DC503
100MHz counter .. .....0 ... ... .. £1495.00

ier Test Equipment Company offer

SED EQUIPMENT
ALIBRATED TO ORIGINAL SPECS

February 1981.

February 1981...... Latest Test Equipment......

MULTIMETERS

Avo.

8 MK 5 Multimeter 20KQ/volt ........ £70.00
Fullleadkit.............. ... .£5.25
Test Set Number 1. 20KQ/volt. very robust
................................. £75.00
Fullleadkit. ... ... .. .. ..... .. .. £5.25
EA1 13 Electronic Multimeter. High input
Eedancen. *o. . .. ... . ... ...... £115
S.E.l

Super 50 Selectest. 20KQ/volt. .. ... .. £77.00
OSCILLOSCOPES

Hewlett Packard.

130C XY Oscilloscope. DC — 500KHz. ZOOuv-
ZOWVL]RY 0.00
1707 A Dual Trace Portable Oscrlloscope DC
— 75MHz Full delayed sweep. 30 day
waranty ... £550.00
1707B Dual Trace
Purtable Oscilloscope.
DC — 75MHz. 10mV-
S5Vidv. Full delayed
and intensified sweep.
Tngger hold off
........... £725.00

Philips.

PM3212 Duai Trade Portable Oscr”oscope DC

—25MHz. 2mV-10Vidiv . ...
PM3262 Duai Trade Portable OscrHoscope DC

— 100MHz. Full delayed sweep. . .. £1250.00
SE Labs.

SM121 6 Channel Monitor. 12" crt. internal
SWIEED) 1 0 o o R £395.00
Tektronix.

432 Dual Trace Portable Oscilloscope. DC —
25MHz. ImV-10V/div. . ........... 0.00

465 Dual Trace Portable Oscilioscope. DC =
100MHz, 5mV-5V/div. Full delayed sweep
.............................. £1195.00
T932 Duai Trace Portable Oscilloscope. DC =
35MHz 2ZmV-10Vvidiv ... ... ... £550.00
52 A PAL Vectorscope. Measures Lumrnance
Amplitude. Chrominance Phase. Chrominance
Amplitude, Differential Phase and Gain. As
new condition .. ........ .. . £2650.00
7704A Main Frame C/\W 7A26, 7B80, 7885.
Duai Trace DC — 200MHz . ... .. .. £3550.00
Telequipment.

DM64 Duat Trace Bl-Stable Storage
Oscilloscope. DC — 10MHz. Max wrmng

speed 250div/imS ... ... ... 5.00
D67A Dual Trace Portabie Osculoscope DC ==
25MHz. Full delayed sweep .. ... ... 5.00
D75 Dual Trace Portable Oscilloscope. DC =
50MHz. Full delayed sweep ..... ... 5.00
OSCILLOSCOPE PROBES
EBS0 X Probe. 1.2 mtr length DC — 20MHz
................................. £9.00

EB91 XlO Probe. 1-2 mtr iength DC —

| COIMIAPRZ ey S e £11.00
EB95 XI 'X10Probe. 1.2 mtr length DC =
10MHz or DC — 1 00MH £15.

POWER SUPPLIES

Advance.

PMA47 0-15V preset @ 3A. . ........ £37.00
PMAS0 0-15V preset @ 5A . . £45.00
MG5-60 5V @ 60A switching . . .. .. £160.00
MG5-20 5V @ 20A switching .. .. .. £120.00
MGS5-10 5V @ 10A swrtchrng ....... £95.00
MG24-12 24V @ 12A switching . .. £130.00
RECORDERS

Bryans Southern.

40000 12 Channel UV Recorder Plus 2 off
40501 Galvo Amps. 6" paper . ... ... £950.00
Hewlett Packard.

2FA XYY A3 Plotter. 2 Pens on Y axis. Internal
X sweep, Electric papergnp ... .. £725.00
7035B XY A4 Plotter. 4mV-4V/icm X and Y.
Electric paper grip. .. .............. £650.

Phitips.
PM81 10 Single Channel Chart Recorder.

[OMVZIOV S e o M £195.00
Racal.

Store 4 Tape Recorder 4 Channels FM. DC —
2 0K Rz T £1650.00
SHEN Labs

3006/12 12 Channel UV Recorder Grid and
uming lines. 6" paper ... .. ... .. .£550.00

601250 Channel UV Recorder. Servo paper

drive upto 5 métrs/sec. 12" paper. . . £1100.00
Watenabe.

MCé41 6 Channel Chart Recorder. 1 mv/-
100V. 250mm scanwidth ... ... .. £1950.00

MC611-S4L. 4 Channe! Chart Recorder;
100uV-2V . 400-800- 1 600mm/Hour/Minute
............................... £700.00
WTR 281 6 Channel Chart Recorder. 2mv-
1000V FS. 0.5 to 250mmy/sec/min . . £1250.00

Yokagawa.

3047 2 Channel Chart Recorder. 0.5mV-100V.
2am/he-60cm/imin. ... oLl £450.00
SIGNAL SOURCES

Hewlett Packard.
203A Variable Phase Oscillator. O O05Hz-

SOKRIZA0:360°0 . e L £450.00
606B AM Signal Generator. 50KHz-65MHz
ANICZOS oI . Rt o £850.00
612A AM/PM UHF Generator. 450-1230MHz.
OdpV-0O5V ... £775.00
616B UHF Signal Generator. 1.8to 4.2GHz. Int
pulseMod. ......... ... ... ... £1000.00
6518 Test Oscillator. 1 0Hz-10MHz.

@ NTAVESL DY 5 - o o o 5 e o oo o £415.00

4204A Digital
Oscillator. 10Hz-1MHz.
- ImV-10V into 60082.
Frequency accuracy
*.2% or =0. [Hz
............. £695.00
8640B opt 002 Phase Locked Digital Readout
AM/FM Generator. 500KHz-1023MHz

............................. £3650.00
8600A + 8601A RV Sweeper + Markers.
100KHZ-110MHz ... .. ..... ... .. £1500.00

8690B RF Sweeper Main Frame C/W the
following RF Modules: 86988 400KHz-
- 1OMHz 8699B 0.1-4GHz. 8694A 8-12.4GHz

............................ £2500.00
Marconi.
TF144H/4 AM Signal Generaror 10KHz-
T2MHz 2uV-2Vo . £750.00
TFI 44H/4S AM Signal Generator. 10KHz-
J2MZ 2 1N 7 £550.00
TF995B/2 AM/FM Signal Generator. 200KHz-
220MHz. 14-200mV". ..o £675.00

TF995B/5 AM/FM Signal Generator 200KHz-
220MHz 1uV-200mV . Narrow deriation for
OIS oo % o aacoo o oo -oaaa £695.00
TF1370A Wide Range RC Oscillator. [QHz-
10MHz. Sine wave, square wave upto 1 00KHz
......................... ....£275.00
TF2002B AM/FM Signal Generator. 10KHz-
88MHz. 0.1uV/-1V. 20Hz-20KHz Mod
frequency ...................... £1200.00
TF2005R 2 Tone Signal Source. 20Hz-20KHz.
0-111dBin0O.1dBsteps . .......... £295.00
TF2100 AF Osclliator. 20Hz-20KHz. 0.05%
distortion. ... £150.00

Phiiips.
PMS5 108 Function Generator. 1 Hz-1MHz.
Sine, square and triangle. Triangle O/P

.............................. £250.00
PM5 127 Function Generator. 0.1HZ-1MHz.
Sine, square and triangle . .. ........ £395.00

PM5167 Function Generator. 1 MHz-10MHz.
Sine. square,  pulse, ramp and triangle

B T e C e o 0 MESE o oD o £500.00

Tektronix.
2101 Pulse Generator. 2.5Hz-25MHz. £+3;|gd

- Scanner, R1-1 computer interface. .

\\\ I/ 4
X\

Telonik.
2003 RF Sweeper System. 1-300MHz. 5 and
1OMHz markers .. .............. .. £950.00

SOUND LEVEL METERS

Bruel and Kjaer.

2203 Sound Level Meter. C/W 4145 1"

Microphone. A, B. C, weighting. . . . . £395.00

General Radlo.

1933 Sound Level Meter C/W 1935 Cassette

Data Recorder. 10-130dB. ABC weighting

Octave band filters at 10 centre frequencies

from 31.5Hzto 16KHz . ... ... ... .£995.00

1981 Sound Leve! Meter. 70-120dB. Digital

and analogue reading. Peak hold. A werghtrng
£300.00

1983 Sound Level Meter. 70- )2dD A

weighung ... £195.00
TRANSMISSION
MEASURING EQUIPMENT
Marconl.

OA2805A PCM Regenerator Test Set.

- Comprised of TF2801/2, TF2802/2 and

TF2823. For use on systems at 1.536 and
2048Mbits . ... ... £2700.00
TF2807A PCM Multiplex Tester Comprises
Noise / Sinewave source and level meter
............................... £1500.00
TF2332 AF Transmussion Test Set. 20Hz-20KHz
................................ £425.00
TF2333 MF Transmisston Test Set. 30Hz-
SEOKHZ e Tt e £600.00

Siemens.

D2040 Selective Level
Analyser and
Voltmeter 10Hz-
60KHz. —110dB to
+ 50dB. 3uV-300V Lin
and log indication. 5
digit frequency readot 't
........... £1200.00
D2072 + W2072 tevel Meter and Oscillator.
50KHz-100MHz. —1 10dB-0dB. Receve
bandwidth 3.1 and 10KHz ... ... .. £2200.00
D2074 + W 2074 Level Oscillator and Level
receiver 50KHz-100MHz. —100to + 20dBm.
Receive bandwidth 80Hz. 3.1KHz and 10KHz.
CW G2006 to perform as a programmable

SYSIEMMk e o r e s e g e . £2600.00
W 2006 + D2006 Carrier Level Test Set. 10KHz-
17MHz. —100t0 +10dB .. ....... £1650.00

W2007 + D2007 Carrier Level Test Set.
6KHz-18.6MHz. —120to +20dB .. £1800.00
D202 +W2021 +G2021 Carrier Level Test
Set. 10KHz-25MHz. — 100 to 10dBm

1 e | e A £1700.0000

Wandel and Golterman.

PF-1 Dgital Error Rate Measuring Set.
Consisting of PFM-1 Digital Error Rate Meter
and PFG-1 Pettern Generator. . . . .. £2490.00
PSO-5 and PMO-5 Level Measuring Set.
10KHZz-36MHz. —1 10 to + 20dB. C/W AZD+
Scaleexpander.......... ....... £2050.00
SPM-6 and PS-6 Level Measuring Set.  +
6KHz-18.6MHz. —110dB to + 20dB. Mains /
battery operation .. .............. £2150.00
Andimat (PSM-4 2MHz Automatic PCM

Testing System) composed of the following
PCM-T PCM Test Set. PDA-64 PCM Signaliing
Analyser, PMD-1 Digital Level and Noise
Measuring System, PDG-1 Digital Signal.
Generator, PDA-1 PCM Digital Signal

Analyser, PsM-4 Level Measuring Set, MU-4

. £6500.00

W\X/-040
for further details
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Electronic Brokers 1s Europe’s largest
specialist N gquality, second user test
equipment, computers and associated
peripherals. Established 14 years ago,
we have pioneered the second user
concept in Britain, and many overseas
teriitories.

. To support our growth we have
a skilled team. This includes trained
sales staff, whose role 1s not only to
sell, but provide a helpful information
service to our many customers. Backing
this tleam i1s our own service laboratory
where technicians monitor each item of
equipment we sell Our maxim 1s
service, and those who have dealt with
us will know that we endeavour to
always hve up to our reputation.

Wherever your business is — UK,

Europe, in fact anywhere in the world,
the Electronic Brokers Organisation s
just a telephone or telex call away!

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

ADD 15%VAT TO ALL PRICES

Carriage and Packing charge extra on all
items unless otherwise stated.
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N
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Electronic Brokers~-Europe’s Prem jer Used Computer Comp

any offer

SUPERLATIVE USED COMPUTER
EQUIPMENT-AS NEW CONDITION

........February 1981.................. Latest Computer Equipment .............

"PDP11 C.P.Us

This bestselling mid-range mini is
now coming avallable on the
second-user market at worthwhile
price savings and, often just as
1mportant, we can offer fast
delivery.

Available with parity MOS core or
cache memory, expandable to
124KW. the processor includes as
standard many features which are
often-expensive add-ons on other
systems,

* Integral memory management.
* Integral extended instruction
set (EIS}

* Self-test diagnostic routines.

* Automatic bootstrap loader.

* Direct memory access.

* Automatic Power Fail/Restart.

DEC. .

PDP11/03-SD Processor in 3" chassis compiete with 16KW MOS

memory and E 1S option.

BRANP NEW —-ONLY £1495.

PDP ¥'1/04 Processor in 10Y2" chassis complete with 16KW MOS

merfiory and DL 1W Interface.

BRAND NEW {can be enhanced to 28KW/) £4500.00

#OP11/34in 10" chassis complete with 69KB MOS memory
5500.00

PDP11/34 Processor [non-A) in 10%2" chassis complete w:th 128KB

MOS memory, DL11W Interface and programmers front panel

PDP11 MEMORY

DEC,

MF11L 8KW core memory c/w 9-slot system unit

MM 1L 8KW core memory

MM11LP 8KW parity core memory £7
MM 1DP | 6KW core {ex DEC-maintained | 1/34 systems}
BARGAIN OFFER — ONLY

£15

MMI 1upP IéKW ity core memory [pre-requisite MF11UP)

£1250.00
MST1JP 16KW MOS memory ...£675.00
MSVT1C 16KW MOS memory (LSH11). ... £495.00
MJ11-BE 64KW 11/70 memory . £4500.00
MK 1-BE 64KW MOS memory for 11/70 £3950.00
MS11-MB 256KB ECC MOS memory for 11/44 (NEW) . . . £3942.00

DISKS

DEC.

RK0S5. add-on disk drive 22 meg.

Exchangeable cartridge type.

From
RKO6 Add-on disk drive 14 meg, Free standing. From . . . . £3250.00
RKO7-ED Add-onDiskdrive 28 meq. .................... P.O.A.
RLOI-AK Add-on Disk drive 5’meg. . . . h . £1975.00
RPO2 20 meg add-on disk drive .. .. . £1250.00
RPO4 add->n 88 meg disk drive . . ... £8000.00
RPO6 add-on 176 meg disk drive .. £15,950.00
RX11-BD Dual fioppy disk drive and contra! £1800.00
Controllers usually available for above drives.

MAGNETIC TAPE
DEC.
Available from time to time — TU10, TU45, TE16 TSO3 etc.

PDP11 OPTIONS

DEC.

AATID VTOI Controfler with 4-slot System Unit
DD11A 4-slot System Unit

DD1 1B 4-siot System Unit .

DD11-DK 9-slot backp!ane

DL |1 Serial Interface

DL11WA/B Serial interface/Line Clock
DR 1C General Purpose Interface .
DRV 11V 16-bit Parallel Interface .
DZ11A 8line E1A MUX

FP11A Floating Point. .

KLIT TTY Interface

KW1 IL Real Time Clock

KW T1P Programmable Clock .

M105 Device Selector

M792 ROM Diode Matrix . . .

M920 Unibus Connector . .

M93 t0-YB Bqotstrap

POWER SUPPLIES

DEC.

H720 Power supply for BAT1 Expander Box, BRAND NEW
SURPLUS £

PDP8A C.P.U.
DEC.
PDP8A Processors, systems and add-on memory usually availabie.

PDP8A MEMORY

DEC.

MMBAA 8KW Core . ... .. b o e i PO - CLCLE £750,00
MMBAB 16KW Core

PDP8E CPU, MEMORY, OPTIONS

DEC.

DP8EB Communications Adaptor

KABE Positive 1/0 Bus.

KDB8E Databreak

KL8E Synchronous Interface . .

KP8E Powver fail/auto restart

MMBE 4KW Core memory stack

TABE Dual Cassette Drive and Controfier
VT8E Set graphics Control Modules

TERMINALS

DEC.

LA34 DECwriter 1V 30cps desk- -top terminal, 132 columns,

upper/lower case ASCll £495.00
= LA36 DECwriter 1 | Keyboard

u Printer Terminal. The Tzrmnnal that

has become an industry standard,
with 132 column upper/iower case
printing and switch-selectable
speeds of 10, 15 & 30cps. Available
with either 20mA or RS232
interface
VT52 24 lines by 80 columns, 7x 7
dot matrix, upper and lower case

. ASCH. includes numeric keypad,
¢ 20mA or RS232 interface . £450.00

VT 1004 Also available from time to time, DEC’s latest 132 column

display terminai. Please enquire for latest price and delivery £750.00

VDUs

Hazeltine. H1000 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 x 80
display upper case ASCIl, RS232
interface, choice of baud rates
SUPER VALUE

VDUs

Hazeltine.

H2000 Superb spec. including full
XY cursor addressing and edit
facility. 27 x 74 dnpiay upper case
., ASCIl. RS232 interface, switch-
selectable baud rates . . .. £299.00

H2000C NOW ALSO AVAILABLE
with 25 x 80 line format and
C-MOS iogic £3

Modular One. Now with
upper/lower case, XY cursor
addressing. 24 x 80 line display.
dual intensity detachable
keyboard, choice of 8 transmission
rates up to 9600 baud . . . £399.00

PRINTERS

Centronics 101. Heavy Duty Matrix printer with 64
ASCH upper case character set. 165
cps operation. 132 print positions
with adjustable tractor feed.
Paralielinput. ONLY, £495.00

GPBO GRAPHICS. BRAND NEW — LOST COST
MATRIX PRINTER IDEAL FOR
MICROPROCESSOR USERS SUCH
AS HOBBYISTS &

EDUCATIONALISTS OR ANY

LOW-BUDGET APPLICATION

Full upperfiower case ASCH
PLUS GRAPHICS Mode
80-cqlumn printing with
adjustable tractor feed
Standard and double-width
characters {12 cpi and 6 cpi)
30cps print speed with 1-line
buffer

Standard parallel {Centronics-
type| interface

Optional interfaces available for
RS232, |[EEE488, Tandy, PET,
Applell

ONLY

GE Terminet 1200.
RO pfinter, 80 columns, tractor feed,
Interface

Hazeltine. . ]
Thermal printer, 80 columns, 30 cps silent RO with parallel TTL input
£395:00

Tally 1602.
Matrix printer. parallel input, upper/lower case, tractor feed, as new

Teletype.

ASR 33 input/output terminal incorporating paper tape punch and
reader. 64 ASCHl upper case character set. 110 baud operation, even
r’if(’gty keyDoard choice of RS232 or 20mA interface.

Optlons.

ICL-type keyboard

8th level marking . . . .

Remate reader control

Reader step

Auto reader . .

Pedestal

PRINTERS

Low Cost Printer Offer.

Teletype 33 printer mechanism
including case but no keyboard or
electronics. 64 upper case ASCIl.

10 cps. pinfeed platen, ideal for the
electronic hobbyist ONLY . £85.00

Termiprinter 7075.
Impact printer, upper/iower case, pin feed, RS232
Texas.

725 portable terminal with acoustic coupler

733 ASR terminal utilising high performance twin cassette drive for
fast time-saving transmission and off-line storage. .

* Silent operation

* Switch-selectable transmission speeds 10. 15. & 30 ¢cps
* Full tape editing capability

* High-speed duplication and rewind

* Standard RS232 interface

745 LIGHTWEIGHT {1 3lbs) terminal with integral acoustic coupler
10/30 cps, carrying case 0.00

MONITORS
EMI.

£325.00

15in. diagonal tbe, antegral
power supplies, accepts composite
or separate video input. BRAND
NEW SURPLUS £100.00

Ball Miratel TTL15.

15in. diagonal green phosphor tube. integral power supply.

Requires separate horizontal and vertical video input. BRAND NEW
SURPLUS £75.00

FLOPPY DISK DRIVES
Shugart SA400.
54" MINI-FLOPPY (NEW)
* Capacttg {unformattedj:

110Kb (single density}

220Kb {double density}
* Transfer rate: 125/250 kilobits/sec.
* Average access time: 463ms.
* Read/Write and Write Protect electronics
* Power requirements + 5VDC + 12VDC

Dimensions 5% x 3% " x 8", weight 3Ibs

Supplied complete with technical manual.
Application notes are available on interfacing the SA400 to Intel
8080A Motorola etc £195.

Shugart SA450.
Double-sided, double density
minifloppy providing 440KB
unformatted storage capacity, yet
the same compact size and weight
as the SA400. 2
Shugart SA801.
8" FLOPPY (NEW)
* Capacity {unformatted):
400Kb (single density)
800Kb (double density)
Transfer rate. 250/500 kilobits/
Sec.
Average access ime: 21 1ms
Read/W/nte and Write Protect
electronics
Power requirements
+24VDC +5VDC —5vVDC
Dimensions 4§" x 92" x 14"
Supplied complete with technical
£395

£1375.00

February 1981...... Latest Computer Equipment

PAPER TAPE PUNCHES

Digitronics.

P 120 papeér tape punch. Solenoid-actuated unit capable of punching

5 to 8 channel tapes at speeds.upto 35 cps.

Puise amplitude 27 VDC. Compact table-top unit
Facit 4070.
The top quality punch that has
become an industry standard
Asynchronous 75¢ps operation.
Adjustable for punching 5, 6, 7 or
8 level tape. Seif-contained desk-
top unit incorporating supply and
take-up spools, chad box, and TTL-
compatible controf logic . £650.00

KEYBOARDS

George Risk.

New ASCH Keyboards

New Low Prices KB771 Superb 71-station ASCH
keyboard incorporating separate
numeric/Cursor controt pad and
instalied in custom-built steel
enclosure with textured blue
enamel finish. Ideal for the VDU
builder. Case dimensions: !

L7 x 7V X 3%
Total weight 4kg. PRICE .. £85.00
Mail Order Total £103.50

KB756 56-station ASCH keyboard mounted on P.C.B. . . £39.50
Mail Order Total

KB756MF as above, fitted with metal mounting frame for extria“‘5 B0

ngidity

KB710 10- key numeric pad. supplied with connecting cable.. . 289 Og

Mail Order Totai
KB701 Plastic enclosure for KB756 or KB756MF .
Mail Order Total
KB702 Steel enciosure for KB756 or KB756MF
Mail Order Total
KB2376 Spare ROM encoder
Mail Order Total
KB15P Edge connector for KB756 ar KB756MF
Mail Order Totai
DC-512 DC convertor to allow operation at 5V only (plugs in to
(T TN T e . G £7.5
Mail Order Total. . L ON20)
DB25S Mating connector for KB771
Mail Order Total
PERK 56-station ASCH keyboard for PET complete with PET
interface, built-in power supply and steel enclosure £95
Mait Order Total

Discounts available for quantities.

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

ADD 15%VAT TO ALL PRICES

Carriage and Packing charge extra on all
items unless otherwilse stated.

W\W/-041 for further detaiis
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Electronic Brokers Is the largest
specialist buyer and seller of used
computers in Europe.

Qur specialists deal daity in DEC,
Data General and many of the
numerous and well-known
manufacturers of related systems and
peripherals such as Teletype,
Hazeltine, Texas, Hewlett Packard,
Textronix. All computer equipment
otftered by Electronic Brokers i1s
maimtenance ¢ligible by the original
manufacturer.

Our customers come from the
flelds of industry, education, research,
government and general comimerce
We have met their needs time and time
again.

Whether your requirements are
quick replacement, low cost
glevelopment systems, addrional
capacity for existing equipment, or a
cost-effective used configuration — we
are only a phone call or telex away.

Calluson 01-278& 3461 and speak
to one of our skilled sales specialists
famihiar with your equipment needs.
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NEW NEW NEW

Linsley-Hood 35 and 45 Watt
MOSFET Power Amplifiers
New. Latest hot-off-the-press design by John Linsley-Hood described in this months issue
of Hi Fi News. External appearance is identical to the 30 watt design but minor circuit
changes and MOSFET output devices give lower distortion, audibly better sound and
higher power output. The delicacy and transparency of tone quality enable this amplifier
to outperform on a side-by-side comparison the buik of amplifiers available today, even
surpassing the Authors own 75watt design. 3
Complete Kit for fully integrated 35watt MOSFET amplifier £87.40. Plus VAT
Same but 45watt output £94.80. Plus VAT. .
Conversion Kit with full instructions for use with existing 30-watt amplifiers £16.90. Plus

VAT.
Reprints of MOSFET article. 25p. No VAT. Post Free.

I ) LINSLEY-HOOD 30 WATT AMPLIFIER

For those who missed our recent bargain
CT4s we now are delighted to be able to
offer Brand New Lenco FFR Decks com-
plete with motor speed and auto-stop
contro) board fitted and tested. These will
operate with any supply between 9 and
16 volts. This deck can be used for both
record and playback applications and is
fitted with an erase head. A mono
record /play head is fitted and we can
supply an extra stereo head, if ordered
with the deck at the very special price of
£2 plus VAT. We also supply, with each
deck and completely FREE, one of our
specially moulded escutcheons. This deck
would normally cost about £25 but we are
able to offer them, while they last, at only
£9.99 plus VAT.

SUPER BARGAIN OFFERS
LENCO FFR CASSETTE DECK

The very latest amplifier design to be published and in our opinion the best yet, The
concept was to produce an amplifier that sounded as good as the authors 75 watt design
but which was cheaper and simple to build for applications where the higher power is not
needed. This new kit is designed to match the Linsley-Hood Cassette Recorder 2 and a
tuper will be available later to make a complete stackable system. A very advanced
assembty system has been devised by us to make construction ultra simple and anyone
who can solder components in a printed circuit board will find it great fun, Conventior.al
wiring is at an irreducible minimum, only being needed to connect the mains transformer
and pilot light. For an amplifier of this quality this kit represents incredible value for
money.

All parts can be bought separately at a total cost of £79.12 but complete kits are available
- ata special introductory discount price of only £72 + VAT,

Reprints of original Articles from 'Hi Fi' News’ 50p. Post Free. No VAT.

LINSLEY HOOD CASSETTE RECORDER 2

TOP LOADING Ht FI CASSETTE DECK. Very limited quantity of British made Thorn
4499 top loading decks fitted with stereo R/ P head, 3 digit re-settable counter, 1 2 volt
electronic speed controlled motor and auto stop read.

Very special price £12.99 Complete with top cover and cassette door. Post etc. £1.50.
VAT £2.34.

LINSLEY-HOOD PEAK DRIVE INDICATOR

A very useful device. connected to loudspeakers giving a 4 light readouts of peak power
delivered for the protection of both the loudspeaker and the perceived quality of sound”%
Gives instant indication even for peaks of only 5 microseconds duration. Unit uses CMOS
technology, is self-contained and battery powered. Complete Kit except batteries, only
£17.40 plus VAT.

Reprint of Article 250. No VAT Post Free. Our new improved performance model of the Linsley Hood Cassette Recorder

incorporates our VFL 910 vertical front mechanism and circuit modifications to increase
dynamic range. Board layouts have been altered and improved but retain the
outstandingly successful mother and daughter arrangement used on our Linsley Hood'
Cassette Recorder 1. - i
This latest version has the following extra features. Uitra low wow-and-flutter of .09% —
easily meets DIN Hi-fi spec. Deck controls latch in rewind modes and do not have to be
held. Full Auto stop on all modes. Tape counter with memory rewind. Qil damped cassette-
door. Latching record button for fevel setting. Dual concentric input level controls. Phone
output. Microphone input facility if required. Record interlock prevents re-recording on
valued cassettes. Frequency generating feedback servo drive motor with built-in speed
control for thermal stability. All these desirable and useful features added to the excellent
design of the Linsley-Hood circuits and the quality of the components used makes this
new kit comparable with built-up units of much higher cost than the modest £94.90 +
VAT we ask for the complete kit.

CASSETTE HEADS
HS15 SENDUST ALLOY SUPER HEAD. Stereo R/P. Longer life than Permalloy. Higher
output than Ferrite. Fantastic frequency response. Complete withdata ... .. 7.60
HS16 Very latest Sendust Alloy Super Head with even better HF Response .. 8.20

LINSLEY HOOD CASSETTE RECORDER 1

We are the Designer Approved suppliers of kits for this excellent design. The Author's
reputation tells all you need to know about the circuitry and Hart expertise and experience
guarantees the engineering design of the kit. Advanced features include: High-quality
separate VU meters with excellent ballistics. Controls, switches and sockets mounted on
fCB to eliminate difficult wiring. Proper moulded escutcheon for cassette aperture
improves appearance and removes the need for the cassette transport to be set back
behind a narrow finger trapping slot. Easy to use, robust Lenco mechanism. Switched
bias and equaiisation for different tape formulations. All wifing is terminated with plugs
and sockets for easy assembly and test. Sophisticated modular PCB system gives a
spacious, easily built and tested fayout. All these features added to the high-quality
metalwork make this a most satisfying kit to build. Also included at no extra cost is our
new HS15 Sendust Alloy record /play head, available separately at £7.60 plus VAT, but
included FREE as part of the complete kit at £75 plus VAT.

REPRINTS of the 3 articles describing this design 45p. No VAT.

REPRINT of Postscript articte 30p. No VAT.

Part Cost of Post. Packing and Insurance
Order up t0 £10 — 50p

Over £60 — £1.50 £2 Documentation and Handling
Please send 9x4 SAE for lists giving fuller details and price breakdowns.

Instant easy ordering, telephone your

Orders £10 to £49 — £1 p&P Export Orders — Postage or shipping at cosi plus

"HC 20 Stereo Permalloy R /P head for replacement uses in car players, etc.
HM30 Stereo R/P head for METAL tape. Complete with data
H561 Special Erase Head for METAL tape
H524 Standard Ferrita Erase Head . . ... ... .............
4-Track R/P Head. Standard Mounting
R484 2/2 (Double Mono)R /P Head. Std. Mtg.
ME151 2/2 Ferrite Erase. Large Mtg. . .........
CCCE/8M 2/2Erase. Std. Mtg. . ... . ... .. ...ttt

All prices plus VAT
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DON'T GAMBLE

WITH PERFORMANCE
BUY |

LEVELL VOLTMETERS

A.C. MICROVOLTMETERS

VOLTAGE & 154V, 50uV, 150V . . . 500V fsd.

dB RANGES Acc. + 1% * 1% fsd = 1uV at 1kHz.
— 100, —90 . . . + 50dB.
Scale —20dB/ +6dB ref. 1mW/6000.

RESPONSE + 3dBfrom 1 Hz to 3MHz, .
+ 0.3dB from 4 Hz to 1TMHz above 500, V.
TM3B filter switch: LF cut 10Hz, .
HF cut 100KHz, 1T0KHz or 350Hz.

INPUT IMPEDANCE Above 50mV: 10MQ << 20pF.
On 50V to 50mV: >5M{ < 50pf.

AMPLIFIER QUTPUT  150mV at fsd.

e £130 W3 £145

BROADBAND VOLTMETERS

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

—50, —40 ... +20dB.

Scale —10dB/ +3dB ref. 1mW /50.
H.F. RESPONSE * 3dB from 300kHz to 400MHz.
% 0.7d8B from 1MHz to 50MHz.

L.F. RANGES As TM3.

AMPLIFIER QUTPUT . Square wave at 20Hz on H.F. with
amplitude proportional to square of input.
As TM3 on L.F.

we. £199 . £215

D.C. MICROVOLTMETERS

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

CURRENT RANGES  30pA, 100pA, 300pA . .. 300mA.
Acc. = 2% * 2% fsd + 2pA. CZ scale.

LOG. RANGE 5uVatt 10% fsd, * 5mV at = 50% fsd,

500m V at fsd.

1V at fsd into > 1k’

I

RECORDER OUTPUT

weeo £106

These instryments incorporate many useful features, includin
127mm mirror scale meters and case sizes of 260 x 125 x
Prices are ex-works, carriage, packing and VAT extra. Optional

g fong battery life. All A type models have 83mm scale meters and case sizes of 185 x 110 x 1 30mm. B types have
BOmm. Fully detailed specification sheets are avaiiable on request for our complete range of portable instruments.
| extras are leather cases and power units.

LE VE L L BIGUTHEYY

WW — 052 FOR FURTHER DETAILS

‘requiréments and credit card number to us on
Oswestry (0691) 2894

Personal callers are always welcome
_but please note we are closed all day Saturday

MOXON STREET, BARNET, HERTS., EN55SD.

" TEL:01-4495028/440 8686
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FAST ERECTING

CIARK
MASTS

For World-wnde Telecommunications in the
. ' 1980s

lNSlST ON 00 2k 20k 200% 2000k 20M

00K

VERSATOWER "

BY PROFESSIONALS—
FOR PROFESSIONALS

Clark Masts Ltd. are specialists in the design and
manufacture of telescopic and sectional mast sys-
tems. With over 25 years’ experience in supplying
masts to meet exacting military and civil specifica-
tions we have the expertise you can depend on.
Extended heights 4m-30 metres capable of lifting
headload 1 kg-200 Kgs., sectional or telescopic air
operated for field or vehicle mounting. Write or phone
us for details today.

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

‘ Field mounted Clark 10 metre
Type 73 sectional mast shown
with radio relay antenna fitted,
Available in heights up to 30
metres, mechanically extended.

Designed for Wind Speeds from
85mph to 11 7mph conforming with
CP3 Chapter V, part 11.

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

=

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

A programme of continuous product

‘ Keithley D.M.M. Test Equipment: Choice. The Keithley range spans Pocket,
! led f . . ; ) % ? .
332‘3 °5°8“ ?:;dh;: ea” “;vaai'.i';‘.’: gt_ Quality. With machines like the 169 shown 3‘/2., 4> 5% digitD.M.M.’s; manyywth |.E.EE.
highly competitive prices. This above. 3Y2 digits; .25% accuracy. A no- options. So we can be sure of having exactly
coupled with our quality assurance nonsense five function D.M.M. at a the right product for your own requirements.

scheme ensures that we maintain no-nonsense price. Ruilt to a standard that very few people can
the leader position we enjoy today. : equal

VERSATOWER

THE PROFESSIONALS’ 2 '
3 CHOICE Cost. And at a price even fewer canmatch. &g — ey
- From £79 + V.A.T,, Keithley D.M.M. test Good & plenty

12 metre Clark P.U.
Mast Kit shown field
mounted. A light-
weight mast avait--
able in 8, 10 and

equipment is backed by the resources of a

) 5 specialist company with a formidable
S N Q\/\/ reputation. To find out more, just fill in the

coupon, and get your free literature today.

Binstead S\(STE \A c
Isle of Wight @ . ‘
PO33 3PA, England KEITHLEY
PORTLAND HOUSE, COPPICE SIDE 5
BROWNHILLS, WEST MIDLANDS Keithley instruments Ltd
Telephone: Ryde (0983) 63691 Telex: 86686 TEL: (05433) 4321 TELEX: 335243 SEL 1 Boulton Road Reading Berkshire RG2 ONL
' . ; Telephone (0734) 861287
WW — 018 FOR FURTHER DETAILS B O e DEANLS Telex 847047

. | 12-metre models,
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Why the Sinclair ZX80
is Britain’s best-selling
Built: £9955

Including VAT, post and packing, free course in computing, free mains adaptor.

Kit: £7995

Including VAT, post and packing, free course in computing.

This is the ZX80. A really powerful, full-facility
computer, matching or surpassing other
perscnal computers at several times the
price. ‘Personal Computer World' gave it
‘5stars for ‘excellent value’. Benchmark tests
say it's faster than all previous personal
computers.
Programmed in BASIC ~the world's most
popularlanguage ~the ZX80 is suitable for
. beginners and experts alike. And response
from enthusiasts has been tremendous -
over 20,000 ZX80s have been soid so far!

Powerful ROM and BASIC interpreter
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entry: the ZX80 eliminates
agreatdeal of tiresome
typing. Key words
(RUN, PRINT, LIST,
etc.) havetheirown
single-key entry.

* Unique syntax check.
Acursor identifies errors immediately.

& Excellent string-handling capability -

takes up to 26 string variables of any

length. All strings can undergo all

relational tests (e.g. comparison).

Up to 26 single dimension arrays.

FOR/NEXT loops nested up to 26.

Variable names of any length.

BASIC language also handles full Boolean

arithmetic, condition expressions, etc.

Randomise function, useful for games

and secret codes, as well as more serious

applications.

Timer under program control.

PEEK and POKE enable entry of machine

code instructigns.

% High-resolution graphics.

% Lines of unlimitedlength.

&\\.\&\\\\f@m\\“
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The Sinclair teach-yourself
BASIC manual

Ifthe specifications of the Sinclair -
ZX80 mean little to you—-don't worry.
They’re all explained in the specially-written
128-page book (free with every ZX80). The
book makes learning easy, exciting and
enjoyable, and represents a complete
course in BASIC programming —from first
principles to complex programs.

*_
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Kit or built-it's up to you

In kit form, the ZX80 is pleasantly easy to
assemble, using a fine-tipped soldering iron.
And you may aiready have a suitable mains
adaptor-600 mA at 9V DC nominal
unregulated: If not, see the coupon.

Both kit and built versions come complete
with allnecessary leads to connect to your
TV (colour or black and white) and cassette
recorder. Plug in and you're ready to go. (Built
versions come with mains adaptor.)

Unique RAM

The ZX80's IK-BYTE RAM is the
equivalent of upto 4K BYTESina
conventional computer-typically storing
100lines of BASIC.

No other personal computer offers this
unique combination of high capability and

low price. The ZX80 as a family learning aid. Children of 10
. years and upwards are quick to understand the
principles of computing—-and enjoy their
personal computer.

WIRELESS WORLD FEBRUARY 1981
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Tel: 0223 311488.
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Science of Cambridge Ltd.

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

Massive add-on memory. Only £49.95.
The new 16K-BYTE RAM packis a complete
module designed to provide you—-and your
Sinclair ZX80-with massive add-on memory.
You can use it forthose really long and
complex programs—or as a personal
database. (Yet it can cost as little as half the
price of competitive add-on memory for
othercomputers.)

For example, you could write an
interactive or ‘conversational’ program to
show people what your ZX80 can do. With
16K-BYTES of RAM, they could be talking to
your computerfor hours!

Oryoucan store a mass of data —perhaps
in a fairly simple program-such as aname
and address list, or a telephone directory.

And by linking a number of separate
programs together into one giant, but
modular, program, you can achieve the same
eftect as loading several programs at once.
We're also confident that it won’t belong

m\\\\\\ \\

It

l To: Science ofCambndge FREEPOST 7, Cambridge CB21YY.
| Remember: all prices shown include VAT, postage and packing. No hidden extras. Please send me:

1"

Now available for the 2X80...
New 16K-BYTE RAM pack

before you can buy cassette-based software
using the full {T6K-BYTE RAM. So keep aneye
onthe personal computer magazines—and
brush up your chess perhaps!

The RAM pack simply plugsinto the
existing expansion port on the rear of the
ZX80. No wires, no soldering. It's a matter of
seconds and you don't need another power
supply. You can only add one RAM pack to
your ZX80-but with 16K-BYTES who could
want more!

How to order

Demand for the ZX80 exceeds all other
personal computers put together! So use the
coupon to order today for the earliest
possible delivery. All orders will be
despatched in strict rotation. We'll
acknowledge each order by return, and tell
you exactly when your ZX80 will be delivered.
If you choose not to wait, you can cancel
your orderimmediately, and your money will
be refunded at once. Again, of course, you
may return your ZX80 as received within
14 days for a full refund. We want you to be
satisfied beyond all doubt—and we have no
doubt that you will be.

Please print
Name: Mr/Mrs/Miss

Qty | item Code Item price- | Total
| 5=
Sinclair ZX80 Personal Computer kit(s). Price includes
ZX80BASIC manual, excludes mains adaptor. 02 79.95
Ready-assembled Sinclair ZX80 Personal Computer(s).
Price includes ZX80BASIC manualand mainsadaptor. 01 99.95
Mains Adaptor(s) (600 mA at 9V DC nominal unregulated). 03 ) 9.95
16K-BYTE RAM pack(s). 18 " 49.95
Sinclair ZX80 Manual(s). (Manual free with every |
ZX80kitorready-made computer). 06 5.00
NB. Your Sinclair ZX80 may qualify as a business expense. TOTAL: £

lenclose a cheque/postal order payable to Science of Cambridge Ltd for £

| Address

e . D S

I_FREEPOST no stamp needed.

WW — 007 FOR FURTHER DETAILS
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POWER
SUPPLY?

Take your pick from

{the SN series
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B POWER SUPPLY SNIE
*

Bang & Olufsen’s sn 14, 15, and 16 are versatile current and
voltage supply units for use in the lab, production, workshop and
training centers. ;

Which one you choose will depend on what you need.
SN 14: 0-20V/0-2A remotecontroiable

SN 15: 0-50V/0-1A remotecontrolable

SN 16: 2x0-30V/0-1A and 5V/3A

Bang & Olufsen electronic instruments are also, wow/flutter-
meters, oscillators, milliohmmeters, voltmeters and distortion-
meters.

UK agent: Danbridge (UK) Limited, Sherwood House, High Street,

Crowthorne, Berkshire RG117AT
Tel.: (034 46) 2369 TLX: 847782

ng&Olufsen

DK — 7600 Struer

WW — 017 FOR FURTHER DETAILS
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- o New Supf_R-s

4 Bm.
has RF powes output. tu.n‘ :kedBFO
tﬁnegenetatol. a phasfe =
y andisnow reduced inprice-

The New FM/AM 1000 with
SpectrumAnalyser-wecall itthe

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!

For further information contact
Mike Taylor

[ N ] FieldTech Ltd
a@ A Heathrow Airport -
: Ie ec London Hounslow
Hunting TW6 3AF

Tel: 01-759 2811
Telex: 23734
FLDTEC G

IFR precision simulators

WW—042 FOR FURTHER DETAILS

k%

WIRELESS WORLD FEBRUARY 1981

13

AMCron
INDUSTRIAL
MUSCLE

Model — M600
POWER RESPONSE DC — 20KHz = 1dB. '

OUTPUT POWER IN EXCESS OF 1.5kW INTO 2.75 Ohm LOAD (CONTINUOUS R.M.S.).

D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVa.

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

PLUG-IN MODULES: CONSTANT VOLTAGE /CURRENT, PRECISION OSCILLATORS * UNIPOLAR AND
BIPOLAR DIGITAL INTERFACES, FUNCTION GENERATORS, AND MANY OTHERS.

OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIRTUALLY ANY LOAD.

FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD.

TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.

INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

3-YEAR PARTS AND LABOUR WARRANTY.

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

Kirkham Electronics

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

WW — 005 FOR FURTHER DETAILS

WwWwWw americalradiohicetory com ' S - |
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For top performance atlow power
change down toZN426 D toA.

You want a monolithic
8-bit digital to analogue
converter for low power
applications? Go for ZN426. .
It has on-chip 2.5V precision
reference and takes only 5mA
from a single 5V supply.

Ferranti DAC's give
reliable performance and
reduce costs.

Send for data or contact:
| C Marketing,

Ferranti Electronics Limited,
Fields New Road,
Chadderton,
Oldham, OL9O 8NP

- Telephone: 061-624 0515
Telex: 668038

FERRANTI

WW — 019 FOR FURTHER DETAILS

MORE SPEC. FOR YOUR MONEY

€102/501100 T}

PRODUCTION POWER UNITS
TESTING ‘Now available with
3 QUTPUTS

DEVELOPMENT

SERVICING

" Type 250VRU/30/25
TYPE 631 FILTER OSCILLATOR

£112 & 2.50 cariiage. ins. etc.

, OUTPUT 1: 0-30v, 25A DC
COVERS THE BANGE 0.1Hz to 100KHz

OUTPUT 2: 0-70v, 10A AC

MODES — : ) 3 A
OUTPUT 3: 0-250v, 4A AC

ACCEPT Q from less than 1 to over 300

REJECT 90 dB notch
Hl and LO PASS 12 dB per octave
OSCILLATE Sinewave and squarewave

ALk
Continuously -

TYPE 631LF — £118.13 & 2.50 carriage, ins. etc. Variable

Low frequency version 0.01Hz to 10KHz

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

Prices, which are CWO and ex- VAT, are correct at the time of going

to press and are subject to change without dotice . VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN

Telephone: 01-890 4242/4837

FROM OMB ELECTRONICS
WW — 053 FOR FURTHER DETAILS

WW—032 FOR FURTHER DETAILS
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Semiconductors
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SERIES 1| +'COMPATIBILITY'

Series Il and I11S precision
pick-up arms are suitable for all
cartridges having %" fixing
centres, weighing not more than
12 grams and requiring a
tracking force not higher than )
2.5 grams. They are adaptable to
suit the mass and compliance of
the cartridge, which may

employ a moving coil, moving
iron, moving magnet or any other
generating principle.

Series |l arms are true low
mass designs with headroom to
increase effective mass as
desired whereas with high mass
arms reduction is generally -
impracticable.

We shall be pleased to send
you information sheet No. 24
which tells you how to adjust
effective mass to suit your
cartridge. It could make all the
difference to your listening.

sSIIVIIE
The best pick-up arm
in the world

Write to Dept 0660,

- SME Limited,
Steyning, Sussex, BN4 3GY,
England '
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CS1830 rrom TRIO | | |

Since it'sintroduction, the CS1830 has been our top seller, T I

and no wonder, when you glance at the comprehensive J /

specification and the extremely attractive price which H R E E FOR R

includes two matching X1/X10 probes.

Add to that the fact that we can normally supply from stock

and you have a winner. Some of the details are listed here ] :

but if you need further information, just contact us and we'll j

be happy to assist.

C.R.T.: {

120 x 96 mm rectangular PDA with internal graticule . - ' :

gcnaggm_"’:": Available from selected stockists '

Sensitivity: ELECTRONICS BY NUMBERS

5mV/div (30MHz) No. 7 DIGITAL DICE

2mV/div (20MHz) Rol! the dice — the electronic way! The

Inpes G digital dice gives you an-instant score For fuyll detailed instructions and layouts of
1M/2.3DF randomly chosen from 1 to 6, every time Projects, 7, 8 and 9, simply take the coupon
Risetime: 11.7nS you press the button. No losing this under to your nearest CSC stockist, or send direct
(B:eam Switch: . the table! to us, and you will receive the latest -
ks iy EXPERIMENTOR BREADBOARDS No. 8 QUIZ MASTER ‘ELECTRONICS BY NUMBERS' leaflet.
CH1, C|:|2, Dual, Add, Subtract No soldering modular breadboards, simply plgg . Play your own ’Sa!e of t.he ;enturv'.! Up to {f you missed projects, 1, 2 and 3, or 4,5
Time Base: cpmpoqents in and out of letter number |derjt|f|ed four contestants pit their wits; the first one and 6, please tick the appropriate box in the
Triggered, auto, or single shot nickel-silver contact holes. Start'srpall and simply to get the answer lights up his ‘win” light, e

Sweep Time: snap—!ock boards together to build‘a preadboard of and Sg,ps anybody;lse from hging ago.

0.5S/div-200nS/ div (40nS usi - el , No. 9 MOVING TARGET GAME .

LouE sequenceS/ ( S using X5 mag) 20 ranges in All EXP Breadboa(ds have two bus-bars as an integral Test your reactions! A moving ‘line of light’ PROTO BOARDS e
Sweep Delay: part of the board, if you need more than 2 buses travels along from left to right, over and The uftimate in breadboards for the minimum of cost.
100mS-1uS adjustable with trace bright up for delay simply snap on 4 more bus-bars with the aid of an EXP 6ver again. You've got to “fire’ at just the Two easily assembled kits.
location ! Also right moment to score a hit. Fun for all the G O
Z Modulation: EXP 325 £1.60 The idea! breadboard Y family!

TTL compatible 10K impedance 5MHz bandwidth ] - CS1577A for 1 chip circuits. Accepts 8, 14, 16 and Want to get started on building exciting
Trace Rotation; Dual 30Mhz/2mV Signal up to 22 pin ICs. Has 130 contact points projects, but don’t know how? Now using
Electrical Delay etc including two 10 point bus-bars. EXPERIMENTOR BREADBOARDS and
And the Price? ) y £41 0 ] y y following the instructions in our FREE
£455 . VAT (includes 2 + VAT EXP 350 £3.15 Specially designed *Electronics By Numbers' leaflets,
(includes 2 probes) for working with up 10 40 pin ICs ANYBODY can build efectronic projects.
perfect for 3 & 14 pfn |C§' 4 For example, take one of our earlier DRI GORTRATAL SBEGIITES GORPORETION
] d 3 Has 270 cgntact points including projects, a L.E.D. Bar Graph; : e I
° ° % two 20 point bus-bars. e PB6 Kit, 630 contacts, four 5-way binding posts
1 e O‘ o3 geop co1eg 1000l o accepts up to six 14-pin Dips.
re c e lVl ng Or e EXP 300 £6.76 The T :@:::@::z[}j‘;sz'z ::[%]:::@g PROTO-BOARD 6 KIT £9.20
most widely bought SR R EOE S HE e e o o

bread-board in the UK. g o;;c.:?o;do. oouu.Qnum uI:‘o.é
105 Ta 050 0 oo oo DD’BQWLH

[ J ® . ) e
1scerning few T e B A
points, two 40 point 9090000 alps MEe X0 © 0 o
° s | & o8 “ﬁ.% 4

bus-bars, the EXP 300 will accept any size IC and up o ) | 4 IS Ors
10 6 14 pin DIPS.Use this breadboard with -¥e R

| Adventures in Microelectronics. You will need; One EXP 300 or EXP 350
EXP 600 £6.30 Most - ~  breadboard, 15 silicon diodes,

6 resistors, 6 Light Emitting Diodes.

Just look at the diagram, Select R1, plug it
into the lettered and numbered holes on the
EXPERIMENTOR BREADBOARD, do the :
same with atl the other components, e mw‘;‘m
connect to the battery, and your project’s
finished. All you have to do is follow the
large, clear layouts on the ‘Electronics by

MICROPROCESSOR
NDHes 816 o . . .
——ORY LreT . projects in magazines
. 0 and educational books s
are built on the EXP 600, ® =&

EXP 650 £3.60 Has 6" centre
spacing so is perfect for
MICROPROCESSOR applications.

P8 100 Kit complete with 760 contacts accepts up to
ten 14-pin Dips, with two binding posts and sturdy

o

NRU=51E -
it Gl R Pl ( ) i Numbers’ leaflets, and ANYBODY can build base. Large capacity with Kit econamy.
2 . r = a perfect working project. PROTO-BOARD 100 KIT £11.80 .
EXPdBEZ.sofour ! . _ - r - ms = = ms = T'G EASY WITH C.S.Cv==m =m [N W 1
more bUS-barst'n 2 G e A ey TO RECEIVE YOUR FREE COPY OF PROJECTS 7, 8and 9 .
1 -on'" unit. > raipie st ! m k x % :
W . : =l | Just clip the coupon For immediate action |
The above prices are exclusive of P&P and 15% VAT. Give us your name and full postal address {in block The C.S.C. 24 hour. 5 day a week service.
. capitg;s). Egclosg cr:’equa,. %qst:'l order r:.n credit c_a;d ‘I;elephoneEom 218&53 ar|1d gi\:’a us g:ur /:’ccass, I
number and expH ate, indicating in the appropriate merican txpress or rclaycard number an our
THE CSC 24 HOUR SE RV'CE ng(es) the bra:drgqard(s) you raq&@ra. e’ order will be ﬁ\ the post immZ;iataly Y
P E (0799) 21682 EXPERIMENTOR IC CAPACITY [UNIT PRICEINC] Qt : ;
) TELEPHONE { ; ) I BN EADBGARDS| CONTACT | 'Siai e 1pap & 159 VAT| roq, | NAME. oo I
With your Access, American Express, [ 130 1 £2.70 ADDRESS ...cooreiaieiaeaiens g |
i Y = _ _ Barclaycard number and your EXP 350 270 3 £4 [ |
NRD 515 SYNTHESISED HF MONITORING RECEIVER . ... ... ................ £948.75 inc. VAT order will be in the post immediately ] [ExP30 550 6 £7.78 I
NHD 515 MULTICHANNEL MEMORY UNIT .. .. . .. .. ... ........ ... VPR I £161.00 inc. VAT CONTINENT;‘\L SPECIALTIES CORPORATION 2 Use with B R
NVA 515 LOUDSPEAKER UNIT ... .. ... .. M PR o N £27.60 inc. VAT ' M e 270 e £5.00 Lsnclose cheque/P.0. for ... ...
CFL .260 600Hz CW FILTER . ... ... oo o A s o 0o oo oo o b I £34.50 inc. VAT ; I Bus-Bar ERIEmYERrElavCard g i ccese’ l
; P - Y : EXP 4B Four 40 Point £ 3.50 American ExpresscardNo. ..........
IThe N(?D_ 515 is a PLL-synthesised commur_ncations receiver of the highest class featuring advanced radio technology combined with the ! I BusBas | 1+ 1 J ...Expirydate....... I
\z;\[t:eos'; igital techniques. The new NRD 515 is full of performance advantages including general coverage, all modes of operation, PLL digital : - @ IPROTO-BDARDS ; If you missed project No's .
ox eri(:;nd'g'ta.llltuf"ngf 2‘};channe|l(}requenc¥_ memory (option), direct mixing pass-band tuning, etc. JRC's 65 years of radio communications C.S.C. (UK) LTD Dept.7PP - I -1 630 | 6 ] #1738 ] ] 1.234,5and6 tickbox. O I
p ce will give you “the world at your fingertips™". The NRD 515 is but a single item from the JRC product range which extends all the Unit 1, Shire Hill Industrial Estate, PB100 760 | 10 | #1432 [ | ForFree catalogue tick box ]
way to full marine rig-l? installations for supertankers. Saffron Walden, Essex CB11 3AQ. C.S.C. (UK) Limited, Dept. 7PP, Unit 1, Shire Hill industrial Estate, Saffron Walden, Essex CB11 3AQ.
LOWE E L E CTR o N Tel: Saffron Walden (0799) 21682 Telex: 817477 N NS =N e 2: s.-agvon-Waldea(om-mzw-az W’i‘ﬁ‘”&- - e - ..
ICS Ltd.
’ CHESTERFIELD ROAD, MATLOCK, DERBYSHIRE DE4 5LE TEL. 0629 2430/2817

WW—037 FOR FURTHER DETAILS
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ALL INSTRUMENTS FEATURED HERE ARE AVAILABLE EX-STOCK
OR ON SHORT DELIVERY

d'-:

PHILIPS METERS MAKE A

* PM 2517 digital multimeter
* Full four digits
% Choice of LED or LCD display
* True RMS AC readings (AC
coupled)
* Autoranging with manual override
% Currentup to 10 A

* Continuity check by sound signal
% Options include temperature and
data hold probes

wivinizmeen . OSCILLOSCOPE VALUE
i STARTS HERE

_'." n ¥

A FINE

% Linear resistance ranges to 30 M2

% Automatic polarity indication

% Unique movement for high
accuracy and repeatability

Reader inquiry number 221

PM 2505 electronic analogue
multimeter

% 62 measuring ranges

* High V and A sensitivity

% |0 MS2 input impedance

PM 3207 * |5 MHz/5mV
dual trace * Triggering from either channel! or
_ oscilloscope ' external input
- iy * |deal for * Auto TV triggering
- service and * Same sensitivity on X and Y channels
= general * B-invert facility
T purpose * Full 8 x [Ocm screen
’ applications Reader inquiry number 222

priLips] Test & Measuring

% Instruments

WIRELESS WORLD FEBRUARY 1981

PHILIPS INTELLIGENT
COUNTERS-THE
RESOLUTION FOR’8I

PM 6667 and PM 6668 high

resolution counters ™ asou g

* | GHz (PM 6668) or 120 MHz B Pruips
(PM 6667) ] o EATIVTY

* Reciprocal technique giving fast high A =
resolution measurements down to
10 Hz

* Auto triggering on all waveforms and
duty cycles e 7

* 15 mV RMS sensitivity - : T Mg,

K ngh stability X-tal oscillators: * Self-diagnosis routine
10~7/month * Battery option :

* Microprocessor control Reader inquiry number 223

LF PRODUCT WITH A SPECIAL

PM 5190 within =1 x 10—
LF synthesizer * High short and
* 0.00] Hz — long-term
2 MHz frequency stability
range : * Fast “feather
* |EC — bus . touch”
interface parameter
standard for selection

total remote 4 * Sine, triangle,
control : square

* Microprocessor control with LED waveforms plus TTL output
indication Reader inquiry number 224

* Extremely accurate frequency setting

TWO EXAMPLES FROM THE WIDE
PULSE RANGE

PM 5716 pulse generator

* | Hz-50 MHz repetition rate

* 6nS-100 mS rise and fall times

* 2V-20V amplitude within the range of
—20V-+20V

* Independent control for upper and
lower pulse levels

PM 5705 pulse generator
* 0.1 Hz to 10 MHz frequency range
* TTL - compatible outputs, normal
and complementary
* 1.0V to |5V into 502 for TTL, HNIL
and MOS applications
" % Baseline offset from O up to +2V
* Pulse amplitude limiter to protect . * External triggering on positive or
device under test negative slope: gating and single shot
* Built-in 508 backmatch facilities
* Versatile facilities for external * Educatlon package 5705 E also available
triggering, gating and pulse amplifying Reader inquiry
Reader inquiry number 227
number 226

wwww americahcadiohicstory com
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.

_ BIG NEW
CATALOGUE
AVAILABLE
FREE .. ccoomiies:

—and it'sfree. .
Within its 300 pages are details and

 specifications of the full Philips range,

including all the latest products.
Send for your copy by circling reader
_inquiry number 228.
Distributors for Philips Test and Measuring

" Instruments

All the products.in this advertisement, wrth
the exception of the pulse and LF equipment, are
avaifable from Philips Service Centres. Telephone
01-686 0505 for the address of your nearest branch.

The PM 2517 digital multimeter and PM 3207
oscilloscope are also distributed by Wessex
Electronics Ltd, | [4-116 North Street, Downend,

Bristol BS 16 SSE. Tel (0272) 571404.

These facilities are in addition to the
comprehensive sales and support service provided
by the Philips Electronic Instruments Department
(see address below).

‘ ; .

FROM PHILIPS QY TEST & MEASURING INSTRUMENTS
Use the inquiry service to obtain information about the
products which interest you. Alternatively ‘phone
Cambridge 358866 and speak to our Commercial office
on extension 145 or 148.

Inquiry No

PM 2517 digital multimeter 220
PM 2505 analogue multimeter 221
PM 3207 |15 MHz oscilloscope 222

"PM6667/6668 counters 223
PM 5190 LF synthesizer 224
PM 5132 function generator 225

PM 5716 pulse generator 226

PM 5705 pulse generator 227

1981 Test & Measuring !
catalogue * - 228

Pye Unicam Ltd

Philips Electronic Instrument< Department
York Street, Cambridge CB1 2PX, England.
Tel Cambndge (0223) 358866 Telex 817331

PHILIPS
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COMMUNICATION TUBES — EX STOCK
4-65A 5763 QQV06-40A
4-125A ‘ 6080 QQV07-50
4-250A 6146/A/B QV08-100
4-400A 6155 QY4-125
4-1000A 6156 QY4-250
4CX250B 7527 QY4-400
4CX350A 8042 QY5-3000A
4CX1500A QQV03-10 & MORE
4CX15008 QQV03-20A '

R/F POWER TRANSISTORS — EX STOCK
2N3375 2N5102 BLY33 BLY88
2N3553 2N5590 BLY34 BLY89

© 2N3632 2N5591 BLY36 BLY91
2N3733 2N5641 BLY53A BLY92
2N4040 2N5642 BLY55 BLY93
2N4127 2N5643 BLY83 BLX13
2N4128 - 2NB080 BLY84 BLX14
2N5070 2N6081 BLY8S BLX67
2N5071 2NB082 BLY87 BLX68
2N5090 2NB083 & MORE
SEND FOR DETAILS TO:
AERO ELECTRONICS (AEL) LTD
GATWICK HOUSE 4
i HORLEY, SURREY, ENGLAND
LEADING EXPORTER TEL:(02934) 5363
" TELEX 87116 (AERO G)
. . CABLES AERO G TELEX HORLEY
HILOMAST ' J

SYSTEMS \_

WW--048 FOR FURTHER DETAILS

PNEUMATIC
TELESCOPIC

LE.D.s.125 and .2 1N4148 Diodes

s 1Band 2 IN4AR Di w-cost vmce-loggmg
o on lons o et S people with more |m~portant

G%‘rEEN 2/ 0 09 Prices per 100. Larger and The problem: logging telephone and radio messages RELIABILITY

Mixed. Quantity prices avail- : without spending a fortune on equipment or hiring an Available in 4 or 8 channel versiens andwith

CARBON FiLM  ** 25W expensive technician to operate it. integral micro-processor controlled automnatic
RESISTORS 100 off one type .70p i The solution: the new Racal Recorders Autostore Tsmgsearch capabi!i_tytuqnab!e rapid message
E12 SERIES 500 off one type .64p SIMPLICITY retrieval, Autostore is engineered to the verﬂgaghes_t
1000 off one type  .58p With its automatic cassette-loadingand fully - standards by the company which pioneered air traffic
100 off onf‘?’ype . automatic changeover from one deck to another, control recording techniques.
500 off one type .. 5 ‘s Autostore can—quite literally—be operated by FULL DETAILS
1000 off one type , whoever happens to be around. For full details of Autastore send off the
_ : o+ 100+ 500+ And it provides over 24 hours of unattended coupon today.
T.I. LOW PROFILE 129!" -075p .068p . ~ _ continuous recording on eight channels. e I RPN e
: pin .09 .082 .0
I.C. SOCKETS 16pin .10 .096 . VERSATILITY. | am interested in recording my communications
18pin .125 .113 . Able to log radio and telephone messages accurately and reliably. Please:
20pin .14 .126 . simultaneously, Autostore can form part of 3 new
giz;g :g :gg . system—t_)rfitiustaseasilyintoanexistingone.' [ send me full details of Autostore
28pin .16 .145 . ‘ , Andits uses vary from ambulance, fire, police I . . I
40pin .24 .215 . and security applications to the recording of [} arrange for ademonstration at my own premises
Please add £1.50 handling charge and 15% V.A.T. ] financial transactions, conferences, oil installation I
We also stock transistors, diodes, TTL, CMOS, capacitors, communicationsand taxi services. Name et £
(s:\lljvsi:grr::;sg?]?negtors_ ete. Fgee catalogue available to trade R I R d I - Pusition 1 : 4 - I
Y. Enquiries welcome. r - - e A o *
Harrison Bros. : GCO L) eCOr erS | Company. _ PN 3 |
Racal Recorders Limited, Hardley Industrial Estate, Address . e 2l
HILOMAST LIMITED Electronic Distributors Hythe, Southampton, Hampshire S04 6ZH, England. I Tel: I
THE STREET HEYBRIDGE — MALDON Tel: (0703) 843265 Telex: 47600 o 55
ESSEX CM9 7NB ENGLAND I

Tel. MALDON (0621) 56480
TELEX NO. 995855

22 Milton Road, Westcliff-on- s .
Elss‘:a';( s‘g:) 7J)? séf:glla:; W X I Racal Recarders Limited, Hardley Industrial Estate,
Tel. Southend-on-Sea (0702) 32338 J Hythe, Southampton, Hampshire SO46ZH, England.
| wwl

s e S SN G SN SN NG S S M
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D

TRENSFORMERS
IN A RANGE OF

15

TYPES

We use advanced winding technology to make our toroidal transformers. They
have only half the weight and height of their laminated equivalents and are
appreciably more efficient. Our toroidals cost virtually the same asthe older types
which they are rapidly replacing. Induced hum isreduced by a factor of ten.
Supplied with ngid mounting kit with certre bolt, steel and neoprene washers.

300 weononnxg £4.T1 [160w wonsee " £8.88
(+£1.00p.p. +0.86 VAT) (+£1.40p.p. +£1.54 VAT)

Type SECONDARY SECONDARY TYPE SECONDARY SECONDARY
RMSGV%LTS RMS CUSI(I)RENT RMS VOLTS RMSCU%RBN‘I‘

1X010 + 2. 5X012 12+12 6.6
1X011 9+9 1.66 5X013 15+18 5.33
1X012 . 12+12 1.25 5X014 18+18 4.44
1X013 15+18 100 5%015 22+22 3.63
1X014 18+18 0.83 5016 25+25 3.20
1X015 22 +22 0.68 5X017 30+ 30 2166
1X016 25+285 :0.60 5X018 35+35 2.28
1X017 30 +30 0.50 3x028 110 1as
50 80mm dia. x 35mm £5 l 9 5X030 240 0.66
VA Weight 0.9Kg .
(+£1.10p.p. +0.94 VAT) C  //0mm dia. x45mm

3%010 6+6 4.16 ZZSVI Weight 2.2 Kg £10-59
2X011 9+9 277 (+£1.50p.p. +£1.81 VAT)
2X0132 12+12 2.08 S 5 A
2X013 15+15 1.66 18+18 6.2
2X014 18+18 1.38 e 232 5.1
2X015 22+22 113 e 5+25 4.50
2X016 25+25 1.00 £a0 30+30 qk
2X017 30+30 0.83 g8 35 +35 321
2X028 110. 0.45 axoe 40+40 281
2X029 220 0.22 Rho2g e o
2xosy &l 220 6030 240 0.93

80 QOmm dia. x 30mm £5 -16 _‘ g
& we‘ghl(ifizop.p. +£1.04 VAT) 300" %ﬂﬂ-’;’ﬂf?%é;omm £12.27
(+£1.60p.p. +£2.08 VAT)

B i1
+ .

3012 12+12 333 oy BB £00
3X013 15+ 15 2.66 7X018 35+35 4.28
3X014 18+ 18 2.22 7X026 40 +40 © 375
3X015 22+22 1.81 7X025 45 +45 3.33
3X016 25 +25 1.60 7X028 11 2.72
§§8§ g 30l fi 030 H% 7X029 220 1.36
3X029 220 0.36 UL Zi0 IS
3X030 240 0.33

90mm dia. x 40mm SOOVA Ivf'om'mi; Ll £16-35
IZOVI Welghl(i.?fgop'p' +§§53}§ﬂ = (£770p,p. +£2.71 VAT)

8X017 30+30 8.33
4X011 9+9 6.6 8X018 35+35 7.14
4X012 12+12 5.00 8X026 40 +40 6.25
4X013 15+ 15 4. 8X025 45+45 5.55
4X014 18+ 18 3.33 8X033 50 + 50 5.00
4X015 22+ 22 2.72 028 110 4.54
4X016 25+25 2.40 8X029 220 2.27
4X017 30+30 2.00 8X030 240 2.08
4X028 110 1.09
4X029 220 0.54 e L L.P. TOROIDAL TRANSFORMERS

0.50 AREGUARANTEED FOR 5 YERRS

4X030 240

CHOICE OF 3 PRIMARY INPUTS
LL.P. Toroidal Transformers are available in choice of 110V, 220V, 240V, coded as
follows: (Secondaries can be connected in series or parallel)

For 110V Primary insert 0 in place of "X" in type number.
For 220V Primary (Europe) insert 1 in place of "X"’ in type number.
For 240V Primary (U K.) insert 2 in place of X" in type number.

Example — 120VA 240V 15+ ISV. 4A=42013.

* CUSTOMER DESIGN ENQUIRIES INVITED.
QUANTITY PRICELIST AVAILABLE.

FREEPOST facility.(U.K. only).

Simply address envelope to FREEPOST to address below. NO STAMP REQUIRED.

TO ORDER ctnciose cheque/Postal Order/Money Order payable to 1 L.P.
Electronics Ltd or quote your ACCESS or BARCLAYCARD
account No. To pay C.0.D. add £] extra to TOTAL value of order.
Also available from ELECTROVALUE and MARSNALLS.

B ) B P rRrANSFORMERS.

A division of I.LL.P. ELECTRONICS LTD.
FREEPOST TS GRAHAM BELL HOUSE ROPER CLOSE
CANTERBURY CT2 7EP

Phone (0227) 54778 Technical (0227) 64723 Telex 965 780
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BULK EPROM ’
PROGRAMMING i

P4000 PRODUCTION
EPROM PROGRAMMER

This unit provides simple, reliable programming of up to 8
EPROMS simultaneously. It has been designed for ease of operator
use — a single ‘program’ key starts the self check — blank check —
program — verify sequence.

Independent blank check & verify controls are provided along with
mode, pass/fail indicators for each copy socket and a sounder to
signal a correct key command & the end of a programming run.
Any of the 2704/2708/2716 (3 rail) & 2508/2758/2516/
2716/2532/2732 (single rail) EEROMS may be selected without
hardware or personality card changes.

PRICE £545 + VAT. Postage paid

BULK EPROM
ERASING

é;h&

MODEL UV141 EPROM ERASER -

14 EPROM capacity

Fast erase time )
Built-in 5-50 minute timer :

Convenient slide-tray loading of device

Safety interlocked to prevent eye and skin damage

Rugged construction

MINS & ERASE indicators

Price £78 + VAT postage paid. .-

MODEL UV140 EPROM ERASER
Similar to Model UV 141 but without timer. Price £61.50 + VAT
post paid

BULK EPROMS s,

1-9 10-24 2549 50-99 100up 0/{
2716 (450ns)  £9.00 £8.00 £7.35 £7.00 £6.60
(single rail) K
2708 (450ns) £4.80 £4.30 £3.90 £3.60 £3.40
DEDUCT A FURTHER 5% FOR CASH WITH ORDER ON
THESE EPROM PRICES.
Postage and Packing is included in all prices. ADD VAT at 15%.
All our EPROMS are manufactured by leading companies and are
fully guaranteed, branded and to full specification.

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

PLEASE NOTE NEW ADDRESS & TELEPHONE NUMBER

GP INDUSTRIAL
ELECTRONICS LTD.

Unit 6, Burke Road, Totnes Industrial Estate, Totnes, Devon
Telephone: Totnes (0803) 863360 sales, 863380 technical

DISTRIBUTORS REQUIRED - EXPORT ENQUIRIES WELCOME

WAMWNY americosi
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It's the new Verospeed »

. catalogue — with the big company look tha
marks the new Verospeed - Fast becoming
Britain’s biggest distributor of branded
electronic components. With a catalogue
3 times a year — a big company list of over
2000 products, many of them not found in
other catalogues, and big company |
back-up, Verospeed still delivers that small-
company response. All orders phoned in
by 3.00 p.m. go out in the 5.30 post.

The fa..

s s !
NEW IN THE NEW
VEROSPEED CATALOGUE
3M SCOTCHFLEX® IT’S CLICKED

Verospeed now offers a choice of four Scotchflex
P.C.B. mounted Headers from 10 to 60 ways. A new pin
length (3,94 mm.) covers all P.C.B. requirements and both
the right angle and straight pin versions are available with
long or short ejector ears. A full complement of Ribbon
Cable mounted Sockets, Polarising Key and Strain Relief
Clips completes the range.

The DIN 41612 compatible range of Connectors has
also been expanded to include the 64/64 Cable and
Frame mounting Plugs and Sockets. The components
and tooling are all available “by return” from Verospeed.

Equipment Wire , Mains Cables, Ribbon Cables,
Uniradio, Coax, Miniature and Standard Multicores. The
widest selection at the most competitive prices. 154
product lines devoted to Equipment Wires and Cables
manufactured to BS and DEF Standards. Equipment Wire
section includes a 7/0.12 mm. PVC covered wire for small
P.C.B. applications and E.T.F.E. Wire — a 120°C Tefzel
insulated wire which offers a low cost alternative to
P.T.F.E. All are manufactured by the world’s biggest
manufacturer of Cables ~ B.I.C.C. — and are available via
Verospeed’s famous “by return” service.

Send for your copy of the one-off shop.

- Test our service by phoning 0703 618525 before

3.00 p.m. — and your catalogue will be in the

post tonight.
Look for it in THE ONE-OFF SHOP

WW — 069 FOR FURTHER DETAILS
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NI = i i Britain’s fastest growing distributor of branded electronic components.
V Verospeed, Stansted Road, Boyatt Wood, Eastleigh, Hants. SO5 4ZY Telex 477144
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CEAA0IO
ACCESSORIES

f = LARGEST DISTHIBUTORS OF \\
’/m_ CB ACCESSORIES IN THE UK. cone sntseoms

iggest and best selection of CB Radio Accessories from all the leading manufacturers,including:
& |

COMMUNICATION
|ANTENNAS 7 3 3|

: ; ' B
SIRTEL" [TURNER, < c

TELEX

Sole UK. agents for:-

U-RAMA .-
'l HIICORPORATION-SA

Mura Electronics (UK) Ltd.,79 Church Rd. Hendon, London NW4 Tel: 01 203 5277/8

Imludmg IMM HANSEN efc.

Zaerix
Electronics
Limited

Professional Quality

Our range of discrete light-emitting diodes currently provides about 400
variations in size, shape, light output and colour.

There are — RECTANGULAR, SQUARE, TRIANGULAR, CIRCULAR and priisstoumeiCtve
BAR DISPLAYS with various lenses. it ¥
Telex 261306

A few of the most popular types are listed below. Tel: 01-221 3642

# | ; : Lens - mcd. Price each 5
Type Description g colour typ. 100+ 1000+
L-32RD | Miniature types ; Red 2.0 0.048 0.036
L-32ID | 3mm diameter Red 5.0 0.085 0.064
L-32YD | Diffused lens Yellow 4.0 0.081 0.061
L-32GD Green 3.5 0.077 0.058

) L-51RD | 5mm (0.2in) Red 2.0 0.049 0.037
L-51ID | diameter Red 5.Q 0.087 0.065
L-51YD | Diffused lens Yellow 4.0 0.084 0.063
L-51GD Green 3.5 0.078 0.059

Minimum order value £20 (£100 export). Plus postage and packing.

WW — 062 FOR FURTHER DETAILS
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. CATALOGUES 60p ea . afl three for £1.60
Please send an POST/PACKAGE CHARGE NOW 35p
SAE with all

enquiries. IN

Phone orders by
ACCESS - but
minimum £5
Callers welcome

200 North Seruite

TELEPHONE (STD 0277) 230909 T

SSB transceiver module - based on G4CLF designs

s e

* High level mlxer gy e

* 8 pole f||ter

Add an LO and the RF selectivity, and you have a very simple yet
high performance signal processing ‘heart’ of an SSB transceiver in
the range 100kHz to 1000MHz (with the correct LO/RF stages).
The Ambit 91600 costs just £44 +vat, and includes an 8 pole SSB
crystal filter, SL 1600 signal processing circuitry, double balanced
schottky diode mixer and full USB/LSB electronic switching.

The use of 10.7MHz, instead of 9MHz (as in the original unit} now
enable direct connection to an AMBIT DF7 for 1kHz frequency readout
with far greater ease and accuracy than can be achieved with mechanical
dial systems. Buy them both and save. 15%..DFM7+91600= £69.46 inc.

+

" amhbit_

*1W AF
on the *MC meters
PCB *CMOS/TTL
* Direct freq. "
display with i w:i:an:s
DFM?7 {
*
+ USB/LSB * Stereo % . lat top LEDs
] decoders * Variable chokes
* Frequency * Piezo sounders
synthesis *potentiometers
* 1:2 shape * Block LPFs *24 bit NC plotters
factor + keyswitches *low noise RIAA ICs
* DC audio * UHF Helical filters
control ICs The state of the art * miniature electrolytics

25/

CWO PLEASE Commarcisl MA tarma on applicetion
Goods ere offered subject to svsilability, prices subject
to changs 10 plams phone and check 1f in doubt.

CATALOGUES
2 & 3....60p ea

TERNATIONAL

Road, Brentwood, Essex
ELEX 995194 AMBITG POSTCODE CM144SG
The AMBIT catalogue - now with the new Part 4 for 1981

The most compiete range of specialist radio components in Europe.

*Crysta! filters {& theory)

. “Ceramic filters for AM/FM
*Mechanical filters

* Fixed chokes

(4 nc. rev. of
part 1}

ALL PARTS :

* VHF tunerheads

in radio and audio * 30Mb hard disks

You need all three sections for a complete picture. Each segtion is revised on a triennial
cycle - so this year the part 4 contains the revised remnants of the original part 1 - plus
all the many new items for 1981. £1.75 for the lot, or 60p each for parts 2 &3, and
£0.75p for the bumper part four section. {prices include postage).

Ultimate HiFi

Special Offers... each catalogue is supplied with a ‘special offer’ order form that will enable
you to save the cost of the ‘catalogues with your first few purchases.

Radio Control Systems

we offer kits of parts for complete receivers and transmitters (now includin
state-of-the-art FM systems, readily adapted to 35MHz if required.

*Dust IF ceramic filtars

*prewound col

As well as the parts for constructing sophisticated digital proportional radio control systems

*single {C transmitter/oncoder

94446
The RCRX4 8 channel -FM receiver with triple ceramic filtering, complete with case..£16.10 L >
94445 4 channel FM transmitter based on ETi October 1980 system £8.57 PO I I TR T TR T A I
94446 5 channel FM receiver, based on ET1 October 1980 system (inc case) £14.26
TX Case Complete transmitter case hardware, with two joystick controllers £26.62
SD1 NE544 based servo driver electronics kit (no mechanics} £3.28

The Mark H1 Series of DIY HiFi.

g hardware). Only

masrc* RSN

Hs for easy atignment b} fitE=r LI

mw o W l?j

;uuf

* FM crystals extra

T Eddidag

- it ey
' "‘- .

i;iﬁu gy

* Matching ‘Signal’, ‘Tune’ and
‘VU’ scales.

The new part 4 catalogue lists many of the stock designs, but a mucl

nearly all occasions, including precision voltmeter and ammeters.

Moving coil indicatgt meters: over 10,000 in stock for immediate deli

range is available to order (subject to minimum requirements). Meters for

*Custom scales OA

The Mark 111 series of HiFi is the ultimate D1Y audio system. There
are probably more features and facilities to the square inch of front
panel than any other commercial HiFi around - let alone DIY systems.
From the twin 500VA PSUs of the HMOSFET 100W power amp, to
the 1dB tracking of the DC controlled preamp and the versatility of
the CMOS MPU controlled tuner, there is no match for performance,
style or sound quality - come and hear for yourself in our foyer.

Mark 1} synthesised tuner £175.00 + vat

Mark 111 B FM-only tuner £185.00 + vat

Mark 11l DC controlied signal preamp £175.G0 + vat

Mark 11l 100W rms/channel MOS PA £160.00 + vat

* Signal level
livery * ‘tuning’
h wider +yy

* smaller

*id

(d
\¢ *many standard types

hradiohistorvy com

E Miniature PC mounting 12v
" . V aah 2A/24v contacts, single or dual
Miniature electrolytics 0.01C hangeover types ilabl

than tants SPDT: £1.65 hrs, day/date, alarm, backlight. All
* vastly lower DPDT: £1.85 for just £11.44 including VAT.

v

priced *sealed against flux

changeover etc

LCD modules: including various
clock/timer/alarm systems, DVM,
serial data decoder/dispiays. The
clock shown is the CM161 - 12/24

relays

eal antenna The FC177 (alongside) displays AN
LO's up to 3.9999MHz directly -
and with the prescalar unit {DFM7)
the system displays SW and VHF
in 1TkHz and 10kHz resolution resp.
FC177: £26.16; DFM7:£36.22

(prices include VAT}

* Clock timer
switching

WW — 025 FOR FURTHER DETAILS



Did you know that Elektor is the only monthly

electronics magazine to supply printed circuit boards

for featured projects? At present over 300 different
boards are available with designs covering many aspects

of the hobby, ranging from microcomputers to electronics
in the car. Included among the variety of constructional

WIRELESS WORLD FEBRUARY 1981

articles described in the February ‘issue of Elektor you will ;

find circuits for noise reduction and a 1 50w AC-DC
converter for use in your car.

. Place an order with your newsagent or order dfrect from
Elektor Publishers Ltd., 10 Longport, Canterbury, Kent.

; Price 60p (+20p postage and packing)

o

ANALYSERS

AIRMEC 248A Wave Analyser 5-300MHz

KROHN HITE 330B Band Pass Filter 0.02Hz-2KHz 3 K
PARAMETRON 477 Spectrum Analyser 50MHz, 18 months old £800.00

BRIDGES

MARCONI TF.1313 Universal Bridge 0. 25%

MARCONI TF.868B Universal Bridge 1.0%

MARCONI TF.2701 In Situ Bridge 1.0%. Battery Operated
WAYNE KERR B.601 R.F. Bridge 15KHz-5MHz

£250.00
£175.00
£95.00
£85.00

"WAYNE KERR B,641 Autobalance Bridge 0.1% Digital Readout £250.00

COUNTERS
HEWLETT-PACKARD 5245L/5253B Counter Timer DC- SOOMHz 8 Dlglt

MARCONI TF.2411 Counter Timer DC-50MHz 7 Digit
PHILIPS PM.6630 Counter Timer DC-160MHz 8 Digit
PHILIPS PM.6620 Counter Timer DC-45MHz 6 Digit
METERS

AIRMEC 314A Electronic Voltmeter 50mV-300V 300MHz
AIRMEC 210 Modulation Meter 3-300MHz

BOONTON 91DA R F. Voltmeter 1.2GHz. No Probe
DYMAR 711 VHF Millivoltmeter

FLUKE 8100A D.M.M. AC/DC & Resistance 5 digit 0.01%

MARTIN ASSOCIATES
71 Basingstoke Road

Reading. Berks

Tel. Readmg (0734)868109

£100 00

WW — 071 FOR FURTH

HEWLETT-PACKARD 3400A RMS V/Meter 50mV-300V
MARCONI TF.2600 Sensitive Millivoltmeter

SIEMENS 3U84-1b Thermal Wattmeter 0-12.4GHz 500mW .
SOLARTRON 203A D.M.M.,

£35.00
£130.00
. £120.00
£300.00

OSCILLOSCOPES

COSSOR CDU.150 Dual Beam 50MHz Sens. 5mV/cm £385.00
TELEQUIPMENT S.32A Single Beam £85,00
TEKTRONIX 654 D/Beam DC-10MHz Storage + 3A6 & 3B3 Plug Ins .

TEKTRONIX 603 Storage Monitor
TEKTRONIX 545A D/Beam 33MHz + 4 Trace “M” Type Plug In

£325.
HEWLETT-PACKARD 141A D/Beam 200MHz Plug In 1402A & 1423A
Stora% e Variable Persistance £495.00
TEKTRONIX 1L5 Spectrum Analyser Plug In 50Hz-1MHz . ... £600.00
TEKTRONIX 1L10 Spectrum Analyser Plug In IMHz- 36MHz . £600.00

SIGNAL SOURCES
AIRMEC 304 Power Oscillator 50KHz-100MHz 10V into 50 Ohms

AIRMEC 365A Signal Generator 1-320MHz AM/FM

ADVANCE PG.52B Pulse Generator P.6, P1A, P2A, P3A Plug Ins £550.00
MARCONITF.801D/8S Signal Generator

MARCONI TF.995A/3S Signal Generator

MARCONI TF.1066B /6 Signal Generator

MARCONI TF.1101 R-C Oscillator 20Hz-200KHz J
MARCONI TF.1245/46/47 “Q” Meter + 2 Oscillators 40KHz-300MHz .

MARCONI TF.1370A R- C Oscillator. 10Hz-10MHz

R & S SMLR Power Signal Generator 100KHz-30MHz

Isi\l}:WLE’I"I‘-PACKARD 606B Signal Generator 50KHz-65MHz O/P Up to
£350.00

MISCELLANEOUS.

Variacs 20A

MONTFORD UK.82K Climatic Oven —50 to + 100°C
Avo 160 Portable Valve Tester

Avo Transistor and Diode Tester

General Radio 1232A Tuned Amp + Null Detector 20Hz-20KHz £100:00

ER DETAILS

Full

~~! ESS WORLD FEBRUARY 1981

Quartz Crystals

tocks of standard items
swceed a quarter of a million.
ndividual units to the tightest )
secification made to order. Interface
N Onartz
Devices

*his technology is available now from Limited

10

WW — 075 FOR FURTHER DETAILS

29 Market Street
Crewkerne
Sorherset TALS P

Crmv:kcrne (0460) 74433
Felex:yb283 inface g

METER PROBLEMS?

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

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

Information from:

HARRIS EI.ECTRONICS (London)

138 GRAYS INN ROAD, W.C.1

Phone: 01/837/7937

WWW america

radiohistorv com
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HM312 Dual
Trace
Oscilloscope.

DC-20MHz.
Sensitivity bmV-
20V/cm. Time
base range
0.5uS-0.2S/cm
with x5 horiz mag
10 100nS/cm,
with variabie
control
uncaiibrated to
40nS/cm. CRT
screen 8 x 10cm.
Full XY using chil
as X input.
Bandwidth
2.3MHz, TV
trigger.

NOW BETTER
VALUE THAN
EVER AT

., HM512 Dual
3, Trace

| Oscilloscope
with delayed
. sweep.
DC-50MHz.
* Sensitivity 5mV-
20V/cm Time
base range
0.1uS-2.0S/cm
. with x5 horiz mag
t0 20nS/cm.
Delay ranges 7
decade steps
100ns-1S with
fine control CRT
screen 8 x 10cm.
Full XY using ch li
as x input, 3
bandwidth 4
MHz. Z input.
Delay line allows
viewing of
leading edge. ~
Vertical overscan
_indicated by 2

"LED's.
Other models available.
HM307 10MHz plus component tester. £138.00

HM412 20 MHz with sweep delay.  £350.00
HM812 50'MHz storage. £1458.00
All scopes can be fitted with a long persistence CRT at extra cost.

World-beating Oscilloscope Offers

FROM

Electronic Brok
61/65 Kings Cross Road,

I LI Tel:01-278 3461. Telex 298694

Prices do not include carriage or VAT,

London WG1X 9LN.
WW -— 055 FOR FURTHER DETAILS
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Memories

2114-300ns 1kx 4 SRAM  £2.25

4116-200ns 16k x 1 DRAM £2.61
2708-450ns 1k x 8 EPROM £3.60
2516-450ns 2k x 8 EPROM £7.20
2716-450ns 2kx 8 EPROM £7.20
2532-450ns 4k x 8 EPROM £18.00

Please add 5'0p for postage—Prices exclude V.A.T.
~Send s.a.e. for price list.

STRUTT LTD.

ELECTRONIC COMPONENT DISTRIBUTORS
MANUFACTURERS & SUB-CONTRACTORS
to the ELECTRONIC INDUSTRY

3c Barley Market Street
Tavistock
Devon, England PL19 OJF
- Tel. Tavistock (0822) 5439/5548
Telex: 45263

TRUE AS AN ‘ARROW’ )i

Professional Wire and Cable Fasteners
for all installation requirements.

TELEPHONE - ELECTRONICS
COMMUNICATIONS — ALARM
SYSTEMS, ETC.,

Model for
wires up to 2"

\: o~
L [ 3 i )
[ - 4 Precision made models.

. 12 Different staple sizes.
V| RN ] Rugged all steel construction in
Y chrome finish
Grooved guide.

Grooved driving blade.

Tapered striking edge.

Jam-proof mechanism (patented).
Short span easy compression handle.

Some of the features that make an Arrow cable fastener
the outstanding too! for all installation engineers.

hA ey
k o, liustrated literature and details of Staple sizes

r‘j}:ﬁil . T available from:
Zall NN
: i

Pyl SPECIAL PRODUCTS
“\\[l  DISTRIBUTORS LTD.

81 PICCADILLY, LONDON W1V OHL. Tel: 01 629 9554, Telex 265200 (A B RACEN)
— Cabtles Speciprod London W1.
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the indispensable

THRULINE°WATTMETER

0.45-2300 MHz / 0.1-10.000 watts

The Standard of the Industry
What more need we say...

Exclusive UK representative

aspen electronics .I‘imited -

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 SUR

ELECTRONIC COMBINATION LOCK:

Improves security of home or office.
Over 65,000 combinations available,
user can select any desired 4-digit code.
Illuminated keyboard for night-time use.
Operates from 12v. a.c./d.c. supply.

For use with easily obtainable 8-12 volts
electric door releases (these can be
supplied at extra cost).

Easy to install.

Full instructions supplied.

Price £54.95 + var

(Post paid)

R.J.T. ENGINEERING LTD.
48 Mowbray Crescent
Stotfold, Hitchin, Herts.
Tel. HITCHIN 730069
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ONE OF THE MOST USEFUL
TOOLS YOU CAN HAVE

AUDIO SIGNAL
GENERATOR

Low distortion (.002% at

1 Khz)

Range 10Hz-100kHz

Output tv rms into 600 ohms,
Sine /Square signals.

Fixed and variable attenuation. ‘F
Battery or mains. F Model 146 /9 ,
Based on a John Linsley Hood de- s e g -X}
sign. Also available with frequency £36 (Batty.) + UK. Tak £5.40.

meter (from £50) Mains version £46 {+ U.K. Tax £6.90).

(Kit of parts £31 + tax £4.65); p.p. £2.

TELERADIO ELECTRONICS

325 Fore Street. Edmonton, London N9 OPE. 01-807 3719

(PA;CE) Ap350 POWER AMPLIFIER

AP360 Stereo Power Amplifiers have been well-tried
and proven in the music industry. They prove that
sonic quality, ruggedness and reliability can be
combined in one amp.

o | ELECTRONIGCS

Y% e

Independent power supplies eiminate crosstalk and
ensure an accurate sound reproduction.

Power Output. 180 Watts RMS per stereo channel,
into 4 Ohms.

AP360 (jacks) ... £170.00

AP360 (XLR) ... .. £180.00

(Incl. Carriage U.K. Mainland. Excl. V.A.T))
Manufactured in England by: ‘

PACE INDUSTRIAL
EQUIPMENT LTD.

Queen’s Road, Royston SG8 5AQ
Tel. (0763) 45321. Telex 817929
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DISPLAY
ELECTRONICS

Would like to wish
all their customers
and business
associates
a Very

Happy and
Prosperous

1981
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8050A 4% Digit LCD
DMM with true RMS on
AC volts and current
DC volts 200mV-1KV,
10uV resolution AC
volts. 200mV-750V,
10uV resolution.
DC/AC current
200uA-2A, 0.014A -
resolution resistance
200Q2-20MQ2, 0.0182
resolution, Also reads
dB direct referenced to
16 stored impedances.
Conductance ranges
2mS and 200nS. .
£245 mains model
£285 mains battery
8012A 3% Digit LCD DMM with true RMS on AC volts and current.
DC volts 200mV-1KV, 100uV resolution. AC volts 200 mV-750V,
100uV resolution. DC/AC current 200pA-2A, 0.1pA resolution.
Resistance 200§-20Ms2, 0.152 resalution Low resistance 2§ and 2082,
1m$2 resolution Conductance ranges 2mS-20uS-200nS

£199.00 mains model
£219.00 mains battery.

8010A 3 Digit LCD
DMM Same spec as
8012A plus a 10Amp
AC/DC current range,
but nolow resistance
range.
£159.00 mains model
£179.00 mains battery.
8024A 3% Digit hand
held LCD DMM with peak
hold Level Detector
and continuity tester.
DC volts 200mV-1KV,
100uV resolution.
AC volts 200mV-750V, 100uV resolution.DC/AC current 2mA-2A,
1uA resolution. Resistance 200§2-20MS2, 0.1 resolution. .
Conductance 200nS.Peakhold of AC or DC volts and current.
Level detector operates around + 0.8V reference. Audio tone on
level and continuity, £149.00, carrying case £7.00 extra.
8020A 3% Digit hand held LCD DMM. spec as per
8024A with extra conductance range of 2mS but
no peak hold, level or continuity ranges.
Complete with carrying case. £125.00.
8022A 3 % Digit hand held LCD DMM. Spec
as per 8020A but no conductance ranges
‘and slight reduction in accuracy. £75.00
carrying case £7.00 extra. )

Also available a range of
accessaries including
current shunts, EHT
probe, rf probe,
Temperature probe and
‘touch and hold probe.
Ful! details on request.
The warranty period on
all items shown is 1 year
other than the 8020A
which is 2 years.’

Electronic Brokers

1-65 King's Cross Roa

TELEPHONE: 01-868 1188 — TELEX 8812727
WW--049 FOR FURTHER DETAILS

Closed Thursdays. Lists sent on request. Also R.F. & Function- Generators. T.H.D.
Analyser & Millivoltmeter. SWR and Frequency Meters

WW — 070 FOR FURTHER DETAILS

Dept. W.W., 64.66 Melfort Rd., Thornton Heath,
Surrey. Telephone: 01-689 7702

EES ) ondon, WC1X 9LN
mm» Tel:01-278 3461 - Telex 298694

Prices do notinclude carriage or VAT.

WW — 056 FOR FURTHER DETAILS

www americameadiohicetory com
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. " SM77eSM78 1
cardioid dynamic microphones

a new look for the 80’s

\
i

WW--061 FOR FURTHER DETAILS

There’s so much that's new about these professional micro-
phones we can only touch the highlights. Exclusive “picture
perfect” SUEDECOAT™ Tan or Ebony matt finish looks
great~permanent/y, Significantly smaller, excep-
tionally lightin weight; yet so extraordinarily
rugged and reliable we call them the “Light
Heavyweights”” They feature the crisp sound
that makes Shure the world’s most widely
used professional performer microphones.

e e it e e e i e s e

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

Please send me your free

SM77/SM78 Brochure.

b Py

Name

~
-

Company

Address

Cily
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The new bureaucracy

In the 1940s the construction of computer
memory was difficult and expensive. So
was the construction of a processor (then
called a mill, or arithmetic unit). It was out
of the question to cope with the technical
problems of building a combined unit.
The Von Neumann architecture was a
creature of these historical engineering
constraints. The result was a list processor,

- and all problems to be solved by digital

electronics had to be converted into a list
of sequennal steps. The people who did

" the conversion were called ‘programmers’.

It is historically unfortunate that this
Von Neumann architecture proved to be .
so versatile that it remained fixed long
enough (1944-1980) for a glamorous
mythology, and also a client society, the
programmers, to develop around it,
innocent of technology and also rather
lacking in knowledge of the nature of the
problems to be solved. This architecture
has now been carefully copied, without -
improvement, into today’s
microprocessor, The resulting situation,
which we are encumbered with, is similar
to the man at the information desk ina
railway station. He knows nothing about
the technology of trains or railway line
networks, or that train times can be
altered, neither does he know the reasons
why you want to make your journey. All
he can do is advise you on how to use the
existing schedule, which is very awkward
indeed.

The programmer class became powerful
enough to insist that the computer remain
unchanged and there has been no change
in computer architecture for 36 years.

‘Similarly, the railway information man

would prefer the time-table and network of
lines to remain unchanged, but, unlike the
programmer, he does not always have his
way. .

Programmers developed a glamorous
view of themselves, and made heavy
inroads into the media. From the
beginning they were very well paid, to say
the least. Borrowing from Marshal
McLuhan’s philosophy, they caused
society to think that the essence of modern
society was ‘information processing’, and
even that the human brain was an
‘information processor’ following their
own baroque, bureaucratic procedures.
This left them free to remain ignorant on
the one hand of the technological nature of
their machines, and on the other hand to
‘take little interest in the customer’s real
problem, for which he wanted a *
mechanised solution. In classic style, the
programmer introduced an informational
bureaucracy between machinery and
problem to be solved, and insisted that
any link between the two must be via the
mandarin language which was devised in
the 1950s to try to make the best use of the
slow, awkward Von Neumann machine
architecture of that time.

This incursion of an informational
bureaucracy between social needs and
technological solutions is now likely to be
institutionalised by the setting up of a
‘Minister of Information Technology’
(December 1980 issue, News, p.46). In
fact, there is nothing technical about the
information explosior that technically
uninformed programmers are busily |
creating around themselves and us.

Digital electronics is a very powerful
branch of engineering with massive .
potential for social benefit, but it will be
hampered in contributing to society’s
needs until the technically uneducated,
parasitic bureaucracy variously called

‘information technology’, ‘computer

science’, ‘information science’ gets off its

= back and lets it get on with the job.
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*Just detectable’

distortion levels

t

Attempts to arrive at a practical criterion for assessing audio equipment

by James Moir, F.LE.E. James Moir & Associates

Are distortion levels of 0.1% really
detectable when programme material
is being reproduced? asks the author.
Manufacturers’ t.h.d. figures would be
of much greater value if information
were available on the levels of
distortion that were just detectable or
just acceptable, he says. This article
first examines the various signal
characteristics which control the
detectability of distortion to the ear,
then reviews attempts that have been
made to determine ‘just-detectable’
distortion, including a new technique
devised by the author. Finally the
author gives some actual examples of
what he considers to be ‘just-
detectable’ distortion levels in various
kinds of audio equipment.

Equipment suppliers generally provide a

reasonable amount of information on the -

extent of the harmonic distortion intro-
duced by their amplifiers and tuners,
though less frequently on loudspeakers
and most other items of equipment. This
distortion data is usually in the form of a
quotation of the total harmonic distortion
(t.h.d), the r.m.s. sum of the individual
harmonics. Typical values are generally in
the range of 0.01 to 0.1% for amplifiers,
*0.1 to 0.3% for tuners and around 0.5%
for loudspeakers. Analogue record/repro-
ducer systems have much higher distor-
tions, 3% to 8% being average values, even
for professional equipment. On the reason-
able assumption that low values of har-
monic distortion are desirable if ‘clean’
sound is to be obtained, information about
the t.h.d. is desirable.

The adoption of t.h.d. as an objective
measure of subjectively judged distortion
follows the international standardisation, .
though it is appreciated that it is almost
certainly the accompanying intermodula-
tion components that are responsible for
the ‘objectionableness’ of the distortion
signal. In the majority of situations the
total intermodulation distortion is directly
proportional to the total harmonic distor-
tion, the relative values depending only
upon the ratio of the amplitudes of the two
test signals.

However the value of the manufactur-
ers’ t.h.d. data would be greatly increased
if information on the levels of distortion
that are just detectable or just acceptable
were available. Are distortion levels of
0.1% really detectable when programme
material ns being reproduced? Is an ampli-
fier having 0.01% or 0.001% distortion

audibly ‘cleaner’ than one having a t.h.d.
of 1%? This is the problem to which the
present discussion is directed. It would be
idealistic to suggest that zero distortion
should be the target. A more realistic ap-
proach would be to try and define the level
of distortion that is ‘just detectable’ using
modern equipment and critical listeners.
The ‘just detectable’ level is a function
of s0 many variables that a precise speci-
fication, a single figure such as 0.1% or
1%, is unlikely to emerge from the discus-
sion. Even in the simple situation where
the test signals are single-frequency tones
it is impossible to specify a single figure
without setting wide limits. An exper-
ienced observer will detect the addition of
a second or third harmonic when this is
less than 0.1% but, given the opportunity

- to make repeated comparisons of the

distorted and un-distorted tone, he will
lower the detection level by a factor of at
least ten, so 0.01% distortion becomes de-
tectable. But the ‘just detectable’ level of
distortion in sinusoidal tones is rarely of
more than academic importance and will
not be given further consideration.
However, the same problem exists when
attempting to detect the presence of distor-
tion in a musical programme, if the test
facilities allow a smooth variation of the
distortion content the ‘just detectable’
distortion (JDD) level continues to de-
crease with increasing experience and it is
doubtful if any figure is meaningful with-

Fig 1. lllustrating large variations of audio
signal level that can occur in musical -
performances — for example between
points 1and 2. (Chart recording of
instantaneous levels during one minute of
“Molly on the Shore’ by Percy Grainger).

out providing full information on the test
routine.

The specification of the ‘just detectable
distortion’ in programme material is in-
_herently more difficult, for the signal is
continuously varying in amplitude and in
consequence the instantaneous value of the
distortion is also varying continuously.

Fig. 1 is a chart recording of the instanta-
neous levels during a one minute period of
‘Molly on the Shore’ (Grainger) taken from
an Enigma recording No. K. 53574. Be-
tween points 1 and 2 the level will be seen
to vary by at least 30dB but this is not an
extreme example, for records are capable
of handling a volume range of at least 50 to
60dB and this range is commonly em-
ployed.

If we now look at some data on the
variation of the distortion with signal out-
put of a typical amplifier and a domestic
type of loudspeaker, we get the results
illustrated by Fig 2. If it is assumed that a
maximum level of 95dB at 1 metre is the
highest level that will be reproduced it is
seen that the distortion content is in the
region of 3%. At a level about 30dB lower
the distortion has fallen to less than 0.1%.

The amplifier introduces much less
distortion into the signal. If the sound level
of 95dB is achieved by a power output of
10 watts (a rather inefficient speaker) the
distortion introduced is about 0.1% or less
and it falls even lower at lower power out-
puts. Thus the distortion that is audible in
the acoustic signal is practically all due to
the loudspeaker and it varies over a range
of about 30 to 1 when the acoustic signal
output various over a range of about 30dB.
(The numerical agreement is a coinci-
dence.) Thus one has the problem of try-
ing to decide what is the effective value of
the distribution when it varies over a range

"Molly on the shore" (Grainger)
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of 30dB during a short section of the pro-
‘gramme. The degree of distortion that is
detectable is obviously a function of the
distribution in time of the instantaneous
amplitudes of the music. If the loud signals
persist for a small fraction of the total time
then the high levels of distortion that
-appear on loud signals will be less objection-
‘able than if these loud signals occupied a
large fraction of the few seconds over
which the brain is able to analyse the signal
while still exposed to the music.

Now the detectability of distortion de-
pends not only upon the instantaneous
value of the distortion, but also upon the
length of time during which each burst of
distortion persists. It appears from experi-
ments on the fusing of tone pulses that the
hearing system requires a time interval of
'10-20 milliseconds to form an opinion
about the spectral content of a mid-fre-
quency tone. At the low frequency end of

. the spectrum the processing time rises to

40-60 milliseconds. This may be the mech-
anism that makes the hearing system
oblivious to bursts of distortion of short
duration,” the just detectable value in-
creasing very rapidly as the duration of the
distortion decreases.

We investigated this aspect using a
simple double zener clipper to clip sine
wave pulses of variable length while listen-
ing on headphones for the just detectable
distortion point. Fig 3 illustrates the re-
sults. It will be seen that the distortion due
to clipping of a 4 millisecond burst reached
about 10% before it was detectable, but
increasing the pulse length to 20 milli-
seconds reduced the ‘just detectable’ dis-
tortion point to around 0.3%. As a conse-
quence it will be appreciated that pro-
gramme amplitude indicating meters in
which the deflection is a function of the
peak signal amplitude indicating meters in
which the deflection is a function of the
peak signal amplitude (p.p.ms) rather than
the average or r.m.s amplitude (VU meter)
may have the disadvantage of indicating
the amplitude of signal peaks that do not
result in audible distortion. In many appli-
cations the use of a p.p.m. type meter may
only result in a reduction in the signal
noise-to-noise ratio. .

For this reason, a passage that contains
perhaps one peak having a duration of
several seconds will sound ‘dirtier’ than a
similar passage in which there are many
peaks of the same amplitude, but each of
short duration, even though the total dura-
tion of the peaks is the same for both
passages. »

However, there are other factors that are
of significance. It is well established that
distortions of the simple amplitude de-
pendent type (harmonic and intermodula-
tion distortion) are less obvious when the
distortion occurs at the low frequency end
of the spectrum. The data quoted later
suggests that the just detectable value of
distortion at a frequency of 100Hz is at
least ten times the just detectable value at
frequencies in the 1000Hz region. Thus
the just detectable distortion is likely to
depend not only on the distribution in time
of the peak amplitudes in the music, but
also on the frequency band in which they

kadichistorvy com

occur. Characteristically the sustained
peaks occur in the low frequencies where
the distortion introduced is less easily de-
tected. Indeed it has even been claimed
that distortion introduced in the low fre-
quency region makes the music sound
‘rich’ ‘round’ or ‘fat’, a view that is un-
likely to appeal to the hi-fi purist.

There is also good evidence that the
intermodulation distortions that result
from second-order curvature of the trans-
fer characteristics are less disturbing
subjectively than the distortions intro-
duced by odd order curvature. All these
considerations suggest that any simple
single figure value that is quoted as an
objective indication of the effective total
distortion in a system is unlikely to agree
with a subjective estimate of the conse-
quent quality deterioration, for the
annoyance aroused by the presence of the
distortion will depend on the order of the
harmonic responsible for the major
proportion of the objectively measured
distortion. y

In summary the just detectable distor-
tion depends on:

1. The ratio of the peak-to-mean ampli-
tudes of the signal during the effective
listening interval.

2. The duration of each amplitude peak;
ten peaks each lasting two milliseconds are
less objectionable than one peak lasting
twenty milliseconds in the same listening
period.

3. The frequency band in which the maxi-
mum distortion occurs. Peaks of distortion
at the low frequency end of the audio band
are more difficult to detect than peaks of
the same amplitude in the middle fre-
quency band.

4, The order of the harmonics introduced
by the overload. Even harmonics and the
resultant quadratic intermodulation distor-
tion components are less objectionable
than the odd harmonics and the resultant
cubic intermodulation components.

In spite of all these complications there
have been many attempts to determine a
figure for the JDD and these will be briefly
considered, but the wide spread of the
dates at which the tests were carried out,
the intrinsic quality of the sound systems
employed and the variation in the methods
of expressing the distortion necessitate
great care in making any closely detailed
comparison of the quoted distortion
values.

Using a system claimed to bé flat be-
tween limits of 40Hz and 14kHz, Olson
suggested that the introduction of 0.7%
distortion was just detectable, the JDD
being the same for both even order and
odd order distortion, a conclusion that is at
variance with almost all the data obtained
by subequent investigators. Olson also
noted that the JDD was doubled if the
frequency range was restricted to 4kHz,
the possible basis for P. P. Eckersley’s
comment that “the wider the window, the
more dirt gets in”.

In his book ‘Elements of Acoustic Engi-
neering’ published in 1940, Olson notes
that: “Tests of music reproduction on a
system with a uniform response from 45 to
8500Hz at a peak level of 80dB have indi-
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Fig 2. Percentage distortion against sound
level for a typical 8-in loudspeaker and
amplifier.
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Fig 3. Detectable distortion vs. pulse length
for burst of 1kHz sine wave of variable
length. Detectability depends on length of
time for which each burst of distortion
persists.

cated that 5% second harmonic and 3%
third harmonic are noticeable on a direct
comparison with a system having less than
1% total distortion.”

In the late thirties the problem of deter-
mining the JDD was exercising the world’s
telephone administrations, while they were
trying to fix some performance limits for
the telephone lines used for the interna-
tional distribution of speech and music.
Braunmuhl and Weber in Germany and
the BBC and Post Office Research Depart-
ment in this country made very extensive
investigations of the subject, the tests be-
ing extended to produce data on the sen-
sitivity of the hearing system to distortion
when this distortion was confined to selec-
ted frequency bands. There is reasonable
agreement between the results obtained
from both the investigations in finding that
around 1%-2% distortion is detectable
when it occurs in the range above about
S00Hz, but that the distortion may be
allowed to rise to something in the range of
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15% to 25% if it is confined to the fre-
quency band below 100Hz. Odd order har-
monic distortions were found to be more
subjectively annoying than the even order
distortions.

Some fifteen years later (1950) D.E.L.
Shorter of the BBC Research Department
compared the sound quality of a number of
systems for which the measured harmonic
spectra were known. Comparing ampli-
fiers having different harmonic spectra he
found that the just perceptible distortion
was 0.4% in one instance and 2.6% in
another, an illustration of the wide spread
of distortion values to be expected in any
quotation of a just detectable value. He
obtained better agreement between subjec-
tive opinion and the objective mea-
surements when he multiplied each har-
monic amplitude by %4 before taking the
r.m.s. sum. (7 is the harmonic order.) The
spread of just perceptible values was then
reduced to 0.8% to 1.3% but it should be
remembered that weighting in this way
prevents his values being directly com-
pared with the unweighted values obtained
by other researchers.

Wigan (1961) made a very comprehen-

" sive investigation of the problem and came
to the conclusion that the subjectively
judged unpleasantness. is a function of the
time-rate-of-change of the departure of the
signal from normality, but his results and
conclusions are difficult to apply to a
practical case where only the harmonic
data are available. They do, however, con-
firm the earlier suggestions that there are
likely to be wide limits on any suggested
value for the JDD.

More recently Fryer made a very thor-
ough investigation of the problem using a
distortion producing technique that intro-
duced only the first order intermodulation
distortion components into a clean signal.
Skilled male listeners could detect the
presence of total distortion components of
about 2% to 4% in piano music and 4% to
5% in other types of programme. However

his circuitry did not introduce the har- ~

monic distortion that would inevitably ac-
company the intermodulation products if
they were produced by curvature of the

transfer characteristics of an amplifier or
other circuit component. If the harmonic
components had been included the r.m.s.
sum would probably have been near the
top end of the quoted JDD range of 4%,
but, as with Shorter’s weighted data, his
JDD percentage cannot be directly com-
pared with the data obtained by others.
Recently we took the opportunity of
making a re-assessment using modern
equipment. A 15in/s master tape recording
of a concert orchestral programme was
used as a signal source, the amplifier out-
put being fed to a pair of headphones cho-
sen for their good frequency response and
particularly low distortion. We were

. specially interested in the audibility of

cross-over distortion, a particularly
annoying form of distortion. A simple
addition to the bias circuitry in a good
amplifier allowed the bias on the output
stages to be smoothly varied by a single
knob control from the under-biased to the
over-biased condition, thus varying the
amount of cross-over distortion over a
wide range. :

The amplifier output signal was moni-
tored by an oscilloscope to show up any
amplitude limiting and to reproduce the
calibration waveforms. Bias on the output:
stages was adjusted until distortion on the
programme material when subjectively
judged was just detectable, each listener
spending as much time as he wished in
finding the point at which the distortion
was ‘just detectable’. The bias control
knob carried calibration markings and
these’ were recorded for each observation
and averaged over about twenty determi-
nations to obtain the quoted JDD value.
Additional readings were taken at a distor-
tion level well below the ‘just detectable’ to
confirm that the residual distortion 0.13%

‘Fig 4. Cross-over distortion analysis,
showing amplitude of harmonics
measured on a narrow-band analyser.
Inset is waveform, as seenonan
oscilloscope, of a sinewave signal having
the same peak-to-peak amplitude as the
programme signal and showing the slight,
cross-over distortion. :
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in the equipment was unlikely to affect the
results obtained.

This is a very sensitive technique for

determining the ‘just detectable distortion’
for after a few comparisons the subject
begins to recognise the particular form of
distortion introduced into the music by the
bias change. During subsequent compari-
sons the subject becomes increasingly sen-
sitive to that particular distortion. After
10-15 minutes’ experience his sensitivity to
the distortion has probably increased by a
factor of at least ten times.

As pointed out earlier in the discussion
the actual distortion content in the repro-
duced music cannot be directly measured
but it can be approximately indirectly. The
peak-to-peak amplitude of the programme
material at the level at which the distortion
was just detectable was marked on the
oscilloscope face and a sine wave signal of
the same peak-to-peak value substituted.

This sine wave signal across the
headphones was then analysed in the con-,

ventional manner using a Marconi Type
TF2330 narrow band analyser, all compo-
nents up to about the 20th being separately
measured. Fig. 4 indicates the amplitude
of all the harmonics that were present and
also reproduces the waveform of the sine
wave signal having the same peak-to-peak
amplitude as the programme signal. If the
r.m.s. sum of the harmonics is taken in the
conventional manner it is 1.2%, or if

weighted using the Shorter technique,

multiplying each harmonic by #%/4 then it
is 15%. It is an interesting observation that
when distortion on the sine wave signal
was ‘just detectable’ visually it was also
‘just detectable’ audibly.

On examining the data from all the
investigations and rather naturally giving
rather greater weight to our own results in
view of the relatively recent date of the
investigation, it would appear that the ‘just
detectable’ level can be no lower than 1%.
Indeed in view of the critical nature of our
test technique, smoothly adjustable distor-
tion and repeated comparisons using the
same test passage, it would seem unlikely
that even experienced observers listening
to a normal programme presentation could
detect the effect of adding 1% distortion to
the signal. It would seem reasonable to
suggest that Fryer’s value of around 3%
distortion represents the ‘just detectable’
level in practice with limits in the range
between 1% and 5%. If it is intended to be
ultra-critical our ‘well below the detectable
distortion’ value of. 0.13% could be
accepted as the desirable target.

With these values in mind it is interest-
ing to see how all the individual items of
equipment in a system measure up to this
standard. Amplifiers appear to be the only
system component that have a perform-
ance that comfortably exceeds the ‘just
detectable’ standard. Reasonably priced
units can introduce distortions that are
below 1% (40dB down) at half their rated
output power. Amplifiers in the very top
class, but still in domestic usage, have
distortions in the 0.01% to 0.001% class
(60-80dB down).

continued on page 38
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Wind speed and direction meter — 1

Digital and analogue indication for racing yachts or met. stations

by N. Pollock

A windspeed and direction measuring
instrument suitable for amateur
construction is described. Although
specifically designed for yacht
masthead use it is also suitable for
land-based meteorological
applications. The novel masthead
transducer unit avoids the use of
expensive commercial components
and can be constructed relatively
easily by anyone with access to a
small lathe.

A cockpit display of masthead windspeed
and 'direction has become an essential for
offshore racing yachts and is very useful
for the cruising yachtsman. A number of
commercial instruments are available, but
they tend to be very expensive. The main
requirements for such an instrument are as
follows.

® the masthead unit must be small, light
and weatherproof.

@ the number of wires coming down the
mast must be reasonably small.

@ both speed and direction systems should
work over a speed range of about 1 knot to
60 knot. At lower speeds, boat motion
makes the indications unreliable, while at
higher speeds it is only too evident what
the wind is doing.

@ the direction display should have a reso-
lution of 1°, at least over the range of 45°
port and starboard of head-to-wind. This
is needed for fine tuning when beating to
windward.

@ There should be a continuous 360° anal-
ogue-type display of direction which can
be read at a glance in moments of stress,
such as when gybing in a strong breeze.

@ the system should operate from a 12V
accumulator with a low current consump-
tion.

To the best of the author’s knowledge,
no instrument suitable for amateur con-
struction which meets all the above re-
quirements has been described previously.
A number of wind direction indicators
using simple 3 or 4-bit optical encoders has
appeared over the years, but they have
inadequate resolution. A high-resolution
direction indicator with a limited angular
operating range, suitable for close hauled
use, is described in Reference 1.

Operating principle

The most difficult problem in designing
this type of instrument is the selection of
the method of encoding the wind direction

wann americantadiohietory com

information. Commercial 360° rotation,
low-friction potentiometers, selsyns, re-
solvers and non-contacting digitizers can
all be eliminated due to cost and availabil-
ity problems. |

The encoding technique adopted is one
originally described by Tyson®. The prin-
ciple of operation will be described with
reference to Fig. 2. A cup anemometer and
a wind vane, shown in Fig. 1, are mounted
on a pair of coaxial shafts, which carry a
pair of opaque discs with a small clearance
between them. A fixed annular disc sur-
rounds the small-diameter direction disc.
These three discs are shown separated in
Fig. 2, for clarity. A light source is located
below the  anemometer disc. The clock
photodetector, fitted above a hole in the
fixed annulus, produces a pulse train as the
circle of holes in the anemometer disc

Coincidence hole

Reference
detector

Clock detector -

Coincidence
hole

Reference
hole a0

/ %“C
Clock track —
q

S

Fig. 1. Complete masthead assembly.

4

Coincidence detectors
A

Direction disc

«— Fixed annulus

Anemometer

/‘ - disc

/Lighf source !

Fig. 2. Operation of transducers. Annulus and upper disc are normally in same plane.
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(which are referred to as the clock track)
sweep past, the frequency of this clock-
pulse train giving the windspeed. Once per
revolution of the anemometer disc, the
reference hole passes the reference photo-
detector and an output pulse results. Also
once per revolution, at a point dependent
on the angular position of the direction
disc, the two coincidence holes pass each
other and the coincidence photodetectors
produce an output pulse. The number of
clock pulses occurring between the refer-
ence and coincidence pulses gives the wind
vane angle. In this simple form, the angu-
lar resolution is equal to the angle between
successive clock-track holes. This resolu-
tion limit can be overcome by using a
phase-lock-loop frequency multiplier to in-
crease the clock frequency.

Mechanical design of
masthead unit

This article is primarily concerned with
the electronics of the system, but to assist
potential constructors, some hints of the
mechanical design will be included. A
cross-section view of the prototype mast-
head unit is shown in Fig. 3 and photo-
graphs of the various components are re-

Fig. 6. Method of mounting assembly on
masthead. Unit is clamped in sleeve.

’

f

Fig. 4. Anemometer mounting and perforated

disc. ‘Festoon’ bulbs without end caps are used.

Fig. 5. Amplifier board and direction disc driven by vane.
LM339 contains all four amplifiers.
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produced in Figs. 4 and 5. The unit was

‘constructed inside a piece of 50 X 1.6mm

aluminium tube, the various discs being cut
from glass-fibre printed-circuit board. The

clock track has 36 holes 1.7mm diameter,

equally spaced on a 40mm diameter circle,
the clock photodetector window in the
fixed annulus is 1.0mm diameter and all
the other holes in the discs were about
1.7mm square. The light source consists of
two tubular, linear-filament, automotive
tail-light bulbs with the end contacts re-
moved to fit them in the available space.
Ball bearings are secured in the end fittings
and the shafts fixed in the bearings with an
adhesive such as ‘‘Loctite Bearing
Mount”. The spacing between the discs
(about 0.4mm) wgs set using temporary
spacers between them while the adhesive
on the shafts cured. This procedure avoids
the need to accurately machine bearing-
locating shoulders. Adjacent faces of the

‘discs were painted matt black, while the

rear faces of the discs and the rest of the
interior was painted white.

The wind vane can be constructed from
a variety of materials, the major require-
ments being that it should be of light
weight and accurately balanced about its
axis of rotation. A strong, well-balanced
cup anemometer is difficult to make, so a
commercial unit, manufactured by VDO
and obtainable from chandlers was
adapted. This anemometer, which had a
mean cup radius of about 44mm, was
found to give a clock calibration factor of
22.5 hertz/knot. Since the system speed
calibration is adjustable, any convenient
commercial or home-made anemometer
could be substituted.

Power supply

A 9V supply was selected for the instru-
ment, since it can conveniently be derived
from a 12 volt battery system. The circuit
of a suitable regulator is shown in Figure
e

Masthead circuit

To provide high-level, low-impedance sig-
nals to drive the long wires down the mast,
the three photodetector outputs are ampli-
fied in the masthead transducer unit. The

' necessary circuitry conveniently fits on a

circular printed-circuit board which
mounts on the direction end fitting, as
shown in Fig. 5. The circuit of the mast-
head system is shown in Fig. 8. The two
12V bulbs in series are operated so far
below their rating that they should have a
very long life. It is desirable that the clock
and coincidence amplifiers just swing to
full output when the anemometer disc is
rotated slowly and the direction disc is in

Fig. 8. Circuit diagram of masthead
amplifiers and signal conditioner. On 14
pin packages, 9V goes to pin 14, OV to pin
7; on 16 pin types, 9V is on pin 16 and OV
on pin 8. A 100n ceramic capacitor should
be connected between 9V and 0V for every
threei.cs. p
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the position which gives the smallest
coincidence output. If the mechanical de-
sign is changed it may be necessary to
change the values of R; and R; to achieve
this situation. The 1kQ resistors on the
amplifier outputs are to ensure amplifier
stability under the capacitive load presen-
ted by the connecting cable.

Signal conditioning circuit
The reference, coincidence and raw clock

signals from the masthead unit drive the

three comparators with adaptive triggering
levels and hysteresis shown in Fig. 8.
These comparators are very tolerant of
changes, induced by ageing, temperature
etc., in the amplitude and offset voltage of
the incoming signals. The reference com-
parator drives a low-pass filter and a
further comparator which compensates for
the different response speeds of the refer-

ence and coincidence photodetector
systems. Without this compensation the
measured angle would vary with the wind
speed.

The reference and coincidence signals
then drive an edge-triggered RS flip-flop
constructed from a 4013 dual D flip-flop,
the output of which goes high on the
leading edge of the reference signal and
low on the leading edge of the coincidence
signal. (The use of a simpler level-trig-
gered flip-flop produced erroneous results
when the two signals nearly coincided). An
output from the flip-flop drives a 4528
dual monostable multivibrator, which gen-
erates the two 4us logic pulses needed by
the direction circuit. The clock signal,
which has one pulse per 10° of anemometer
rotation, is multiplied by 10, using a 4046
phase-lock loop and 4017 counter, to give
one pulse per degree of rotation. This
CLOCK X 10 signal is gated with the flip-
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flop output, using a 4016 analogue switch.

In practice, the maximum lock-in fre-
quency ratio obtainable from a 4046 is
about 50:1, which barely covers the design
wind-speed range. To ensure reliable
operation, the 4046 timing and loop-filter
capacitors are switched for high-speed and
low-speed operation, the switching being
controlled by the SLOW/FAST logic sig-
nal derived from the speed-measuring cir-
cuit described later. The SLOW/FAST
signal goes high when the speed drops
through 10 knots and low when the speed
rises through 20 knots: this hysteresis en-
sures that the capacitor switching, which
causes the 4046 to momentarily lose lock,
occurs only infrequently. Capacitors of C;
and C, are appropriate for a clock cali-
bration factor of 22.5 hertz/knot. If the
anemometer used has a different cali-
bration factor, C; and C; must be altered
in inverse proportion to the ratio of cali-
bration factors.
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To be continued

Gramophone records reproduced by the
best pick-ups can have distortions in the
3%-6% range, but distortions in the 8% to
10% region are very typical of the best
current records.

Reel-to-reel tape recordings have t.h.ds
in the 2%-3% class but most of the distor-
tion components are due to the odd order
harmonics. In general the distortion
content of tape recordings has a much
simpler harmonic structure than the
distortion spectra of a gramophone
recording. The distortion content of cas-
sette recordings is about twice as high as in
reel-to-reel machines but the variation be-
tween nominally similar cassettes is much
greater.

Typical current tuners have distortions
in the 0.2% to 1% class. Indeed a live f.m.
transmission generally provides pro-
gramme material of the best quality avail-
able to the public.

Good loudspeakers of the monitor class
can provide sound levels around 80dB at 1
metre with distortions of about 0.3% in the
mid-frequency range, rising to 1% or 2%
at the low frequency end of the range.

It will be seen that amplifiers are the
only units in a system that have distortions
that are well below the JDD value. Gramo- -
phone recordings appear at the bottom of

the distortion league table but this ranking
should be greatly improved when digitally
recorded pressings appear.

The distortions introduced by amplifiers
of good design are so far below the ‘just
detectable’ and so far below the distortion
introduced by other units in the system
that they appear to be of no consequence in
practice. However it is relatively easy for
the amplifier designers to obtain such low
distortion levels and as this eases the job of
the designers of the other system units it is
worth while designing amplifiers for low
distortion.

The levels suggested as ‘just detectable’
are much higher than those generally con-
sidered to be acceptable, but there is little,
if any, engineering evidence to suggest that
values of distortion in the 0.1% region are
really necessary. It should be remembered
that it is the system distortion that is heard
and that when the overall system includes
any of the current record/reproduce links,
the system distortion is in the 2%-3%
range, even using professional equipment.

It is the record/reproduce equipment that

is the weak link in our sound reproducer
system.

Returning to the opening question, it
seems unlikely that items of equipment
that have distortion levels around 0.01%

“Just detectable’ distortion levels continued from page 34

will sound any ‘cleaner’ than those having
distortions about 0.1% but they sound bet-
ter in the advertising department.

Finally it will be observed that the
discussion is based on the assumption that
the non-linear distortions, the harmonic
and intermodulation components, are the
primary distortions. T.i.m., d.i.d., s.i.d.
and most, perhaps all, of the currently
popular esoteric distortions are not
thought to be significant in equipment of
professional or semi-professional standard
used as the designer intended.
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WORLD OF ARATEUR RADIO

Atlantic barrier

For British amateurs (as for Marconi) the
Atlantic has always been considered the
single most important hurdle for radio sig-
nals. The ability to bridge the Atlantic on
each of the various frequency bands avail-
able to amateurs often seems to be what
“DX” (long distance) is all about. Two
recent events have highlighted this special
cachet: one the happy event of the first
successful spanning of the Atlantic by io-
nospheric reflection on 70MHz (in a cross-
band 70 to SOMHz contact since American
amateurs are not permitted to use 70MHz
and British amateurs cannot use S0MHz)
by Gordon Pheasant, G4BPY, of Walsall;
the other, a sad event, the death of J. W.
(“Jimmy”’) Mathews, G6LL, an active
amateur for more than 50 years and the
first European amateur to make contact
with America on 28MHz (“Ten Metres™)
in October 1928. :

Firsts on 50 and 70MHz. The 70/50MHz
contact was made between G4BPY and
Canadian VE1ASG (St John, New Bruns-
wick) on November 17 at 1627GMT.
Morse signals from the British stations on
70MHz were heard weakly in Canada at a
time when the Canadian SOMHz signals
were coming into the UK at great strength.
Two-way contact was made and has since
been confirmed.

Ten days later, Gordon Pheasant
chalked up another “first’” for a British
amateur station. On November 27, he

| made contact with VK60X in Caernavon,

West Australia, hearing the Australian sig-

| nals on 50MHz and replying on 28MHz.

This completed for G4BPY his 50/28MHz
“worked all continents”. His contacts with
Asia (Cyprus), South America (Equador)
and (Europe) were made in late 1979 at the
time of the sunspot maximum, while
Africa (South Africa) followed in March
1980. But in completing “WAC” he was
only a whisker ahead of Ken Ellis, GSKW
whose contact ten minutes later with
VK60X also completed a 28/50MHz cross-
band WAC.

On 28 in ’28. In 1928, Jimmy Mathews,
G6LL was one of the very few British
amateurs with a home-constructed crystal-
controlled transmitter capable of running
with an input of about 50 watts to a DET1
valve. He was also one of the few amateurs
who believed that 28MHz (double the fre-
quency of the then popular 20-metre band)
was capable of providing long-distance
contacts. What was not appreciated at that
time was the significance of the fact that
1928 was in the declining phase of a
sunspot cycle. In the event, following his
initial contact on October 21 with Ameri-
can station NU2JN (this was before the
adoption of the international prefixes) a
few other stations ‘“‘got across” but then

the band virtually went dead for five or six
years.

Jimmy Mathews was the first recipient
of the RSGB’s Wortley-Talbot Trophy,
one of the Empire Link Stations of the
1930s and played a prominent role in the
early technical publications of the Society,
including a period when he was Honorary
Editor of the old “T & R Bulletin”. Al-
though not a professional engineer (his
career was in banking) his technical exper-
tise and constructional ability were out-

standing. In 1941 he was one of the first of :

the many British amateurs at ‘““The
Farmyard” (the special Intelligence in-
terception station at Hanslope Park) where
he spent a number of years as an engi-
neering officer. He remained an active
amateur virtually until his death.

GB2RS news service

The weekly GB2RS amateur radio news
bulletins that go out from amateur stations
in many parts of the UK are being listened
to by about 2000 of the RSGB’s 25,000
members, according to Basil O’Brien,
G2AMYV, 1981 president of the society.
These self-help broadcasts, specially
authorized by the Home Office, have been
transmitted since September 1955 and the
service was expanded during 1979. Some
1569 members responded to a question-
naire from which it is evident that of these
701 receive the bulletins on 3.5MHz, 652
on 144MHz f.m., 207 on 144MHz s.s.b.
and 27 on 7MHz a.m. (the 7MHz trans-
tnissions are intended primarily for listen-
ers not having communications receivers).
The survey showed that 1275 members
enjoyed satisfactory reception compared
with 157 who found reception inadequate.
The survey shows that this form of broad-
casting to a specialist section of the com-
munity can be remarkably successful.

From all quarters

Some of the candidates who sat the Radio
Amateur’s Examination on December 1
claim that the “multi-choice’® questions
and answers still included a number in
which more than one answer could be cor-

rect and that there were other ambiguities

in what was clearly intended to be a testing
set of questions. As a result of specific
complaints, the City & Guilds Institute
have agreed that question 37 in Part 2 of

‘the paper could not be answered correctly,

and the paper is being marked out of 59
questions only.

The VHF Committee of the RSGB is
recommending that the frequency band
144.15 to 144.40MHz should be reserved
for s.s.b. stations seeking “long-distance”
contacts while 144.40 to 144.50MH:z
should be used for local and mobile opera-
tion with a local calling frequency at
144.40MHz.

The British Amateur Television Club in
COQ-TV reports that a group of “narrow-
band tv” enthusiasts in Melbourne, Aus-
tralia recently successfully transmitted 32-
line pictures in the 1.8MHz band to re-
ceiving stations in Adelaide (430 miles)
and Sydney (470 miles). .

Inthe UK, a 32-line Nipkow-disc syste
was demonstrated by Douglas Pitt at
BATC’s Leicester convention last Sep-
tember. Currently there are over 50 ama-
teur tv stations in the UK transmitting
fast-scan television on u.h.f. A group of
French and Swiss amateurs in the Geneva

‘area are experimenting with 10GHz ama-

teur tv and have achieved distances of
25km.

John Tye, G4BYV of Swanton Morley,
Norfolk can be well pleased with the re-
markable results he achieved during 1980 |
using home-constructed equipment on the
2.3GHz (13cm) band. His contacts on
s.s.b. included SM6ESG, Sweden (869km)
and OKI1KIR/P, Czechoslovakia (866km).
Many of the transistors he uses are ‘‘out-
of-spec”’ disposals. He produces an s.s.b.-
signal at 144MHz and this is then mixed in
a 2C39A cavity with the 2160MHz output
from an oscillator chain starting at
90MHz, then amplified in a further 2C3%9A
cavity stage with 42 watts d.c. input. His
receiver has an NE64535 low-noise ampli-
fier, followed by HP35823 stage and in-
terdigital mixer with HP2565 Schottky
diode and i.f. output at 144MHz. His 4-ft |
diameter dish aerial is made from wire- |
mesh with aluminium T ribs.

The RSGB has commented upon the |
Government consultation document in
which the proposal is made to levy a fee-of
£30 on planning applications seeking: |
permission to erect aerial masts. The .
Society urges that either no fee or a purely
nominal fee should be payable where the |
mast is intended for non-professional ap-
plications. . :

Radio-ZS, journal of the South Africa
Radio League, reports that local amateurs
are co-operating with the South African
Broadcasting Corporation in investigating
the reception of tv pictures from the Rus-
sian Statsionar and Ekran series of geosta-
tionary satellites. These are located at
around 55°East and 99° East and are using
down frequencies between 702 to 726 MHz
except for Ekran 3 on about 4GHz. The
700MHz transponders use powers of up to
about 200 watts. Despite the use of fre-
quency-modulated vision signals, black-
and-white pictures are being resolved in
South Africa on normal u.h.f. tv receivers |
intended for amplitude-modulated vision
provided that aerials of more than about
16dB gain are used. Colour, however, is on
the SECAM system and cannot be realized
on PAL-type receivers as used in South
Africa.

Pat Hawker, G3VA.

WWW americamradiohictory com
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Satellite for business communications

Now in orbit is the first of a group of three
communications satellites designed to provide
voice, video, high-speed data and facsimile ser-
vices for American business firms and indust-
ries. Launched in November 1980, the satellite
is called SBS, which stands for the name of its
owner, Satellite Business Systems, a private
company jointly owned by IBM Corporation,
Comsat General Corporation and Aetna Life
and Casualty. It is expected to begin commercial
operations early this year.

The spin-stabilized satellite was built by
Hughes Aircraft Company’s space and commu-
nications group at E] Segundo, California, and
was launched by NASA on a Delta rocket into a
geosynchronous orbit at 106° West longitude,
roughly south of El Paso, Texas. It is 7ft in
d}ameter and over 9ft high in its “stowed” posi-
tion, but when, in space, its solar panels are
fully extended and its communications aerial is
raised it has an overall height of 21ft 8in. The
solar panels take the form of two concentric

Levy on blank video cassettes?

At the first meeting of the British Videogram
Association’s Council of Management, Donald
MacLean of Thorn-EMI was elected Chairman
and Maurice Oberstein of CBS, Vice-chairman.
Peter Scaping will act as Secretary while the
Association is becoming established.

- Videogram producers are evidently expe-
riencing roughly the same problems as those in
the audio recording industry; the Association’s
~ priorities include consideration of the ‘commer-

cial piracy problem’ and ‘an approach to Gov-
ernment for a levy on the sales of blank video
cassettes . . . with a view to controlling. the
recording of tv programmes on domestic video
recorders. When asked whether such a tax was,
perhaps, a little unfair on people who intended
to use the tapes' for other purposes, Michael
Kuhn of Polygram, who chairs the working
party on industrial relations and copyright, ex-
pressed the view that “there’s a case for saying

tion here.:

‘too bad’.” Alternatively, he suggested, such
purchases could be exempted from tax if they
signed a form at the time of purchase to the
effect that they had no intention of using the
tape fpr nefarious purposes. Such a provision,
he pointed out, was common in libraries where
one-off photocopying was permitted for the pur-
poses of study.

: Mr Kuhn went on to explain that the Associa-
tion was determined that in a “short time”, the
UK would be the centre of video production
and experimentation, the “hub of the video
industry”, in fact. To attract video manufactur-

.ers here, there would need to be rights agree-

ments and unfair competition must be
prevented. He saw home taping as unfair com-
petition on the same level as piracy and ‘parallel
importing’, which is the production of tapes in
less strictly controlled countries and importa-

With the increasing expansion of Ceefax comes the added demand for a stable, bright
image for those who prepare the pages for transmission. These EV 6000 Series colour
picture monitors, at a price of about £1200 each, have been chosen by the BBC for use by
the Ceefax journalists and are supplied by Electronic Visuals Ltd, of Woking.

cylinders, the outer of which extends nearly six
feet downward in space. This capability of ex-
panding in space doubles the spacecraft’s solar-
power generating capacity over many previous
satelli}tes. Improved solar cells also enhance this
capacity.

The electronics payload includes a high-
speed, digital 10-transponder system capable of

_relaying data at rates up to 480 Mb/s. Reception

and transmission make use of the 12/14 GHz
satellite band and in fact the SBS is the first US
domestic commercial satellite to operate at these
frequencies. The aerial beams, which are de-
spun, cover the continental United States, de-
livering higher power to metropolitan regions in
the East, Mid-West and West Coast where the
communications traffic for SBS’s customers is
greatest. )

The second satellite in the series is scheduled -
for launch on a Delta vehicle in April this year,
and the third one will be launched from the
Space Shuttle in late 1982. By 1983 Satellite
Business Systems also plans to establish an in-
ter-city satellite telephone service connecting up
to 150 metropolitan calling areas.

For use with the satellite 100 earth terminals
are being built, also by Hughes. They will be
installed on the roofs of customers’ buildings or
on adjacent ground. Delivery has already
started and is expected to be completed in 1982,

WAWW america
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Prestel goes international

Prestel, the public viewdata service of British
Telecom, is to add international data retrieval to
its facilities in July this year. The decision to
implement Prestel International, as it is called,
was made following the successful outcome of
an international market trial which ran
throughout 1980. The trial involved more than
300 business users in seven countries and had
the co-operation of the telecommunications
authorities and carriers concerned.

The international service is expected to follow
the pattern found most successful in the trial —
information for specific business sectors. These
included shipping movements, investment sta-
tistics and commodity prices, plus a consider-
able use of private “closed user groups” in
which organisations have exclusive use of cer-
tain parts of the information bank to meet their
own needs. It will have a single database, which

will be quite separate from the one used for

Prestel in the UK. This will be updated by
selected international information providers,
and British Telécom say it is designed to en-
“hance and complement rather than compete
with any national service there may be. The full
international service, like the trial, will run on a
GEC 4080 computer, sited in London. A second
GEC computer will be commissioned towards
the end of 1981 and will be located in the United
States. Further computers will be brought into
service in other countries; according to demand.
Access to public information on the interna-
tional database will be available to users nor-
mally for the cost of a call on their own coun-
try’s domestic telephone network. Access to the
private closed user groups will be available via
the public telephone network or data links, at

‘the national or international call rate to the near-
est computer. .

Although access will be possible from any-
where in the world, direct support and mar-
keting is to be restricted initially to the seven
trial countries — Australia, the Netherlands,
Sweden, Switzerland, West Germany, the
United States and the United Kingdom — plus
Hong Kong. Tariff levels for the full service,
which will be run on commercial lines, are being

decided and will be announced nearer the

launch date.

The trial database used more than 20,000
pages of information, provided by more than 50

national and international organisations. These
included BP, ICL, ICI, Newsweek (USA),
News Limited of Australia, and the Chase Man-
hattan Bank. Public service and government
organisations included the Australian Depart-
ment of Productivity, the European Economic
Community Commission, and the House of
Lords library. - (‘

At present there are 11 countries-operating
national trial viewdata services, six of which
have Prestel computers and software and all of
which use the terminal standards applicable to
Prestel. g ‘

It is expected that considerable use will be
made of the developing packet switched data
services, including Euronet (see News, Feb-
ruary 1980 issue, p.58) and the International

. Packet Switched Service.

Voice recognition for mariners

Because senior officers on ships don’t readily
take to the idea of pressing buttons on key-
boards but are used to barking orders at subor-
dinates, a seagoing version of Prestel viewdata
has been equipped with a voice recognition
‘system instead of the usual keypad for interac-
tive communication. The seagoing Prestel is
called Seaview and its purpose is to give ships’
officers immediate access to information avail-
able in shore-based data banks. Developed by a
partnership between Siemens and Computer
Analysts and Programmers (CAP), in collabora-
tion with British Telecom, the Home Office, the
Departments of Trade and Industry and Liver-
pool Polytechnic, the Seaview system un-

derwent trials. at sea off Dover last year, using.

150 of the pages available in Prestel. In a more
recent test using voice recognition, uttering the
command word ‘“Dover” caused the display
screen of a terminal to show all the information
held within Prestel on the Dover coastline.

The voice recognition was developed by
Threshold International Electronics Ltd (for-
merly EMI Threshold Ltd and now a company
in which Siemens has a major shareholding).
The analogue voice signals are first digitized and
then fed into a computer system which uses a
voice recognition algorithm developed as soft-
ware by CAP. The system depends on the user’s
first recording 240 speech sounds on magnetic
tape, each sound being recorded ten times to
allow for variations in the production of the
speech. In operation the spoken command
words are matched against these stored refer-
ence patterns. More recently Threshold have
field-tested a new voice recognition algorithm
called Quicktalk which recognizes semi-connec-
ted speech and allows the speech input speed to
be doubled. (See also the section on speech
recognition and understanding in “Artificial In-
telligence” by Malcolm Peltu in the January
1981 issue.)

required, delivery date, etc.

i The Doro 721 QA answering machine, recently launched by Ansamatic can actasa
message taker, information giver, dictation/transcription and recording machine. It also has

the ability to ask a series of questions of the ca

ller, such as account number, address, goods
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In response to the invitation extended by the
Home Office in the Green Paper-discussion
document Open Channel, the Citizens’ Band
Association has submitted a detailed reply
with a letter to all MPs, offering them a copy
and the loan of a 27MHz receiver so that they
can gauge the level of illegal use.

The C.B.A.’s submission is extremely critical
of the Home Office proposals which, the C.B.A.
say, are didactic in tone, stating as fact a
number of things which are no more than
opinions. Out of 27 numbered paragraphs and
sections, the ‘C.B.A. finds itself in whole-
hearted agreement with only six and in qualified
agreement with a further four. In common with
what the Home Office say is the ‘“‘vast majority”
of over 12,000 submissions, the C.B.A. is not in
favour of a frequency in the 928MHz region on
the grounds of its probable high cost and short
range. It also mentions the possible danger to
health of such frequencies, particularly in hand-
portable use.

The Home Office is accused of “grossly

television and other users of the 2ZMHz band.
The C.B.A. claim that, in the ten countries
where 27MHz is used legally, there is some
interference with other services, but say that

overstating” the problems of interference to

C.b. Green Paper —
CBA’s response

“this is generally quite tolerable”. It does not
explain to whom it is quite tolerable.

The submission concluded with a call on the
Home Office to announce a v.h.f. f.m. system
during December 1980 or, if this is not possible,

to legalise the 27MHz immediately, using the

American 40-channel a.m. system unchanged.

One feels that the C.B.A. have submitted a
somewhat intemperate document, which may,
for that reason, not carry with it the influence its
case deserves. i

b S e ;'

In a written answer on December 18, Mr
William Whitelaw, the Home Secretary, said
that he was “disposed to allocate frequencies to-
Open Channel Radio in the neighbourhood of
?30 MHz.” This is in line with recommenda-
tions contained in the discussion document
‘Open Channel’, published in August.

Since, on December 17, the Home Office was
still engaged in correlating the 12,000-plus res-
ponses to the discussion document, it appears
that Mr Whitelaw has not felt compelled to pay
excessive attention to the views expressed,
which were, accroding to the Home Office de-
partment doing the correlation, greatly in
favour of frequencies other than 930 MHz.

Computer network

A network of computers has been set up at six
centres in the UK to provide and co-ordinate
image processing and data reduction for British
astronomers. Called the Starlink ﬁetwork, it is
controlled from the Science Research Council’s
site at the Rutherford and Appleton Laborato-
ries, Chilton, Didcot, Oxfordshire.

Astronomers in Britain now have access to a
wide range of telescopes operating at all wave-
lengths, on the ground and in space. These are
equipped with instruments that produce data in
the form of large digital arrays so there is now a
pressing need for powerful data processing
facilities. Previously astronomers either had to
reduce the data manually or devise their own'
data processing systems. The modest facilities
that did exist could be used by only a few astro-
nomers and were heavily over-subscribed, parti-
cularly where interactive reduction of the image
data was demanded. In the 1980s most astron-
omy will be done using data in digital form and

adequate image processing machinery is essen-
tial.

aids astronomers

The Starlink system is cased on six Digital
Equipment Corporation’s VAX 11/780 compu-
ters linked in a communications network using
Post Office lines. Each computer supports two
image displays. The display system used, the
Advanced Raster Graphics System (ARGS)
made by Sigma Electronics, will show colour
images consisting of a matrix of up to 512 x 512
picture elements. It can switch between such
pictures, transform the colour mappings to
highlight features, zoom in on parts of the pic-
ture, generate lines and other graphics and
perform other such functions. Each of these
displays form part of an ‘image processing
workstation’ consisting of the ARGS, a graphics
terminal (for spectra, intensity plots, etc) and a
v.d.u. from which the user controls the system.
In addition there are other terminals from
program development.

Through the network the astronomer will also
have access to devices such as larger plotters and
camera systems to produce colour prints and
slides of astronomical objects,

Intelsat V, the first in a new generation of nine
geostationary communications satellites, was
launched by NASA on December 6. When it is
placed in its permanent orbit, it will take up a
position 21.5° west over the equator.

During 1979, around twenty million tele-
phone calls were made between the UK and
USA, and the number rises by over 30% per
year. Each new set of communication satellites
must have increased traffic capacity to cope with
this loquacity, and an Intelsat V has double the
capacity of an Intelsat IV. It can handle 12,000
telephone calls and two television channels
simultaneously. .
Five of the nine Intelsat V satellites, which

Intelsat V launched

g

will be launched at intervals up to 1983, are to
carry facilities for ship communication, forming
part of the global system operated by the Inter-
national Maritime Satellite Organization (In- -
marsat). :

The new satellites are ot spun for stability,
but. employ flywheels and earth/sun sensors to
maintain the structure in the required attitude.
Further novel features include its use of the 14-
11 GHz band, which is less congested than the
4-6 GHz band — also used in Intelsat V. Similar
frquel}cies can be used for different purposes
by aiming the beams in widely divergent direc-
tions at heavy-traffic regions on the earth, and
by cross-polarizing the transmissions.

Jupiter probe

The Galileo'probe will transport an atmospheric
' entry probe to the planet Jupiter later in the
decade as part of NASA’s planetary exploration
programme. The carrier will receive scientific
data transmitted from the probe during its des-
cent through the Jovian atmosphere and then
relay the data over a distance of 560 million
miles back to Earth. The probe carrier space-

| craft will be launched from the Shuttle in March

1984 and will transport the Galileo probe to
Jupiter on a journey lasting approximately 31
years. Both probe and carrier are to be de-
veloped for NASA by the Hughes Aircraft Com-
pany.
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VDUs get clean bill of

health — almost

According to a research paper published by the
Health and Safety Executive, visual display
units used commercial process and business
machipes are not a risk to the health of most
operatives.

The level of radiation of all wavelengths
emitted from the screen and elsewhere in the
equipment are said to be insignificant compared
with national and international limits for contin-
uous exposure, in both short and long term,

~ although no figures are quoted.

One area in which the paper does admit cause
for concern is the possibility of epileptic attacks
being precipitated in certain circumstances.
Since the majority of people who suffer from
epilepsy have their first seizure before the age of
20, it is assumed that a first attack is unlikely to
be triggered by a v.d.u, but for those who are
known to be prone to photosensitive epilepsy,
there is a risk, as there is with a large-screen
domestic television set. It is increased by
prolonged close-range viewing and, in particu-
lar, by 25Hz interlacing, which is used in both
television ‘and character-enhanced (rounded)
v.d.us. Photosensitive epileptics are urged to

seek medical advice before working with v.d. us.

»
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News in brief

Viking — the Swedish scientific satellite is to
be launched in 1984 to observe the magnetos-
phere above the north hemisphere. It incorpor-
ates a band-S (2GHz) transponder supplied by
Thomson-CSF. The coherent transponder will
receive remote-control instruction and teleme-
try data and send back localisation signals.

The BBC was able to open their 22nd local radio
station, Radio Lincolnshire, three days ahead
of the scheduled date in order to broadcast a
service from Lincoln Cathedral attended by The
Queen and the Duke of Edinburgh. V.h.f. sig-
nals are transmitted from Belmont and are of
mixed horizontal and vertical polarisation.
Medium wave transmissions are radiated from
Lincoln, providing a daytime service up to a
radius of about 20 miles. A more powerful
medium wave transmitter is to be operated in
about a year’s time. ] .

Radar simulators are needed to help train
operators in control procedures. Marconi Radar
simulators, as supplied to the RAF recently, are
designed to produce a very realistic situation for
trainee operators, and in the course of complex
tactical situations which are set for executive
team training. The computer-generated models
of airspace activity can depict any type of air-
craft or and armament as well as geographical or
meteorological factors. The equipment in-
terfaces readily with all types of display and
communications equipment. It can be set up
either on its own or can be added to an opera-
tional radar system, when it may be used with-

out interfering with the operational readiness of

the systern.

Electronic Brokers Ltd, who market second-
hand test equipment, minicomputers and peri-
pherals, with a refurbishing and calibration ser-
vice have recently moved to new premises at 61-
65 Kings Cross Road, London WCIX 9LN.
Their telephone number is 01-278 3461.

Underlining the conclusions of the Photovoltaic
Solar Energy Conference, held in Cannes, that
solar electrical systems is one of the fastest
growing ‘alternative energies’, Lucas Energy
Systems Ltd have recently landed a £2 million
contract to supply batteries with solar and mains
chargers for about 600 sites in Algeria.

Audio 81 hi-fi show is to be held at the Holiday

Inn, Swiss Cottage, London, from 3 p.m. on
Friday 6th February to 6 p.m., Sunday 8th

February. It will remain open until 8 p.m. on

Friday and Saturday. The sponsors, Audio T
and A T Labs, promise a complete cross section
of the hi-fi industry from the large Japanese
companies to the smaller enthusiast British
manufacturers.

Harmonized electronics standards. As part of
the continuing policy of harmonizing the series
of standards produced in conjunction with the
European Committee for Electrotechnical Stan-
dardisation, the BSI have published BS CECC
11000 Harmonised system of quality assessment for
electronic components: generic specification: ca-
thode-ray tubes and BS CECC 12000 Harmonised
system of quality assessment for electronic compo-
nents: generic specification: image converter and
image intensifier wbes. Both standards give the
terminology, quality assessment procedures,
test and measurement conditions for the entire
families of the products. They are available
from BSI Sales Department, 101 Pentonville
Road, London N1 9ND. 3

More satellite communications

for shipping

A new global satellite communications system is
being set up to meet the growing international
telecommunications needs. of the world’s
shipping and offshore industries during the
1980s. Initiated by the International Maritime
Satellite Organisation in November, it involves
the leasing of two dedicated ESA satellites, Ma-
recs A and Marecs B, as well as three Intelsat V
satellites with Maritime Communication
Subsystem packages and one Marisat satellite of
the Comsat General Corporation. The system
will provide coverage of the Atlantic, Pacific
and Indian oceans and will also act as a follow-
on'to Comsat’s existing Marisat system. Transi-
tion from Marisat to the new system is expected
to be made in early 1982.

The decision by Inmarsat involves contracts
to three major suppliers — ESA, Intelsat and
Comsat — worth 180 million US dollars over
the period 1982-89.

A second major decision made by Inmarsat is
on the space segment portion of charges for the
telephony and telex services. The final rates to
end-users of Inmarsat sevices will now be deter-
mined by telecommunications administrations
who are signatories to Inmarsat. These rates will
reflect additional charges for the use of the coast
earth stations of the telecommunication admin-
istrations, as well as any landline extension
charges.

The coast earth stations of the present Mari-
sat system will continue to provide service in the
new system in 1982. They are the Comsat sta-
tions in Southbury, Connecticut and in Santa
Paula, California, USA, and the Kokusai
Denshin Denwa Co. Ltd (KDD) station in
Yamaguchi, Japan.

Other stations expected to operate in 1982
include: a second KDD station in Ibaraki;{he
Norwegian Telecommunication Administra-
tion’s station in Eik; the Ministry of Commu-
nications of Kuwait station in Umm-Al-Aish;
the Singapore Telecommunications Administra- -
tion station; the Italian PTT’s station in Fucipo
and the British Telecommunications station in
Goonbhilly.

Nine additional coast earth stations are
planned, or under study for operation in 1983,
while another dozen are similarly under consid-
eration for the post-1984 period.

Inmarsat has also selected KDD of Japan and
the Communication Satellite Corporation of
USA to be suppliers of network co-ordination
services. These services, based on coast earth
stations in Ibaraki and Yamaguchi in Japan and
in Southbury, USA, will control and co-
ordinate the traffic through the satellites in the
Pacific, Indian and Atlantic Ocean regions, res-
pectively. ‘

Racal-Decca in

The cost of marine navigation by satellite is
drastically reduced by the introduction of Racal-
Decca’s new DS4 sat-nav receiver. At £3,000,
the technique can now be used by small ships
and pleasure craft, while its performance is such
that it is well suited to use by vessels such as
supertankers.

The satellite system used in the US Navy
Navigation Satellite System (NNSS), now
known as Transit — a system of five satellites in
polar orbits which transmit on 400 MHz. Posi-
tion is obtained by Doppler measurements on
the satellites carried out in the receiver each
time a satellite is over the horizon and in a
usable position relativé to the ship. Intervals

sataliite

Transit

between passes are around 2.4 hours average (4
hours maximum) so that the position between
passes must be obtained by dead reckoning.
This is also performed by the receiver using
inputs from the ship’s gyrocompass and log.

Displayed information includes latitude,
longitude, time, date, heading and speed, and
the user can obtain the course and distance to
ten waypoints and information on the next 100
satellite passes to enable him to plan the voyage.
Under normal ionospheric conditions and with
an error of 0.2 knot in speed, the receiver will
determine position to within 0.05 nautical
miles.
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Morse decoding -

A machine-code program for decoding Morse transmissions on

a home computer

- by N. Kyriazis

Decoding Morse by means of a
computer is a fairly simple matter and
many programs have already been
produced for home computers such
as the TRS 80. This article describes
such a program, which was written in
machine code for the Z80-based
Wireless World scientific computer.
The main advantages offered by this
program are that it can be used to
decode either machine or manually
produced Morse and that it provides a
certain amount of immunity to the
effects of noise and interference
associated with short-wave
reception, which would normally
cause unacceptable decoding errors.

To minimize the effects of poor sending
and to ensure reliable decoding from
typical short-wave reception, the following
features have been included in the
program,

— The ability to recognize and reject the
effects of short-lived interference, such
as that generated by ignition systems.

— The ability to recognize and reject
short gaps in the transmission which
may occur as a result of the type of
interfernce described above. (These
gaps may not occur in more advanced
receivers which have effective noise
limiters.)

— Generous tolerance for the definition of
dits, dahs, characters, spaces, etc., to
cater for the different “fists” of c.w.
operators.

— The provision of simple ‘filtering’ of
the input from the receiver to reduce
the effects of noise on weak signal dur-
ing fades.

Program description

The program compares the time lengths of
mark periods, i.e. periods of tone output
from the receiver, and space periods, i.e.
periods of no tone output, with a predeter-
mined time unit. The tone mentioned here
is, of course, the audio frequency gener-
ated by the receiver in the c.w. mode,
usually "around 750-1000Hz. This audio
output from the receiver must be
converted to a logic-compatible signal, so
that it can be fed into the computer via one
of the five serial inputs. Bit 1 was used in
this application, but any other bit may be
used if required by modifying the masking
instruction following the IN instruction,
details of which will be given later. The
various elements of Morse characters are
defined as follows.

— A dit has a duration of one unit of time.

-~ A dah has a duration of three units.

— Elements of the same character are
spaced one unit apart.

— Characters are spaced three units apart:

— Words are spaced at least five units
apart.

To make the program tolerant to
sending errors (bad
minimize the effects of interference, as
mentioned earlier, the time unit values for
the elements of the Morse characters are
modified as follows:

— A dit becomes a mark period which is
between one half and two units long.

~ A dah becomes a mark period which is
two or more units long.

— An inter-element space is from one half
to one and a half units long. .

— The space between characters is from
one and a half to four units long.

— Words have a space between them of
four units or more.

A maximum limit of eight units length is
placed upon the dah by the program as will
be described later. Mark or space periods
less than one half unit long are regarded as
the result of interference and are dealt with
accordingly by the program.

It may seem initially that there is too
much tolerance in the definition of these
basic Morse elements as, for example, a diz
has a range of 4:1 in time duration. It has
been found, however, that this method
works well in practice and most hand-sent
Morse is decoded accurately. The regard-

“fists”) and to

ing by the program of mark units of less
than one half unit as interference reduces
to a large extent the tendency to display
the letter E as a series of Es under interfer-
ence conditions. Similarly, the minimum
limit of one half unit for a space results in
fewer errors during periods when the out-
put signal from the receiver is weak and
reaches the minimum limit required to
operate the interface circuitry.

Before giving the detailed description of
the program, here is a list of definitions of
the terms used in the accompanying flow-
chart: MARK — a counter used for mea-
suring the duration of “tone” output from

~ the receiver which corresponds to the key-

down time and is represented by the H
register of the Z80. SPACE — a counter
used for measuring the “no-tone” or key-
up time which is represented by the L
register of the Z80. UNIT — used to hold
the current basic time unit of the Morse
code being received, i.e. the duration of an
inter-element space, which is represented
by the B register of the Z80. CHAR — is
the variable that holds the HEX equivalent
of a Morse character after it is converted
by the program. A dit is represented by a
logic “1” and a dah by logic “0”. The
initial value of CHAR before any elements
are inserted is HEXO01 and elements are
inserted by shifting CHAR one bit to the
left first so that no ambiguity results. For
example, the Morse character dit dah (A)
will be HEX 06, and the character dak dah

. dit dir (Z) will be HEX 13. CHAR is repre-

sented by the C register of the Z80.

The program in machine code

0C00 11 00 81 01 01 0oC 21

0C10 CB 3F CB 3F CB 3F BS
0C20 CD 95 oC 38 E9 2C 78

0C30 F4 7C 85 67 2E 00 18
0C40 .18 09 2C 7D CB 3F CB
0C50 24 78 CB 3F BC 38 29
0C60 00 18 DF 79 FE 01 28
0C70 26 00 CD 95 0C 30 F9
0C80 78 CB 3F 80 BD 38 07
0C90 0oC 2E 00 18 8B Cb 06
0CA0 CD 36 03 OF 10 F4 79
0CBO 7B E6 38 FE 38 20 19
0CCO 38 02 16 81 Cs D5 06
oCho C5 E5 79 01 32 00 21

0CEO 12 13 E1 C1 OE 01 C9
0CFO 1F 07 18 0A 1B 04 05
oDoo 16 14 13 30 38 3C 3E
0D10 4C 35 BA 7A 73 47 55
0D20 06 07 08 09 OA 0B oC
0D30 16 17 18 19 1A 31 32

0D40 2E 2F 2C 23 2D 3C 3F

WWW americal
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The main program depicted in the flow-
chart uses two subroutines, one to test the
input to the computer from the receiver
interface and to determine whether a mark
or a space is being presented (in this case
the interface gives a logic ““0”* when a tone
is seen and a logic “1” where there is no
tone) and another to display the decoded
Morse character., More details of these
subroutines will be given later in this des-
cription.

Referring again to the flow-chart, the
program starts by clearing the MARK and
SPACE to HEX 00, setting the UNIT to
HEX 0C (corresponding to about 17

w.p.m.) and the CHAR to 01 (one sgace).
Next, the TEST INPUT subroutine is
called and if the input is a mark, the
MARK is incremented. If the mark valu.e
reaches eight units the program will wait
until a space is detected and then return to
the start and reset. Hence, mark periods
are limited to eight units and if one tunes
to the calibrator of the receiver the
program resets automatically as it sees a
mark greater in length than eight units. If
the mark does not reach eight units the
MARK counter is incremented until a
spaceis encountered. The SPACE counter
is then incremented but if the space does
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not reach one half unit in length, it is
regarded as a break due to interference and
its length is added to the mark period. If
the space count does reach a length of
half a unit then it is regarded as a valid
space, so the program checks whether_ the
mark is greater than two units and if so
inserts a dah (logic “0”) in the CHAR
register. If the MARK is not greater than
two units a diz (logic “1”’) is inserted. The
MARK counter is now reset 00 and the
program enters the SPACE count sequ-
ence at block D. :

The SPACE counting sequence that
starts at block C is almost identical to the

Program Flow Chart

MARK =00 SPACE =00
UNIT=0C CHAR=01A

‘TEST INPUT

Display character
Display space
SPACE =00

TESTIINPUT

Inc.mark

I Display character J

Inc. mark

s MARK >
B units?

Add mark to SPACE
MARK =00

]

Add space to MARK
SPACE =00

Enter ' Dash”

‘ Adjust UNIT I

-l sacez00 |
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MARK sequence as far as the handling of
short mark periods is concerned but when
a valid mark is encountered, i.e. a mark of
more than a half unit long, it checks
whether the SPACE count is less than one
and a half units. If less than one and a half
units long, the space is regarded as an in-
ter-element space. The value in SPACE is
added to the UNIT, the sum divided by
two and the result entered in UNIT again,

This results in an exponential adjustment

of the UNIT towards the value represent-
ing the incoming speed. This allows the
program to adapt automatically to the
speed of the sender, provided it is not less
than two thirds or greater than two times
the preset speed (about 17 w.p.m.). If the
space is greater-than one and a half units
then it is regarded as a character space and
the display subroutine is called. The
SPACE isset to 00 and the program enters
the MARK counting sequence again at
block B.

If the SPACE count reaches four units
then it is regarded as a word space and if
the content of CHAR is not 01 (no ele-
ments inserted) then the character is
displayed and is followed by a space on the
v.d.u. The SPACE count is set to 00 and
then the program waits for a valid mark
(more than a half unit long) before it exits
to the MARK sequence at block B. If the
CHAR register contains 01 when SPACE
reaches a count of more than four units
then nothing is displayed and the program
waits for a valid mark before continuing.
This is to avoid the printing of spaces,
under some interference conditions that
cause the space to reach four units without
any elements being inserted in CHAR.

And now, here are some details of the
two subroutines used by the main
program. All TEST INPUT question
blocks use a subroutine that has the fol-
lowing function:— The output from the
receiver interface is input to the accumula-
tor and masked by an AND instruction to
retain only bit 1. Next, the contents of the
accumulator (which will be either HEX 02
or 00) are added to the C register which
was originally pushed onto the external
stack and than set to 00 on entering the
subroutine. A time delay of about 1ms is
now called and the process repeated five
times. Hence, the C register will ¢ontain a
number which will be 00 if all the samples
of the input were logic “0”, or 0A (10
<_:lecimal) if they were all logic “1”. If the
input changes state during sampling then
the C register will contain a number equal
to twice the number of “1s” input. The
content of the.C register is compared to a
ﬁxed number (HEX 06) and the subrou-
tine returns to the main program with the
carry flag set if there are less than three
fogic “1” inputs or reset if there are three
or more “ls”. Thus, the main program
uses a Jump on Carry (JRC) to go to the
MARK sequence or a JNRC for the
S_PACE sequence (the receiver interface
gives a logic ““1” for no tone and a logic
“0” when a tone is detected). Taking five
sgmples of the input provides some immu-
nity to noise during weak signal or in-
terference conditions,

The display of characters is handled by

another subroutine which checks to see if
the v.d.u. address points to the last eight

positions of a line, in which case if the.

character is a space the next two lines are
cleared and a new line called to avoid split-
ting words and to keep the display tidy.
Next a search is made through the Morse
table to find the ASCII equivalent of the
HEX code for the converted character
which is then sent to the v.d.u. for display.
If a HEX code outside the table is presen-
ted an asterix will be printed. The Morse
table contains the characters from A-Z,
numbers from 0-9 and the following auxil-
iary characters; full stop, comma, question
mark, semicolon, oblique (/), break (—),
double-break (=), end of transmission
(#), end of work (<), wait (),
colon and parenthesis. Y

A machine language listing is given in
the standard W.W. scientific computer
format starting at 0C00. The TEST IN-
PUT routine is at 0C95 and the display
routine at 0CAB with the conversion table
at 0CES8 to 0D18, the HEX equivalent of
Morse characters, and 0D1A to 0D4B, the
ASCII equivalent. The instruction E6 02
at 0C9C is used to mask bit 1 of the input.
This may be modified if another bit is
used, e.g. if bit three is to be used the
instruction becomes E6 08. Note,
however, that the byte at 0CA8 must be
changed to a value three times the weight-
ing of the bit used, e.g. HEX 18 for bit 3.
The initial preset speed of the program can
be changed by altering the byte at 0C0S to
a value equal to the unit of time of the
desired speed in milliseconds divided by
five, e.g. for 12 w.p.m. the unit of time is
100ms, so 0CO5 should be changed to
HEX 14,

A simple receiver interface was made by
the author using parts from the “junk-
box” but for better results he recommends
that a more effective circuit be built using
ideally a p.l.l. tone switch such as the
NES67 arranged to give a t.t.1. output with
logic “0”’ given when a tone is received and
a logic “1”” when the tone is removed. A
hand-key with a 1k{) resistor tied to the
+5V supply can be used for testing. O

European Electronic Component Distributor
Directory 1980/81, is one of the Mackintosh
cpmpllations, which details distributors, in their
several guises, il France, Italy, UK, West Ger-
many. Names and addresses of the distributors
are given first and are followed by a keyed list of
products handled by each company. The Direc-
tory contains 304 pages and is available at
£30/75 dollars from Mackintosh Publications
Ltd, PO Box 28, Luton, England LU SDB.
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NEXT ISSUE
A range of
counters

Constructing a range of
counters based on the
versatile Intersil ICM7216
i.c.. From a set of mod-
ules a variety of instru-
ments can be assembled.
Examples described are a
0-100MHz universal
counter, two frequency
measuring instruments,
up to 200MHz and
500MHz, and a low fre-
quency counter for 10Hz-
10MHz.

Magnetic
recording
progress

In recent years the tape
recording progress has
developed rapidly, urged
on by the popularity of
high-quality sound repro-
duction and by the need
to store data on tape or
magnetic disc. James
Moir reviews advances in
equipment and tape coat-
ings.

g
Gmde\to
s.a.W. devices

Intended specifically for
the professipnal applica-
tions engineer, this arti-
cle ibes the electri-
cal characteristics and
applications of three
types of surface acoustic
wave devices — band-
pass filters, delay lines
and oscillators. Emphasis
is on their use in modern
electronic systems.

On sale
18 February
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““OPEN CHANNEL"
FREQUENCIES

The recent Green Paper called “Open Channel”
(October 1980 issue, p.68) has aroused great
interest from all those concerned with radio
communications, not least Philips Research
Laboratories, Redhill. We have carried out field
trials to ascertain the performance of a radio
service at 900MHz, and made comparisons of
900MHz with other frequencies.
Three-watt transmitters for 27, 85, 172, 456
and 958 MHz were -installed in a van. The
27MHz equipment was a.m., the others were
f.m. with a peak deviation of +SkHz. The an-
tennas were simple monopoles, mounted on the
vehicle roof 7 feet above ground.
An estate car was fitted with receivers for
each band, from which signal level and speech
were recorded. Transmissions to the estate car
were also made from a base station, where the
antennas were approximately 33 feet above
ground level. A
At 958MHz, the useful range in an urban
‘environment was about 1.5 miles when operat-
ing base to mobile, and ¥-1 mile mobile to mo-
bile. Listening tests showed that the coverage
was patchy, but it was found that reception was
relatively unaffected by tunnels and bridges. A
test in open country, with a near line-of-sight

| path, revealed that the mobile range was about

3-31 miles. Under more usual mobile conditions
it was found that the range was about 1Y2 miles
due to the presence of trees and hedges.

A summary of the results is shown in the
following table.

Useful range in miles for a 3W transmission

Frequency MHz Base-mobile Mobile-mobile
958 1.5 0.75-1
456 4-5 3
172 9 7
85 13 8
27 7 5

Fading was noticeable at 456MHz, very
noticeable at 172MHz, but virtually absent from
the 85 and 27MHz transmissions. The surpris-
ingly low results for 27ZMHz were due to heavy
interference from overseras stations.

By use of the inverse fourth power law, the
range predictions cited in the “Open Channel”
document can be scaled from 25W down to 3W,
and are shown below.

Base to mobile range in miles

Frequency  Ourresults “Open Channel”
MHz -3W Predictions
3w
900 +.5 (958MHz) 3
450 4-5 6
225 9 (172MHz2) 9

These results show that the usable range falls
as the frequency is raised. The range at 900MHz
could be increased by raising the transmitter
power, and by use of a gain antenna. A 30W,
900MHz vehicle mounted transmitter should
achieve an urban range of 2-3 miles. The power
output of hand-portable equipment is limited to
a few watts by safety and battery size, so a range
of only a few hundred yards would be achieved
at 900MHz.

The results show that the range of a personal
radio service at 900MHz would not prove to be
equal or better than that at 27MHz. It therefore

seems unlikely that present illegal users of
27MHz would invest in equipment that would
give them a performance inferior to that to
which they are accustomed.

C.S.Bamesand D. W. H. Calder

Philips Research Laboratories

Redhill

Surrey
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IS LIGHT VELOCITY
A CONSTANT?

This letter is an open invitation to interested
physicists to begin working towards an experi-
ment that could test directly -the constancy of
the velocity of light and hence the validity of the
theory of relativity. The experiment would en-
deavour to measure time intervals four orders of
magnitude greater than those in the Michelson-
Morley experiment and thus would be entirely
free of time dilation and length contraction
effects. .

Two clocks will be required, able to measure
time down to 100 picosecond and, most impor-
tant, able to be synchronised within the same
uncertainty. By “synchronised” I mean com-
pared by some appropriate technique while both
positioned at one point in space.

Now keeping one of the clocks at the point A,
the other clock will be transported to the point
B, a distance d in the direction of Earth’s orbital
velocity ». (The speed of transport can, of
course, be adjusted so that time dilation im-
parted to the clock will be as small as we please.)

Let a ray of light depart from A at the ¢4 time,
let it at the 5 time be reflected at B and arrive at
A again at the ¢4 time. Then tg—t4 = d/(c—v)
and ty —tg = d/(c+v).

Thus At, the time difference between the two

joume;s, is equal to d/(c—v) minus d/(c+v) or
2dvl(c*—2%). If we take d = 3km and assuming
v = 30 ki/s, then At will very nearly equal to 2
nanoseconds.

In the Michelson-Morley experiment At =
dv¥c>; using the same numerical values for d
and v as above, At=3x10"1 second. As time
dilatation and length contraction are quantities
of the same order, they will have no bearing on
our results.

Increasing the distance between the two
clocks to 30km or 300km would result in the
correspondingly greater value for Az(20 and 200
nanoseconds, respectively), thus broadening the
required time uncertainties tenfold or hundred-
fold respectively.

Our reasoning has, so far, been quite consis-
tent with the theory of relativity. The two clocks
should according to the theory be declared to
be out of step by that (A#) amount of time.

Why? Because of the manner in which the
theory defines synchronism. To quote Einstein
(“On Electrodynamics of Moving Bodies”,

Dover):
(we cannot define the common time for the
clocks at A and B) . . . “unless we establish by

definition that the time required by light to tra-
vel from A to B equals the time it requires to
travel from Bto A”
that is, the two clocks are in step if ;g—14 =
t4-—tg and are out of step if tg—14 # to — 18-
The fault with this definition of synchronism
is that it transposes the a priori and a posteriori
modes of reasoning, thus freezing the postulate

UETTIERS T THIE EDITOR

of the velocity of light into a fait acdompli law of
nature.

Indeed, if we set out to throw any light on the

‘nature of the velocity of light, thek our clocks
must be synchronised prior to performing any
measurements. It is the clocks that will be used
to decide whether the velocity of light is a con-
_stant and hence, contrary to Einstein, light can-
not be used to synchronise them. (Light or an
electric pulse can, of course, be used as a trivial
means of setting, provided that during this
process both clocks are positioned very close to
-each other.)

Thus if it is found in our experiment that
tg—taF ta—tg we will be free to conclude that
the velocity of light is not a constant; and should
we find that the two time intervals were equal,
well then . . ..

In either case we will need a theory to replace

the one that has outlived its usefulness.
‘ Michael M. Albahari
. Whangarei, New Zealand

’
FLOATING BRIDGE
AMPLIFIERS

I read with some interest the recent articles by-
R. M. Brady on the “Floating Bridge Ampli-
fier”” (September, October 1980). It is indeed a
superior method of producing reliable, low-
distortion, very high power amplifiers.

We have been producing such a design since
1972 in the form of the Amcron M600 (600
watts, 0-45kHz 'in 8Q) and the corresponding
bridge-bridge version, M2000 (2000 watts, 0-
40kHz into 8Q0). They were advertised on p.6 of
the September issue and p.89 of the October
issue by Kirkham Electronics. .
Gerald R. Stanley
Crown International
Elkhart
Indiana, USA

COMMERCIAL
BROADCASTING

Lord Reith said in 1952 “Somebody introduced
_dog-racing into England. And somebody intro-
. duced Christianity and printing and the uses of
+ electricity. And somebody introduced smallpox,

bubonic plague and the Black Death. Somebody

is minded now to introduce sponsored broad-
casting into this country’’.

But another former BBC director-general, Sir
Frederick Ogilvie wrote: “‘Freedom is choice.
‘And monopoly of broadcasting is inevitably the
negation of freedom, no matter how efficiently
it is run, or how wise and kindly the boards or
committees in charge of it. It denies freedom of
choice to listeners. It denies freedom of employ-
ment to speakers, musicians, writers, actors and
all who seek a chance on the air”.

~ In 1977 Lord Annan’s Commitiee on the

Future of Broadcasting, although not without
its criticisms of ITV-ILR, reported that any
broadcasting service must be judged on the
quality of its programmes and that it is one of
the achievements of British broadcasting (in a
passage clearly applying to both BBC and ITV)
that “programmes are regarded as hand-made
products produced by individual craftsmen and
not as articles of mass production”.
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Clearly your editorial “Save our public ser-
vice broadcasting” (December 1980) sided more
with the late Lord Reith than either Sir Frede-
rick Ogilvie or Lord Annan. But the picture it
painted of commercial companies producing
programmes designed to “insulate people from
reality, to keep them quiet, uncritical and
accepting” seems, to say the least, out of all
touch with reality. What price “World in Ac-
tion”, “TV Eye”, “The London Programme” .

. etc, etc? The Annan Report commented
“There is one department in which the commer-
cial sector has by common consent surpassed
the BBC. That is in the presentation of news”.

Insulating its viewers from reality?

. You assume, furthermore, that producers are
dominated by the advertisers (do the better edi-
tors of our press take their cues from advertising
managers?); it ignores the role of the.IBA which
“has the central resposibility for administering

‘the ITV and ILR systems and is ultimately
responsible for the content and quality of every-
thing which is transmitted”; it ignores the fu-
rious endeavours of the Corporation to hold 50
per cent of the audience rating to justify the
payment of licences by all viewers, it ignores the
fact that there is no clear dividing line between
those who for part of their careers produce pro-
grammes for the whiter-than-white Corp or the
blacker-than-black ITV. In short, sir, your edi-
torial is written from cloud-cuckoo-land
where smallpox, bubonic plague and the Black
Death are the Reithian synonyms that never

did and never will exist in public service broad-

casting by either licence-funded or advertise-
‘ment-funded British organizations.

J. Ring

Member IBA

Imperial College of Science and Technology
London, SW7

Professor Ring is the IBA member with special interest
in engineering. — Ed.

Your comments in the December 1980 issue on
commercial broadcasting are particularly apt,
especially in view of the fact that there was no
demand or great enthusiasm, at the time, for its
introduction. This is just one more area where
succeding Labour governments have failed to
make a re-adjustment which is long overdue.
Robin H. Mann

Barnet

Herts

What has Wireless World come to? First you
urge us to abandon our nuclear defences, and
now (December issue) you tell us that the pur-
pose of independent broadcasting is to “insulate
people from reality, to keep them quiet, uncriti-
cal and accepting. It purveys a synthetic culture

>, which sounds like ‘another way of saying
that viewers are stupid and don’t know what
they want.

In case there are other people with a similar
view, here is a lesson in simple economics. Ad-
vertising is an information service, nobody is
forced to buy anything. Advertising can in-
crease turnover and competition, keeping prices
down in the shops. ITV-ILR is paid for by
advertising revenue which comes partly from
savings made through mass production, enabled
by increased turnover, which in turn means
showing programmes most people want to see.

Independent broadcasting is therefore inde--

pendent of government and dependent on the
viewers. I would suggest any lack of choice in
ITV-ILR programming is the result of having
only one channel.

If people want to save public service broad-
casting, as you put it, they should persuade the
government to introduce a fairer funding
system, where viewers who watch ITV-ILR

don’t also have to subsidise BBC programmes,
but where public broadcasting revenue is linked
by some formula to the size of audxence and
range of programmes.

Perhaps, then, when public service broad-
casting (or state broadcasting) operates under
commercial pressures, rewards and competition
will its programme output, technical support,
and administration relate to what the viewer and
listener actually want rather than what the staff
think thay should want.

Ian S. Thorburn
Edinburgh

While I agree with your editorial in December’s
issue “Save our public service broadcasting”, I
would like to make the following points.

Competition between the BBC and ITV-ILR
which leads to one out-bidding the other is the
main -cause of the BBC’s financial problems.
Entertainers and promoters are getting richer,
as are the staff working for the broadcasting
authorities.

It would be interesting to know the cost to the
public when the IBA costs are added to the
licence fee.

Will an increase in the licence fee solve any-
thing? I think not: we will still get the BBC
trying to out-bid the commercial broadcasters.
Putting up the licence too much, with the large
number of people unemployed, might result in a
drop in revenue. What is the solution?

F. W. Fordan
Stroud
Glos

As a long term subscriber to Wireless World 1

have viewed with disquiet the recent trend to-
wards political, rather than technical, editorials.
Phrases in your most recent leader on the
subject of commercial. broadcasting bring to

. mind such descriptions as ‘hysterical outburst’

and ‘political diatribe’, yet even these do scant
justice to the ill thought-out collection of cli-
chés, non-sequiturs and downright untruths
which appear on page 35 of the December issue.

It must be clear even to your jaundiced eye
(cf. your own leader “the growing profes-
sionalism of commercial broadcasting™) that
neither quality nor lowest common denominator
programming is the sole prerogative of any one
organisation. The interdependence of advertis-
ers and the media on which they advertise is all
pervading, as I am sure you would find were
you to fail to deliver to your advertisers the
readership they expect. Far from rejoicing in
the financial difficulties of the BBC, most
thinking commercial broadcasters accept that a
strong, high quality public service broadcasting
service is essential to the maintenance of stan-
dards while, equally, an enlightened public ser-
vice organisation will be able to make use of the
many innovations and ideas which the economic
pressures of commercial broadcasting of neces-
sity produce.

As someone who makes his living from the
despised (by your leader writer) commercial
broadcasting, I found the last paragraph grossly
offensive. My own organisation, with a full-time
staff of 30, provides 18 hours a day, 7 days a
week of entertaining, informative, and popular
local commercial broadcasting. Lest the old say-
ing about ‘juke box radio’ come to mind I would
point out that a typical day includes 8-8'% hours
of music, 2-2Y2 hours of news, 3 hours of talks,
reatures and current affairs, 2 hours of commer-
cials, 2 hours of ‘short’ features (interviews,
traffic, what’s on, where to go, etc.) and up to 1
hour of promotional material.

It really is ‘make believe’ to suggest that com-
mercial broadcasting is only designed to “insu-
late people from reality” to purvey a “synthetic
culture” or is a “substitute for the real thing”.

Such biased and emotive phrases have no place
in such an august and respected journal as Wire-
less World.

T.¥. Mason

Plymouth Sound Limited

Plymouth

Congratulations on your editorial “Save our
public service broadcasting” in the December
1980 issue. I couldn’t agree more!

D. A. Barlow

Bingley

W. Yorkshire
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FAILURE OF DISTRESS
SIGNALS AT SEA

The letter from Mr Boyd (December 1980 issue)
adds considerable weight to the mounting evi-
dence on the inadéquacies of some ships’ aerials
at 500 kHz and the consequent risks to which
both ships and crews are exposed. The circum-
stances described by Mr Boyd almost exactly
parallel those experienced by Mr Harding, from
whose letter I quoted in my article in Nautical
-Review, September 1979. I would like to com-
ment on two points raised by Mr Boyd:
1. Whether insulator leakage, poor siting or low
aerial capacitance is the dominant cause of poor
performance will depend on the particular
layout, and will vary from ship to ship. It is not
therefore possible to dismiss the deck insulator
as a factor, nor the analysis of the effects of
leakage given in the “Admiraity Handbook of
Wireless Telegraphy”, which is as valid today as
when it was written. Mr Boyd himself obtained
improved performances on washing down the
insulators.
2. The emergency generator may start automat-
ically on some ships, but on others the diesel
must be started manually and if the ship is
listing or on fire, that may not be easy. The
B.O.T. recognised the S00kHz battery equip-
ment as being the ultimate means of salvation,
and indeed required that an instruction card be
displayed to enable any ship’s officer to use it in
an emergency. :

It would not be necessary for Mr Boyd’s
marine superintendent to lay out $10,000 for a
.mast aerial. Observation in many ports shows
.that the Continental powers (France, Belgium,
‘USSR, Poland) are using multi-wire cage aerials
to obtain maximum capacitance in the
minimum space, with minimum number of
supporting insulators. My article in Safery at
Sea, May 1978, touches on that point.

My thanks to Mr Sawyer (December letters)

~ for his comments.

Fohn Wiseman
London E3

CROCHIPS AND
MEGADEATHS

I was somewhat surprised by the nature of your
leading article “Microchips and megadeaths’ in

.the November 1980 issue. The world has always

existed of course with a “balance of power” in
one form or another and I feel that I must put
the following points to you.

1. You reprint an account of the Hiroshima
atomic bomb but do not balance it with an
account of the horrors suffered in Japanese pri-
soner-of-war camps by British and American
soldiers. Why?

2. Can you ever see engineers in the communist
countries being asked to voice their views on
how their government should use their exper-
tise? I think the answer is an emphatic “No.”
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3. Can you see the communist countries giving

up their arms? I cannot.

4. If we gave up our weapons can you see the

communist countries leaving us in peace or for

that matter our own internal fifth column? I

think not. -
So it seems to me we keep our weapons or opt

for world wide communism complete with its

psychiatric hospitals for dissidents — I know

what I would prefer.

L.G. Martin

Abbots Leigh

Bristol

We, the Central London Medical Branch of the
Association of Scientific, Technical and Man-
agerial Staffs, wholeheartedly support the
leading article “Microchips and megadeaths”
published in the November 1980 issue. We
hope that this article is part of a more general
policy of yours covering all articles, exhibition
reports and advertisements. Scientists and engi-
neers seem to have a tradition of being non-
political, especially at rank and file level. Your
article correctly points out that this must stop.
Technically trained people must start to con-
sider the results of their work in terms of moral-
ity rather than in the immediate attainment of
purely technical achievement.

Many people interested in electronics, young
and old, professional and amateur, read and
respect Wireless World, considering it to be one
of the more sophisticated in the field. From this
position Wireless World has a positive contribu-
tion to make in the Campaign for Nuclear
Disarmament. We wish that other electronics
magazines would follow this lead so that future
engineers and scientists can devote more of their
time and the dwindling world resources to the
pursuit of aims beneficial to the whole human
race.

"E. Cady (Branch Secretary)
ASTMS (Central London Medical)
London WCI

“ANATOMICAL"
LOUDSPEAKER

I fully agree with Mr R.I. Harcourt (“‘An acous-
tically small loudspeaker” October 1980) who
draws attention to the inadequacies of the cu-
boid loudspeaker for the reproduction of certain
sounds. It has, in fact, been my opinion for
some years that to reproduce a given sound
perfectly the loudspeaker should have the same
size and ‘anatomy’ as the thing which emitted
the original sound. If this is a correct view we
can fairly easily design a speaker by giving a unit
a housing which is near enough the same as that
of the original source. But, obviously, one can-
not take this principle very far. It would be
impossible, for instance, to reproduce the sound
from a whole orchestra by assembling an equi-
valent number of speckers all designed to repro-
duce perfectly the individual instruments, and
to accommodate these in the living room. But
we can go some way towards this. Iam thinking
of the human voice, the sound which is most
important of all and to which we are specially
attuned. For myself I cannot say that I have ever
heard speech satisfactorily reproduced on any
cuboid speaker: people just do not speak with
boxes round their heads.

I did something about this a few years ago: I
made it the theme of an ‘entertainment’ lecture
to our students. My argument went as follows:
the sound of a voice comes primarily from the
larynx and from there, through a lined bony
tube, makes an exit via the mouth cavity. And
of course, some important sounds emanate from
the chest as well. I first produced a Wellington

boot and filled it with rags; this was the chest
and lungs. On the top of the boot I placed a little
loudspeaker on a board; this was the larynx. I
then produced a skull (loaned by a kindly Anat-
omy Department), cupped it in a shallow foam
polystyrene plinth with a hole in it, and sat this
on the speaker board. The jaw was propped
open with a match-stick and the brain cavity
filled with cotton wool. I then reproduced the
recorded voices of lecturers with whom the stu-
dents were familiar. The effect was remarkably
good, the clarity was especially impressive and
there was none of the booming which makes
listening to speech reproduced on a box speaker
so tiring. A student later admitted to having
quailed on hearing the craggy accents of his
class head.

I took the theme one step further. Prior to the
lecture I had recorded a soulful Scottish tune
played by a musician friend on a violin. During
the lecture I replayed this using as a loudspeaker
the same violin with a small unit strapped un-
derneath, there being contact made between the
unit and the underside of the violin by means of
a cork. The reproduction could hardly be distin-
guished from the original and I demonstrated

Lena the loud-talker

this by inviting my friend out of the audience,
whereupon he played the secondo of a duet on
the same violin while it was reproducing his
original recording. The effect was stunning. I
have never seen an audience so affected by a
demonstration. Strong men wept, almost.
Recently I returned to the problem of my
skull and wellie boot loud-talker — how to ‘nor-
malise’ it. The skull is, of course the main diffi-
culty — they are not easily procured, even in
this Burke and Hare country. The result of my
labour is Lena (named after the lady who pro-
vided the mop head). But Lena is not as good —

let me say at this point — as my original S and |

WB loud-talker. She is, however, obviously on
the right lines.

Firstly, it will be noticed that she has no
chest. Actually she has, it is in her cranium. The
whole thing is inverted and the chest, in fact,
consists of a partly cut-away p.v.c. football
stuffed with rags. At the base of the chest,
behind the nose, is the larynx, and under that is
the throat, leading down to the mouth. The
other  embellishments are added for aesthetic
reasons.

It occurs to me that it would be pleasing to
fashion the instrument in the likeness of one’s
nearest and dearest — what a fine tribute, or
memorial, it might make.

Fohn T. Lioyd
Department of Natural Philosophy
University of Glasgow.

ELECTRONIC ORGAN
TONE FILTERS

Many thanks to your magazine and to Dr Pykett
for a much-needed basic guide to tone filters
suitable for the average home-built organ. I
would certainly agree with Dr Pykett’s reply to
Mr Robins of Rugby, and add that the art of a
classical organist (electronic or pipe) is to
breathe life into a mechanical system and add
interest to the music using the means he has
available. By this I do not mean gimmicks but
phrasing judiciously and accenting notes, mak-
ing them sound louder by giving a slightly
longer pause before the note is played. The
cinema organist, of course, keeps one foot glued
to the swell pedal to add interest. The more
discriminating classical organist can use it to
add a swell box full of strings to the great flues
at the appropriate time with good effect.
However, having heard Bach’s Passacaglia per-
formed more convincingly on a tiny one-manual
pipe organ than on a four-manual monster, I am
convinced that, as with a Stradivarius, it is the
performer and not the instrument which pro-
duces a good or a bad performance.

Bernard Jones says that pipe organs can only
get more expensive. I prefer to say that their
value can only appreciate whereas electronic
organs depreciate, especially at such a time of
rapid development as the industry is going
through now. However, ranks of ‘“free-phase”
oscillators will always sound superior — like
valve amplifiers.

May I suggest one oscillator per note, each
driving its own amplifier and speaker mounted
in a wooden rectangular cabinet tuned to the
length of the standing wave for that note?

M. R. Berzins
Hanwell
Middlesex

WW'’s FIELD OF
INTEREST

I have been following with interest the recent
deviations from topics of a strictly technological
nature in W.W. from questioning the grounds
of relativity theory to commenting on the role of
the electronics and telecoms industry in provid-
ing the means of implementation for certain
political philosophies.

It is only to be expected that some readers will
be disturbed by suggestions that their leaders
may be mistaken in various matters; the shock
may be greater if they have previously concen-
trated their attention on books and journals
limited by their particular interests in tech-
nology. May I refer briefly to a few of the corre-
spondents in December’s issue:

- Desmond Thackery finds controversies in
basic physics to be above his head, but
nevertheless entertaining.

.Reg Wiilliamson is not amused by cranky
views and wants to confine W.W. to good
(clean?) engineering.

Peter C. Gregory is a technical person and
knows a few highly skilled persons, and can
thus state that suggestions of gaps in their
knowledge are rubbish.

M. G. Scroggie, whilst conceding that it is
difficult to know what to do, declares W.W’s
comments on nuclear strategy to be insulting
and, indeed, treasonable!

The editor has much to answer for, and there
is yet more — “Worried” thinks there are too
many advertisements!

Perhaps some of us are worried, even deeply
concerned, at the present state of the world and
the frame of mind of some of the scientists,
technologists and engineers who occupy them-

yradiohicstorvy com
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selves with the techniques of communication
and control.

What proportion of the W.W. readership, one
wonders, wants only information on bare tech-
nicalities, well-remunerated jobs that are open,
and perhaps a few words on how wonderful
everything is going everywhere? :

Yes, we pay 60p a month to be informed, to
relate ourselves to the activities of our fellows,
and to have our view of life broadened; at least
that’s what I would have thought. If fair com-
ment is to be stifled, free enquiry suppressed,
what may we have to pay one day to obtain
information we desperately desire but which is
withheld in the interests of state security?

I, for one, welcome the broadening of W.Ws
field of interest, even if I may sometimes be
unamused or confused, or find it weighty with
‘“commercials” — after all, I don’t have to read
every word if I don’t want to; I can even manage
without an “off” switch. y
C.B. V. Francksen
Farnborough
Hanis

| THE DEATH OF
ELECTRIC CURRENT

I refer to the interesting article by Mr Ivor Catt
in your December 1980 issue. It is indeed re-
freshing to find Mr Catt having a sideways look
at the apparently trivial matter of electric cur-
rent.

If one rewrites the Maxwell equations using
tensor notation in a four dimensional Rieman-
nian Space, the effects predicted by Mr Catt
become more obvious. E and H cease to have
separate meanings, removing that most embar-
rassing of dualisms and the electromagnetic
field (complicated in three dimensions) becomes
a simple tensor field in four dimensions.

N.D. Levin

Telecommunications Accessories Ltd
Thame

Oxon

The author replies:

| It’s a pity that the obfuscation has to continue .

like this. I did not realize that my December
1980 article predicted any effects. What were
they?

Tvor Catt

Conventional Active low input
AND j)— becomes :j>o— NORN
NAND j)o— - :3>°_ ORN
OR :D— o :j}- NANDN
NOR j>o— a jD__ ANDN
Fig.1
Wrong Better
Fig.2

symbol in conventional logic as well as it is the
one type of gate (along with EXNOR) whose
function is the same for both normal and ‘active
low’ inputs.

Rex I. G. Palmer

Ascot

Berks.

The term NAND is generally understood to be a
contraction of NOT AND, where the NOT corre-
sponds to the denial ‘not’ used in formal logic. — Ed.

LOGIC DIAGRAMS

While I applaud the aims of Tony Cassera’s
article “Intentional logic diagrams” in the
November issue, I disagree with his use of a
suffix L as the mnemonic for the ‘active low’
signal in place of the bar over its name.

In microprocessor, and I presume main-
frame computer, jargon and even in ‘ordinary’
logic the prefix N is used to indicate an ‘active
low’ signal (e.g. the N in NAND which is used
to show that the output is ‘active low’). The
origin of this is I suppose thc;h term Negative
Logic used to describe circuitry where the more
negative voltage is regarded as the true, i.e.
logic 1, state.

So I suggest the use of N rather than L as
either prefix or suffix to indicate the ‘active low’
signal.

We could even coin some new names to go
with Mr Cassera’s modified symbols as shown

here in Fig. 1. Incidentally the EXOR symbol ,
for the ‘active low’ input version as shown in the -

article is inconsistent — the symbol does not
need the extra bar at the input but should be as
in Fig. 2. In fact this really should be the

TV SETS FOR THE
HARD OF HEARING

I was interested in the plight of your correspon-
dent Mr Holloway (October letters), who had a
problem finding a television set with a
headphone facility.

Mr Holloway was not specific as to whether
he was looking for a monochrome or colour
receiver but, in any case, many sets make use of
power supplies which connect the chassis either
directly, or via a diode bridge, to the mains.
Obviously direct connection of the chassis to a
headphone socket would be a hazard to a cus-
tomer and some form of isolation is necessary.
Since little power is involved a small transfor-
mer would be suitable but this must have ade-
quate isolation to safeguard the customer. BS
415: 1979 requires this isolation to be able to
withstand over 2kV.

Such a transformer could prove to be a com-
paratively expensive component and a set de-
signer must consider whether the extra cost on
the receiver would still be acceptable to poten-
tial customers.

The above line of reasoning partly led ‘to our
decision to use a switch mode power supply to

_fully isolate most of the chassis on our current

range of receivers (see part 4 of my recent
series of articles on these chassis). This enabled
us to provide a headphone socket as standard
throughout the range; however, I do not think
we are the only UK or European manufacturer
to provide this facility.

It seems rather a sad reflection on the dealers
in Mr Holloway’s area that they showed little or
no interest in promoting British made sets with
these features. .

Ray Wilkinson

Decca Radio & Television Lid
Bradford

W. Yorkshire

LEVY ON BLANK TAPES

As one of the relatively few holders of the Ama-
teur Recording licence, I found myself totally

. unable to support the proposed levy on blank

tapes and those who have studied the case for a
levy will indeed be amazed. So much money -is
alleged to be’ at stake that a levy of several
pounds per cassette would be called for.

As technically informed people we should
readily see that if it were imposed there would
be a great sale for a new generation of tape
recorders running at 17&in/s or even !%sin/s
speeds and even with four mono tracks.
The fact is that most “pop” music, in which the
money lies, is listened to on cheap transistor
radios or record players and hi-fi is unwanted.
Obviously, for this and many more reasons, a
levy on tape is doomed to failure.

But is your correspondent Mr Simmons (De-
cember letters) not a little naive in accepting
without qualification the proposition that musi-
cians and their agents are entitled to a just
reward for their labours? The money which is
alleged to be lost by the use of tape recorders is

that which once had to be spent if one received a

permanent record of a performance. Is it
necessarily just that any price could be placed
upon the permanent record whether it was a
gramophone record or tape? The very existence
of the Monopolies Commission indicates that
the answer must be no. Therefore one needs to
examine a little more carefully the matter of
copyright, because that is the mechanism used
for keeping the prices of records and pre-
recorded tapes at a level far higher than the
costs, royalties apart, justify.

In simple terms the musical world divides
into classical, where the composers are dead and
their works are out of copyright, and the world
of “pop” where composers now aim for the
“jackpot.” The performers of both ought in
theory to be content with a flat rate fee for their
performances on the basis that it is just a job of
work, but if that notion suits clsssical musicians
it manifestly does not suit “pop” musicians who
are going for the “jackpot” as well. In practice
of course it may be difficult to distinguish be-
tween performers and composers in the ‘“‘pop”
field but even so it strikes me that the proposed
levy is a Luddite-type action.

Two media, namely radio and records, were
exploited vigorously and with the objective of
making money. Radio, whatever the BBC may
say, was the advertising medium and the objec-
tive was to make the money. Tape has now
come and it is easy to record from radio, with
the obvious result. Perhaps we should reflect
that had the BBC not allowed itself to become
the tool of the record producers we would never
have been exploited as the source of vast sums of
money which went to the record producers.
Now we have the means of not being exploited
by using a tape recorder, it is that freedom
which is being attacked.

Looking back to the old days, e.g. those of
the 78 r.p.m. record, it is noteworthy that we
paid a modest fee to the BBC which provided
music on a considerable scale almost entirely by
employing musicians and paying royalties to the
composers. What went wrong? It seems to me
that by hook or by crook a lot of people in the
“pop” world are determined to get far more out
of us than the BBC ever did.

It will fail if for no other reason than that
“pop” music is ephemeral and the same tape
will be used ad nauseam and the new generation
of good tapes will be those with literally infinite
life.

L. Streatfield
Poole
Dorser
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T.t.l. logic probe

Performs static and dynamic tests on logic ciréuits, including ‘glitch’ detection

by A. J. Jameson, B.Sc.

The probe described is unusual in that
it will detect and indicate the

presence of ‘glitches’, the transients
caused by propagation delays in logic
circuits. In addition to the usual static
testing, it also shows positive or
negative coincidence in two pulse
trains of different frequencies.

‘A logic probe is a useful aid to testing and
fault-finding digital systems. The many
commercial and amateur designs currently ¢
available provide information about the
static and dynamic behaviour of circuits,
‘but have the limitations of not providing
‘coincidence-detection’ and cannot indi-
cate the presence of ‘glitches’ in the wave-
form under investigation.

For example, in the simple case of Fig.
1, a ‘standard’ probe would indicate pulses
at A and B, but the output C would remain
high, leading to the conclusion that either
the gate is faulty or the pulses are not
coincident. The next step in the exercise
would probably require the use of a dual-
beam oscilloscope to prove whether or not’
A and B are coincident. Even so, if the
pulses are of different frequencies, the task
of “‘coincidence proving’ may be impossible
using an oscilloscope. In addition, the use
of an oscilloscope has made the purpose of
the highly portable, pocket-sized logic
probe somewhat futile.

Another example encountered all too
often, despite careful design, is that of
‘glitches’ produced by static and dynamic
race-hazards. In the example of Fig. 2, a
negative-going ‘glitch’ is produced due to
the propagation delay (zy through the JK
flip-flop. This example is also shown in
Fig. 3, where a 20ns pulse has been pro-
duced using the circuit above.

The use of a logic probe on such a circuit
weuld reveal no faults whatsoever. Even
an oscilloscope with delayed-sweep facili-
ties would probably show nothing unless
the frequency of A was greater than
1MHz. However, the presence of such a
circuit within a system, gives rise to erratic
operation and is quite often diagnosed as
an ‘elusive dry-joint’.

The logic analyser probe now described,
solves these problems whilst still providing
the features of the standard probe. It
should be mentioned that the t.t.l. i.cs
used in the probe are operating with pulse
durations shorter than is recommended by
manufacturers. Although two probes have
been made without trouble in this respect,
it may be necessary to experiment with
several i.cs. The total cost of the unit is
about £10.

R diohictory com

Circuit operation

Protection circuitry. The protection cir-
cuitry shown in Fig. 4 has been incorpo-
rated to prevent damage to the probe due
to incorrect supply voltages. In addition,
Ds is illuminated when the supply voltage

_is correct, i.e., when the applied voltage is

4.5-5.8V. This feature is very useful, as all
too often the most obvious fault of incor-
rect supply voltage is overlooked and
much time can be wasted investigating
‘suspect’ digital circuitry.

Under normal operation, Ty is off, Ty
is on and hence 5V is applied to the probe

(il B0
5 | ] o s

—

Fig. 1. An ordinary probe would not show
whether a lack of output from the gate was
due to the pulse trains not being in
coincidence, or the gate being faulty.

A
B

Fig. 3. Evidence of the glitch in Fig. 2,
based on a screen photograph.

circuitry via RLA. However, above 5.8V,
D; conducts and T, is biased on. This
switches Ty9 off and opens RLA, thus iso-
lating the logic probe circuitry. i
Also, voltages above 4.5V cause Dy to.
conduct, switching T,3 and T4 on and
thus Ds is lit.
Probe circuit. IC, and IC; in Fig. S form
‘window discriminators’ with threshold

‘voltages of 2V and 0.8V. These i.cs are

9637 dual differential line receivers and,
because of the input characteristics of the
device, Rjp and R); are needed to ‘pull-
down’ the input to 1.5V when the probe is
floating.

Fig. 2. Propagation delay between the input
and output of the flip-flop produces a
narrow pulse or glitch at C.

Fig. 4. Protection circuit avoids damage to
the probe in the presence of incorrect
supplies, and shows that the supply
voltage is in the usable range.

SV input

5V to
praobe
circuitry
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N.B. S-, may be an SPDT centre off,

as shown above

P <7T0ns
= < 30ns

o < 120ns

7

5]

7
7
Dyo /7

D9
Ras
Tr6
7

Rag

Tr7

I:\’27

% Dy &
Rog
TrB

IC; provides the ANDing circuitry

needed to facilitate the coincidence detec-
tion mode of operation.

The latches comprising ICy 4 and ICec 4
indicate the logic level at the probe. If a 1
is present at the input to IC;, point A will
also be high. This in turn is inverted by
ICs, and a low is therefore present on ICy..
Thus T is conducting and the red l.e.d.
Dy is lit. These latches are reset by narrow
pulses produced by the unijunction oscilla-
tor Tpg.

If a permanent 1 or 0 is present at the
probe, it overrides this reset pulses and
therefore either Dg or Dy, remain lit.

Positive going glitches are detected by
the circuit comprising ICy4a p, IC 54,1, c and
IC7,, and negative-going ones by ICep,
ICsq4,e ¢, and ICyp,.

These circuits consist of a monostable,
with switchable pulse duration, and a
latch. By considering the positive glitch
detector, the operation of the circuit is as
follows.

IC4,, D, C4 and ICy, form the monosta-
ble and ICs,  equalize the propagation
delays. The leading edge of the waveform
present at A produces a negative-going

B select
—-(f o A+B

7

P e e o e g

© Aselect 18%"1--I--I--I--T--I_

C4y~ (4 -~ Distributed decoupling capacitors

Fig. 5. Circuit diagram of the probe.

glitch
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g ¢ {
Icl.b ifp \//; :
13 ]
? 60ns (approx) i
—
Icl.b olp l & 2 | i 1
[}
: ! )
 » 1
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q
1
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{The propagation delays have been
ignored on these waveforms ) -

Fig. 6. Waveforms show glitch detection.

Components

Resistors (W)

1,3,4 1k0
2,7,10,12 10k0
21,22,23,27
5 4k7
6 22k0
8 2k7
9 100R
11,13 560R
14 910R
15,16 . 270R
17,18, 19,20 2k2
24,25 220R
26, 28,30 120R
29 33k0
31 1k5
Capacitors
1 100uF 10V tantalum
2,3 22pF mica
4,5 ' strays
6,8 3.3pF mica
7,9 10pF mica
10 2.2uF 35V tantalum
11,12,13, 14
15,16,17 10nF ceramic
18 10uF 35V tantalum
Semiconductors
D, 1N4002
D, BZY88 4V7
D3 contained in relay
D4 BZY884V3
Ds TiL212 (yellow}
Ds,7 OA47
Dg o TIL209 (red)
D10’11 ; TIL211 (green)
T1.2,36 2N3704
7,8,10
To TI1S43
Ta ‘ 2N3702

Integrated circuits

1,2 9637 (Fairchild)
3 SN74LS03

A SN74L5132

3 SN74LS14

B SN74LS74

Miscellaneous

" RLA d.i.l. relay s.p.s.t.
(N/O)
S d.p.d.t. or s.p.d.t.
centre-off
S, d.p.d.t. centre off

1mm sockets 3 red; 2 black
Case to suit (100 x 50 x 25mm)

Printed circuit boards

A set of 2 double-sided p.c.bs for the logic
probe will be available for £6.00 inclusive of
v.a.t. and UK postage from M. R. Sagin, 23
Keyes Road, London N.W.2. Alternatively,
copies of the author’s suggested layout can be
supplied from this office on receipt of a
stamped, addressed envelope. Please mark
your envelope ‘Logic’.

WwWWwW americafeadiohicetory com

Probe'B’ Probe

52 (Gtitch)

Fig 7. Suggested form of case.

pulse at the output of IC4,, whose duration
is equal to the propagation delay through
IGs, (approximately 15ns). This pulse du-
ration is extended by Dg, C4, and ICy,: Cy
is discharged rapidly via Dg and the output
of ICy, becomes high. Dg is now reverse
biased and C4 is charged by the input cir-
cuitry of IC4p, until the high input-thres-
hold level of ICy, is reached, when the
output of IC4;, returns to a low.

The duration of the monostable period
has two additional lengths, determined by
Cg and Cg, which enable the glitch period
to be determined approximately.

The propagation delay of IC4, 1, is com-
pensated by a similar delay through

ICsapc. Thus, the trailing edge of the -

pulse at the CK input to IC;, is time
coincident with the positive edge of the
pulse at the D input. These pulses are
illustrated in Fig. 6, which shows that if
the pulse produced by the monostable
(IC4p output) is of shorter duration than
the input pulse at A, then the Q output of
IC;, remains unchanged and therefore is
not detected as a glitch. However, if the
pulse from ICy, is longer than that at A,
then the D-type flip-flop (IC;) toggles and
the Q output goes high, registering a
glitch. This latch is periodically reset by
the unijunction oscillator.

Construction

As will be appreciated, pulses of less than
100ns duration are easily attenuated by
stray capacitance and inductance.
Therefore, all leads must be as short as
possible. ]

By careful choice of components, it will
be found that the two boards may. be
‘sandwiched’ with component sides to-
gether and therefore can be fitted into a
case of 100x50X25mm, as illustrated in
Fig. 7.

Testing
If a high-frequency oscilloscope (of around
SOMHz bandwidth) is available, the test
circuit consists of a simple oscillator run-
ning at about IMHz, driving a 74121 mo-
nostable with a variable pulse duration
from 20-200ns. Using such an arrange-
ment, it is a comparatively simple matter
of checking the pulse lengths at which the
glitch circuitry operates.

However, without a suitable oscillo-
scope, the only way of checking the mo-

53

Specification
Power con-
sumption 100mA (l.e.ds off)
180mA (all l.e.dson)
P.s.u. indication4.5V-5.8V + 0.2V
Input im-

pedance 5k

‘Low" threshoid 0.8V + 0.1V

‘High’ threshold2.0V + 0.1V

Max. input freq.25MHz

Min. det. glitch 15ns

Glitch det.

ranges (1) 30ns
(2) 70ns approx.
(3) 120ns

nostable periods is to generate glitches of
approximately known length, relying on
the propagation delays of cascaded gates..
It should be stressed that the timing
periods need only be approximate and con-
sequently, no great difficulty will be en-
countered.

The probes consist of a Imm plug with a
sewing needle soldered in place and also
another needle, soldered to a short length
of wire. The earth point should be connec-
ted by a short lead to the area under inves-
tigation to minimize pulse attenuation. {_]

Literature
received

Celestion have sent us a leaflet on the interfero-
metric testing of loudspeaker cones, using the
Doppler effect in a laser system. The leaflet also
provides a complete history. It was accompa-
nied by a spectacularly illustrated brochure and
‘an incomprehensible poster. WW401

Greenweld’s catalogue of electronic compo- .
nents, hardware, tools, etc, complete with
prices, is now available from Greenweld
Electronics Ltd, 443 Millbrook Road, South-
ampton SO1 OHX, price 50p.

A series of leaflets from Ferranti describe the
F100-L, which is said to be the only 16 bit
microprocessor to be designed, developed and
made in Europe for commercial and military
applications. The leaflets can be obtained from
Ferranti Computer Systems Ltd, Computer
Sales Dept., The Courtyard, 20 Denmark St.,
Wokingham, Berks. RG11 2BB. WwW402

‘A full catalogue of the enormous range of TAB

books, which includes publications on radio,
antiques, aviation, d.i.y., car mechanics and
many more subjects, is available from TAB
Books, Inc., Blue Ridge Summit, PA 17214,
U.S.A. WW403

Babani’s range of low-cost publications on radio
and electronic topics are described in their new
catalogue, which can be had from Bernard Ba-
bani (Publishing) L.td, The Grampians,
Shepherds Bush Road, L.ondon Wé 7NF.
WwW404
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F.m. detectors — 2

A survey and a system of classification

by S. W. Amos, B.Sc. M.I.E.E.

Phase-comparator detectors
This type of detector also makes use of the
varying phase relationship between two
input signals, nominally in quadrature,
such as the voltages across the primary and
tuned secondary windings of a transformer
but it does so in a manner quite different
from that of the detectors described earlier.
In Seeley-Foster and ratio detectors the
two input signals are added to produce
resultant voltages (the amplitude of which
varies with the phase difference) which are
applied to amplitude detectors, the com-
bined output giving the required modula-
tion-frequency signal.

In phase-comparator detectors the two
input signals are limited so as to form
rectangular pulses. Limiting may be
carried out in separate stages preceding the
phase comparator or in the phase compara-
tor itself. The degree of overlap of these
pulses varies with the phase difference be-

tween the two inputs and determines the

output current of the comparator which is
therefore a copy of the modulation wave-
form. The output of the comparator thus
depends on the relative timing of the two
sets of pulses and is independent of the
amplitude of the input signals provided

this is sufficient to give satisfactory limiting,.

To summarise: in the detectors described
in the first article the amplitude of the
primary and secondary voltages is the sig-
nificant quantity whereas in the phase
comparator it is the timing of these
voltages which matters. '

The general form of a phase-comparator
detector is illustrated in the block diagram
of Fig. 13(a).

Self-limiting phase-comparator detec-
tors. In an early form of phase-comparator
detector the two input signals are applied
to the two input grids of a special valve.
The grids are required to give limiting
action: in other words positive-going sig-
nals\are required to increase anode current
up to a particular value after which further
positive excursions should produce no
change in anode current. This is the type
of control achieved by the suppressor grid
of a pentode. Signals applied to such a grid
deflect cathode current from anode to
screen grid or vice versa but cannot in-
crease or decrease cathode current which is
determined by the screen-grid and control-
grid potentials. Thus the ideal valve for
this particular application is one with two
suppressor grids.

In addition it is important to minijmise

i
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Fig. 13. (a) General form of phase-comparator detector. (b} Self-limiting coinciden’ce

detector using a nonode valve.

damping of the input-signal source (nor-
mally the primary and tuned secondary
windings of a transformer) by the input
grids when they are driven positive with
respect to cathode and, to this end, input-
grid current must be kept to a low value.
This is achieved by so constructing the
valve that each input grid is situated be-
tween two positively-charged screen grids
where there is no space charge to support
grid current. Finally therefore the valve
required consists of three screen grids, two
input grids, a control grid and a suppressor
grid next to the anode to suppress tetrode
kink. ;

Thus was the nonode derived and Fig.
13(b) shows the circuit diagram of an f.m.
detector using a nonode. Its operation is
illustrated in the waveform diagrams of
Fig. 14 which show that anode current can
flow only when g3 and gs are both positive
i.e. when the pulses derived from primary
and tuned secondary windings overlap. As
the degree of overlap varies with frequency
modulation the anode current varies

a<
w

Fig. 14. Action of the nonode valve.
Diagram shows Vg3 and Vgsin
quadrature, the conditions when the
input signal is at the centre frequency.
Anode current can flow only when Vg3
and Vs are simultaneously at zero.

WWW american
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accordingly and so contains a strong mod-
ulation-frequency component.

There was a simpler valve which was
used in a similar way to the nonode. It was
a pentode in which the two input signals
were applied to the control grid and the
suppressor grid but the geometry of the
electrode structure was quite different
from that of a conventional pentode in
order to achieve the type of limiting action
required at the two grids. It was known as
a gated-beam valve.

Transistor phase-comparator detectors.
In its simplest form a transistor equivalent
of the nonode or gated-beam tube could
take the form shown in Fig. 15. One of the
disadvantages of such a simple circuit is
that the output would contain a large com-
ponent at the input frequency in addition
to the wanted modulation-frequency com-
ponent and in practical forms of phase-
comparator detector precautions are taken
to minimise this unwanted component.
In integrated circuits, for example,
extensive use is made of the push-pull
principle and a simplified version of a typ-

ical circuit is given in Fig 16. The output of

the i.f. amplifier (also included in the i.c.)
is applied in the form of push-pull pulses
to the bases of Trs and Trg so that when
one of these transistors is driven into
conduction the other is cut off. The qua-
drature signal is derived from the i.f. out-
put by use of an external LC circuit and
associated reactance (one possible arrange-
ment is shown in dashed lines) and is ap-
plied also in pulse form to two push-pull
pairs Tr;Tr; and Tr3Try in a balanced
circuit which ensures that none of the qua-
drature component appears between the
output terminals, Suppose Tr; base is dri-
ven positive by the quadrature signal at an
instant when Trs is conductive. The effect
is to promote conduction in Tr; and thus

to cut Tr; off, producing a net output

between the output terminals. Half a cycle
later, when Trg is conductive, Tr3 and Try
behave similarly and again there is a net
output. The duration of these outputs de-
pends, of course, on the extent of the
overlap between the i.f. and quadrature
inputs and varies with the phase difference
between the two inputs. The output can be
used as a.f. in f.m. receiver or for a.f.c.
purposes.

Tr; is included to stabilise the mean
current through the detector and is one of
the many auxiliary components included
in i.cs to ensure that the performance is
substantially unaffected by variations in
ambient temperature or in supply voltage.

A number of i.cs designed for use in
f.m. receivers incorporate detectors with a
circuit similar to that of Fig. 16 and they
are often described as balanced, symmetri-
cal, quadrature or product detectors.

Counter discriminator

This uses a principle quite different from
those employed in the detectors so far des-
cribed. If an f.m. signal is rectified the
result is a succession of half-sinewave
pulses the frequency of which varies
according to the modulation. At periods
where the pulses are crowded the mean
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+ Fig. 15. Basic form of transistor
coincidence detector.
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frequency
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Input 1
Fig. 16. Simplified version of
coincidence detector used in i.cs.
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Fig. 17. Early form of pulse-counter discriminator.

value per unit time is greater than at in-
stants when they are less crowded. This

" variation in mean value represents the

modulation waveform and if the rectified
signal is passed through a low-pass filter to
suppress all but a.f. the output consists of
the wanted modulation-frequency compo-
nent superposed on a direct compo-
nent. The change in frequency in the
signal radiated from an f.m. broadcast
transmitter is, however, very small com-
pared with the centre frequency, typically
+75kHz maximum at a carrier frequency
of, say, 90OMHz — a variation of less than
+0.1% representing a very small change in
mean value of the rectified signal and thus
a very small a.f. output from the low-pass
filter. The relative change in frequency is
greater in the i.f. circuits, £75kHz in

10.7MHz being approximately £0.7%. It
is usual, however, in receivers using pulse-
counter discriminators to employ an i.f. of
455kHz or even lower. At 455kHz the
maximum change in frequency is nearly
+17% which gives a worthwhile modula-
tion-frequency component in the rectified
signal.

The signal presented to the low-pass
filter must be free of amplitude variations
because these would give a spurious out-
put. Moreover all the input pulses must be
of identical shape because variations in
shape could also give unwanted compo-
nents in the output. The problem is, -
therefore, to generate from the i.f. signal a
series of pulses all of identical form and
amplitude, the number per unit time vary-
ing according to the modulation.
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‘Early pulse-counter discriminators were
fed with square waves from the final limit-
ing stage in the i.f. amplifier. The square
wave was differentiated in an RC circuit
which, as shown in Fig. 17, incorporated
diodes to eliminate negative-going blips.
The resulting train of positive-going blips
was passed through a low-pass filter with a
cut-off frequency of, say 30kHz. A simple
RC filter is shown in Fig. 17 which is taken
from an article published by M.G. Scrggie
in 1956.*

In more recent pulse-counter discrimi-
nators the positive-going blips are used to
trigger a multivibrator giving, for
example, 1-us pulses which are passed
through a squarer stage (to eliminate any
overshoots) before being applied to the
low-pass filter.

Pulse-counter discriminators are used in
applications where linearity is important
e.g. in f.m. rebroadcast receivers and in
f.m. deviation meters.

Locked-oscillator

discriminators

As the title suggests this last type of f.m.
discriminator is based on an oscillator
which is synchronised by the f.m. signal so
that its frequency follows any changes in
that of the input signal. Such a system can
be expected to have two useful properties.
Firstly the amplitude of the oscillator out-
put can be many times that of the input
signal, implying a useful degree of voltage
gain. Secondly the oscillator output ampli-
tude is independent of that of the input
signal provided this is sufficient to give
effective synchronising: in other words the
system should give effective amplitude li-
miting. Thus the oscillator can be used as a
source of amplified and amplitude-limited
f.m. signals which can be followed by any
of the types of discriminator described
above. Used in this way, of course, the
oscillator is not itself a discriminator but a
source of input signal for a discriminator.
Circuits of this type were described as
early as 1944.

The synchronised oscillator can,
however, act as a discriminator. If it
operates in class C, taking one burst of
current from the supply per cycle of oscil-
lation, the frequency of the bursts follows
that of the input signal and so contains a
modulation-frequency component which
can be used as detector output. For the
reasons given under the previous section,
however, a low value of intermediate fre-
quency (and hence oscillator frequency) is
necessary to give a worthwhile perform-
ance from such a circuit.

Phase-locked-loop circuits. In this more
recent application of the principle the fre-
quency of the oscillator is controlled not by
direct application of the f.m. signal but by
a control voltage dependent on the dif-
ference between the phase of the oscillator
and that of the f.m. signal. The circuit,
illustrated in principle in Fig. 18, is so
designed that the effect of the oscillator
control voltage is to minimise the phase

* ‘Low-distortion f.m. discriminator’, Wireless
World, April 1956.
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Classification of f.m. detectors

Type Example Self-limiting?
(a) f.m.-to-a.m. converter slope detector ‘
plus a.m. detector Round-Travis detector no
Seeley-Foster discriminator
ratio detector yes
{b) phase-comparator nonode
gated-beam tube yes

balanced detector
symmetrical detector

quadrature detector e
product detector
{c) counter discriminator no
{d) locked-oscillator early types yes
discriminator _phase-locked-ioop no

Frequency
modulated ==s—d P
signal Phase Modulation
comparator frequency
output
Yoltage
controlled
osciilator

Fig. 18. Phase-locked-loop f.m. detector.

difference between the two signals applied
to the phase comparator. Thus the phase
of the oscillator is locked to that of the
input signal and follows any variations in
it. As in the circuits described earlier
the output of the phase comparator con-
tains the required modulation-frequency
component but the output is usually
passed through a low-pass filter to
suppress any radio-frequency components.

This type of detector has something in
common with those described under
“phase comparator detectors”. Compari-

son of Fig. 13(a) and 18 shows that in
phase-comparator circuits the quadrature
input is derived from the other input by
use of a phase-shifting network whereas in
the phase-locked-loop the second input is
derived from the output of the comparator
so introducing negative feedback.

The oscillator must be such that its fre-
quency can be readily controlled by a
voltage applied to it. It can be a Hartley or
Colpitts type in which part of the capaci-
tance of the frequency-determining net-
work is provided by a varactor, the d.c.
input to which therefore controls the
operating frequency. Alternatively, and
this arrangement avoids any need for an
LC circuit, the oscillator can be an astable
multivibrator, the control voltage being
applied to the resistors of the RC circuits
which determine the free-running fre-
quency of the oscillator. The phase com-
parator may have a circuit similar to that
shown in Fig. 16.

To conclude this article the classification
of f.m. detectors surveyed is summarised
in the table above.

0
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Proceedings have been published in book form
of the European Hybrid Microelectronics Con-

ference of 1979, which was held at Ghent in-

Belgium, to discuss various topical aspects
concerning applications and manufacturing
techniques. Each of the papers is categorized
and slotted into one of eleven sections, the last
ten of which are devoted to technical matters
related to the production and uses of thin and
thick-film components and hybrid circuits.
As one of the intentions of the papers is to
advance hybrid microelectronic technology al-
ready in existence, the level of background
knowledge required to enable full comprehen-
sion of the subjects is, of course, high. Illustra-
tions and an occasional photograph supplement
the written matter, which seems to consist of
direct copies of originals as the type face varies
from one paper to another. The print is,
however, in all cases clear, the quality of paper
used is quite high and random samples indicate
that those works written by authors whose na-

tive language was not English were not prone to
the gross syntax errors which often make works
of a scientific or highly technological nature
even more difficult to understand.

Not yet mentioned is the first section of the
book which is entitled Opening Session and
consists of a paper called Economics and Market
by E. Effenburger. Included in this paper is an
attempt to evaluate the world market for hy-
brids and resistor networks which, although it
constitutes only seven pages of a book of around
560 pages in total, is a rather good assesment of
trends in this field. Mr Effenburger concludes
*his paper by stating “In our opinion the time for
film technics is now favourable and the signifi-
cant growth is yet to come”.

With a full title of Proceedings — European
Hybrid Microelectronics Conference 1979,
this book is denominated ISBN 90 6231 068 0
and published in paperback form by the Dutch
Efficiency Bureau, P.O. Box 90, Pijnacker, The
Netherlands.

J
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Battery-powered instruments

Choosing and using dry batteries, with some suggestions

for improving service life

by lan Hickman

The use of batteries as the power source
for small electronic instruments and equip-
ment is often convenient and sometimes

essential. The absence of a trailing mains -

lead (especially when there is no conve-
nient socket into which to plug it) and the
freedom from earth loops and other hum
problems offset various obvious disadvan-
tages of battery power. When these and
other considerations indicate batteries as
the appropriate choice, the next choice to
be made is between primary and secondary
batteries, i.e., between throw-away and
rechargeable types.

Rechargeable versus
primary batteries
Rechargeable batteries offer considerable
economies in running costs, though the
initial cost is high. For example, direct
comparisons can be made between certain
layer-type batteries, e.g. PP3, PP9, and
also certain single cells, e.g. AA, C and D
size primary cells, where mechanically in-
terchangeable, rechargeable nickel/cad-
mium batteries and cells are available.
These cost about ten to twenty times as
much as the corresponding zinc/carbon
(Leclanché) dry battery or cell, and as
much or more again for a suitable charger.
This doubtless accounts for the continued
popularity of the common or garden dry
battery. Another point to bear in mind is
that, contrary to popular belief, the am-
pere-hour capacity of many nickel/cad-
mium rechargeable batteries is no greater
than (and in the case of multicell types
often considerably less than) the corre-
sponding zinc/carbon battery. Neverthe-
less, where equipment is regularly used for
long periods out of reach of the mains,
rechargeable batteries are often the only
sensible power source — a typical example
would be a police walkie-talkie. In other
cases the choice is less clear: for instance,
an instrument drawing 30 to 3SmA at 9V,
and which is used on average for four
hours per day five days a week, would
obtain a life of 100 or more hours from a
PP9 type dry battery (to an end point of
6.5V, at 20°C. -
Assuming the cost of a PP9-sized, re-
chargeable nickel/cadmium battery plus
charger is 25 times the cost of a PP9 dry
battery, it would be two and a quarter
years before the continuing cost of dry
batteries would exceed the capital costs for
the rechargeable battery plus charger.
(The effects on the calculation of interest
charges on the capital, inflation and the
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very small cost of mains electricity for re-
charging have been ignored.)

Using primary batteries

Often, then, the lower initial costs will
dictate that a product uses primary bat-
teries, and any measures which can reduce
the running costs of equipment so powered
must be of interest. When a decision to use
primary batteries has been taken, there are
still choices to be made, one of which is'the
choice between layer-type batteries or
single cells. Some designers prefer to use a
number of individual cells in series to
power a piece of equipment, rather than a
layer-type battery. The main advantage
here is in a wider choice of ‘‘battery”
voltage by using the appropriate number
of cells, although if the usual moulded-
plastic battery holders are used, one gener-
ally arrives at a voltage obtainable in the
layer type. .

The other advantage of using individual
cells is that the user then has the choice of
primary cells other than zinc/carbon, such
as alkaline batteries. On low to medium
drains with an intermittent duty cycle, e.g.
radio, torch, calculator, these will give up
to twice the life of zinc/carbon batteries.
However, they are approximately three
times the price and therefore the running
cost is greater. With very high current
requirements and continuous discharge re-
gimes the ratio of capacity realized (alka-
line: zinc/carbon) would be increased.

One of the main disadvantages of bat-
teries is that they frequently prove to be
flat just when one needs them. As often as
not, this is because the instrument has
inadvertently been left switched on. If the
batteries are of the zinc/carbon type, they
can then deteriorate and the resultant

Fig. 1. Ten-minute timer designed by the
author in 1969.

leakage of chemicals can make a very nasty
mess. (If the batteries are rechargeable
nickel/cadmium types this problem does
not arise: modern nickel/cadmium bat-
teries are not damaged by complete ex-
haustion. However, note that if a nickel/-
cadmium ‘‘battery” is being assembled
from individual cells they should all be in
the same condition ~ ideally'new — and
in the same state of charge. Otherwise, one
cell may become exhausted before the rest
and thus be subject to damaging “reverse
charging”.)

A really effective indicator on a battery-
powered instrument might prevent this
lamentable waste of batteries. However, of
the many types of ‘on’ indicator used,
nearly all have proved of very limited
effectiveness. One well-known manufac-,
turer uses a rotary on/off switch, the part
transparent skirt of the knob exposing
fluorescent orange sectors when in the ‘on’
position, and this is reasonably effective
when the front panel is in bright light.
Indicator lamps have also been used but
usually with intermittent operation to save
current. Examples are a blocking oscillator
causing a neon lamp to flash, and a flasher
circuit driving an l.e.d. Unfortunately, the
power that can be saved by flashing a lamp
is very limited. The flashing rate cannot be
much less than one per second or it may
fail to catch one’s attention. On the other
hand, the eye integrates over about 100ms,
so flashes much shorter than this must also
be much brighter to give the same visibil-
ity. Thus a saving of about ten to one in
power (ignoring any “housekeeping” cur-
rent drawn by the flasher circuit) is about
the limit in practice.

- The author must have ruined as many
batteries as most people by inadvertently
leaving equipment switched on when not
in use, and decided many years ago that
the only effective remedy was to replace
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the on/off switch by an ‘on’ push-button.
This switches the equipment on and ini-
tiates an interval at the end of which the
instrument turns itself off again. Clearly, it
would be most annoying if just at the
wrong moment — say when about to take a

reading — the instrument or whatever .

switched itself off, so the push-button
should also, whenever pushed, extend the
operation of the instrument to the full

-period from that instant. One can thus

play safe, if in doubt, by pressing the but-
ton again, ‘just in case’.

The period for which the instrument
should stay on is, of course, dependent on
its use and the inclination of the designer.
However, a very short period — a minute
or less — would generally be rather
pointless; provided one had one hand free
one would be better off with a straightfor-
ward “‘on whilst pressed” button, which is
also cheaper and simpler. For many pur-
poses, ten or fifteen minutes is a suitable
period, but clearly it is not critical unless
the equipment is exceedingly current-hun-
gry. After all, it is being left on overnight
(or a week-end) that ruins batteries
controlled by an ordinary switch, not the
odd haif hour or so.

In the late 1960s, when the author first.

used a ten-minute timer to save batteries,
producing such a long delay economically
and with little cost in “housekeeping” cur-
rent was an interesting exercise, especially
as monstrously high resistances were ruled
out as impractical or at best expensive. So
the circuit of Fig. 1 was developed and
proved very effective. The preset poten-
tiometer was set to pick off a voltage just
slightly positive with respect to the gate of
the n-channel depletion f.e.t., so that only

a small aiming potential was applied across

the 10MQ resistor to the timing capacitor,
C}. Thus pressing the ‘on’ button set the
complementary latch, turning on the in-
strument and initiating a bootstrapped
ramp at the source of the f.e.t. This even-
tually turned off the latch and hence the
instrument, unless the button were
pressed again first, when the capacitor was
discharged again via R; and the interval
updated. This circuit was very effective in
saving batteries, although the exact period
was rather vague due to variation of the
gate bias voltage of the f.e.t. with tempera-
ture. Incidentally, the purpose of the
0.02( capacitor was to enable the preset
potentiometer to be set for a 6 second
period before the 2uF capacitor was con-
nected in circuit. This made setting up the
600.second period much less tedious.

An even simpler circuit is possible with
the advent of v.m.o.s." power f.e.t.s, and
this is shown in Fig. 2. The circuit un-
doubtedly works well in practice, but
whilst it might be handy for incorporation
in a piece of home-made gear, it has major
drawbacks. Firstly, the date sheet maxima
for the f.e.t. gate leakage plus that of the
tantalum capacitor would result in an ‘on’
time much less than that predicted by the
time-constant of 47uF and 10MQ.
Secondly, there is no clear turn-off point.
As the gate/source voltage falls below
+2V, the drain resistance rises progres-
sively, gradually starving the load of cur-

WIRELESS WORLD FEBRUARY 1981

Load

2N 6660

A

6Ty LL

¥

16V funfulumT

T 2

%10?’1

Fig. 2-V.m.o.s. circuit, which is simple but which does not turn off cleanly.

obtained by this method.

G-

[ 1 16 100n
o 9
I-| $1 3 ’Wl I +
CD4060
<Ll ™ il 9V nominal,
wdlile ¢ BC214 . 8 10M timed, to {oad
TV} 3
T 100k ™
BC109
™
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Fig. 4. Analogue delay circuit avoids possibility of interference from oscillator. A; and

rent rather than switching it off cleanly. * saturation. On reaching a count of 2!, the

This might be handy if you like your tran-
sistor radio to fade out gradually while you
go to sleep, but it is not generally a useful
feature.

With such a wide choice of integrated
circuits it is possible nowadays to obtain
long delays much more easily, and one way
is simply to count down from an RC oscil-

~ lator using readily obtainable values of re-

sistance and ‘capacitance. Various timer
i.cs are available working on this principle,
*although for a dry battery powered instru-
ment, where current saving is always a
prime consideration, obviously t.t.1. types
are- less desirable than c.m.o.s. The
CD4060, in particular, can form the basis
of a timer providing an on interval of up to
half an hour with only a 0.1uF timing
capacitor, as in Fig. 3. Here, on operating
the push button, the complementary latch
is set, switching on the output, which
starts the CD4060 oscillator with the count
at zero. The divide by 2! output at pin 3 is
therefore at logic 0, holding the p-n-p tran-
sistor and hence also the n-p-n transistor in

output at pin 3 rises to the positive rail,
turning off the p-n-p transistor and hence
the n-p-n transistor and -the output.
Clearly, by increasing the timing resistor
and capacitor at pins 10 and 9 respectively,
delays of many hours could be obtained if
required.

Such a timing circuit is reasonably cheap
to incorporate in an instrument and re-
quires no setting up. As shown in Fig. 3, it
is capable of supplying up to 10mA or

“more load current; larger load currents
simply require the 100kQ} resistor in the
base circuit of the BC109C transistor to be
reduced in value as appropriate. The cir-
cuit will switch off quite reliably, even
though an electrolytic capacitor be fitted in
parallel with the load to give a low source
impedance at a.c. If a d.p.s.t. push button
is used, the circuit can be further simpli-
fied by the omission of the two diodes.

The small, but nonetheless finite,
“housekeeping” current drawn by the cir-
cuit of Fig. 3 means of course that whilst
‘on’, the battery is actually being run down
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slightly faster than if an on/off switch were
used. However, in practice this is more
than offset by the reduced running time of
the equipment. Quite apart from inad-
vertent overnight running, an equipment
fitted with an automatic switch-off circuit
is usually found to clock up considerably
less running hours during the normal
working day than one with a manual on/off
switch.

With modern i.cs, counting down from
an oscillator running at a few Hertz is not
the only way of obtaining a long delay with
modest values of R and C. Fig. 4 shows an
updated version of the bootstrapped timer

of Fig. 1, which could be preferable for use.

in sensitive instruments where interference
might be caused by the fast edges of the
oscillator in Fig. 3. The analogue delayed
switch-off circuit of Fig. 4 achieves the
long delay by applying a very much smal-
ler forcing voltage to the 10MQ timing
resistance than the reference voltage at the
non-inverting input of A2. With the values
and devices shown, no setting up is re-
quired as this forcing voltage is still large
compared with the maximum offset
voltage of the CA3130, Al. For longer
delays, the 47k} resistor R} may be re-

duced, but it would then be necessary to

zero the input offset voltage of Al for
consistent results from unit to unit. This
circuit also will switch off reliably with an
electrolytic bypass capacitor connected
across its output.

Figure 5 shows a useful and inexpensive
battery-voltage monitor which may be con-
nected across the output of either of the
circuits of Figures 3 and 4. The preset
potentiometer can be set so that the front-
panel-mounting light-emitting diode illu-
minates when the supply voltage to the
circuit falls below the design minimum,
e.g. 6V. The temperature co-efficient of
the supply voltage at which the l.e.d. illu-
minates is approximately —20mV/°C,
which is generally acceptable, but this can
be considerably reduced, if required, by
connecting a germanium diode in series
with the lower end of the 22k} preset
potentiometer. The 47uF capacitor delays
the build-up of voltage at the base of Tr;
on switch-on, causing the l.e.d. to illumi-
nate for a second or so, assuring the user
that batteries are fitted to the instrument

and are in good condition. If the voltage .

falls to an unserviceable level whilst the
instrument is on, the l.e.d. will illuminate
again.

By connecting the monitor circuit across
the output of the delayed switch-off cir-
cuit, the monitor draws housekeeping cur-
rent only whilst the instrument is on.

Choosing the battery size

Using one of the above circuits can reduce
the average daily running time of an equip-
ment by a useful amount (as well as elimi-
nating overnight run-down), but the ques-
tion still remains — ‘“which dry battery to
use?” Circuit design considerations usually
dictate the minimum appropriate supply
voltage. If a 6V nominal supply is chosen,
a wider choice of capacities is available
using four single cells rather than a layer
type battery, but for many purposes, an
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end of life voltage of around 4V is too
inconvenient. A 9V battery can provide a
more useful end of life voltage, whilst if a
higher voltage is required, two layer type
batteries in series can be used, 6V or 9V
types as required.

To decide what size battery of a given
voltage to use, refer to the battery manu-
facturer’s data. Tables 1 to 3 give the total
service life in hours to various end voltages
(at 20°C) for three different types of layer
batteries. The top value PP9 and the ubi-
quitous PP3 represent the upper and lower
capacity ends of the range, whilst the PP6
is one of the three intermediate sizes —
PP4, PP6 and PP7 in order of increasing
capacity — which, whilst readily available,
are not quite so commonly used. It is im-
portant to note that the tables give the
service life in hours for the stated current
at 9V, i.e., for a constant resistance load.
Thus the current provided at for example a
6V end point is only two thirds of that in
the left-hand column of the table.

The first fact which strikes one is the
much greater milliampere-hour capacity of
the PP9 than the PP6 and of the PP6 than
the PP3, in each case the ratio approaching
6:1. Yet the price differential (by compari-
son) is tiny. It would therefore appear at
first sight that it raust always pay to use the
PP9, or at least the largest battery capable
of being accommodated within the case of
equipment. In general this is true, except
for an equipment drawing only a very
small current and/or receiving only very
occasional use. Under these circumstances
a large battery would only be partially used
before dying of “shelf life’’, and a smaller
cheaper battery would be a more sensible
choice. In fact if the current drawn is very
small — microamps or up to a milliamp or
so — it is worth considering saving the cost

-of a switch entirely and letting the equip-

ment run continuously. It is in any case
good practice to replace a layer type bat-
tery every year, regardless of how much or
little use it has had, although in a tempe-
rate climate they will often remain ser-
viceable much longer than this. In tropical
climates routine replacement after 6 to 9
months is recommended. ,

The circuits of Figs. 3 and 4, when ‘on’
apply the full battery voltage to the load
circuit, except for a 300mV or so drop due
to the collector saturation voltage of the
series pass transistor. This being so, the
load current is likely to be very nearly
proportional to the battery terminal
voltage, and hence Tables 1 to 3 are
directly applicable. (Strangely, this is the
exception rather than the rule; more of
which later). Thus if a 9V battery is to be
used, Tables 1 to 3, plus those for the PP4
and PP7 will indicate the optimum style of
battery, bearing in mind the load current,
daily running time andacceptable end
voltage. Having chosen the battery type,.a
graph can readily be drawn for the appro-
priate daily usage to permit interpolation
between the current values in the table,
giving an accurate estimate of the total
serviceable life. Fig. 6 is an example of
such a graph, for the PP9 battery at 20°C,
with four hours daily usage, to an\end
point of 6.5V. In the author’s experience,
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Fig. 5. Low battery-voltage indicator. L.e.d.
illuminates when supply falls below
designed minimum.
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Fig. 6. Service life of PP battery, used four
hours per day.

the figures quoted in Table 1 are conserva-
tive, and although there must be some
variarion from battery to battery, they can
safely be taken as minima rather than
typical. This view is confirmed by in-
formal tests which were carried out some
years ago by the laboratories of the Finnish
PTT in Helsinki.

There is a growing (and welcome) ten-
dency for Japanese and US battery manu-
facturers to adopt IEC designations for
their products rather than using their
national or in house codes, and we can
expect U.K. manufacturers to follow suit.
in the next year or two. -

A final point about using dry cells is a
warning that attempts to recharge them are
futile and can be dangerous. Recharging
leads to the evolution of gases which the
sealed cell cannot vent and the cell constit-
uents cannot recombine. In the case of a
layer-type battery, the gas evolved forces
the layers apart, resulting in an open cir-
cuit battery.

Stabilized supplies

A piece of electronic test or measuring
equipment powered by dry batteries is of-
ten required to possess a degree of accur-
acy and stability which can only be ob-
tained by operation from a stabilized
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PP3 Estimated Service Life at 20°C
Milliamps Service life in hours to Milliamps Service life in hours to
at9.0v endpoint voltages of at 9.0v endpoint voltages of .
6.6v 6.0v 5.4v 4.8v 6.6v 6.0v 5.4v 4.8v
Discharge periad 4 hours/day
Discharge period 30 mins/day 1 322 355 395 412
o %6 29 32 34 1.5 215 240 260 277
15 17 19 21 23 25 132 147 162 167
25 9.2 11 12 13 5 63 71 77 82
50 23 4.1 5.1 5.8 10 17 23 30 33
15 = 12 17 19
Discharge period 2 hours/day Discharge period 12 hours/day
1.5 180 190 200 205 05 ° ~ 695 750 785 815
25 112 122 132 136 1.0 365 - 390 417 427
5.0 56 62 68 72 1.5 240 262 277 292
10.0 24 28 31 34 2.5 125 152 162 170
15 14 16 20 22 5.0 a4 54 62 72
25 = . 7.4 9.5 11 7.5 18 22 29 36
Note: Also available are the higher capacity PP3P for miniature dictation machines etc. and the PP3C for calculator service.
PP6 Estimated Service Life at 20°C PP9 Estimated Service Life at 20°C
Milliamps Service life in hours to
Milliamps. Servicg life in hours to a0V esrfg\;l)omt vglgsges °f5‘4v 4.8v
at 9.0v endpoint voltage of
6.6v 6.0v 5.4v 4.8v Discharge period 30 mins/day
Discharge period 4 hours/day gg 123 gg gg g‘;
25 492 517 535 545 166.67 12 23 29 33
5.0 240 270 287 302 187.5 78 19 24 28
75 . 142 166 173 194 250 1.9 9.3 16 19
10 93 11 124 137
15 51 63 73 81
gg gg gg gg ig Discharge period 2 hours/day
50 2 78 10 12 25 193 233 269 286
33.3 150 180 209 223
375 122 147 168 180
_ 50 81 99 ‘113 124
Discharge period 12 hours/day 62.5 57 71 82 92
0.756 2075 2200 2325 2400 75 a 53 62 69
1.0 1510 1650  1760. 1815 83.33 33 45 53 60
15 965 1080 1155 1200 100 20 32 39 44
25 532 620 635 690 2= o 19 25 29
5.0 214 263 202 312 180 6.1 13 17 20
75 117 147 109 187
10 75 97 111 127
;g :1;2 g? gg g? Discharge period 4 hours/day
15 332 370 409 437
16.67 291 336 367 394
Discharge period 30 mins/day 18.75 266 294 324 349
50 15 19 22 24 20 235 273 304 328
75 0.6 10 12 14 25 180 208 234 251
100 25 6.2 7.8 9.1 33.33 115 141 158 176
150 = 2.3 3.5 4.4 375 96 118 134 148
50 59 75 90 101
Discharge period 2 hours/day 62.5 37 51 63 72
7.5 169 194 205 215 75 25 35 46 54
10 117 140 151 161 83.33 19 30 38 44
15 67 83 93 99 100 12 . 20 27 31
25 31 38 45 48
50 8.9 12 14 16
Discharge period 12 hours/day
15 292 340 379 407
16.67 254 294 321 352
25 127 151 178 206
33.33 73 89 105 134
375 58 71 86 110
50 30 40 47 65
62.5 17 24 30 42
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supply voltage. The current drawn by the

instrument at the stabilized voltage is then
usually constant, and the data in the tables
is thus no longer appropriate. The bulb of
a flash lamp likewise tends to be a constant
current load, due to its high temperature
coefficient of resistance — remember the
barretter? On the other hand, the motor of
a battery-powered turntable or tape trans-
port with a mechanical or electronic gover-
nor tends to draw a constant power, so that
the current drawn agtually rises as the bat-
tery terminal voltage falls. In theory, one
could design a switching regulator for the
stabilizer of our piece of electronic equip-
ment, so that the current drawn from fresh
batteries was actually less than that con-
sumed at the stabilized voltage, rising to
the same current as the battery terminal
voltage fell to nearer the stabilized voltage.

In practice, for a stabilized voltage of
two thirds of the nominal battery voltage,
e.g. 12V for two PP9s in series, the effi-
ciency of a conventional stabilizer is almost
66% if the housekeeping current is low,
rising to well over 90% at end of life bat-
tery voltage. This can be held to less than
12.5V, i.e. an end point of barely over
1.0V per cell. The average efficiency of
energy usage over the life of the battery is
thus over 80%, a figure it would be diffi-
cult to better economically with a
switching regulator, which would also
need careful suppression if used in a sen-
sitive measuring instrument. Thus a
supply stabilizer for a dry battery operated
instrument is likely to be of the conven-
tional series type and the battery current
drawn is virtually constant. To estimate
the service life of the battery therefore,
tables such as Tables 1 to 3 cannot be used
directly, and the following method should
be used.

For an initial battery voltage E, an end-
of-life voltage E; and a constant current /,
the initial load resistance R;=E /I, and
end-of-life load resistance R;=E/I. The
effective load resistance R, is defined as
R.=(R;+R;)/2 and Fig. 6 gives battery
life, taking I.=E /R,

Since I.=2E|l/E|+E;, the end-of-life
voltage is 1V and initial battery voltage is
1.5V, I.=1.21.

An automatic delayed switch-off is just
as desirable in a battery-powered instru-
ment incorporating a stabilizer as in one
using the ‘raw’ battery voltage. The circuit
of Fig. 3 incorporates a couple of tran-
sistors, and it would be elegant and econo-
mical to make these function also as the
stabilizer circuit. This can be done with
just a few extra components, as Fig. 7
shows. Whereas the positive-feedback loop

of the complementary latch in Fig. 3 is’

completed only via the CD4060 pin 3 out-
put, that in Fig. 7 is completed indepen-
dently of the i.c. When the zener diode is
not conducting, loop feedback is positive
and one of the two stable states is with
both transistors cut off. Once either tran-
sistor starts to conduct, the collector
voltage of the BC 109 will fall rapidly until
the zener diode conducts, at which point
the loop feedback changes from positive to
negative and a stable ‘on’ condition is
established. This persists until a count of
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Fig. 7. Circuit of Fig. 3, modified to act as
stabilizer.

Fig. 8. Use of a low-voltage indicator with a
stabilizer.

213 js reached, when the output at pin 3 of
the CD4060 rises to the positive rail,
switching off the p-n-p transistor via the
diode. The n-p-n device therefore also cuts
off and the ‘on’ period terminates. The
10k() resistor at pin 3 of the i.c. is neces-
sary to guarantee the switch-off of the
BC214, since the p-channel output device
in the CD4060 cannot achieve this unaided
when the voltage between pins 8 and 16
falls to a low value.

With the circuit as shown in Fig. 7, i.e.
no load connected, the output voltage will
equal the battery voltage whilst the ‘on’
push button is closed. This applies equally
at switch-on and when updating the ‘on’
period. However, for any completed in-
strument design, once the load current is
known, it is a simple matter to calculate an
appropriate value for R, which will re-
liably initiate the circuit without exceeding
the designed stabilized voltage. In practice
also one would provide a preset potention-
meter as part of the R;, R3, Ry chain to
allow adjustment of the voltage at the base
of the BC214. This will enable the stabi-
lized output voltage to be set to, say,
—12V  exactly, despite the selection
tolerance of the zener diode.

As the analogue delayed turn-off circuit

.of Fig. 4 also includes a p-n-p and an n-p-n

transistor, it should be a fairly simple mat-
ter to turn these into a stabilizer along the
lines of Fig. 7, though with inverted
polarity of course. Such an analogue timed
stabilizer could be useful where the instru-
ment it powers might be troubled by the
switching edges of the oscillator in Fig. 7.
The battery voltage monitor of Fig. 5 ob-
viously cannot usefully be connected

across the output of a stabilizer, nor, al-
though its housekeeping current is only a
fraction of a milliamp, would one want to
leave it permanently connected across the
battery. Fig. 8 shows how it can be
adapted for use with the stabilized delayed
switch-off circuit of Fig. 7. The 22k(Q)
potentiometer would, of course, be set to
indicate a battery end voltage of 12.5V.
Tables 1-3 are reproduced by kind
permission of the Ever Ready Company
(Great Britain) Ltd. This company
operates internationally under the trade
name “BEREC” and has no connection
with Union Carbide, which uses the trade
mark “Eveready”. 0

Amateur radio and
illegal c.b.

Police investigation of illegal 27MHz
“citizens’ band’’ activities continues to in-
clude the stopping of vehicles carrying un-
usual-looking aerials, sometimes resulting
in radio amateurs experiencing consider-
able difficulty in proving that their trans-
mitters are legal. Since amateur licences
are not computerised, immediate confir-
mation cannot be obtained through the
police data networks, although it seems
likely that this information will in time be
stored on a Home Office computer and
thus become part of the amateur’s
“electronic dossier”.
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Programmable bandpass filter

This design simulates a resistor, Reg, by
switching a small capacitor, C,, at a clock
rate f, in the frequency range 50kHz to
50CkHz. The size of the equivalent resistor
is 1/f;Cy, and 2 multivibrator circuit for
simulating Req is shown in Fig. 1. The
s.p.s.t. analogue switch can be replaced by
a dual switch, type TL 191 CN. Clock
frequency is set by the RC networks to,
say, 100kHz and this circuit replaces resis-
tors Rp; and Rp; in Fig. 2. Centre fre-
quency of the filter,fp, is 1,592.10%Ry =
1,595.108frCu assuming RFl - RFZ =
1/f,C,. Under this condition Q depends on
R4, Rg and Rq. Gain, Agp, for the pass
band is 5.10%Rg, so Rg = 5.10%Agp,
‘andRq = 5.10%(2Q - 1 - Agp).

Fig. 3. shows an example of a four-pole
Butterworth or Chebyschev band-pass
filter where QOgp is 25, £, is 1.5 kHz and
Apgp is unity. 1

Cdmputed values for Fig. 3.

Butterworth  Chebyschev -
i 1.01424 1.02028
i 0.98596 0.98012
Q; 35.36850 35.08733
0, 35.36052 35.07999
95.6pF 96.1pF
93pF 92.3pF
Rg 50kQ 50k
1040Q 1040Q

Operation of the band-pass is corrected by
slight variation of the clock frequency f,.

K. Kraus

Ejpovice
Czechoslovakia

Fig. 3
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Improved audio-visual
circuit

Where several locations or sub-systems are

.monitored, for example in an alarm

system, it is common to have an audible
alarm, which is activated if a monitor point
is triggered, and an array of visual indica-
tors to show the particular location(s)
involved. Because the audible alarm has a
large number of inputs, this system can be
costly in terms of wiring and connectors.

A simpler solution is to use the l.e.ds as
an OR gate, with the output as a current to
ground which can be detected by a current
mirror. Because the current can become
reasonably high, Tr; must be a medium-

‘power type. Although this unbalances the

current mirror, linearity is not important
in this switching application. The final
design used a p-n-p switch as an active
pull-up. With this arrangement only one
input connection is required for the audi-
ble alarm.

%
AN
v,
(
9 1 . N
5 ) Inputs +Vee (L.ED Lit)
= ) or OV
~ t
1
AL
o= ANA—P—4
o+
Fig 1

The mirror can also be used in an anal-
ogue mode for current to voltage conver-
sion where the output represents the
number of le.ds turned on. The output
can either cover all possible states, or Tr;
can saturate with, say, four or more l.e.ds
and operate an extra alarm when a pre-set
number of faults require attention. Note
that ac inputs and indicators can be used if
a diode is connected across the base-emit-
ter of Try, and Tr; output is taken through
a retriggerable monostable.

T. M. Forcer
Southampton
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Ringing-tone generator

A reasonable approximation to the stan-
dard telephone ringing tone can be
achieved with twa i.cs and two transistors.
A c.m.o.s. oscillator/binary divider gener-
ates both the tone and the gating signals

" 50, in the quiescent state, only c.m.o.s.

current and transistor leakage current is
drawn. The output-stage values are appro-
priate for a Vpp of 10V and a low voltage
supply of 4V. Resistor R; gives a f.m.
warble on the tone and can be omitted if
this is not required.

T. Williams

Tunbridge Wells
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100k
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low voltage supply
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Wide-range p.p.m.

By using the exponential conduction char-
acteristic of a silicon diode, a l.e.d. bar or
moving-dot display of audio level over a
range of 40dB can be achieved.

The collector load of T is bootstrapped
by Tr; and Cy4 to produce a near constant-
current drive to D; and D,. The clipped
signal is then amplified to drive a rectifier
transformer, and Trs maintains a constant
current through the rectifier bias diode
Ds. Capacitor Cg and R;4 determine the
rectifier discharge time-constant, and IC;
buffers the output. The l.e.d. driver, IG,,
supplies 15mA through the display diodes,
and R;;, Ry; limit the dissipation of IC,
during large input signals.

To adjust the circuit, set Ry4 for maxi-
mum input, Rys to the mid-position and
Ry to maximum resistance. Apply 12V
and feed a 1kHz signal of at least +12dBm

to the input. All of the l.e.ds should turn
on. Reduce the input to 0dBm and adjust
R4 until l.e.d. 8 is just extinguished. In-
crease the input to +12dBm and adjust Ry
until l.e.d. 10 is just on. Repeat the last
two adjustments as necessary. Reduce the
input to —30dBm and adjust R;s until
l.e.d. is just on. Re-adjust Ry and Ry if
necessary.

The calibration should now be within
1dB over the range 80Hz to 15kHz. The
lower sensitivity limit can be extended by
connecting a 33() resistor in series with
D3. R;5 can then be adjusted so that l.e.d.
1 turns on with an input of —55dBm, but
the scale below le.d. 8 will need to be
recalibrated. :

The circuit is fairly sensitive to tempera-
ture variations, due to the characteristics
of D; and D,, but it is nevertheless useful

in studios and other controlled environ-
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ments.
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Fig. 1 ICtest
© Gate tailure
Gate tester A \_\ indicators
Fig. 1 tests quad dual-input type gates by ( J)/ ®
comparmg the logic operations of a refer- ™ %
ence i.c. with the device under test. Input +8V o . v ]D 4®__‘
signals are provided by a square-wave gen- +2 [—g K !
erator and divider. . : ))\ ® !
Two alternative circuits are shown for ~ g/
testing 3-input and 4-input gates, using the Y . !
same output arrangement. j)_/ . ®——JL}
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I everythlng were perfect...

and music reproduchon with a
characteristic and unpleasant honk.

It s 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
harimony frequently dictate
loudspeaker placement that is less
than ideal. The almost inevitable
resultis the excitation of the.
fundamental eigentones of the room

"The step side of the Quad 44 bass
control switch eliminates this problem
without rolling off the low frequency |
information, simply by puttinga 5dB
step in the frequency response, repro-
ducing domestic bliss and a closer
approach to the original sound!

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

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

QUAD
for the closest approach
to the original sound &

QUAD is a registered trade mark.

1978

. WW — 016 FOR FURTHER DETAILS
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Semiconductor Supplies International Ltd.

Dawson House, 128/130 Carshaiton Road

Sutton, Surrey, England, SM1 4RS

Tel: 01-643 1126 (Sales) 01-643 0829 (A/C Dept.)
Telox: 946650

==

Al o)

BUILD YOUR OWN HIGH ACCURACY 3% DIGIT PANEL METER

78:88

Teledyne Semiconductor has introduced two evaluation kits for the
new 7106/7107 3% Digit Monolithic CMOS A/D Converters. The kits
are simple to use and will measure AC and DC voltages, rpultl-g'ange
DVMs, resistance currents, temperatures and other physical dimen-
sions. 5

The 7106 kit uses a liquid crystal display and is normally pqwered by a
single 9V battery. It is portable, can be used inside or outside and will
not fade in suniight. The 7107 kit uses light emitting diode displays
and requires an external power supply. It operates under normal‘
indoor ambient light conditions. Both kits include parts for 200MV full,
‘scale. The kits use the I.C. internal reference, which at 100ppm is
‘adequate for most applications. However, they can be rpodlfleq to
operate from an external reference where higher stability is required.

Each evaluation kit contains one I.C. (either 7106 or 7107), one display
(either LCD or LED), a PCB, passive components, miscellaneous
hardware and a detailed 6-page application note.

The comprehensive application note contains all assembly instruc-
tions. . s

+9mo— v s 0o 9
? Lt L :
i S M
! %ol:)ey'm g"“, M2 | a7 %%{3:“ ::2:,‘0' Q-a7pt
wookt™ | Toani T | | LT Jamk p 100k b T L T a7 T ’
7 e AR ~
T LT enT | |t AL THEr ] THE 7106 EVALUATION KIT COSTS
5 7106 JI |/cl)07 ks £'7.44 + VAT
0 > 20 - ~
':___;_frfr11117711r11|11rr‘ il!lI[TILI"—:DIDXFk’IylllI1lf THE7'07E'ALUATIU"KITGUSTS
iquid crystal dispia S| -
e , S £14.31 + VAT

o

| 4ab]

DYNE SEMICONDUCTOR

PLEASE CONTACT OUR SALES OFFICE FOR FURT‘.H'ER DETAILS ON
DATA CONVERSION PRODUCTS (A/D; D/A; V/F; F/V; IC. Voltage References)

WE ALSO STOCK THE 32 DIGIT L.C.D. DISPLAY (12.7 mm CHARACTER HEIGHT) FROM BROWN BOVERI
WW—074 FOR FURTHER DETAILS
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Interfacing microprocessor

systems

The control of industrial plant and simulator circuits

by P. Jackson and S. O. Newstead

Several microprocessor systems are
available, either in kit form or
assembled, which can be adapted to
control plant. These systems are
usually modified desk-top computers
with connections to additional
memory devices. )

Although many training
establishments purchase such
systems to teach programming,
interfacing the microprocessor is not
always tackled. This article outlines
the design principles required for

.interface circuits and describes a
simple boiler simulator suitable for
microprocessor control.

Interfacing circuits for plant control
should enable a microprocessor to read an

~ 8-bif digital number, operate an a-to-d

convertor and read the output, switch
external devices on and off independently,
and output an 8-bit digital number. The

first function is useful when several pieces'

of equipment are monitored. For example,
when raising steam an oil-fired industrial
heating boiler must have a flame, an in-
duced draught fan and a forced draught
fan in continuous operation. A sensor on
each fan and a sensor on the flame, whose
outputs are converted to logic levels, can
be read as the three l.s.bs of an 8-bit
number with the remaining bits connected
to ground.

A subroutine which deals with this mo-
nitoring process can be written as follows,

SUBROUTINE NO. 1010

1000 RETURN

1010 READ 27,A _

1020 IF A=7 GOTO 1000

1030 IF A=0PRINT “ALL SYSTEMS
FAIL” :

1040 IF A=1PRINT “F.D. & FLAME
FAIL”

1100 WRITE 30.1

1110 GOTO 600 .

The digital number is reidd into the
microprocessor and stored in memory lo-
cation A. The circuit which responds to
instruction 1010 is discussed later. If the
plant is operating correctly, the pro-
gram leaves the subroutine. However,
if there is a fault it is displayed on the
v.d.u., instruction 1100 switches on an
audible warning and the plant closes
down. Instruction 600 is assumed to be the
start of the closing down routine. A pro-
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iOREQ

gram stop can be included in this rou-
tine as follows, 1

650 IF A=7 GOTO 670
660 STOP
670

Therefore, a healthy system can be tempo-

rarily closed down, and a faulty system
closed down permanently. The second
function is useful whenever an analogue
transducer is used. For example, pressure,
temperature, acidity, rate of flow or posi-

.tion measuring devices. The program

must be held until the a-to-d converter has
completed its task. If the converter uses a
counter and a comparator, the time for the
converter to operate is proportional to the
magnitude of the analogue signal. The sta-
tus strobe from the converter is therefore

40508
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A ]\ %
4 [ :
IOREQ [N - NS (e
’ N )5 |5
A > A ot
A, ™S B ——
L ———
A, ™S~ C| 745156 F——
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A D P address lines
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TOR ]
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Fig. 1(a). 16-address demultiplexer. If ports 8to 15 are required, use 74LS138 in place
of 741 S154. Control signals from a microprocessor system may be RD and WD to
distinguish between read and write, with IOREQ and MREQ to distinguish between
input/ output ports and memory. Alternatively, they can be IOR and IOW with MR and
MW. In this case IOREQ can be achieved as shown in (b). )
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3 e Fig. 2. 32-address .
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= lines may need to be
buffered.
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used to hold the program. .

The third function, switching external
devices on and off, is the control of the
plant by the processor. The final function,
which gives an 8-bit digital number as an
output on eight lines, can be used when
variable control signals are needed. A
programmable power supply in automatic
test equipment could be controlled in this
way.

When designing interface circuits, the
signals available from the c.p.u. must be
considered together with the system it is
connected to and the plant to be
controlled. Some of the pins on the c.p.u.
are fully buffered and will drive 74LS
logic, others are unbuffered and will drive
c.m.o.s. As the interface circuits will prob-
ably contain a mixture of 74LS and 74
gates, control signals from the micropro-
cessor must be buffered, and a c.m.o.s.
4050B provides six buffers at a reasonable
.cost. If the microprocessor contains a large
memory, c.m.o.s. buffers may be needed
between address, data and control busbars
and the interface devices which load them,
but this is a matter of judgement.

Some microprocessor systems already
contain ports, and the process to be des-
cribed assumes that these exist but addi-
tional ports are needed. The ports which-
are added to the microprocessor, and
through which the four functions listed
previously are carried out, need to be
addressed. Microprocessors have 8, 12 or,
more usually, 16 address lines which form
the address bus. These are normally fully
buffered to cope with the complete
memory, 64K for 16 address lines. For
port use, the eight least significant lines AQ
to A7 are available together with the input/
output read (IOR) and input/output write
(IOW) control signals. The control signals
are used when read and write instructions
are reached in a programme,

Although machine code can be used to
fetch data from a port or to output data to
another port, because it is generally easier
to work in a high-level language, the
examples given here are in BASIC.

A system as purchased may contain
some ports which use addresses 0 to, say,
7. Additional ports for plant control can
therefore be numbered 8 to 255, using A0
to A7. To obtain 16 extra ports use Fig. 1,
or Fig. 2 for 32. C.m.o.s. buffers have
been included but it may be possible to use
74L.S154 devices and omit the buffers. To
read an 8-digit number, connect the eight
lines which carry the number to the inputs
of the tristate buffer in Fig. 3. An instruc-
tion such as 30 READ 26, B will cause
address lines Al, A3 and A4 to go high,
and when the IOREQ pulse reaches the
demultiplexer in Fig 1, line 26 will go low.
The other demultiplexer outputs remain
high. o

While the JOREQ pulse is present, the

RD pulse is received by the tristate buffer:

in Fig. 3. This pulse, together with
address 26, opens the buffer and connects
the input signal to the data bus. During
the RD pulse the buffer in the c.p.u. opens
and closes to load the number on the data
bus into a register. Several tristate buffers
can be connected to the data bus and selec-
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K — —
e o To data bus
Data being read |, ST = ( or address bus
== [— AB to A15 :
> Zo= | Co— in some systems }
A7 Y7 ]
16 26
Address line
from demultiptexer
{eg. 26)

_Fig. 3. 8-bit number input using a tristate buffer. In some systems ports are addressed
on address lines A0 to A7 and data is transmitted on data lines DO to D7. Other systems
reserve data lines for memory data and use address lines A8to A15 as data lines when
ports are addressed by A0 to A7. This should be checked in the c.p.u. manual.

f——0 output

D e

0
741875

741LS04

Address line
from_demultiplexer
{eg.19)

Fig. 4. Output latch. Qs set to DO when the IOREQ pulse strobes the address
ﬁ(emultiplexer. An 8-bit number can be latched into an output port by using eight
latches fed from DO to D7, and connecting the G pins in parallel.

Fan start

05

All gates are 74 series

Fig. 5. Fan simulator.

g +5V

/7

Red

270 § 1k

Heater on
et Analogue output
, 27k for temperature
2 2200 -
Heater failure
Fig. 6. Fuel heater and temperature sensor. Z
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Fig. 7. Ignition and steam pressure.
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o Flame

Ignition failure i[\
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Flame failure /'"' T )
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ted in turn by each address. If the input to
one of these buffers is obtained from an a-
to-d converter, three instructions may be
used. The first instruction produces a
pulse which sets the converter counter to
zero and starts the count. At the same
time, the c.p.u. is set to a Hold mode,
which prevents it from advancing in the
program until the wait signal.is removed.
The wait signal is held by the status signal
from the a-to-d converter. The second in-
struction reads data into the c.p.u., and
the third instruction resets the latch set by
the first instruction. Typical instructions
to read an analogue signal from address 20
and to store it in the memory at location Q

are,

80 WRITE 19,1

90 READ 20,Q

100 WRITE 19,0
where 19 is the address of the latch which
starts the converter. In this example,
which uses the circuit in Fig. 4, the least
significant data line is coupled with
address line 19 to operate the latch in two
ways. If this is not done, two address lines
must be used, which makes the data
quoted in the write instruction irrelevant.
This method is advantageous when surplus
address lines are available. .

External devices may be switched by

latches with different addresses as shown
in Fig. 4, or eight latches with the same
address, connected to D0-D7, can output
an 8-bit number. These can also be viewed
as eight separate switchable lines. If reed
relays are driven by the 74 logic which
makes up the interface system, it is pos-
sible to control many types of plant.

An oil-fired boiler simulator

for microprocessor control

This simple model illustrates sequential
switching of equipment, monitoring of the
plant by reading a digital number and tak-
ing appropriate action, reading of an anal-
ogue number via an a-to-d converter and.
taking action based upon its'value, use of a
software time delay after switching a de-
vice on and then verifying that the device
1s operating, printing pressure and tempe-
rature at predetermined intervals and, in
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the event of major failure within the plant,
closing down and locking out the plant
followed by a print out of the failures and
an audible alarm.
i The boiler simulator comprises an in-
duced draught fan and forced draught fan.
When the starters are switched on, these
fans gradually run up to speed so the fan-
running signal is subject to a delay. When
the boiler is started, the fans must run for a
while to purge the furnace before fuel is
sprayed in. :

A fuel pump, which must not be
switched on unless the furnace has been
purged, the fuel has been heated above the
minimum temperature. and the ignition
has been switched on.

A flame detector. The flame must

.appear a short time after the fuel pump has

been switched on and, if it does not
appear, the boiler must be shut down. The
mucroprocessor can be programmed so that

-a flame failure stops the fuel pump, purges

the furnace and attempts to ignite the
boiler again.

A fuel heater. This is easily switched on,
but a check can be made by measuring the
fuel temperature, switching on the heater,
introducing a software delay, measuring

Prototype boiler simulator

the fuel temperature again and checking
that the temperature has risen. _

The logic, is 74 series throughout,
does not provide latches in the simu-
lator because they are part of the output
ports of the microprocessor system. A
logic 1 applied to the fan start input of Fig.
5 switches the starter l.e.ds from red to
green. After a short delay the red l.e.d.,
which indicates that the fan has run up to
speed, turns on and a logic 1 appears at the
fan-running terminal. The delay must be
allowed for by the software. This circuit
can be used for both fans and for the fuel
pump with a smaller capacitor to simulate
.the faster! response. If the fan-failure

- switch is closed, the starter will operate

‘but the fan will not run up to speed.

The a-to-d converter in Fig. 6 gives an
‘output proportional to the fuél tempera-
ture. This output is between 00 and FF (0
and 255) and can be displayed as °C with-
out scaling. Once the oil is alight, the igni-
tion can be switched off. If the fuel pump
stops, however, the flame will go out.
Flame failure and ignition failure can be
manually introduced at any time as shown
in Fig. 7 and the program should cater for
these eventualities.

% OIL FIRED BOILER SYSTEM
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Digital noise filter

Simple design suitable for electronic clocks

by P. A.F.Lam

Although 1.s.i. techniques and mass pro-
duction have produced reliable low cost
digital clocks, the logic circuits are still
susceptible to false triggering pulses from
electrical noise and switching transients. A
common solution to this problem is the
addition of a carefully designed low-pass
filter, but, in some applications, this does
not always remove the problem. A more
effective solution is the addition of a
simple digital noise filter which can elimi-
nate over 90% of all false trigger pulses.

A typical digital clock arrangement is
shown in Fig. 1(a) and a modified circuit is
illustrated in Fig. 1(b). The filter is based
on a non-retriggerable monostable, shown
in Fig. 2, whose time constant must be
smaller than the period of the incoming
pulses in Fig. 3. In most clocks i.cs, the
time reference is derived from the mains
frequency, therefore, T = 1/50s and
t<1/50s. Because the monostable is non-
triggerable, the clock is immune to noise
which occurs during the ¢ period in Fig. 4.
If a false pulse appears in the 7-t region,
the monostable is triggered but the next
correct trigger pulse occurs within the new

t range and is rejected. Therefore, the re-

ference frequency is not changed and the
phase error only lasts for one pulse. Clock
accuracy can only be affected if a contin-
uous stream of noise pulses occur during
the 7-t region in a time T'=nT where 7 is
(T/IT-1)—1.

A longer period for ¢ gives a higher noise
immunity coefficient n but, usually, ¢ can-
not be longer than 95% of T due to the
stability of the circuit. If this filter is to be
used in a very noisy environment, the

_addition of an ordinary power-line filter
will improve the performance. Application
of this circuit is not limited to digital
clocks because the design can be extended
to any digital signal which has a periodic
nature e.g., the synchronizing signal from
a communication modem.

We have received from Plessey an application
note on the use of the TDA 1085A phase-
control i.c. in closed-loop systems with tacho
frequency or voltage feedback. It is available
from Plessey Semiconductors, Crowdy’s Hill
_ Estate; Kembrey Street, Swindon, Wilts SN2
6BA. WW405

| Standby circuit for power supply failure

Crystal Standby
oscillator battery -

. — — —

S50Hz
220V Voltage

*
Low pass Schmitt
n iy .
step down filter trigger

— & Clock chip — & Display

Power
supply

% May be built in the clock chip

Time set

50Hz Voltage Schmitt
230V step down trigger

Non-

retriggerable Clock chip

monostable

Fig. 1. (a) Typical digital clock arrangement, (b} modified system incorporating a noise

filter.

+5v
éBBOk

5 1Cq4 6
SN74121

Ed?
»

Fig. 2. Non-retriggerable monostable noise
filter.

Fig. 4. Input and output signals with noise
pulses present.

dnput signat of
monostable

G outputof | ] U
monostable i

Fig. 3. Normal input and output signals
from the filter.
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Noisy I ! :' l I ' ’
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triggered ]
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1 1
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monostable trigger monostable
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tremulant on them either) as the pitches
are supposed to be true harmonics of the
keyed pitches. This is really a question for
argument amongst purists but the
reasoning is that the multiple notes

sounded generate beat frequencies which -

should be the same as the fundamental or
other low harmonics of the keyed notes.
With common generators this does not
happen due to the deliberate mis-tuning of
the even-tempered scale and the resulting
beats are off tune.

For most purposes this does not matter
too much as a pipe organ is full of mis-
tuned beats at the best of times (the chorus
effect) due to the many independent pipes
— especially so when mixtures are likely to
be used. In an electronic organ of one
generator rank it is a different story. Still,
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Multiplex keying system
A practical solution to the wiring problem of multiple key contacts in pipe or
electronic organs '
by A. W. Critchley, Dipl.El., M.L.E.R.E.
TDM system reduces drudgery and
cost of building an organ, whether Frompiten/syster
pipe, electronic or hybrid. It permits a = o ¥
wide range of organ features, many
hitherto unobtainable on electronic sw [ L
organs, allowing closer sim ulation of, oicelstons ‘
pipe organs at a fraction of the cost. . Fa Py =
The principles can easily be adapted 4 string / o & T
for microprocessor control at a much '
lower hardware cost and complexity. ~ )_
4’ flute
As demultiplexers comprise not only a sig- ™ i
nificant part of the electronics but also a SS— : ~ > Swell flute
source of complexity it obviously pays to BATULS = '
use the extension principle, see part 1. '
The various manual outputs come out of o }—J
the pitch shift register at different times so s
they must be delayed to arrive at a com- { \
mon demultiplexer at the same time. So o Swell trumpet
manual scan period delays are necessary SRS . ¥4
when collecting the voice outputs for an A
extension organ, but not for the traditional . ozi’pﬁs
one. to
demultiplexers
Mixture stops P C
These are normally found only on the Great flute
large pipe organs and almost never on ~
cinema organs. The principal reason is that ey
they require two or more ranks of pipes for
each stop. They have a peculiarity in that R )
the notes sounded are always toward the B'tr;;ret S
top of the range, no matter which keys are
played, to add brilliance. To achieve this
the individual ranks break to lower notes
as they come in turn to the top of the
keyboard. These breaks occur at different ~o
places in the scale of the manual. 8 fiute
To be strictly musical these stops should Pedal flute -
key generators which are independent
from the rest of the organ (and have no .'\c
16’ flute =

Fig. 7. Simplified pitch selection system for two-manual church organ, resulting in three

demultiplexers instead of six.

any mixture is better than no mixture and
it is simplicity to provide one with this
system. The method is shown in Fig. 9
which shows how to generate a four-rank

mixture stop as found on a large organ.’

This one is based on the one found on the
choir manual of St Albans cathedral organ.

The range of notes played is from 45 to
92. The maximum pitch required from the
generators is 1% ft but. the maximum

pitch relative to a key is ¥4 ft (for notes 1 to.

12). The pitch shift register thus has to

extend for five octaves beyond unison

pitch in order to accommodate this
mixture stop. .

‘Composition of a four-rank mixture

Played Ranks Notes played
‘keys

L wmivi n n v

1-12 26 29 33 36 45-36 49-60 57-68 61-72
13-20 22 26 29 33 49-56 57-64 61-68 69-76
21-33 19 22 26 29 52-64 57-69 65-77 69-81
34-44 15 19 22 26 58-68 65-75 70-80 78-80.
45-51 12 15 19 22 64-70 69-75 76-82 81-87
52-61 8 12 15 19 64-73 71-80 76-85 82-92
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Timing :
The unison pitch delay due to sub-octave
coupling and 32ft pitch generation
amounts to three octaves. With the five
octaves required to generate up to ¥ ft
pitch for mixtures, eight octaves have to be
added to the six for each keyboard scan to
give clearance between keyboards. This
results in a total of 14 octave pulses. It
would be reasonable to settle for the good
binary number of sixteen which then
allows for a super-octave coupler (2ft
pitch) if desired. A further keyboard scan
period could be added to cater for other
contact data such as stops, pistons, etc.
Sixteen octaves contains 192 pulses
(keys). This is convenient as a suitable
c.m.o.s. shift register contains 64 bits so
that three packages would give the correct
delay between manuals.

Demultiplexing

Conversion of the serial data back into

parallel information to switch on and off
the various pitches is performed in a de-
multiplexer consisting of a D-bistable per

pitch and a decoder which sequentially-

clocks them, Fig. 10. The data inputs of all
bistables are paralleled and each clock in-
put receives one clock pulse per complete
scan of the organ. The output data are
therefore incremented in scan and faith-
fully follows the original keying.

There is unfortunately a practical prob-
lem with this arrangement in that the inte-
grated circuits are packaged with separate
data inputs and a common clock input. To
overcome this, another shift register with
taps at every stage is used to drive the data
inputs sequentially whilst the clock input
of the bistables receives a single clock
pulse per scan. The clock input of the shift
register is driven at the data pulse fre-
quency. Fig. 11 shows the practical
system.

The outputs of the bistables operate

whatever form of keying circuit is to be
used; a c.m.o.s. transmission gate is one
possibility. A transistor interface would be
used to drive a pipe organ magnet when
the demultiplexer could be mounted on
the pipe chest and thus save more wiring.

Automatic pedal

Pianists are sometimes called upon to
amaze onlookers at an organ but are not
able to perform adequately with their feet
for the bass part of the music. Here is the
answer!

~The pedal department can be played
from the lowest note only of whatever is
being played on the manuals, usually the
great manudal. Due to the scanning
process, the first note obtained from, the
‘manual is also the one of lowest frequency.
The simple circuit of Fig. 12 obtains this
'note and ignores the rest. The input data
sets an R-S latch which can be set only
once by the input data if enabled by the
great gating pulse. The resulting pulse is
then shortened to obtain only the leading
edge. This signal, together with a pulse
occurring just before the great scanning
period, reset a counter clocked ‘at note
rate. Its period is sufficient to place the
output transition in the right place for the

Swell string
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String

Swell flute

Swell trumpet

Great flute

Great trumpet

Pedai flute

From pitch selection system

Fig. 8. Voice collection system for extension organs (simplified).

1 manual delay

1 manual delay ®_

>—> Trumpet

Voice outputs to
demultiplexers

1 manual delay __$__=°’ Flute

From pitch generation systemn

‘ 2% 2 % v 5 }z Ky
il /5
e
TS,
- }-»
34 —44
H
45 = 51
To
Key pulses I I 52 - 61 >Choiﬂ string
8 1 rank
a2, L__}d,

Choir mixture I¥ ranks

Fig. 9. How to generate a four-rank mixture stop as found on a large organ (based on St

Albans Cathedral choir manual).

Data

D Q Low
Ck
D Q
Clock
: Ck
L ]
i I
t : To keyers
| |
i 1
) I
] 1
] 1
From - - Hi
timer o |1 5 T

3-octave delay

Decode

(3

Fig. 10. Serial to parallel data conversion is achieved by a D-type bistable per pitch and a
decoder to sequentially clock them.
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note to be played in the pedal scan time —

it must be less than one total scan. A D-,

bistable and nor-gate reduce the long pulse
from the counter to a one-note wide pulse
at this time.

The output signal could be further gated
to prevent the pedals from being operated
by high notes on the manual. It could also
“break back” the pedal notes to the lowest
octave whichever keys were being played if
a variable shift register were also included.

Automatic melody

With a small organ it would be useful to
be able to solo and accompany on the same
manual without the bother and expense of
second-touch keys or splitting the key-
board. This can be done by extracting the
last, or highest, note from the keyboard in
use and using it to operate some other
keyboard or voice. It is the reverse of the
automatic pedal system.

A counter with a period at least equal to
the delay between the played note and the
note to be played is clocked at the note
rate. It is continually being reset by the
input data from the manual so that the
counter produces an output change at the
correct time to activate the note to be
played as a solo. To prevent continuous
action, the reset-pedal is fed with a pulse
which disables the counter after the time

required to produce the output. If no notes"

are played, the counter will not then give a
false result. A D-bistable and AND-gate
convert the counter output back to a single
note-wide pulse. Fig. 13. ‘

For soloing on the same manual with a
different voice, a complication arises in
that the counter has to be reset just before
that manual can operate. So to get the
information to the voice demultiplexer re-
quires that the counter have a delay to one
total scan less one manual scan and the
manual scan is made up with a shift regis-
‘ter to render it coincident with the original
note.

Percussive action

For bells, chimes and similar percussive
effects, each note has only a short duration
even though the key may be held on. It
also has to operate whether or not other
keys are held down on the same manual.
This is achieved by digitally shortening
each note in the serial data stream for a
particular demultiplexer. One such circuit
will work for all the notes on that demulti-
plexer. Each note has its own decay system
as required for the voice effect which is
part of the demultiplexer.

A suitable period for each note to
operate is perhaps two scans of the organ
(Y%0 second, say) and the delay is pro-
vided by a shift register.

An AND gate cancels out any pulses
after the two scan periods. The shift regis-
ter must be clocked at note rate but the
total delay has to be in increments of the
total scan time to effect cancellation in the
gate. This gives a long shift register, Fig.
14,

- One of these circuits can handle all the
percussive requirements of the entire or-
gan if the output is routed and gated by
appropriate manual gating pulses. With
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. To keyers b
High Low
R D Q (10 Q r— D Q
single clock puise Ck Ck -
atend of scan  ° -
—_—eeemei 3-0Octave delay 1 I J
Data
Shift register
Osc. clock J

Fig. 11 . Practical demultiplexer uses additional shift register to drive data inputs
sequentially whilst the clock input of the bistables receives a single clock pulse per scan.
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Fig. 12. Pedals can be played from the lowest note only of whatever is being played on the
manuals.

Note -rate
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s nx 192 o | |
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Clear after
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Fig. 13. Solo and accompaniment can be obtained from the same manual by extracting
the highest note in use.
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Output —n—n—
2 ~scan y
delay
Fig. 14. For percussive effects each note has to be shortened to two scans of the organ.
Delay is provided by a shift register.
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further delays in increments of manual
scan periods it can also provide pizzicato
coupling between manuals. These delays

already exist in the coupling system so that-

all that is required is some logic.

Pizzicato coupling can also be used to
momentarily key in noise or harmonics in
electronic organs in order to simulate
istarting tones or chiff in flute and diapason
pipes.

As the percussion output ceases if the
notes are held down, it follows that a pulse
will occur every time any note is changed
even if the rest are still down. This is very
useful; it means that untuned percussion is
possible merely by gating out each manual
or pedal scan to a simple percussion effect
generator without the need for a demulti-
plexer; This is not possible on theatre or-
gans where the key contacts were simply
paralleled to operate the “traps.”

Microprocessor control and
other possibilities .
The multiplexing systemis an ideal appli-
cation for a microprocessor. It could be
implemented with a good deal less

hardware than indicated, but at a great *

cost in programming. Basically, the organ
can be considered to be a large program-
mable memory source which is continually
being altered by the player. A sequential
scan can be generated by the microproces-
sor in 8-bit format instead of 12 and the
data stored in a holding store.

All stops, couplers, keys, switches and
other controls can. also be read into the
store which then contains all the data avail-
able. The program then consists of mani-
‘pulating the contents en route to another
.output store according to the presence or
absence of stops and couplers. For inst-
‘ance, to add an octave needs the micropro-
cessor to look for available notes and then
add 12 to their addresses. The output store
can be read out in serial form or the data
can be transferred in 8-bit bytes directly to
the keyers.

The same hardware can cater for all
types of organ and the specific details
stored in programmable read-only
memories.

Combination pistons can be included in
the scanning process. The bigger organs
have the facility of being able to couple
them together in much the same way as the
keys, e.g. to couple great and pedal pis-
tons. In any case it would further reduce
the wiring.

Including a stitchable delay in the de-
multiplexer clock path, or in the data
stream gives a method of transposing the
pitch of the entire organ — something
novel for a pipe organ. Extra pitches are
desirable on the ends of the ranks though.

Synthetic stops are sometimes fitted to-

small extension organs and are intended to
be used as solo voices. A typical one is the
clarinet which is formed by keying three
pitches of flute together — 8, 2%,
1% ft. This is a form of coupling and
can easily be done by this system. Another
synthetic stop is the oboe formed from 4,
2% and 135 .ft ' pitches of flute.
Acoustical bass, although not musically
satisfactory, can be obtained by keying 4

X

Arthur W, Critchley is President of Cross-
‘point Video Limited of Scarborough, Onta-

rio. He is a former committee member of ,

the British Amateur Television Club and
has contributed many articles to their ma-:
gazine CQ-TV as well as to other magazines

. and Wireless World (Aug. 71). ;

His interest in organs is purely private,
learning to play the church organ at the age
of 14 in St Annes-on-Sea in Lancashire.
Famous broadcasters on the cinema organ
kindled his interest in this instrument and
later on he became Minor's organist at a
cinema in Uxbridge, playing for his own
amusement. A life-long interest in the
innards of organs led to several unfinished
electronic organs — whoever finishes one
of these projects! They must surely have
the highest mortality rate of any home
construction project.Presently he is build-
ing a three-manual entertainment type of,

organ with all the effects and second touch " |

which embodies the principles outlined in
this article.

pedal flute at 16 and 10% ft. Chimes

‘are obtained by using 6%, 4, 2%
and 2 ft pitches of flute with a decay. A
two-octave range is usual.

The data stream can be displayed on an

oscilloscope ‘to represent the organ key- -

board layout. The trace is triggered at the
manual reptition rate and the manual gat-
ing pulses used to add different amounts of
s.c. to the data to separate the traces. Each
black key can be decoded to lift up the
traces more than for a white key. This
results in a fair representation of the key-
boards.

It is possible to store the data in a
memory — perhaps as a way of learning
chords. The memory could even drive
l.e.ds situated over each key for teaching

- purposes.

The scanning process could conceivably
be used to generate automatic arpeggios.
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Finally, the organ could be played auto-

matically from the memory — shades of
yesteryear with player pianos and organs.
Sooner or later somebody reinvents a good
idea!
Glossary

Stops are controls which select either the kind
of sound or the manner in which keys may be
coupled together. May be a- form of rocker
switch or drawstop types. Either kind might be,
electrically operated by solenoids for combina-
tion selections. °

-Manuals (keyboards) have various names

according to the type or organ; accompaniment,
choir, swell, great, solo, orchestral, echo are
typical. ) - .

Ranks, complete scale of pipes or other genera-
tors.

Magnets, solenoids which control the air feed to

-each pipe.

Couplers, stops which enable keys to be joined
so that one key can also do the job of another,

‘but not in reverse.

Unison, normal pitch of the keys, also known as
8ft pitch.
Mutation, pitch which is not octavely related,
e.g. 2%t
Mixture, stops play several high-pitched notes

for every key to add brilliance.

Second touch, keying a second set of contacts’
by pressing a bit harder on the keys or stops,
used in cinema organs to permit the playing of a

‘melody and accompaniment .on the same

manual, usually by one hand!
Octave, twice the frequency, Sub-octave half
of it.

Tenor-C,the C below middle C or the second C .

up from the bottom.

- Chiff, splitting sound that some flutes make

when they start up.

Voice, kind of sound a rank of pipes makes,
e.g. atrumpet.

Pitch, frequency of a note. Refers to the length
of an open-ended pipe for the lowest note on the
keyboard which is 8ft long. An octave up would
be half as long at 4ft, and so on.

Diatonic scale, doh, ray, me, etc., the white
notes only if doh is C.

Fifth, five-note spacing in the diatonic scale e.g.
GandC. ’

BOOERS

Hi-Fi Choice No. 20 — Cartridges and
Headphones, by Martin Colloms, is the latest
in this very useful series of guides to the choice
of audio equipment. It follows the familiar form
of a long introduction for both technical and
non-technical readers, preceding a large number
of test reports and data charts, buying recom-
mendations and comparison charts on cartridges
and accessories, the same procedure being fol-
lowed for headphones. Clearly, the reviews
themselves are an extremely useful guide to
potential buyers of this type of device, which is
not easily understood by the layman, the in-

formation otherwise being tediously.culled from-

a large number of audio magazines, if it exists at
all, but perhaps the most helpful parts of these
books are the introductions. There have been
many attempts to explain the finer points of

audio devices to the general public, but these

are models of clarity. . - et
Hi-Fi Choice No. 20 costs £2.00 in paper-

back, is published by Sportscene and is avail-

able from booksellers. J

Communicating with Microcomputers, by lan

H. 'Witten, is a layman’s introductidn to -

methods of relating humans and microcomput-
ers. It begins with some general talk on the
subject of what micros are and what they can
do, establishing the level of subsequent treat-
ment and explaining some of the terms to be
used later in the book. Communication within
the micro itself — buses and bus control ~ is
then examined with a view to providing a sound
base for the ensuing descriptions of input and
output man/machine interface equipment —
keyboards and v.d.us, for example.

Later sections of the book are concerned with
the technology of graphics displays and their
.control, and with the ways in which a
microcomputer can be - induced to speak.
Throughout, the processor is considered as a
component in a system, and programming is not
dealt with at all.

Dr. Witten was, until recently, at the Man/-

» Machine Systems Laboratory of the University

of Essex, and has contributed several articles to
Wireless World on the subjects covered in this
book. The publishers are Academic Press Inc
(London) Ltd, 24-28 Oval Road, London NW1
7DX, and the book costs £8.80 in hardback
(£4.95 in paperback).
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* 'HIGH FOCUS
~ % LONG LIFE
* FULLY TESTED
* FULLY GUARANTEED

These top-class rebuilders | ¢
cover the country — phone
“your nearest one now for de-

tails and prices — and first-
class service.. |

TOP QUALITY REBUILT TV TUBES

'Rebuilt on the most modern equipment to original manufacturers’ specifications

GLASGOW—RENVU Tubes
Tel: (041) 883 8272

5”

COLERAINE—PE Tubes
Tel: (0265) 3397

BRADFORD—VISOR Tubes
Tel: (0274) 494340

('

R

OLDHA_M—RE-LI.FE Tubes
Tel: (061) 665 2668

NORTH SOMERCOTES—RETUBE
Tel: (0507) 85 300

DUBLIN—PE Tubes
Tel: 860547

LN

jpine

NOTTINGHAM—TRENT TUBES '_'

- Tel: (0782) 322744

STOKE-ON-TRENT—BAREX Tubes

Tel: (0602) 813329

b

' BIRMINGHAM—TUBESURE
Tel: (021) 558 7777

COVENTRY—TELETUBE
Tel: (0203) 610977

\

& ok

~

J RUGBY—VISIONEX

NEWPORT—OMSPEC Tubes
Tel: (0633) 612556

Tel: (0788) 62626

N~

SOUTHAMPTON—WECO Tubes
Tel: (0703) 36985 ]

R

. PENZANCE—WECO Tubes
Tel: (073 876) 2265 N

A

tube.

All these top-class rebuilders use plant and equipment manufactured by Western-Whybrow Engineering —
acknowledged as the best available, and the product of more than twenty years’ experience of rebuilding colour
tubes in U.K. and U.S.A. There is a constant interchange of information to ensure the highest standard of rebuilt
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‘What DVM chip
gives you precision
reference,overrange an
underrange outputs,

_excellentlinearity,
digital auto-zero and
fastoverload recovery?

The new Ferranti ZN450.

. Italso hasall the usual features that you expect ina
3¥2digit DVM IC-200 mV full-scale reading, direct drive of :
aliquid crystal display, differential inputs, on-chip clock, —
low power operation over a wide supply voltage range with
no external active components.

The ZN450 is ideal for digital voltmeters, panel yphieh & b L
meters, thermometers, multimeters and many other fr i P
applications. : 2N 450

INTERNAL REFERENCE ZN 450 BASIC 200 mV DV.M. (TTL SUPPLY)

0 11 12 13 14 15

Send for data sheet to: :
IC Marketing, Ferranti Electronics Limited,
Fields New Road, Chadderton,
Oldham, OL9 8NP :
Telephone: 061-624 0515 Telex: 668038

-5 - FERRANTI

%’ | ~ Semiconductors
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Tellegen’s theorem — some

applications

‘Encounters with a powerful network tool

by Harry E. Stockman

‘Although Tellegen'’s theorem is a
really basic network theorem, :
.implying as it does a re-statement of -
the law of energy conservation in
networks, it is not very well known to
electronics engineers. This article first
introduces the original formulation of '
the theorem in terms of energy and
power, then discusses an immittance
version of it, written for driven
networks with storage elements, and
finally gives some examples of its
application to practical linear
networks.

-Tellegen’s theorem is one of the most basic

network theorems ever formulated, since it
implies a re-statement of the law of energy
conservation as applied to networks.!? It
offers a highly useful method for analysis
of electrical systems. In mathematical
shorthand, the fundamental message of the
theorem may simply be stated as Ziwt=0,
where ¢ is current, v voltage, and ¢ time.
The prerequisites for the use of the theo-
rem are knowledge of the network topo-
logy, and Kirchhoff’s laws. In some inst-
ances and special cases one need not even.
know the network topology so long as cer-
tain mathematical relations pertaining to
the network are known. Typically, Kirch-
‘hoff’s voltage-sum law and Tellegen’s
theorem together imply Kirchhoff's cur-
rent-sum law, and the latter plus Telle-
gen’s theorem imply Kirchhoff’s voltage-
sum law. )

The very general nature of Tellegen’s
theorem is evident from the fact that it
holds for non-linear as well as linear net-
works, whether time-variant or time-inva-
riant. It holds for the periodic steady state
as well as for transients, and for reciprocal
as well as non-reciprocal networks. With
reference to transients, we should not be
surprised to find that among the many
things that can be arbitrary belong also the
initial conditions. The excitation of the
system can be almost anything, with one or
more driving sources, in any mixture of
coherent, incoherent, and random sources.

. The system can be driven in the steady’

state, periodic steady state, or transient
state, with exponential and sine-wave drive
.common cases. In spité of all these remar-
kable features the theorem is not well
known, or rather, it has remained quite
unknown to the practical engineer up to-
wards the end of the 1970 decade. The
reason for this is the stark simplicity of the
theorem, its appearance of being self-evi-
.dent. In numerous applications it is simply
taken for granted.
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In this short article we shall stay away
from any and all proofs of Tellegen’s theo-
rem. The reader interested in such proofs
may consult ref. 2, which proceeds to show
how Tellegen’s theorem may be used to
derive or prove other theorems. Virtually,
there is no end to the number of theorems
derivable from Tellegen’s theorem. The
following quotation from ref. 2 is timely:
“There is hardly a basic network theorem

. that cannot be proved by invoking Telle-

gen’s theorem”. A few typical cases are
Heaviside’s transient theorem, Van der
Pol’s transient theorem, the reciprocity
"theorem, and the reactance theorem. The
last two are well known. Heaviside’s tran-
sient theorem deals with energy supplied
during transients in non-linear networks,
and Van der Pol’s transient theorem
pertains to excess electric energy over mag-
netic energy in a CLR one-port, excited by
direct voltage. Actually, when we are using
TeHlegen’s theorem, we are inclined to
automatically involve other theorems, and
indeed we shall find this to be true in the
following.

Tellegen’s theorem implies that the
energy entering the system equals that
leaving it, some of the departing energy
often being changed into other forms of
energy. We may write a basic power rela-
tion for resistive networks in the simple
form

Pi.=Piissipationt Pou

Here P;, includes the power contributed
by existing dependent sources, if any, the
sign of the term being decided by the rela-
tive direction of the current and voltage
that applies to each dependent source.
These sources, so common in today’s tran-
sistor devices and i.cs, are here of the
simple kind ki(s) or kv(s), in complex no-
tation kI and kV. The proportionality con-
stant B may also be complex. In the fol-
lowing application examples we shall limit
ourselves to linear networks.

Reducing to immittance
In his theorem formulation, Tellegen em-

" ploys current-voltage products, thus

dealing with power, readily extended to
energy. Accordingly, he achieves an
elegant treatment, independent of the
precise form of the network, its number of
meshes and nodes. In communications and
electronics, however, many energized net-
works are inherently of single-mesh or
single node-pair form, or can with a

reasonable amount of work be turned into
one or the other of these two forms. Some
interesting possibilities now evolve. If, in a
given power relation such as equation (1),
we divide out the common variable (cur-
rent in a mesh, voltage in a node pair), one.
of Kirchhoff’s laws resuits. If we carry out
the same division a second time, an immit-

tance (admittance or impedance) summa- °

tion obtains, still governed by Tellegen’s
theorem. While our reduction from power
to immittance scarcely requires a theorem
of its own, such a theorem has nevertheless
been published.? Written for driven net-
works with storage elements, the immit-
tance theorem takes the general form

2[¥(s) or Z(s)]=0 @

Note that this formula is restricted to
single mesh and single node-pair net-
works. Like its parent theorem, the immit-
tance theorem holds true whether the net-
work is stable or brought to the point of
instability. The summation always yields a
zero with (2) providing an identity. This
matter will be clarified in a following
example. With reference to (2) it goes
without saying that all sources must be
converted to immittance by an application

of the compensation theorem. Currents

and voltages are automatically eliminated. -

One important field of application for
the original theorem as well as its immit-
tance version is that of checking already
obtained solutions to network problems.
Such checking may involve considerable
labour, however, particularly for algebraic
solutions. On the other hand, since the
Tellegen theorem solution may differ con-

siderably from more common solution

methods, the mathematical tool Tellegen
has given us is highly useful for checking
purposes.

As a first application example, consider
the simple operational amplifier in Fig. 1,
identified by the following formulas

ot V3o aRy -
A== T iTabR; @)
; v
ROUT="1+\ab‘ 4)

Here A, is the system amplification, Royr
the system output resistance, r, the in-
herent amplifier output resistance, Rz, the
load resistance, and « and & initially con-
stants. The voltage aV; marks a dependent
source. Let us dwell for a moment on the
derivation of (4). Perhaps the most basic
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procedure for that purpose, when the net-
work is given with or without dependent
sources, is to make use of the applied
source method. We apply the voltage V, to
the output port, determine the ensuing
current [, into the network, and then form
the quotient V,/I,, which is Royr.

As another alternative, we may for a
moment go back to the time when
Thévenin’s and Norton’s theorems were
combined into a single theorem.* This
theorem formulation strongly brought out
the idea, already in practical use, to write
the output immittance as a consequence of

the Thévenin and the Norton equiva-

lents, existing simultaneously. The proce-
dure is specifically described by the Thé-
venin-Norton dependent-source theorem,
this being one of the names under which
this theorem appears.® If the driving
sources in the two network equwalents
under dlscussmn are E" and I’, the quo-
tient E*/I" simply depicts the output im-
pedance, and this is true whether or not
the network contains dependent sources.

The starting point for the application of
this theorem may be either the given net-
work, or its transfer function, which in our
example is (3). Thus (4) is actually in-
cluded in (3). This entire procedure of
deriving the Thévenin generator and the
Norton generator from the transfer func-
tion is specifically spelled out in a highly
time-saving theorem called the equlvalent
generator theorem.%”®° Its time-saving
feature stems from the fact that the output
immittance is determined in quite a dif-
ferent manner, and if the output immit-
tance is all we want, the parent theorem
degenerates into the output immittance
theorem.? This theorem clearly verifies
that indeed (4) is contained in (3), and in
such an obvious way that in most network
problems the output immittance can be
réad off directly without the need for any
calculations whatsoever.

With reference to our example, with (3)
the proper transfer function, the theorem
simply states that the output resistance is
the denominator, less the term that des-
cribes the load resistance. Of the methods
discussed above, this is by far the quickest
one, and, like the other two methods, it
holds whether or not the network contains
dependent sources. But to use this theo-
rem, we must have access to the transfer
function in (3). .

Practical example

Above we have given particular consider-
ation t output immittance because we
wish to make this quantity a key, issue in
our apphcanon of Tellegen s theorem. The
network in Fig. 1 is a stable system, in
fact, a negative-feedback system, for
- which Tellegen’s theorem, as given by (2),
simply takes the form Zr= 0. In summing
up the resistance around the mesh we are
using the immittance theorem, and as we
find the sum to be zero, we obtain the
identity 0=0. However, the interested
reader may instead use power, following
the formulation of Tellegen s theorem, and
«certify that the net result is precisely the
same identity 0=0.

Ry»Rpand Ry

Fig. 1. Simple operational amplifier with
negative-feedback voltage Vy=bV, and
dependent source aV.

The steps in using the immittance theo-.
rem are as follows. First we apply the
compensation theorem to the source aVito
turn it into re51stance, then sum up all
resistance, writing

aVl e
—r—tr,+ Ry =0
I
The first term here represents a negative
resistance. Eliminating all variables with
the aid of the relations V| = (E - bV5)
and V,/I; = Ry, and using V/E from (3),
we quickly find the identity 0 = 0.

Knowing that Tellegen’s theorem is
extremely general, we have the right to
expect that the mathematical reasoning
above would remain the same if the net-
work instead had positive feedback. The
switch from degeneration to regeneration

-can be accomplished simply by a change of

the sign for b. Specifically, then, we
conclude that the identify is independent
of the sign of b. The reader can €asily

verify that this is the case. If we keep

increasing the regeneration in a practical
amplifier system, a point will be reached
where we must accept non-linearity, and

thus give up the use of a linear network

theory approach. In theoretical work,
however, we have the right to assume that
the system remains linear up to the “take-
off” point, the point of instability. We
cannot proceed beyond this point with
linear network theory, but Tellegen’s theo-
rem is equally valid after surges and oscil-
lations have commenced. This observation
is an important one.

Returning to our application example,
we shall now claim that the previous result
of an obtained identity holds true even
when the system becomes unstable. As the
network attains self-excitation, it main-
tains currents and voltages although there
is no applied signal voltage, and with V| =
bV, our summation takes the form

—ab.Ryp + r, + Ry =0 (6)

where b, is the critical value of 5. Solvmg'

“for b, we obtain
T, + RL

b, =
(4 aRL

Turning this around and claiming that we
have available the information of b, in (7),
we can quickly establish the significant
identity 0 = O by inserting b, in (6). In the
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above examination of the network, we ar-
rived at a summation that gave zero. The
same result obtains if we instead work
from the transfer function in (3) and insert
—b, from (7) in its denominator.

Stability considerations

If our aim is to establish the stablhty con-
ditions for a network in general, starting
from the network, the above discussion
shows that the summation of power, or, in
the simplified case, immittance, will pro-
vide the answer. In the many cases where
the pertinent information is given by for-
mula similar to (3) and (4), with the net-
work either known or unknown, Telle-
gen’s theorem guides us, however, to a
much more direct and time-saving proce-
dure. We are already familiar with the
determination of the stability conditions
by setting the denominator in ‘transfer
functions like (3) equal to zero. We shall
now find that in cases where the only avail-
able information is a port termination for-
mula like (4), Tellegen’s theorem again
gives us the stability conditions, and in a
most direct way.

While Tellegen did not present his theo-
rem as a stability criterion, it nevertheless
contributes this information, and indeed,.
in certain apphcanons, it provides an ex-
cellent and time-saving stability criterion.
In his original theorem formulation, em-
ploying power, Tellegen implies that, un-
less the power in a port load “sees” itself
inside the port with the opposite 51gn in
the power summation, the system is not
lossless. In the sunphﬁed case of a single
meshora smgle node pair, the correspond-
ing statement is that unless the load immit-
tance “sees” itself inside the port with the
opposite sign in the immittance summa-
tion, the system is not lossless. In terms of
the immittance theorem, and with refer-
ence to our example, the consequence of

‘this reasoning is the simple stability crite-

rion;

2
Rour = T'—_oa_f =~Ry
(4

which directly gives b, in (7). On the other

hand, (8) is the direct result when the

transfer function denominator Royr +
Ryp) is set equal to zero. The point is that’
the transfer function may be unknown,
but a formula for the port output immit-
tance is known, !

In passing, we shall make use of at least
one other method for determination of the
stability conditions in the given example,
the popular Barkhausen criterion H A =
1. In our example, the feedback transfer
‘function is H, = b, and A is obtained from
(3) with b = 0. We find that . A = 1,
solved for &, yields (7).

If we go the route of (8) to find the
stability conditions, we must know the
output immitance. Qur entire problem
may simply be to determine this immit-
tance. We have already learned how to do
this when the proper transfer function is
known, but now let us instead assume that
it is the network that is known. Equation
(8) then hints a very direct method of de-
termining output immittance from a given
network. We must find the ratio of r, to (1
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— ab) whatever value b has up to the value
b,, but certainly R;, must not appear in our
calculation although clearly R; controls
the mesh current. However, in the very
specific case of R = — Royr; we don’t

‘mind that R; appears in our derivation.

This is the key to the procedure, Telle-
gen’s lossless condition gives us the mathe-
matical tool we must have. We simply
terminate the port in — Royr instead of
R;, and employ the compensation theo-
rem to turn the source into a resistance.
Rouyr solved from the ensuing immittance
equation is then our answer.

This method is described by a new theo-
rem called the image output immittance-
theorem, and it gives the answer in shorter
time than the application of the applied
source method would. The procedure we
follow to apply this new theorem to our
network in Fig. 1 is first to replace Ry by
— Royr, then to use the compensation
theorem to turn the source aV; into a resis-
tance, and finally to make use of the rela-
tion Vy/I; = — Royr, S0 as to secure the
all-resistance summation

—ab( — Royr) +1,~ Rour=0 (9)

Solving here for Royr we obtain (4) for the
case of regeneration. If we instead enter V;
= — bV,, the result is (4) for degenera-
tion; the case the formula represents.

Second example

Some of our basic thinking in the above
discussion will now be applied to the am-
plifier network in Fig. 2, which contains
storage elements both inside the amplifier
and in the load. The source UE is related to
the driving voltage E while the dependent
source pKV signifies positive feedback.
Complex notation is used in the figure, and
corresponding symbols in the text should
be taken as complex quantities. The trans-
fer function and the output impedance are
known and are, with s=jo and
SL+R+Rw+1/sC)=2Z,

Here R’ is contributed by the Cg-combi-
nation as a series resistance, and C’ is the
ensuing series capacitance. From now on
we shall consider the network as forming a
single mesh. As in the previous example,
(11) is instantly read off from (10) with the
aid of the output immittance theorem. In
accordance with Tellegen’s theorem, the
sum of all power around the mesh is-zero.
If the reader works this out as an exercise,
he shall find that the identity 0 = 0 indeed
obtains. We shall here limit ourselves to
the use of the immittance theorem, writing

—‘%—IAII(—V+Z+ZL=0

With V/II = Z; and E/V obtained from
(10), we quickly find that the identity 0=0
obtains. Thus if (10) had been the result of
some solution, the writing of (12) would
have been the way we invoke Tellegen’s

* theorem for checking purpose in this parti-

WWW americaniadiohistory com

—Zour

Fig. 2. Linear network to be turned into a
single mesh. The calculation results are
checked with Tellegen's theorem and the
immittance theorem. .

cular case. On the other hand, if instead
the immittance theorem was used to secure
an initial solution, then we simply leave
V/E in, and, solving for this quantity in
(12), obtain the answer in (10).

Guided by the above applications, we
can now formulate the immittance theo-
rem as follows:

For a linear single-node-pair or single-

mesh energized network, Kirchhoff’s

current-sum law, respectively voltage-
sum law, divided by the common
* variable, yields

S[Y(s) or Z(s))=0"

For K the feedback variable, we set the
"denominator of (10) equal to zero to find
the stability conditions, or, we set an
equal to — Z, obtaining

Z+2Z;
V43
where K, is the critical value of K. If in-

stead (10) and (11) had been unknown, but
the network given, a summation of all im-

K.=

. pedance -around the mesh, with the sum

equal to zero, would have given the same
answer for K.

Using the image output immittance
theorem to obtain Zoyr from the network,
we first replace Z; by —Zoyr and tl}en
sum up as follows, using the compensation
theorem and reading off V/I as ~Rour,

wKZoyr+Z - Zour=90 (14

from which the answer in (11) obtains
directly. Precisely the same procedure,
with proper attention to signs, would give
the correct answer for negative feedback.
The image output immittance theorem is
therefore general, and is often the quickest
way available when we wish to determine
the output immittance of a given network,
not known by given formulas. The theo-
rem may be formulated as follows:
For a linear active network with an
output port at which the network
forms a single node-pair or a single
mesh, the output immittance is the
locking-in immittance when the driv-
ing source is removed and the load
immittance replaced by the image of
the looking-in immittance with a
negative sign.
In conclusion it should be mentioned
that readers concerned with the checking
of already obtained solutions might also
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consider the superposition theorem since it
gives solutions of a different kind. For this
theorem to apply to networks with de-
pendent sources, these sources must be
entered with the values they have in the
undisturbed network. ;

The above discussion confronts us with
Tellegen’s theorem from only a few ave-
nues of approach, with examples chosen
from among those which may be of com-
mon interest to people working with net-
works. Nevertheless, we have touched
upon only a few possible exploitations.
That the power of this theorem goes far
beyond networks is perhaps evident if we
realize that Kirchhoff’s laws are merely
approximations under specified conditions
of two of Maxwell’s equations. These two
may be referred to as the curl-H and curl-

. E equations. Specifically, if we use the curl

equations, invoking certain manipulations
and writing a power equation that covers
the total volume of the radiating system,
the mathematical relation is in effect the
same as that resulting from an application

‘of Tellegen’s theorem. In view of this tie-

in with Maxwell’s equations, we should
not be surprised to find that if we have a
charge flying by a conductor, inducing a
current in it, the ensuing network anal-
‘ogue can be proven by means of Tellegen’s
theorem. If instead the charge stands still
and the conductor flies by at arbitrary ve-
locity, we become concerned with the mes-
sage of Einstein’s relativity theory. In the
macroscopic world, then, Tellegen’s theo-
rem still holds, as properly modified by
relativity theory. Dr Tellegen has given us
an extremely powerful mathematical tool
that deserves vastly increased use over
what it enjoys presently.
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WEW PRODUCTS

10MHz oscilloscope

The Scopex 14D10 is a 10MHz,

dual-trace oscilloscope which
supersedes the company’s 4D10B.
The 10 x 8cm display and asso-
ciated controls have been moved to
the left of thie front panel and the
two input channels to the middle.
All the function switches are push-
button and are in line across the
lower half of the front panel. The
trigger control has been replaced by
a potentiometer and a * push-but-
ton switch to give the ability to

trigger positive and negative edges-

of pulse trains without re-adjust-
ment. L

Sensitivity of both channels is
2mV/cm to 10V/cm in the interna-
tionally approved 1-2-5 sequence.
Timebase speed ranges from
100ms/cm to 1us/cm, with the op-
tion of X5 expansion to give
200ns/cm. Add and invert facilities
| enable computer service engineers
to align floppy disc drives and other
computer peripheral devices.

The conventional power supply
-has been replaced by a switched-
mode version and this has reduced’
the weight of the instrument to
Skg. The price of £230.00 plus
v.a.t. includes two high-impedance
probes, carriage (UK mainland)
and the manufacturer’s one-year
guarantee. Scopex Instruments
‘Ltd, Pixmore Avenue, Letchworth
Herts SG6 1]7.
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Resistance meter

Digital readout of resistance in the
range 10" up to 10 ohms is the
main feature of the Milli-TO resis-
tance measuring instrument from
Cropice Ltd. Low resistance mea-
surements can be made in one of
seven ranges from 0.1mQ to
200kQ). The d.c. test voltage across
the sample reaches a maximum of
500mV at a reading of 2000 digits
but is limited to 750mV if the
wrong range is selected. For very
low resistances, four-terminal mea-
surements can be made (using the
Kelvin principle) to avoid diffi-
‘culties which may arise from test
‘lead resistances. High-resistance
measurements from S0k to
2x10"Q are covered in seven:
ranges. The 10V, 100V or 500V
test-voltage is selected by push but-
tons. Capacitor and cable dielectric
measurements can be made accu-
rately as the ripple of the test
voltage is less than 200uV at 1Hz.
The test voltage current is limited
to 3mA for safety reasons. The
Milli-TO is said to be easy to use
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Ww303

and an optional b.c.d. data output
with digital adjustable limit control
allows the instrument to be used for
‘go/no-go’ applications in produc-
tion processes. A 31/2 digit 15Smm
l.e.d. and separate exponent
display are used for the readout.
Cropico Ltd, Hampton Rd, Croy-
don CRY 2RU.

WWw302

Printer/plotter

One of the first of a new generation
of printers, the ‘intelligent’

prmter/plotter, has recently been
announced by Roxburgh Printers
Ltd. The features of the X80SP
needle printer include three charac-
ter generators (one of which is fully
programmable), bi-directional
printing and paper feed, 88 mat-
rix, horizontal and vertical tabs,
selectable print direction in steps of
45 degrees, programmable line
spacing, start/finish of print at any-
point and 80/96 chars. per line. For
plotting, graphics and images, the
X80SP has: X and Y, vector, rec-
tangle and ellipse generators, single
dot control, digitizer output, eight
automatic centring symbols and
recognizes pen up/down instruc-
tions. Various versions are available
with interfaces for the PET, Apple
II, Centronics parallel and
RS8232/20mA, 50 to 9600 baud.

The plot accuracy is 0.1mm hori-

zontal, 0.2mm vertical and the

speed is 100ch/s. Measurements of
the printer are 49.5x31x14.5cm

and the cost per unit is £840 for the

version with RS232 interface and

£795 for other versions. Roxburgh

Printers Ltd, 22 Winchelsea Rd,

Rye, E. Sussex TN31 7BR.

WWw303

High-temperature

regulator

Designed mainly with high-tempe-
rature environments in mind, the
Teledyne Philbrick 2115 15V hy-
brid regulator will provide up to
50mA of current at temperatures of
up to 275°C. Qutput voltage varia-
tion with temperature is 0.5V from
+25 to +275°C and a line regula-
tion of +£10mV is also specified for
the 16V minimum and 25V maxi-
mum supply voltages. For loads of
from 15 to S0mA the regulation is
also specified as +10mV and
+20mV for SmA and upwards. The
hermetically sealed package of the
2115 measures 1.15 x 0.75 X
0.23ins. Technical Selling Services,
Unit 5, Brunel Gate, West Portway
Ind. Est, Andover, Hants.

WW304
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| Laboratories
| Lyons Instruments. Two outputs

Voltage standard

High-resolution d.v.ms, multime-
ters and a-to-d converters can be
calibrated using the transportable
Transcell-1I d.c. reference cali-
brator made by Standard Reference
and marketed by

are provided: the working voltage
of 10.00000V with a source im-
pedance of less than 100Q and a
stability error of 10p.p.m./year if
untrimmed, and the prime refer-
ence output of 6.3V which is cali-
brated to 2p.p.m. and has a stabi-
lity error of 10p.p.m./year. The
10V reference can supply currents
of up to 2mA and can be corrected
at any time using the 6.3V refer-

| ence. Both outputs are said to be

predictable to within
1p.p.m./1000hrs. Internal re-
chargeable batteries provide up to
75 operating hours. Lyons Instru-
ments Ltd, Hoddeson, Herts.

WW305

Fibre-optic dual

. cable

Dual channel fibre-optic cables
with optional, factory-fitted
connectors are available from Hew-
lett-Packard Ltd in lengths of from
one to 1000 metres. The HFBR-
3100 duplex optical cables consist
of two single-fibre cables extruded
together and surrounded by a com-
mon black polyurethane sheath. A
tracer is provided along one of the
two sections to enable identification
and the cable can easily be split into
two parts for convenience where
the termination sockets are placed
some distance from each other.
These flame-retardent cables mea-
sure 6.35%3mm, weigh 17g/m and
cost around £2.67 per metre, with
an extra cost of £106.92 for factory
fitting and testing of four connec-
tors. HFBR-3100 cables are compa-
tible with the HFBR-1001, HFBR-
1002 and HFBR-2001 transmitter
and receiver modules. Hewlett-
Packard Ltd, King Street Lane,
Winnersh, Wokingham, Berks
RG11 5AR.

WW306

S.a.w. delay line

When used in compressive receiver
applications, 250MHz of band-
width can be analysed in 0.25us
with a frequency resolution of

" 4MHz using the DS 1313 disper-

sive s.a.w. delay line from Signal
Technology Ltd. A centre fre-
quency of 750MHz, a bandwidth of
500MHz, a dispersion time of 0.5us
and a 1000MHz/us ‘down-chlrp
sweep rate are some of the speci-
fications quoted for the device. The
.DS1313 is manufactured on li-
thium-niobate substrate and
housed in a four lead solid based
TO-5 package for use in compres-
sive receivers and spectrum analys-
ers. Signal Technology Ltd, Che-
ney Manor, Swindon, Witshire
SN2 2PJ.
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L1 filters

Small if filters' for broadcast and
communications receivers have
been introduced to the marker by
Ambit International. Toko manu-
facture the filters, of which there
are three basic types: the CFL ce-
ramic a.m.-i.f. filter, the CFM low-
profile:mechanical filter with which
a selectivity equivalent to three con-
ventional single tuned i.f. transfor-
mers can be obtained in the range
450 to 530MHz, and the CFSKM

ceramic f.m.-i.f. filter which fea-
tures a low temperature coefficient.
Two bandwidth types are available
in the CFSKM series — the
CFSKM1 has 280kHz bandwidth
and the CFSKM2 has 230kHz. The

.CFL filters are available for the

range 450 to 470kHz with a
nominal 8kHz bandwidth (—6dB).
Ambit International, 200 North
Service Rd, Brentwood, Essex
CM14 4SG.

'WW308

Prestel adaptor

An adaptor costing under £200 that
will turn a standard colour or mo-
nochrome tv set into a Prestel ter-

‘minal is marketed by Zycor Ltd.

The Teledek 2000 requires connex-
ion to a tv set via the aerial socket,
to.a standard telephone network
jack-socket and to the mains

.supply. Approval for the unit has

been obtained from the Post Office,
and it complies with issue six of the
Prestel Terminal specifications. In-
formation selection is via a 16-key
infrared remote-control pad,
supplied with the terminal, which
can operate at distances of 9 metres
from the terminal. A wired full al-

phanumeric keyboard can be
supplied for an extra £50. Sockets
are provided for connexion to a
printer, to a tape-recorder for.
recording and re- dxsplaymg in-
formation, and to a tv monitor or a
tv set with direct r.g.b. inputs. Di-

mensions of the 2000 are

408%214x89mm. The mains
supply voltage requirement and r.f.
modulator are adjustable internally
as the unit has been designed with’
export in mind. Zycor Ltd, 33 For-
tress Rd, London NW5 1AD.

WWwW309

Wideband op-amp

An op-amp with a gain bandwidth
product of 1.5GHz and a slew rate
of +800V/us is made by Analog
Systems and distributed by Pascall
Electronics Ltd. Some of the appli-
cations for which this bipolar mo-
nolithic i.c., the MA-207, can be
used are video, ultrasonic and pulse
amplifiers and high speed cable
drivers. Untrimmed, the input off-
set voltage of the device is 1mV and
the input noise voltage ZnV\/I_-I-Z
The output current, based on a
+2V output swing, is 200mA maxi-

‘mum and power dissipation is

600mW maximum. The 207 is
housed in a standard 14-pin d.i.l.
package, costing £20.31 per unit
and £13.53 in 100 up quantities.
Pascall Electronics Ltd, Hawke
House, Green St, Sunbury-on-
Thames, Middx TW16 6RA.

WW310

V.m.o.s.f.e.ts

Plastic TQ-273 packaged v.m.o.s.
power f.e.ts with a low-price have
been developed by Siliconix. The
VK1010 and VK1011 are capable
of handling peak currents of up to
1A and have maximum blocking
voltages of 100V and 30V respecti-
vely. Power dissipation is 1W in
free air at 25°C. The devices feature
five nanosecond switching times
and will interface directly with t.t.1.
or ¢.m.o.s. logic. For 100 up quan-
tities the VK 1010 costs 53p and the

1011 costs 43p. Siliconix Ltd, Mor-

riston, Swansea SA6 6NE.
Ww3ll

16K static r.a.m.

This 16K X 1 bit fully static r.a.m.
features 50ns maximum address
access and read cycle times and
660mW max. active state power
consumption. The IMS1400 v.Ls.i.
r.a.m., manufactured by Inmos,
runs from a single 5V power supply
and its i/os are all t.t.1. compatible.
One of the 20 pins on the 0.3in:
d.i.l. package is a ‘chip enable’ in-
put which can be used to place the
device in standby mode to reduce
consumption to 110mW. IMS1400
is at present only available in
sample quantities but full availabil-
ity is expected within the next three
mornths. Inmos, Whitefriars, Le-
wins Mead, Bristol BS1 2NP.
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Bourgeois ballistics
There has never been a better time for the
d.i.y. enthusiast. Employing tradesmen to
come and poke about in your house or on
your car gets more ruinous by the day, and
the results are very often little better than
could ‘be achieved by a troop of monkeys
with a talent for social advancement. Run-
of-the-mill joinery, bricklaying, plumbing
and painting need hold no terrors for the
averagely dextrous and even those of us
with a full set of ten thumbs usually win
through in the end. You can often obtain a
lot of quiet pleasure, too, from a well-deco-
rated sitting-room or a nicely finished set
of bookshelves.

ness, for me, in all these d.i.y. magazines.
The same old subjects appear every year:

pools in May. It’s astonishing the things
some people will attempt, but I doubt that
many folk would consider a project I’ve
just seen on a press handout, here on my.
desk — a do-it-yourself bullet-proofing kit
for vehicles. No experience necessary, it
says here. There’s one thing, though; it
could give rise to some stimulating over-
the-garden-fence conversation.

“ ‘Morning, George. Trouble?”

“ ‘Morning, Harry. No, I’'m just bullet-
proofing the car. The wife keeps getting
shot up on the way back from Sainsbury’s,
so I thought I’d beef the old bus up a bit.
It’s costing me a fortune, filling all these
bullet holes in every weekend.”

“Yes, see what you mean. Mind you, it’s
all right for your three-oh-three high-ve-
locity stuff, but you’ll be in trouble with
those blasted bazooka rockets.”

“Well, I haven’t got time for more than
heavy-calibre machine-gun protection. I

.said I'd put the new lino tiles down in the
hall today, and you know what she’s like if
I don’t do things straight away. She’s out
this morning, down at the hand-grenade
class.”

Butter side down

Having just taken our library out of the
orange plastic boxes it came from Dorset
House in, I’ve had a unique opportunity to

tion. The library’s former home was more
a hole in the wall than a room, and every-

erudition. We’ve got stuff here going back
to 1911 and the collection is growing all the
time, what with the scores of magazines
and books for review that come in. The
library also used to be the place where all
the office embarrassments were hurled, on
the basis that so long as no-one found them
until 2001 they wouldn’t matter any more.

" Packing it all up for the move, we de-
cided to give the old heave-ho to a great

There has always been a feeling of cosi-'

loft insulation in November, swimming’

observe Murphy’s Law in inexorable ac-,

thing was stacked up in unusable heaps of .

stack of papers and books that we didn’t
want and couldn’t find space for. Some of
it hadn’t been seen, let alone used, since
the BBC was a Company, not a Cor-
poration. So, with a heavy heart and with
moaning and wailing, we slung it. After
all, you have to be sensible about this sort
of thing — it’s not a bit of good hoarding
waste paper. We kept the useful stuff and
the more important historical material and
thought we’d done well.

I expect most of you are well ahead of
me by now. Yes, of course, the very first
thing I wanted from our new, streamlined,
efficient library was in one of the old maga-
zines I’d insisted, against good advice, on
chucking out. And it isn’t as easy as it was
to nip across the road to the Patent Office
library or the IEE.

I just hope they never have to move, or
we’ll be right in the soup.

Cycling hertz

Since the day some unprincipled lout at
RAF Stafford stole my bike, I have not
pedalled. (I was going to say I haven’t set
~foot on one, but that didn’t seem quite
right.) With the move to Sutton, though, I
. thought I’d have a go with a view to giving
myself a bit of exercise by riding to the
office, since it’s only three miles. So I did
my daughter’s Moulton up a bit and began
to work up to three miles in easy stages,
starting with a short hop to the paper shop.

I’d been looking forward to riding the
bike, and the feeling this tentative spin
gave me of being in the wrong century was
a bitter disappointment. The last time I
rode a bike, the roads were uncrowded and
-I was thirty years younger. This time, I
discovered what it is to be an unconsidered
trifle; and, come to think of it, that is a
good way of putting it, because I was
‘quaking like a jelly when I got home again.
Apart from the way the bike doubled its
weight every hundred yards, the main
-worry was the sheer malevolence of the car
drivers. I tell you, if I never ride a bike
again, it will be much too soon. There was
certainly no chance of thinking of anything
but staying upright and in one piece,
which is what makes me wonder about the
latest marvel of modern science — a bike
computer.

What is there to compute about b1kes>
Well, if you are of a statistical turn of
mind, you can discover your speed, aver-
age speed, maximum speed achieved dur-
ing a journey, distance travelled and jour-
ney time. And if that isn’t enough to divert
you, you can have a radio as well.

I can only suppose that your exper-
ienced cyclist is a lot more nonchalant
about dicing with death than I am, because
I'm pretty sure that knowing my average

‘Now we are heading so surely towards the

" despairing phone call from an engineer in a
‘large public utility who was unsuccessfully

“catch them off guard with a variety of siren

speed would not be nearly enough induce-
ment to get me to tear my eyes away from
the monstrous regiment of car-borne were-
wolves intent on frightening the living day-
lights out of me.. Personally, I think I’d
rather spend the money on a suit of
armour. '

No sale

cashless, chequeless society you would
think commercial transactions would have
become simplicity itself. It only seems to
be a mere mechanical process of trans-
ferring a few digits out of one computer
into another in a matter of microseconds.
Not 5o, unfortunately. The old Adam
(which includes his rib, I hasten to add)
still holds sway in such ignoble instincts as
distrust of the other fellow and his compu-
ter.

The other day, for example, we had a

trying to buy a kit of electronic parts from
one of our mail-order advertisers. Could
we help? Apparently the public utility
wanted to place an order through its nor-
mal system, by which payment would be
made after the delivery of the goods. The
mail-order firm, however, was not playing.
They insisted on cash with order, or no
sale. It seems at least three wily accoun-
tants in the public utility had had a go at
them at different times, no doubt trying to

voices; but no, they were adamant. Mind
you, I can understand their reluctance. A
friend who runs a small business tells me
you can easily face ruin with a few of these
large organizations as customers — they
can take up to a year to pay their bills.

Anyway, the only help we could offer
the engineer was: why not pay the required
sum himself, out of his own pocket, and
then recover it later from his employer,
who surely must be honest enough to
cough up? There was a sharp intake of
breath at the other end of the telephone,
followed by a long silence: “Oh, er . . . I
don’t think our organization could cope
with anything like that . . . »

It’s extraordinary that there can be such
a stalemate between two parties who
genuinely want to do business together.
One is keen to buy, the other is willing to
sell, but because each is a slave to his own
method of transaction the result is no busi-
ness at all. If human organizations have
become so refractory it’s surely time we
got in some of those intelligent machines
that our contributor Malcolm Peltu wrote
about last month. Machina sapiens might
be able to teach homo sapiens a thing or two
about how . he should be functioning.”
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“The firm for Speakers |

Audax HD12.9D25 '£8.25
,Audax HD11P25EBC £7.50~
Audax HD20B25H4 - £14.95

-Audax HD13D34H £€12.95
Audax HD24S45C £21.96
Baker Superb £25.00
- Castie Super 8 RS/DD £14.95
Chartwell CEA205 pairs only £61.26
+Coles 4001 » £7.65 -
*Coles 3000 £7.65
" Celestion HF1300 11 £10.95
“Celestion HF2000 £10.95
Dalesford ABR 10" £10.25
Dalesford D30/110 £11.25
Dalesford D50/153 £12.28
.Dalesford- 050/ 200 £12.25 .
{Dalesford D70/250 £25.50
Dalesford D100/310 £35.75
-Dalesford D10 tweeter £8.45 °
Decca London Horn . £61.95
+Elac BNC204 62" £7.50
Elac 8NC298 8'* £7.95
“EMI type 350, 13" X 8", 4ohm  £9.45

| EM114A/770,14” X 9”, 8ohm £19.50

Isophon KK8/8

Isophon KK10/8 £8.45
Jordan Watts Module £24.95
Jordan Watts HF kit £10.50
Jordan 50mm unit £24.50
Jordan CB crossover £24.50 pair
Jordan Mono crossover £24.50 pair
Kef T27 £9.45
KefB110 £12.26
Kei B200 £13.50
KefB139 £27.75
Kef DN13 £6.75
Kef DN12 £9.40
Kef DN22 pair £42.00
‘Lowther PM6 £59.00
Lowther PM6 Mk | £62.00
Lowther PM7 £94.50 .
Peerless KO10DT £10.95
Peerless DT1OHFC £10.50
Peeriess KO4OMRF £13.60
Radford BD25 Mk I\ £36.95
Radford MD9 £14.85
Radford MD6 £25.50
Radford FN8/FN831 £22.50
Richard Altan CG8T £13.50
Richard Alian CG12T Super £29.50
" Richard Allan HP8B £20.75
Richard Allan LP8B £14.50
Richard Allan HP12B £33.50
Richard Allan DT20 £9.95
Richard Allan DT30 £10.76
SEAS H107 £8.95
Shackman Efectrostatic with polar network
and crossover £136.00 pair
Tannoy DC296 10”’ £118.00
Tannoy DC316 12" £159.00.
( £199.00

Tannoy DC386 15"

PA GROUP &
DISCO UNITS

“Celestion G12/50TC
Celestion G12/80CE

! Celestion G12/80TC

) Celestion G12/125CE
:Celestion G15/100CE
‘Celestion G15/100TC
iCelestion G18/200
:Celestion HF 1300
Celestion HF 2000

Celestion MH 1000
- Fane Classic 45 12"
Fane Classic 55 12"’
Fane Classic 80 12"’
Fane Classic 85 15"
Fane Classic 150 15”
Fane Classic 125 18"
Fane Classic 175 18"
Fane Guitar 80L 12"
Fane Guitar 80B/2 12"
Fane Disco 100 12'"
Fane PA85 12"
Fane Bass 100 15"/
Fane Crescendo 12E
Fane Crescendo 15E
Fane Crescendo 18E -
Fane Colossus 15E
Fane Colossus 18E
Fane J44
Fane J104
Fane J73
Fane HPX1/HPX2
Fane HPX3A
Fane HPX3B
Goodmans 8PA
Goodmans PP12
Goodmans D112
Goodmans GR12
Goodmans 18P
Goodmans Hifax 50HX
McKenzie C12100GP
McKenzie C12100TC
McKenzie C12100 bass
McKenzie GP15
McKenzie TC15
McKenzie C15 bass
Motorola Piezo horn 3%2""
. Motorola Piezo 2 X 6
Richard Allan HD8T
:Richard Allan HD10T
Richard Atlan HD12T
Richard Allan HD15
Richard Allan HD15P
'Richard Allan Atas 15
Richard Alian Atlas 18"

:Celestion Powercell 12/150
.Celestion Powercell 15/250

£19.50

£24.50.

€23.75
£42.00
£37.95
£38.50
£64.75
£12.50
£12.50
£66.00
£88.00
€21.75
£13.95
£15.50
£19.76
£26.00
£37.95
£43.95
£47.95'
€26.25
£27.26
£28.75
£26.26
£39.00
£67.50
£74.50
£94.75
£99.95
£107.00
£6.90,

£16.95 |

£10.90
£3.45
£5.60
£4.55
£5.05
£22.50,
£25.50
£24.95
£48.45
£21.86
£24.45
£24.45
£24.45
£35.10
£35.10
£59.60
£8.50
£12.25
£20.25
£21.75
£29.76
£52.75
£52.76
£77.00
£96.00

WILMSLOW ™
AUDIO

KITS FOR MAGAZINE DESIGNS. etc.
KITS INCLUDE DRIVE UNITS.
CROSSOVERS, BAF/LONG.
FIBRE WOOL, etc.

FOR A PAIR OF SPEAKERS
Carriage £3.95
unless otherwise stated

‘Practical Hi Fi & Audio PRO9-TL {(Rogers)
£146.00
: As above but including felt panels
! £162.78 + £5 carriage
Hi Fi Answers Monitor (Rogers) £148.00
‘ Hi Fi News State of the Art (Atkingon)
-£185.00
Hi Fi News Miniline (Atkinsony
£49.00 + £3 carriage
Hi 'Fi For Pleasure Compact Monitor. (Col-
loms} £116.00 + £5 carriage
’ Popular Hi Fi Mini Monitor (Colioms)
£74.

Popular Hi Fi Round Sound (Stephens)
including complete cabinet kit £71.00
Popular Hi Fi Jordan System 1
£96.00 + £3 carriage
Practical Hi Fi and Audio-BSC3 (Rogers)
£65.00
Practical Hi Fi and Audio Monitor (Glles)
0.00
.Practical Hi Fi and Audio Triangle (Gules)
20.00
Hi Fi News Tabor {Jones) with J4 bass units
£66.00
.Hi Fi News Tabor (Jones) with H4 bass units-
1 £70.00°
Wireless World Transmission Line KEF
(Bailey) £125.00
Wireless World Transmission Line RAD-
FORD (Bailey) £179.00,
Everyday Electronics EE70 (Stephens)
£150 + £5 carnage
Everyday Electronics EE20 (Stephens)
£29.60 + £3 carnage

SMART BADGES FREE WITH ABOVE KITS
(TO GIVE THAT PROFESSIONAL TOUCH
TO YOUR DIY SPEAKERS!)

REPRINTS/CONSTRUCTION DETAILS
OF ABOVE DESIGNS 10p EACH

KITS

_ Prices per pair
Carriage €3.786 pair

‘Dalesford System 1 £54.00
“Dalesford System 2 £57.00
.Dalesford System 3 £104.00
“Dalesford System 4 £110.00
Dalesford System 5 £142.00
.Daiesford System 6

£95.00

'KEF Reference 104aB kit -
£133.00 + £5 carriage

KEF Cantata kit
LS3 Micro Monitor kit

Richard Aflan Super Saraband Il £159.956

£213.50 + £5 carriage

£71.00 + £3.75 carriage
Lowther PM6 kit £116.00
Lowther PM6 Mk i kit £122.00
Lowther PM 7 kit £195.00
Peerless 1070 £157.00
Peertess 1120 £169.90
,Peerless 2050 £59.95
.Peerless 2060 £79.95 .
Radford Studio 90 kit £181.00
“Radford Studio 270 kit £309.00
Radford Monitor 180 kit £243.00
Radford Studio 360 kit £450.00
RAM 50 kit (makes RAM 100) £76.25
Richard Allan Tango Twin kit £55.50.
Richard Allan Maramba kit £77.50
Richard Allan Charisma kit £111.00
Richard Allan Super Triple kit £102.50

Richard Allan RAS kit £62.75 '
Richard Alfan RA82 kit £98.75:
‘Richard Allan RAB2L kit £108.00
SEAS 223 £42.50
.SEAS 253 £67.00
SEAS 403 £79.96
SEAS 603 £134.95
Wharfedale Denton XP 2 kit £31.45
Wharfedale Sheiton XP2 kit £40.40
Wharfedale Linton XP2 kit £56.20
Wharfedale Glendale XP2 kit £69.00

WILMSLOW ‘AUDIO BA1 sub bass
amplifier / crossover kit
£37.95 + £1 carriage

CARRIAGE & INSURANCE
TWEETERS/CROSSOVERS 60p each

SPEAKERS 4" t0 62" 80p each
871010 ‘£1 each

127137 % g,
197 % 9 £1.95 sach
157 £2.95 each
18~ £4.50 each
SPEAKER KITS £1.95 each
£3.95 peir

‘MAG DESIGN KITS £3.95 pair
uniess otherwise stated
' ALL PRICES CORRECT AT 1/2/80

EVERYTHING IN STOCK FOR.
THE SPEAKER
CONSTRUCTOR!

BAF, LONG FIBRE WQOL,
FOAM, CROSSOVERS, FELT
PANELS, COMPONENTS, ETC.
LARGE SELECTION OF GRILLE

FABRICS. N
(Send 22p in stamps for grille
fabric samples). »

ALL PRICES INCLUDE VAT @ 15%

SWIFT
OF WILMSLOW
The firm for Hi-Fi

. 5Swan Street, .
Wilmslow,| Cheshire.

[Send 50p for 56 page catalogue
‘Choosing aSPeaker'

{or price list only free o

charge)

Tel: 0625 529599 FOR MAIL
ORDER & EXPORT OF DRIVE.
UNITS, KITS, ETC.

‘Tel: 0625 526213 (SWIFT OF
‘WILMSLOW) FOR HI-FI & COM-:
PLETE SPEAKER SYSTEMS.

j Lightning service ontelephoned credit card orders! |

35/39 Church Street,
Wilmslow, Cheshire

wwWw americanradiohicetory com

WW-—033 FOR FURTHER DETAILS
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SPECIAL OFFER

exclusive to Wireless World readers . ..

Since it's recent introduction the Keithley 130 has established itself as one
of the finest Handheld D.M.M.’s available.

And through Wireless World it can be yours for only £73.60 including
V.A.T. package and postage — a saving of £17.25 on the recommended
retail price. '

“ektrox Value |

§ for money.
We sell the finest low cost
oscilloscopes in the world.

The complete range of copes to choose from in the the Hi_gh standards that go
low-cost osc&oscopes avail- 'fIé eg}uipment D1000 Series with our name. The result is
ami

understands)

Features include: :

* Full 10 amp range * Only one calibration adjustment required per annum
* 25 ranges and five functions; ohms DC and AC volts and amps

* 100uV, 11A, 0.1Q) Sensitivity * 20,000 hour M.T.B.F. ‘

* One year guarantee on specification

To take advantage of this unique offer, simply fill in the coupon, and send it to

Wireless World with a cheque or Postal Order, allowing 21 days for delivery. able from Tektronix offers , with 10 or 20MHz solidly built oscﬂlloscopei
Note: Offer closes on December 10th. This offer applies to readers in the U.K. only. more choice and more value = bandwidths. _ which are not only eas Oal
To: Wireless World Offer, Keittiley Instruments Ltd, 1 Boulton Road, Reading, Berks : for oy . And. there are 5. dlfferfi’,lrllt operate al}g mamiamh g{ SO,
Please send me a Keithley 130 at £¥3.60 including V.A.T., package and postagé. l'enclose a . Becal!se everyone needs a TEktronlx T900 Series oscllos- gePresen'}h € molf fre aple o
cheque/postal order made payable to Keithley Instruments Ltd. shghﬂy different performance copes ranging f:rom a15 MHz uys on the market.
in either band-width/ single trace oscilloscope to a The T900 Series is sup-
sensitivity or extra control 35 MHz dual-trace oscillos- ported by a full range of
55 functions, we offerarange - cope with Delayed Sweep. accessories including battery
Address with different specifications. All our oscilloscopes are power ?acks, cameras &°
' There are 4 dual-trace oscillos- thoroughly pre-tested to meet  scope stands.

IPRINTEDCGIRCUITS||| ....vet =n s
FOR WIRELESS WORLD PROJECTS WHO I-ESA I- E

Stripline r.f. power amp—Sept. 1976—1d.s. . .............. i . — " + P B ¢ - g=

| lmier—Dec. 19751 s.. S ELECTRONIC COMPONENTS
st e A R i | EGTRONIC COMPONENT
Audio compander—July 19976—1 'S MR e . P TR "
[ lock— —2s.s. ST L L. Y S o r g H
e L i O PR : Stock Price

WW — 973 FOR FURTHER DETAILS
U.h.f. television tuner—Oct. 1976—1d.s. .......... .. W ox £8.55.
Cassette recorder—May 1976—1s.s. . ... . ;oo ... ..

Telequipment oscilloscopes are sold &
serviced worldwide by Tektronix.

Audio preamplifier—November 1976 —2s.s. . ... ........... 4 9 AUI |3 l I 20 .98

Additional circuits—October 1977 —1 s.s.

woLrwlY w1 B

e
ks

................. i . SNe 1M
Stereo coder—April 1977—1d.s. 25.5. ... . ... ... .. ... ) : 3k-Presets 2,000 .01 4 g : ;g - . ;
Morse keyboard and memory—January 1977 —2 d.s. i - TBASDO 500 44 i ] .? ! ; | Please send me more information on
{logic board 10%in. x 5in.) (keyboard and matrix 13in. x 10in.) £14.00 i b . - S = H |
Low distortion disc amplifier (stereo)—September 1977—1ss. .. £2.00 47m |: Isv Elec - 800 |4 d ] el L © st : Telequnpment OSCI||(15CODES
Low distortion audio oscillator—September 1977—1s.s, . ...... £3.50 i : ; : : T-900 Series Oscilloscopes »|
p . y
Enymhesizfd f.rj. trar;sgc;:is\;errglovember 1977—2ds. 1ss. ... £12.00 7448 nl 1,6"0 _20 : NEwE h
orsemaker/—June —1'd's, ~ ¥ %1 L ana Y . =
Met;l deter;t;)r—July 1978=1d.s” LN " dWale L bk - B IB‘Pln DIL Sockel . 5;000 -08 i BesaEn
gzcnllloscope waveform stori—omober 1 97_8—4 @S accooans .00 z_80 PIO 4MHZ | 30 6_50 |
gulator for car alternator—August 1978—1s.s. . .......... o 3 Company
:Wideband noise reducer—November 1978—1d.s. ......... .. ! 2708 EPROM - 500 4.39 . : )
Versatile noise generator—January 1979—1s.s. . ........... .00 . o o o e O s
200MHz frequency meter—January 1979—1d.s. ... ........ J A 2‘ |4 SRAM 800 3-5' 2 oLTS /0 Ao Address
High performance preamplifier—February 1979—1ss. ....... o ) - 3 &
Distortion meter and oscillator—July 1979—2s.s. . .......... .50 4‘ IG DRAM 800 p 4'50 8 o | 7 - N 0 :
Moving coil preamplifier—August 1979—1s.s. ... .......... A ) .
b Multi-mode transceiver—October 1979—10d.s. ... ........ : ; 2 : I Teleohone
‘And many more. Companies invited to send SAE tor our ; ,' 2oy ,1 - f:¥ . L2 : elepno i g
Digital capacitance meter—Apiil 1980—2 s.s. . . . . £7 up-todate price list. ¢ . RN eetfsrists i Tektronix Internatlonal Inc.
Colour graphics system —April 1980—1d.s. ... E iy L% e, A ] ) European Marketing Centre
_Audio spectrum analyser—May 1980—3s.s. . ... . - Please phone for availability before ordering. All our prices A | Postbus 827, 1180 AV Amstelveen
+Multi-section equalizer—June 1980—2 s.s. -5 .. £8.0 include 15% VAT. Postage extra. F Y 4 | erl ’d ;
Floating-bridge power amp— Oct. 1980 Ts.s. (12V or 40V) . . .. £4.00 i : = - / NEFY S IR e 3R, SN S
Nanocomp —Jan. 1981 —1ds. 1sss. .................. £ 2 y v b
Logic probe — Feb. 1981 — 2d.s. .. ........ ... ... Lo D TT %5 b i R
Boards are glassfibre, roller-tinned and drilled. Prices include . Iﬁ;!;ﬁll"‘!m ﬁ:ﬁﬁmmxn L 0 : ‘ - ! . =
Al sl 20%. B ciae adld 0%, Insurarice 10% AL ERRE TG LB SE R : o | mmn IX®
"Remittance with order t%: { ' ‘ ELECTRICAL COMPONENT : }:II TAXIsszzch (0822) 5439
DISTRIBUTORS ex: 3 COMMITTED TO EXCELLENCE
M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 : _ 4 :
. k.
'WW-—031 FOR FURTHER DETAILS _ . ‘ WW — 076 FOR FURTHER DETAILS
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Bridges

GENRAD

GR1657 Digibridge LCR,

auto, LED display

CINTEL

277 Measures iron core inductances
0,01H-1000H {with a Q vajue not
less than 2}

HEWLETT PACKARD
4342A Q" Meter QLC complete

MARCONI

TFB6BA Universal Bridge
TF1313A Universal LCR Bridge 0.1%
WAYNE KERR

8224 Wide range LCR Bridge
8500 Log LCR Bridge

B601 RF LCR Bridge

(Detector and Oscillator not incl).
B641. Measures L/C/R/G Accuracy
of 0.1% .
Q801. Y parameter test set, Plus
transistor adaptor unit

Cable Test Equipment
MARCONI 4
TF2333 Transmission Test set
HEWLETT PACKARD
3556A For psophometric
measurements from 20 Hz-20kHz.
0.1mV-30V input level

NEC -
TTS-37B. Noise, level and V
measurement. Sensitivity -80dBm
up to +20dBm

STC

74216A Noise Generator CCITT
74261A Psophometer CCITT.

TEKTRONIX
1502 Portable TDR Cable Tester

WANDEL u. GOLTERMANN

- DLM-1. Send/receive system
LDS-2. 200Hz-600k Hz sender for
measuring group delay and
attenuation variations
LDEF-2. Filters for DLM unit

-Counter Timers

HEWLETT PACKARD
5300A /53038 DC-520 MHz 6 digits

2@AjDisplay Module. 6 Digits.
x 10

5302A DC-50 MHz. 100mV sens.~
Time interval. Pericd. Ratic.
Totatise.

53038 DC-520 MHz. (Plug-on)
125mV sens. 508

5308A 0-75 MHz. Universal Module.
50mV sens. TMQ

5267A Time Interval Plug-in 10ns
5345 DC-500 MHz Time Int. Ave.
Burst Total Ratio

10590A Adaptor converts 5245
Plug-ins 1o 5345 .
RACAL

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

9837 DC-80 MHz 6 digits

SYSTRON DONNER
60539 Digit 20 Hz-3 GHz BCD O/P

Prices
from £

850

10

1250

250
375

478
225

125

a5

275

240
475

2725

1500

3250
250

//7//
/%

—

6054A/04 11 Digit 20 kHz-18 GHz
BCD O/P

Function Generators
INTER-STATE
ELECTRONICS

FS1A Multi-Mode. + and - offset:
0,0005 Hz 1o 10 MHz. 10/15V/50Q
FS5A Muiti-Modey 0.0025 Hz-10
MHz. 10V/508. Ext. VGC. Burst
O/P up to 100k bursts/sec
PHILIPS

PMS5127. 0.1 Hz-1 MHz. Sine/
Square/Triangular/Pulse outputs.
External sweep facility 30Vp. p max
output

Logic Analysers
HEWLETT PACKARD
1601L Logic state analyser

12 channel display

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

1607 16 channei 20 MHz clock
{Display scope required)
TEKTRONIX

7D01F 16 channel up 1o 50 MHz
clock MAP

Mains Monitors

COLE

T1007 200-260V. 35-65 Hz
Thresholds 10V, 50V, 100V, 200V
DATALAB

DLO19 Power line interface for
transient recording

DL90S Digital Storage Unit DC-3
MHz 10mV 3
DRANETZ

606-3 Disturbance Analyser Avg,
Sag/Surge

GAY

LDM Records + ve/—ve transients
of50ns on AC or DC Lines

Modulation Meters

AIRMEC ¢
409 3-1500 MHz. AM/FM

MARCONI
TF2300A 1-1000 MHz, AM/FM

| T/B XY DC 4 MHz

(A
.//,/ /

e
Sl 4
W% W””WM/M/A

T — i,
/////5///////// ~ /////////////////////////////// sale i furbis
Wil to manufacturers’ original specifications
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equipment for

sale is fully refurbished

Prices
from £

2800

1850
1500

2650

75

1055

2625

1250

&

&

£1250

Oscilloscopes

ADVANCE

0S1000A DC-20 MHz. dual trace
33008 Dual Trace DC-50 MHz
smV/div. Dual Timebase

GQULD ADVANCE
0S10008 DC-20 MHz Dual Trace
X-Y TV Sync

HEWLETT PACKARD
1703A Storage 1000Div/ms.

DC-35 MHz. Dual trace Mains/Ext
bC

181A Storage 1000Div/ms

DC-100 MHz Main frame only

182C DC-100 MHz Mainframe, large
screen

MEDELEC

M-scope 4 channel DC-100 kHz U/V
Chart

PHILIPS

PM 3211 DC-15 MHz Dual Trace 2mV
PM3233 Dual Beam DC-10 MHz
2mV/dtv.

TEKTRONIX

475 Dual Trace DC-200 MHz 2mV
485 Dual Trace DC-350 MHz 500

1 MQ 250 MHz

5458/1A1. DC-30 MHz. dual trace.
Delayed timebase J
585A/82. DC-80 MHz. dual trace
10 mV sensitivity

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

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

7403N DC-60 MHz 3 Plug-in
Mainframe

7704A DC-200 MHz. CRT Readout.
Mainframe for 4 Piug-in

TELEQUIPMENT

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

D75 Dual Trace DC-50 MHz Dual
Timebase

D83 DC-50.MHz. Dual trace. Large
6%" CRT. Dual Time Base

Oscilloscope Plug-ins

HEWLETT PACKARD
1804A DC-50 MHz Four channel
20 mV-10V/div.

A«,y////z&z'«zf/mzf///////////jzy////////// ////////’/////:/li/l 7

/ @[5 DMew Ex Otock delivery |

. OSCILLOSCOPES

. i TEKTRONIX 465 DC-100 MHz Dual Trace

Y TEKTRON(X 475A DC-250 MHz Dual Trace
88| 5mv-5v/Div 0.05s-0.5/ Div Delayed

5mV-5v/ Div 0.01us-0.5s/Div Delayed
T/8 XY DC 3 MHz

These instruments sold with

-
FULL GUARANTEE
| ONEYEARFULLGU

£1950 |

Prices
from £

200
600

250

1200

1650

425

1125

2100

1200

525

2

.'7/////////////7/////////////////////////// /74
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1825A Dual Timebase 50ns-1s/div.
1805A Dual Trace DC-100 MHz SmV.
1M82/50Q

TEKTRONIX

Type R. Transistor R.T. tester. Puise
rate 120 puises/sec. R.T. Less than
5 mus

Type G. Ditferential amplifier. 100:1
CMR DC-20 MHz. 50 mV sensitivity
Plug-ins for 500 series

1A1 duai trace Plug-in DC-50 MHz
1A2 dual trace Plug-in DC-50 MHz
1A4 four ttace Plug-in DC-50 MHz
1AS Ditferential Plug-in

Z Differential Piug-in

81 Adaptor Plug-in 1A Series to 580
Series

7A12 Dual Trace DC-105 MHz
SmV/div.

7A22 High gain ditf. amp.

0.1 Hz-1 MHz 10uV

7A26 Dual Trace DC-150 MHz-
SmV-5V/div.

7B53A Dual Timebase 5ns-6s/div.
Oscilloscopes (storage)
TEKTRONIX

548/1A1. DC-30 MHz. 5mV
sensitivity. Dual trace. Storage
scope, Writing speed: 5cm/us with
enhancement. tncludes trolley
564B/3A6/2867. DC-10 MHz. Dual
trace 10mV sensitivity, split screen
storage oscilloscope

466 Storage 1350 cm/us Variable
Persist DC-100 MHz

7313 Split screern 4.9 cm/us. DC-
25 MHz (M/F for 3 Plug-ins)
Phase Meter

DRANETZ

301A § Hz-500 kHz. Z in 100k{2.
Accuracy +1° to +2°. Analogue
Q/P

Power Meters

DYMAR

2081/100 True RMS. DC-500 MHz.
30mW-100W

HEWLETT PACKARD

478A Thermistor Mount for 432A
435A 0.3,W to 100mW 5 MHz-
18GHz

8481A Power Sensor for 435A
MARCONI SANDERS

6460 10 MHz-40 GHz (Depending on
Head)

6420 10 MHz-12.4 GHz 10mw

MARCONI
TF2512 DC-500 MHz 0.5-30w 500
TF 893A 10 Hz-20 kHz. 204W-10W.

Power Supplies

BRANDENBURG

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

L308 0-30V 1A DC Stab.
FLUKE

4158 0+3100V 30mA 0.005% reg.
Protected

ITT

Power Lab. up to 30V Dual Supply
MARCONI

TF2154/1 0-30V 1A. 0+15V 2A
0+7.5V4A

SMITHS

4701 5-7V o/p Power Pack

SORENSEN
DCR 300-2.5 0-300V 2.5A DC Stab.

Pulse Generators
DB ELECTRONICS

150. I.C. puise generator

EH RESEARCH

122. 1 KHz-200 MHz 5V/50Q
RT 12ns

139(L}. 10Hz-50 MHz 10V/508
RT Sns )

1221. Timing Unit 6 Channel
0-10 MHz 5V/50Q RT 8ns

HEWLETT PACKARD

214A 100V/50Q2. Doubie puise O/P.
W50ns-10ms. 10 Hz-1 MHz. 15ns RT
MARCONI )
TF2025 0.2 Hz-25 MHz +10V/50V
RT 7ns

Recorders and Signal
Conditioning Equipment
AMPEX

PR2200 instrumentation Recorder
up to 16 channels. FM/DR. Record
replay all speeds. 1" tape FM/DR
I.R.1.G. DC-40 kHz FM. 100 Hz-
300 kHz DR

BRUNO WOELKE

ME102B. Wow and fiutter meter
ME102C. Wow and fiutter meter

Prices
from £

525

550

100

180
375
175
140

410
450

525
550

675

1650

425

475

110
130
120

150

55

350

60
32

375

350

WIRELESS WORLD FEBRUARY 1981

Bigger stock investment
greater equipment range mean

wider choice

Temperature Measuring
Equipment

(NB Thermocouples not incl.

.87

S

Prices
from £

COMARK
1601BLS 87°C to 1000°C
Prices Pricas Price® Type K Therm?]counles 4 75
BRYANS SOUTHERN romt  DYMAR fromf  Spectrum Analysers o I o0°C 1o T 170°C .
BS314 4 channel TmV-10V . 1525 100 kHz-184 MHz Int/ Ext YPEIY INEINOCOUDTES NS
16 speeds 1650  AM/FM Bart/Mains s2s  HEWLETT PACKARD 1625815 Slo0°Clie Z800°8 :
BS316 6 channel ImV-10V B443A Tracking Gene/counter Type T Thermocouples 90
16 spasds =) GENERAL RADIO 100 kHz-110 MHz 850 1642BLS —120°C to +800°C
HEWLETT PACKARD 1362 UHF, 220-920 MHz 18345:‘ Auéog:"atic pre-selector 50 TypeJ Thermocouples 75
E MHz-1 z 1
680M. 5inch. Stripchart Single Pen GOULD ADVANCE BS55A RF Plug-in 10 MHz-18.GHz Voltmeters-Analogue
pchart Sing SG70 & Hz-125 kHz 600% 4w 85
5mV-120V /P 20cm/min 2.5 cm/Hr 7,3 1kHz Res 3000 AVO
7046A Two pen A3 0.25mV-5W/cm 995  HEWLETT PACKARD 851B/86518 Display & 8 MK IV AC/DC V.AC/DC Amps. 70
204D & Hz-1.2 MHz. 6009, 80d8B att. RF Section 1,350
e e ' I Aud ALY S 10 NELSON ROSS s?zc;\)tc))/g{/rg%kn 1.2GHz 1999
N . ) z-1.. z
RO e Pl Aty 1216 6208 7-11 GHz 500 FM/PM Tmw 1900 011. DC-20 kHz. 80dB dynamic FSD 104V Res 525
8614A 800 MHz-2.4 GHz + 10dBm range. Dispersion: 100 Hz-6 kHz 350 92C 10 kHz-1.2 GHz 500uV-3V. 1%
PHILIPS ] to —127 dBm 502 AM/FM 1950 022 DC-100 kHz, Dynamic range of FS ‘ 350
1;% %255:) VS»ggle pen 10in chart - ?31 m 1.8-4.5 GHz Ext AM/FM/PM = 60dB fits into various 500 series HEWLETT PACKARD
§ CRO's i 350 s
400E Millivoltmeter
RACAL : ) MARCONI ' TEKTRONIX 10 Hz-10 MHz B/W TmV FSS 99
Store 4. Uses D/4 inch magnetic TE144 H/4S HF Generator . 3L5. Plug-in unit fitd into various 427A. AC/DC/Q multimeter 275
tape. Will record 4 F.M. channels. 10 kHz-72 MHz AM 550 oy O p Y o n
¢ A 500B series CRO’s. 50 Hz-1 MHz. 3406A. 10 kHz-1.2 GHz 345
Operates at 7 different speeds 1675 TF791. FM Deviation Meter R
S E LABO TO . 4-1024 MHz 9 Greater than 60dB dynamic range 475 3400A 10 Hz-10 MHz 1mV-300V
615%/6151 1z§rﬁnne|%!/Es TFB01/D1. 10-470 MHz AM. FM. 256 Sweep Generators True RMS 350
1250 mm/s-25 mm/min 6 in chart 1200  TF9%5A/2.1.5:220 MHz AM. FM. 3B  HEWLETT PACKARD KEITHLEY
994 6 Channel Pre-Amp + 1% + 1V TF2171 Digital Synchroniser for 8690B Mainframe. Int/Ext AM. Ext 610C Electrometer DC 1mV-100V,
o/p 450 TF2015 ) 625 FM 600 Amps 107" * Recorder o/p 350 -
8008 25 Channel 4V Bin 4m/sec 1o TF2002/AS 10 kHz-72 MHz FM/AM 86938/100 3.7-8.3 GHz.5mW. PIN LEVELL
25mm/min 895 0.1-1Vo/p 625 teveiled ‘N’ conneciors 600 TM3B 54V-500VAC 1 Hz-3 MHz + )
SMITHS INDUSTRIES TF2012 UHF, FM 400-520 MHz, |86998/100 0.1-4 GHz.6mW. {20mW 50 10 100 dB 80
) 0.03uV. Counter o/p 650 to 2 GHz). PIN levelled. 'N’
FSD. S0omimmnandhour .m0 TFZIZUHEA0SMHMZEM | s comeciors I e - Y
- ¢ voitm r P
YOKOGAWA RACAL ) TEXSCAN PHILIPS
3046. 10inch Chart Single Pen. 0.5 T8 L e iED Diepiay O/P — gcg:?gf’“’f" GaneratonlGSME2 for PM24548 1mV-300V. 10 Hz 12 MHz
mV-100 VI/P2.60cm /min and/hr 360}, INLCAEIIGEVIEM 1875 e e s 4 Zin 19MQ DCO/P 300
3047. 2 Pen Version of 3046 45  SCHAFFNER R 950 RACAL
Signal Sources and d NSG330 Ignition Interference - TV Markers set of 5: 31,5, 32.5, 35, 1930‘|HRIN1/|§ lg'i'l‘livolyweter s
‘Generators Attachment . 1 39.5 & 41.5 MHz 196 kHz-1. z wit .ca.rry case
NSG2008 Mains Interference LN40A Log Amplifier 105 Voltmeters-Digital
BOONTON : Simulator {Mainframe) 250 ADVANCE
(1)012“BV41%55%(;ZMH1 Int/Ext FM/AM L2 7STC ) DMM 7A /07 1999 FSD
Fzz‘}scglo#v%fnara!orzo Hz-4 kHz B AC/DC/Q/Currem 115
] FLUKE
B8000A 1999 FSD
AC/DC/OHMS/Current 115
HEWLETT PACKARD
34740A/34702A 9999 -
FSD.AC/DC/OHMS 180
SOLARTRON
LM1420.2. 2300 FSD DC only 0.05% 7
LM1420.28A. 2300 FSD AC
True RMS/DC i 110
A200.19399 FSD DC only 160
A203.19999 FSD AC/DC/Q.
Sensitivity: {1uV [')C, 10uV AC, .
100m{ resistance
CKARD X A205.19999 FSD AC/DC/Q 300
HEWLETT P M-FM Signal Generato? i A243. 119999 FSD AC/DC/Q.
@ Precision A e Mainframe Sensitivity: {14V DC, 10uV AC,
1417 Spectu™ A"ah\ Jor — \F Section Ta12 Dual Trace > 10mQ resistance) ; 325
g5528 Spectum A’:‘:{{Ze, — RF Secton DC-10MH2 250 C'f“ <cope Mainframe ‘ 7050.99999 Auto AC/DC/Q 350
8553?\%‘:;“:,‘::; Anatyzer — ‘ii 2:2:& 7313 leoraevergn“g";,eed DCc-2® M*:)‘c 1 MHz s Voltmeters Vector/Phase
8655 Analyzer — frame 43 cmiys in. As new DC- €6 /
rum Mainfrarm ) ial Plug-in- DRANETZ
882;2 zzzztrum Analyser k\f-O'g‘_\CBOAn;vler 7A23 [\)S:ﬁ;‘:‘fu month guaramee\ e % 3058 9995 FSD Mainframe for PA
} Display L0 10pV- B in. / 3001 module 575
T Pps DA TOC PUAIE, dowt €9 |0/l HEWLETT PACKARD
pHILIPS [ Trace 25 MHz 2mV/ DV €525 DC"“’S" a\l Timebase gns-6s/DiV ¢ / / 3‘§°.,‘2 100000 FSD 14V-1000V DC
\ .01
pM 3212 Qual 17a¢ 7853A DY -
Oscilloscope o Trace DC-BMAZ e TR ///////// 7, LOuVI000VEC R R
\1imebase DU e Y. T
%MC?\‘ZO‘;S:: / 7/// //M ////////17////////////////// = 5 -
¥ Y
N\ W PLEASE NOTE:
0y s, 117" i i LISTED HERE IS ONLY A
Wy Wik ////////////////////// Carston Prime Equipment s TION OF LR WIDE
L brings you recent "‘State-of-the-Art”’ instruments S%E(b;( e By
at competitive prices, with fast delivery (2-4 weeks). Every “‘Prime” FOR SPECIALIST NEEDS OR
i i Day Full Guarantee covering parts and labour.
instrument carries the Carston 90 Day rantee covering parts ou FOR DETAILS OF OUR FULL
STANDARD RANGE OF
EQUIPMENTS —
RING US TODAY!
Redundant 1
Contact Ed Cooper or Noel Jennings Test Equipment =
CARSTON ELECTRONICS LTD : A LD THARTEE iy
SHIRLEY HOUSE, 27 CAMDEN RD., L] e arvillmatoy el
LONDON NW1 9NR Telex 23920 X

WW—022 FOR FURTHER DETAILS

WA e e e Aeo m
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RADIO SHACK LTD for | <> [ITH

Ham Bands with 1.5-30 MHz receive with built-in 150 My
frequency counter plus option of 0-1.5 MHz receive and /or any,
transceiving application 1.8-30 MHz.

RADIO SHACK LTD

For Communications equipment including Trio products ana
Trio-testgear. .

!We are situated just around the corner from West Hampstead Underground Station
[(Bakerloo line). A few minutes’ walk away is West Hampstead Midland Region
station and West End l.ane an the Broad Street Line. We are on the following Bus

voutes: 28, 59, 159. Hours of opening are 9-5 Mondav to Friday. Closed fof Lunch
1-2. Saturday we are open 9-T2.30 only. Warld wide exports.

DRAKE * SALES x SERVICE

RADIO SHACK LTD

188 BROADHURST GARDENS, LONDON NW6 3AY
_Giro Account No. 588 7151. Telephone: 01:824 7T74
Cablas: Radio Shack, Londgn. NWS; Talex: 23718

'WIRELESS WORLD FEBRUARY 1981

WW-—029 FOR FURTHER DETAILS

VALVES VAT!
- ‘1S INCLUDED
£ E, £ 3 [0
A1065 1.40 KT66 6.30, X66 0.95 . . HE 1.60 30PL14 2.45
A2293 8.80 9.20° X61M  1.70, 6J4 135, 35L6GT 1.40
A2900 12.60. KT88  13.80° XR1-6400A 6JAWA  2.00° 35W4  0.80
AR8 0.75! MH4 ' . 2.50; 82.80 6J5 230 3524GT  0.80
ARP3  0.70 ML 250, 2759  9.00 6J5GT  0.80 20KD6  3.15
AATP4 0.0 N78 9.90 2749 0.75 616 0.65 50C5  1.15
Bi2H  3.80 0A2 0.70 2800U 345 6J6W  0.90 50CD6G  1.36
cv31 1.40. 082 0.80 28010 3.75 37 1.20 7581 1.26
DAF96 0.70 PASCBO 0.60 2803V  8.95 BJEBC 2,95 75C1 1.70
DET22 21.95 'PC85  0.75 29007  2.45 6S6C 2,38 76 0.95
DF96  0.70° PC86 0.95 1A3 0.85 6K7 0.80 78 0.95
DK96  1.20 PC88  0.95 14 0.50 BL6M  2.80 80 170
DH7 0.75 PCY7 150 1R5 0.60 616G 2.50 85A2  1.40
DL92  0.80 'PC900  1.15 154 0.45 6L6GC  2.10 2.56°
DY86/87 0.85 .. PCCB4  0.50 155 0.45 6L6GT - 1,25 723A/8 11.90
DYB02  0.70 89  0.85 174 0.45 6L7G.  0.85. 805 20.70
ES5L  14.80 PCG189, 1.05 1U4 0.80 6L18 0.70 807 1.26
E88CC 1.60 PCF80 0.80 1X2B 1.40 8LA6 2.95 813 13.30 :
EBBCC/01 PCF82  0.70 2021 1.10 6LD20° 0.70 8298  14.00
310 PCF84  0.75 1.85 6KG6A  2.70. 832A  8.90
E92¢C 1,20 PCFB6  1.60,  2K25 . 11.80 6076 1.30 8664  3.80
E180CC 2.80. PCF87 050  2X2 1.15 6SA7  1.00 866E 625
E180F 6.30 PCF200 1.80 344 0.70 6567  1.18 9314  13.80
E182CC 4.95 PCF201 1.85,  3AT2 240 6807 1,05 954 0.60".
EA76 225 PCFB00 0.50°  3D6 0.50 6SK7 0,95 955 0.70
EABCBO 0.60 PCF801 1.75 3022 23.00 6SLIGT  0.85 956 0.80
E891 0.60 PCF802 0.85  3E29 19.00 6SN7GT 0.80, 957 1.05
EBC33  1.15 FCF805 2.45 354 0.60 6SA7  1.10! 1825  1.80
EBCY0 0.90 PCFB06 1.20 B32  18.25 6307  0.95: 1623 185
EBFBO  0.60 PCFB08 2.05 5B8/254M 6V6G  1.50, 2051 2000
EBF83  0.601 PCH200 1.35. 4.00 6V6GT  0.95 5763 4.20
€8F89 080 PCLB1 075  5B/255M 6X4 0.75 5842  7.50
EC52  0.65' PCLBz: 0.95' 1 6X4WA  2.10 5881 3.40
EC91 340 PCL84  0.80 58/258M 8.80 6X5G' 085 5933 8.80
EC92  0.85; PCL86  1.05 522  28.90 £Y6G  0.90 8057 220,
ECC81 0.85  PCLB05/85 5R4GY  1.30 874 0.70. 6060 195
£CC82 0.60 125 5V 0.7 787 1.75 6064  2.30
ECCB3 0.65 PD500/510 V4G 0.75 va 125" 6065  3.20
ECCB4  0.60 4.30 S¥aGT  0.80 902 0.70 6067  2.30
ECC85 0.80 PFL200 1.10 523 1.50 906 2.90 6080 5.30
ECC86  1.70 2.80 524G 0.78 10C2 086 6146 4.95
ECCBB  0.80 PL36 1.2 5Z4GT  1.05 10F18  0.70. 61468  5.20
ECC189 0.95 PL81 0.85 6/30L2 080; 10P13  1.50- 6360  2.85
ECCB04 0.90 PL82 0.70 6A87  0.70! 11E2  19.50, 6550  6.60
ECFBO 0.85 PL83  0.60 6AC7  1.1B! 1246 0.70 6870 14,00
ECFB2  0.65 PL84 ~ 0.95 6AG5  0.60 12AT6  0.70 8552  8.20°
ECFB01 1.05 PL504  1.45 6AHE  1.15- 12417 0.68 6973 330
ECH34 235 pL50O8 1.96.  6AKS  0.65 12AU7  0.60 7199 2.85
ECH35 1.70° PL509  2.90 6AK8  0.60 12AV6  0.95° CRY
ECH42 1.20 PL519  3.20 6ALS  0.60 124X7  0.65 1CP1 18.50
ECH81 0.70 PLBO2  3.20 6ALSW  0.85 128A6  0.90 38P1 11.00!
ECHB4 0.80 P33  0.70 6AM5  4.20, 12866  1.28 5FP7 ' 18.00
ECLBO  0.70 PY8O  0.70  6AME  1.50° 128147 110 2EP1 32
ECL82 0.75 PY81,8000.80°  6ANBA 2.50° 12¢8 0.6 88 13.00
ECLB3 1.40° PY82 0.65 6AQ4  3.40; 12E1  18.98 88L 14.00
ECL8S 0.80 PY83 0.80 6AQS 1.00 12J5G] 056 CV1526 16.00 :
ECL86 0.80 PYS3  0.85 6AQ5W  1.80 12K7GT 070 DG7.5 2240 -
EF37A  2.15  PY500 1.70 6ASE 1.15 12K8GT 0.80 DG7-32 34.80
EF39 1.80 PYS09 6.45 6ATE  0.80 1207GT 0.60 DG7-36 36.00
EF80 0.65 PYs0l 0.80 6AUS  0.80 125C7  0.65 DPMS-11 38.40
EFB3 1.75  QQv03/10 6AV6  0.85 125H7  0.66 D13-33GM
EFBS  0.60 285 6AX4GT  1.30 128)7  0.70 41.80
EFB6 0.75 QQV03-20A 6AXSGT 1.30 12507 1.45 -
EF89 1.05 ; 14 68A6 055 12SQ7GT 0.85 *spec. Q
EF91 . 1.50 QQV03-25A 68E6  0.60 12v4 . 0.70
EF92 2.90 21.20 68G6G  1.60 1303 0.70 ]
EF95 0.65 QQV06/40A 6BJ6 1.30 1305 0.90
EF96 0.60 16.10 68Q7A  0.85 1306 0.80 | seECAL
€F183  0.80 _QV03-12 4.20 68R7  4.80 1257 118 VALVES
EF184 0.80 ~5C1/400 4.50 6BW6  6.20 19405 0.85 4% 1504
EFB04 4.95 SC1/600 4.50 6BW7  0.90. 1863 11.50 150
EF812 0.75 SP61 1.80 - 6C4 0.50 19G6 8.50 X
EFL200 1.85 TT21  16.50 6C6 0.55 19H5  39.55 40X 2508
EH90  0.85 U25 1.15 6CHE  8.20 2001 0.80 4CX 10004
EL32 110 U226 1.15 6CL6 1.70 20,2 0.85 4CX 5000A
EL34 1.80 U27 1.15 6CX8  3.80 501 1.30 BN 25L
2.800 U191  0.85 6CYS © 115 20P1  0.65 BW 153
EL37 440 U281 070 606 0.70 5P3 075
EL81 0.95 U301  0.85 6EA8  3.20 20p4 125 YLi4D
EL82 0.70 US00 11.50°  6F6 1.60 50P5 138 YL
EL84 0.80 US01  0.80 6F6G8  1.10 2516GT 0.98 YL 14D
EL86 0.95 UBCA1 120 6F7 2.80 55246 0.78 SXUB
EL90 1.00 UABCS8O 0.76 6F8G  0.85 30015 050 © 1587
EL91 420 UAF42 120 6F12  1.50 30C17 050 C 2118
€L95 0.80 UBFBO 0.70 6F14 1.15 30C18  2.45 4€X 15008
EL504 1.70 U8SFB9 _0.70 6F15  1.30 30F5 1.18 81109
EL509 2.70 usL21 1.76 6F17 115 30FL2 140 BRITS
EL802 1.0 UCCB4 0.85 6F23 . 075 . 30r70 125 oY 8131
EL821  8.20 UCCB5 0.70 6F24 175 J0FL14  2.16 o2
€L822 9.95 UCF80 1.30 6F33  10.50 30L15  1.10_ TS0
EM31  1.60 UCH42 1.85 6FHB . 3.60 30L17  1.10 8K4RS/58524
EMB0' 0.85 UCH81 0.78 6GAB 0.90 30P12  1.18 ML 5948/1754
EMB1  0.85 UCL82 0.85 6GHBA  0.95 30PL13 1,28 . BAPITA
EM84  0.85 - UF41 ;.:;s;. i S _
m87 1.30  UF80 .95 | 3 GLi TuBEs
b1 o8k Ures 095 |mesistons ~|GEIGER MULLER TUBES
Ev81  0.65 ULA1 230 |yana |GM45.90 .
. 0.95 -
Evoa * 0.45 UMSD  0.80 if1.5watt  0.10 MR LA b
EZBO  0.70 UMs4 070! 3 watt 0.21| FIELD TELEPHONES TYPE "“J".
Gko1 130 Uves  oas. g'ia""’f" gi: Tropical, in metal cases.
G232 1.05 VR105/30 9 watt 0.49] 10-LINE MAGNETO SWITCH-
e e || T 1.15| BOARD. Can work with every type
Gz37  4.60 135 | 120 watt  1.80| of magneto telephones.
TELEPHONES EEB. American
; : = = - - manufacture, in leather or canvas
VALVES AND TRANSISTORS housing,.

Telephone enquiries for valves, transistors, efc.: retai'
7493934, wade and export 743 0899,

RS CX

NON INDUCT.
50ohm 10W-0.88; 6. &ohm 6W 1.18
TELUROMETER MRA3 DISTANCE MEASURERS
LOW RESISTANCE HEADPHONES TYPE CLB £1.50,

40p postage. VAT 15%.

HIGH VACUUM VARIABLE CAPACITORS — cer-
amic_envelopes — UC 1000A/20/150=VMMHC
1000 60-1000uF, 20kv-150A RF max=27MHz.
TEST SET FT2 for testing Transceivers A40, A41, A42
and CPRC26.

UMIVERSAL WIRELESS TRAINING SET No 1 Mk
2 YA 83186 to train 32 operators simultaneously on key
and phone. Complete installation consists of 3 kits
§ packed in 3 special transit cases.

HARNESS “A" & "B"" CONTROL UNITS A" "R"
“d17 "J2,” Microphonss No 5, 8, 7 connectors,
frames, carrier sets etc.

DRUM CABLE continuous connaction YC 00433,

. JSN7401N 0.32:SN74L73N  0.38 SN76033N" 1.95
»ESN5402N 0.28'SN7474N  0.30 MCE800P  8.20

" SN5470F 0.48 SN74L85N 1,10 MC14511BAL2.95

INTEGRATED CIRCUITS

SN5410F 0.32'SN7485N  0.95 MC63BOOP  9.80

SNS54196J 1.20 SN7491AN 0.32 81702AL 4.30
SN7407N 0.29 SN74123N 0.42 MM6300-1J 3.80
SN7408N 9.18 DM74123N 0.38 MCM6810AP. 3.40

SN7445P 0.85 SN15836N 0.28 6330-1J 3.60
© SN74453P1.10 SN760013N1.80 MIC945-5D 0.28

SN7453N 0.18 SN76003N_ 1.60 MIC936-50 0.22)
36’ AERIAL MASTS consisting of 6 sections 6' 8" X
2%" dia. Complete with all accessories to erect and_
instal, v
Mullard €11. High power instailation,
1000W. Technical details and prices available
on request. For export only.

SPARES FOR ARB8-D. Ask for list.

POSTAGE: £1-£3 30p; £3-£5 40p;
£5-£10 45p; £10-£15 60p; over £15
free. !

COLOMOR

(ELECTRONICS LTD.)

170 Goldhawk Rd.. London W.12

Tel. 01-743 0899
Open Monday 1o Friday
9a.m.-5.30 p.m.

Get'a greardeal from

The new Marshall’s 80/81 catalogue is now
available. A veritable treasure house of
components, test gear, tools, etc.

Lots of old friends, but also many new
products including Leader test gear, Crimson
Hi Fi Modules, Rechargeable NI Cad batteries
and chargers (very competitive). More
components including SN74ALS series, new
tools etc.

We are franchised distributors Do el 2
for Arrow Hart switches; G prearteat oy
Mullard; National; Siemens:; MOrShQ"’S
Sinclair {Thandor); Texas; e
Thomson; CSF etc. 3
Send for our latest catalogue.
Free to industrial customers:
75p post paid to private
individuals.

A. Marshall (London) Ltd.,
Kingsgate House,
Kingsgate Place,

London NW6. 4TA.
Industrial Sales: 01-328 1009

Mail Order: 01-624 8582 24 hr service
Retail branches: London: Glasgow: Bristol

o

RuBRER Duck ChLLing
LoGi BARD —"Say MAC
WHERE Do I GET R.F
TRANSISTORS T 80057"'7
v Pu7, © RePUR
My BoooiES BEAST

GaiLan OF Couese !l

THEYVE ALwavs Gor
WHAT T wanT, MotoRoLA
M.R.F AND TAPANESE
RePLACEMENT THPES .

BURDETT ROAD, WISBECH
CAMBS. PE13 2PS

89

TEL. 0945 63281 TELEX 32630

WW — 034 FOR FURTHER DETAILS

arshalls

or quality of construction, un-
failing efficiency and sheer good
'S value this
200MHz, 7 digit
. D.F.M,
-is unequalled for direct readings
. - iup the mobile radio VHF Band.
BRLSS Wil operate on mains or 12v
supply, making it ideal for use
with mobile equipment. -
- Manufactured and guaranteed by
Model DFM5 £119.55 Catronics Lid. 5
+ £5 carr + 15% VAT Wite for illustrated leaflet
HIGH STABILITY OVENED VERSION with better than 1 in 10’ reference

oscillator DFM 5/8 also available at £154.35
Qur populsr 500 MHz Counter still available atonly £142.60

In addition to our famous Z50MHz and 500MHz
. counters we have also produced a
200MHz COUNTER KIT
SPECIALLY FOR HOME CONSTRUCTORS )
Our new KF200 counter, although small is a no-compromise design.
It offers: .
* A full 8-digit LED display
* A frequency range of 10Hz to 200MH2z -
.% An accuracy of 10Hz at 30MHz, 50Hz at 150MHz in normal
home environments X
* 5/6-volt operation from batteries or mains PSU (not supplied)
* Power consumption of only 1W maximum
* Small size 4" x 2" x 1" * Uses only 4i.c.s.
* Assembled in about 2 hours * Fullillustrated instructions
The KF200 is supplied as 1 PCB assembly, which may be split, if
required, to give a separate display unit. (Suitable for direct driving an
-8 digit common cathode display.) The unit is available in kit or
bled d module form. Prices (INCLUDING V.A.T.):

Counter Kit £72 Module £85
‘ (Add 75p for Post and Packing)

Barclaycards & Access Welcome. Please quote card no..
) - CATRONICS LTD. (Dept. 122)

3
r 2 C . Communications House,
a 0 n I 20 WALLINGTON SQUARE,
+ WALLINGTON, SURREY.

i Tel. 01-669 6700

‘WW — 020 FOR FURTHER DETAILS

wWwWw americanrbdiohistory com

IEEE A-D for PET
PCI 1000

* =+12 Bit Resolution _
* 16 Channel Multiplexed Input by
Secondary Address
* 2 versions: — =10V Single ended
or ‘
Set to Order as low as +10mV
Differential »
* 2 Pet type Bus Edge Connectors
% Individual “Talk’” LEDs for Each
~ Channel

‘Write or Phone - :

for a Data Sheet CIL

electronics ftd =

CIL Electronics Ltd
Decoy Road, Worthing,
- Sussex, BN14 8ND
Tel: Worthing (0903) 204646
Telex: 87515 WISCO G ATT CIL

RELAY UNIT FOR PET
| PCI 2000

*Uses IEEE Bus

%8 Channel Normally Open
Relay '

% Channel Number, Open/Ciose
by Secondary Address:

*LEDs for Each Relay

% Internal Power Supply 28V at
250mA to drive Large Relays

%2 Pet type Bus Edge

Connectors
Write or Rhone for a Data Sheet
Z nim CIL Electronics Ltd
— vomoe Decoy Road. Worthing.
' - Sussex. BN14 8ND
electronics Itd  ~ =3 Tel: Worthing (0903) 204646

Telex: 87515 WISCO G ATT CIL

Ny R e

WW — 054 FOR FURTHER DETAILS



QUARTZ FIBRE
DOSIMETER .

B RADIATION CANNOT BE HEARD, SEEN OR SMELT.

M THIS DOSIMETER WILL AUTOMATICALLY DETECT .
THE AMOUNT OF RADIATION IN THE AIR.

@ UNIT IS SIZE OF FOUNTAIN PEN AND WILL CLIP IN
TOP POCKET.

8 PRECISION INSTRUMENT, METAL CASED, WEIGHT
40 GRAMS.

W CONTAINS 3 LENSES. B RUGGED CONSTRUCTION.

T -

B MANUFACTURERS CURRENT PRICE OF A SIMILAR ; ;
MODEL OVER £25 EACH. 4 ]’ i 1

. I
British design and manu- | Standard mode! L] A

facture. Tested, calibrated
and guaranteed. Ex-stock
delivery by return.
Be prepared.
buy whilst available.

Post & Packing 60p

Industrial model O-150R
£10.96 incl. Post Paid

404 EDGWARE ROAD, LONDON W2 1ED

Tel: 01-723 5095 Telex: 262284 Ref 1400

Cut costs and speed
trouble shootin

HENHTERE ﬂullmﬂ[lﬂﬂﬂlﬂll[lmmmﬂllﬂlmli .
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-“TELEPRINTER TYPE 7B: Pageprinter 24v d.c. power suj ply. Speed 50 bauds per min.’
S/hand good cond. (nio parts broken, £28.7%. OR GPO M DEL, as above except motor

110/230V d.c. £34.50. Carriage either type £9.50. Send SAE for list of Teleprinter
spares available.

EK)IDEN FLEXOWRITER with Perforator. 230V a.c. Excellent cond. £86.25 ea. Carr, |
BADAR ECHO BOX TS.488A X-band. £65. Carr. £5. . f

TS.147 RADAR TEST SET Combination Sig. generatqr and frequency meter and
power meter. Provides C.W. & F.M. signals. 115V a.c. £225. Carr. £7. R
HEWLET]' PACKARD Signal Generator HPGOSE, Freq. 10-400MHz CW. & A M.
Qutput Lmicrovolt to 8V, 50 .. Mod. 400-1000Hz, 230V a.c. €225, Carr. £10. ~
AUTO TRANSFORMER: 230/115v 50 c/s 1000 Watts. Mounted in strong sieel case 5 =
X 6%” X 7”. Bitumen impregnated. £17.25 + carriage. .

TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24y waveguide switch, ”
9 X 4cm ins. with crystal CV,2355 and spark gap VX.1046. £17.25 + £1 post.
INSULATION TEST SET 0 to 10KV, negative earth, with lonisation Amplifier,
100/230 Volts AC. £48.87 + carr. ~
BC-221 FREQUENCY METER: 125-20,000kc/s complete with original calibration ,:
charts £24,15 + carr. i :
ROTARY INVERTER TYPE PE-218E: Input 24-28v. DC 80 amps, 4,800rpm. Output

-110v AC 13 amp 400c/s, IPH. P.F.9, £23 + carr. g
RESONATOR PERFORMANCE CTC 424 85 to 9.0 kmc/s 3 cim £80.50 + post £2.
INVERTER 24v. DC input 400 cycles 1pH 6600 r.p.m. 200v. peak. £8.05 + £2 post.
OXYGEN BOTTLE 1800lb. w.p. £11.50 + carr.

NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal poise

15.5dB 200/250v. AC £80.50.

HS33 HEADSET. Low imp. £5.35 + 75p post. .

MUIRHEAD DECADE OSCILLATOR TYPE 890D: £92 + carr. £5.

SIEMENS POWER METER REL3U/84/Alb: 0-12kmHz Imw 500mw 6,ranges. 0.17dB

CV 159 CATHODE RAY TUBE: ¢ §
0 BE: (09D, 09G), 4" screen, green el ic b b

HT1200 volts, heater 4 volts cu.ssl. - g i =

RADAR RECEIVING ANTENNA TYPE X443 Mk.D: Suitable for detecting signals on E

=

X, K, J and Q bands. 9g Hz-60g Hz. Complete with waveguide horns, associated
crystals. Transistorised amplifier and geared motor, etc. £143.75.

_VAF:U!JM & PRESSURE DEAL TEST EQUIPMENT: complete with 2 X 4" gauges
indicating 0.201bs p.s.i. 0-30lbs vacuum. With stand, hand pump, etc. £34.50 + carr.

‘ BARGAIN MAPS K s

Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. =

) including; :

‘ONC-E1 — UK. in full and part N.W. Europe. Scale 1:1,000,000. ;

JINC-9N — N. Europe, U K., Scandinavia. Scale 1:2,000,000. -
JIN-2IN — Europe (Mediterranean). Scale 1:2,000,000. :

SIZE 58” x 42”. colour. Many others. Please send S A.E. for list. =

Price each 75p (inc. P&P) -

25 X Maps (either same type OR assorted), £10 + £1.60 P&P. -]

10 X Maps (either same type OR assorted), £6.50 (in. P&P). E

-

-

-

=

-

=

ANl prices include VAT at 15%
Carriage quotes given are for 50-mile radius of Herts.

The Maltings, Station Road

W. MILLS SAWBRIDGEWORTH, Herts,
'y Tel: Bishop’s Stortford (0279) 725872 }
LEL1 llﬂll;_!lyuumuummmummu s

LOW VOLTAGE
POWER DRILLS
AND ACCESSORIES

lilustration shows Titan Drill and Stand
(Price £27 inc. VAT and Postage) which
is One of the combinations which can be
purchased from our comprehensive range
of Drills and Accessories.

Prices from £8.34 (Reliant Drill only) inc.
VAT and Postage.

Send 25p for Catalogue.

A. D. BAYLISS & SON LTD.
PFERA WORKS, REDMARLEY
GLOUCESTER GL19 3JU
Barclaycard, Access Welcome
Tel. Bromesberrow (053 181) 364 oi 273

WW—036 FOR FURTHER DETAILS

with the

Huntron Tracker

This easy to use test instrument displays shorts, opens, and leakage in solid state
components. Check diodes, unijunctions, bipolars, Darlingtons, J-FET’s,
MOS FET’s, LED’s, electrolytics and IC’s . . . IN CIRCUIT!

Test pure digital or analogue hybrid boards . . . WITHOUT CIRCUIT POWER!
Current limited to protect delicate devices in the MOS-CMOS family.
Save20...30...40...even 50% of trouble shooting time and recover your
investment fast! Exclusive 12 months warranty, available from—

MTL Microtestin§ Limited ‘
1-15 Butts Road, Alton, Hampshire
Telephone: Alton (0420) 88022.

ELECTRONIC VALVES
WANTED

All Types Receiving, Transmitting, Industrial

PL504 — PL802 — PCL805 — CV131 — CV136 —
CV138 — CV329 — CV345 — CV450 — 805 —
807 — 813 — 2K25, Etc.

Phone /write to:

PYPE HAYES RADIO LTD.
606 Kingsbury Road
Birmingham B24 9PJ

021-373 4942

-~ WW—059 FOR FURTHER DETAILS

WW—026 FOR FURTHER DETAILS

www amaricanradiohistorvy com

91

WIRELESS WORLD FEBRUARY 1981

DE LUXE EASY TO BUILD LINSLEY HOOD
‘75W STEREO AMPLIFIER £85.00 + VAT

i ild version of our world-wide acclaimed 75W amplifier kit based upon
Ii?::suiia!;‘),atr%sbiur:terconnected with gold plated contacts resulting in munlrv}al‘w1r|ng ang
construction delightfully straightforward. The design was published in Hi-Fi Neylvs an
Record Review and features include rumble filter, variable scratch filter, versatile tone
controls and tape monitoring while distortion is less than 0.01%.

T20 +20 20W STEREO AMPLIFIER £33.10 + VAT

is ki i i i i i ingle printed circuit
t, d upon a design published in PracncaI_W-reless, uses a sing inte
Zzlasrglan?z:fe:spat very Iogv c%st, ease of construction a(ljr%gl:’tg%;qrmfl;aacﬂ:;;sbi:ufrg
i mpiifiers. A 30 watt version of this kit is also avi
zwﬂTV;TF MATCHING TUNERS — See our FREE CATALOGUE!

[ . q > I T
" 1 Above 2 kits are supplied with fully finished metalwork, ready assembled high quality teak veneer cabinet, cable, nuts, bolts, etc. and full instructions 'm 'fact everything

ARERTRAN
® 0 0 0 2

BT EENH
CENBL i

All kits also available as separate packs {e.g. PCB, component sets, hardware sets,
etc.}). Prices in our FREE CATALOGUE.

MANY MORE KITS ON NEXT PAGE!

MUSIC EFFECTS DEVICE — AS
IN ELECTRONICS TODAY INTERNATIONAL!

i i i i ice for processing both natural and
.The BLACK HOLE designed by Tim Orr, is a powerful new musical effects device :
:Ie::t?onic inslruments? offering genuine VIBRATO (pitch rr_\odullangn) ppd a"(t:)!:c(l)(ﬁvtji'sh r‘v;](;d:ﬁ;:;clh ﬁé\:g;e:
i " feel to the sound achieved by delaying the input signal and mixing i ) s c
(:gaLcEeSy) ine:oduced in the frequency response, move up and down as the time delay is modulated g\{]lhg chorus
sweep géneralor. An optional double chorus mode allows exciting antiphase effects to be added. ’ eh evl;:]g ﬁ
fioor standing with foot switch controls, LED effect selection indicators. has variable sensitivity, has hig

i i i i i i i — no batteries to change! Like all our . ! = » "
tio obtained by an audio compander and is mains powered — no bat
Istligsn:\‘lgr‘x:?n'gai;oprovided including a highly superior, rugded steel, beautifully finished enclosure. !
A L . y
COMPLETE KIT ONLY £49 -80 +VAT (single delay line system) ' y
De Luxe version (dual delay line system) also available for £69.80+VAT

Cabinet size 10.0*" x 8.5'' x 2.5*' (rear) 1.8". (front)

Value Added Tax not.included in prices

1 E STABILITY: Order with confidence! Irrespective of any price

';Ealr?gesswe will honour all prices in this advertisement until March 31st,
1981, if this month’s advertisement is mentioned with your order. Errors
and VAT rate change excluded.

EXPORT ORDERS: No VAT. Postage charged at actual cost plus £1

handling and documentation. - !
U.K. OgDERS: Subject to 15% surcharge for VAT NO charge is made for
iage. Or current rate if changed. p »
?Erzal(i;;ICOR DELIVERY: For this optional service (U.K. mainland only}
dd £2.50 (VAT inclusive) per kit. ’
aSNLES CO%NTER: 1f you prefer to collect your computer from the factory.
Call at Sales Counter. Open 9 a.m.-12 noon 1-4.30 p.m. Monday;

* Thursday.

our caTALoGUE Is FREE! wriTe or pHoneE NOW!

POWERTRAN ELECTRONICS

PORTWAY INDUSTRIAL ESTATE ANDOVER
ANDOVER HANTS SP10 3NN (0264) 64455,

~

MPA 200 100 WATT (rms into 8Q) MIXER/AMPLIFIER

shed — general purpose high power amplu'idr. It features an aQaptab_le input
Is and a ?naster volume control. Mechanically the MPA 200 is simphicity itself

Featured as a constructional article in ETI, the MPA 200 is an exceptionally low priced — b:t pr?‘fe:stgz:::::::?;
muxer which accepts a wide range of sources such as a microphone, guitar, etc. There are wide rang

ith minimal wiring needed making construction very straighlforward_. )
1y'vhe kit includes ful?y finished metalwork, fibreglass PCBs, controls, wire, etc. — complete down to the last nut and bolt.

COMPLETE KIT
-ONLY i

S L B N UV E | 49.90 +vaT!

L, Mgl le e 8 S 8 e £43 |
S e AR L : MATCHES THE

@ POWEHTIAN » LR @ CHROMATHEQUE 5000

Panel size 19.0" X 3.5, Depth 7.3" PERFECTLY!

CHROMATHEQUE 5000 - CHANNEL LIGHTING EFFECTS SYSTEM

i icle i Is with individual {evel controls on each channel. Control of the *
i i ructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channel i
Tﬁﬁtvgrsa;:‘e ?:ls:r:‘s‘ifleea::r:a‘iat:\: ﬁaoar:.t You can run the unit as a straightforward sound-to-light or have it strobe all the lights at a speed depenc!ept upon |m;;su: I:\éel ?rrf‘ro?rli:a?:::;:‘?:’:::
c:?usseltshce int‘;rnal digital circuitry which produces some superb random and sequencing effects. Each channel handles up to 500W and as the kit is a single board design wiring is m

and construction very straightforward.

® L W e e ¥y, ol

4 v ~

Kitincludes fully finished metalwork, fibreglass PCB controls, wire, etc. — Complete right down to the fast nut and bolt!

Chromathoque 5000 4

sy wa s asse>

COMPLETE KIT TR ] T kL
ONLY A T
£49.50 + vaT!

PaROAS.

* PHRIRIRAN

Panel size 19.0" X 3.5, Depth 7.3"’
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Think of KGM as
monitor
ctionline...

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

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

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

KGM Electronics Limited

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

ELECTRONICS

i

pr

See
how big
. names pass
their video
dispia
headaches
tous!

AUL13 148 { BCI73B.  0.10 | BC550 0
BC107 010 | BCI74a 009  BC557 07| BRiG . e e iNodos o
BC1O7B . 0.10 | BC182 0.09 | BC558 007 | BF167 024 | BF457 IN5406 &::
BC108 010 | BCI2LBE 010 | BDII5 0.30 | BF173 0.22 | BF458 IN5408 016
VES EY86/87 0.56 | PCCS5
7 ‘NEV\‘I BRANDED VALVES . o el 763 2]
A1988 18.00 | EBFS0 055 | EF9i 12z EZ81 0.56 | PCCBY
A2087 1150 | EBF89 070 | EF93 .85 | EZ%0 0.9 | PCC139 S b
A2134 800 | ECC81 0.55 | EFo4 05 | SEIO 11.50 | PCF80 s is
A2283 720 | ECC82 0.55 | EF%5 o7g| Gl80-2M  7.00 | PCFR2 e 3.0
A2521 9.00 | ECC83 050 | EF183 056 | GRIE 658 | PCFB6 5060 13
BT5B 30.00 | ECCat o0 | EF184 0.56 | GTIC 1100 | PCF200 1
D3a 19.00 [ ECCs5 0.60 | EH9O 065 | SUSD 175 | PCF201 ol =1
M160 210 | ECC88 065 | EK90 065 [ SXUL 890 | PCF301 6080 @
DYse/s7  833| ECCol 0.65 | EL33 250 | GXUS0 1250 | PCFB02 6146A 445
DY802 080 | ECC189 078 | EL34 154 GY501 125 Fl SL4CE) i
ES0CC 475 | ECC804 046 | EL36 Yoo | G232 076 | PCFs06 6870 1150
ESOF 625 | ECCao7 130 | EL37 doo | §238 185 | PCF88 P02 159
EBICC 30 | ECFa0 065 | EL38 450 | GZH 2.00 | PCH200 . ; 2360 (=
E82CC 225 | gCFr2 0.60 | EL41 150 g&(u oy 138 | Pcle 0.68 | Qvos-25 125 | 1487 1.00 a—— 1 )
L1 A R A WIREWOUND RESISTORS
800 | £Chss 0.9¢ | EL86 055 &%88 580 | pCL8S 07 |Qv4400 e85 | 2D2IW 250 4WATT  4R75R6 6R8 10R 22R 33R 47R 68R 100R 150R 220R
E88C 3.00 f ECLS0 0.68 | EL9O Q) | st ) . T PCL86 075 [QY5-500  43.85 | 3AW2 335 330R 470R 1K 1K5 1K8" .
ES8CC 260 | ECLaz 058 | EL95 a5z | KTB(UK) L 5 080 |RGL-125 350 | 3A/1475 7.50 2K2 2K7 3K3 3K9 AT
mm amlEE DR|ah mivie R IS oos )0 o R
EI80F 565 | Eores el 828 | Murs 140 | P30 o8 [STvis0/do 805 | B isp 5 - : 222
EIRCC 450 | ECLs6 o (e ke 7] 8 | PLBIA 074 |STv260/80 2300 | 5B/255M  15.00 (VA TR A7 e 012
ESI0F 835 | EF37A 300 |E o6.| 0A2 078 | pLse 085 [Tv2125A 3000 | sRacy 12 gle:?o 282 3R3 4R7 6RS IR 15R 22R 1R 47R S6R
EABCI 036 [ £ 200 [EMmsos 338 | OB2. o2 | pLs0 W8 | mmn o || ot T 6o R 330R 560R 1K 1K5 1K8 2K2 2K7 3K3 -
EF50 150 | EN32 2.50 PL504 LI} |TY4.350  90.00 | 5U4G 0.90 5K6 6K8 8K2 10K 12K 0.15
EBYI 052.| EFap 048 | ENOL 180 | PC38 0se | PL508 148 |TY4-500A 4150 | 524G 0.9 5
EBCAL 0385 | EFas 048 |ENgz © 255 |PC®2 035 { PL509 230 |uis 1185 | 6AF4A 120 LoHSZ2K, o8
EBCS1 Eree g |15 3 | vee 085 | PLsIS 280 |uzs 088 | Gaws e IIWATT IR IRS 2R2 3R3 4R7 5R6 6R8 10R 1SR 22R 33R 47R
EBCS9 835 | EFso 0.85 |EY84 800 | PCCB4 048 | PLB02 250 [UABCE®)  0.65 | 6BWS e ceRiioce 150R 220R 470R 680R 1K 2K2 3K3 4K7 0.17
- p - 10K
2 Many other types available. 15K A oo
P&P 50p ON ALL ORDERS Pl h d list § . 0.21
PLEASE ADD VAT @ 15% ease phone or send list for quotation 17WATT IR IRS 2R2 3R3 4R7 6R8 I10R 15R 22R 33R 47R 68R
: Export & Trade Enquiries Welcome 100R 150R 220R 470R 680R 1K 3K3 4K7 6K8 10K 0.24
i < = 15K 22K 0.25
WW-—024 FOR FURTHER DETAILS ; B
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TRANSGENDE NT 2000 smsﬁz BOARD SYNTHESIZER

Designed by consultant Tim Orr (formerly synthesizer designer for EMS Ltd.) and featured
as a constructional article in ET!, this live performance synthesizer isa 3 octave instrument
transposable 2 octaves up or down giving sweep control. a noise generator and an ADSR
-envelope shaper. There is also a slow oscillator, a new pitch detector, ADSR repeat,
sample and hold, and special circuitry with precision components to ensure tuning
stability amongst its many features.
The kit includes fully finished metalwork, fully assembled solid teak cabinet, filter sweep
pedal, professional quality components (all resistors either 2% metal oxide or 2% metal
film), and it reatly is complete — right down to the last nut and bolt and last piece of wire!
There is even a 13A plug in the kit — you need buy absolutely no more parts before
plugging in and making great music! Virtually ail the companents are on the one
professional quality fibregiass PCB printed with component locations~ All the controls
mount directly on the main board, all connections to the board are made with connector
plugs and construction is so simple it can be built in a few evenings by almost anyoné
capable of neat soldering! When finished you will possess a synthesizer comparable in
performance and quality with ready-built units seiling for many times the price. .
Comprehensive handbook supplied with all complete kits! This: fully describes
construction and tells you how to set up your synthesizer with nothing more elaborate.
than a multi-meter and a pair of ears! i

' COMPLETE KITONLY
£168.50 + VAT!

"NEW! TRANSCENDENT POLYSYNTH

EXPANDABLE POLYPHONIC SYNTHESIZER
AS FEATURED IN ELECTRONICS TODAY
INTERNATIONAL

By brilliant design work and the use of high ! the P brings to the
reach of the home (] ine whose z and range of sounds is matched only
by ready-built equi costing th ds of pounds. Designed by Tzar expert Tim Orr
and being published in ics Today i this latest addition to the famous
Transcendent family is a 4-octave {transposable over 7 Vs-octaves) polyphonic synthesizer with
internally up to 4 voices making it possible to play simultanecusly up to 4 notes,.whereas
conventional synthesizers handle only one at a time. - .

The basic instrument is supplied with 1 voice and up t 3 more may be plugged in. Afurther 4
voices may be edded by ing 10 8n unit, the twork and k of which
is designed for side-by-side matching with the main instrument. Each voice is a'complete
synthesizer in itseif, with 2 VCOS, 2 ADSRS, a VCA and a VCF {requiring only conttol voltages
and a power supply, the voice baards are also very suitable for modular-systems). One of these
voices is L Ik d to a key as itis d. There are tuning controls for
sach VCO of each voice. All ather cantrols are common to all the voices for ease of controf and to
ensure consistency between the voices. .

COMPLETE KIT ONLY £320
+ VAT (Single Voice) : :
Extrs voices, £62 + VAT or £48 + VAT if ordered with kit.

EXPANDER, CO%IT’LETE KIT £295
. + Y

Although using very the kit is h ly very simple with minimal
wiring, most of which is with ribbon cable connectars. All controls are PCB mounted and the
voice boards fit with PCB mounted plugs and sockets. The kit ingludes fully finished metaiwork,
solid teak cabinets, ional quality i 2% metal okide or metal film of
0.5% and 0.1%), nuts, balts, etc. E

>_‘-.,~_ - - A _-0-&--.—_

Cabinet size 24.6" X 15.7'' x 4.8" (rear) 3.4"' (front)

RANSGENGENT POLYSYNTH

‘Cabinet size 31.1"" x 19.6" x 7.6" (vear) 3.4"' (front)

Another superb design by
synthesizer expert Tim Orr
published in .
Electronics Today International

MULTI-VOICE SYNTHESIZER

COMPLETE KIT
ONLY

£299 + VAT! .
(rear) 3.3' (front) ~

The Transcendent DPX is a really versatile 5 octave keyboard instrument. These are two audio outputs which can be used simultaneously. On the first there is a beautiful harpsichord or reed
sound—fully polyphonic, i.e. you can play chords with as many notes as you like. On the second output there is a wide range of different voices, still fully potyphonic. it can be a
straightforward piano as a honky tonk piano or even a mixture of the two! Alternatively you can play strings over the whole range of the keyboard or brass over the whale range of the
keyboard or should you prefer — strings on the top of the keyboard and brass as the lower end (the keyboard is electronically spiit atter the first two octaves) or vice-versa or even a
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make the keyboard touch sensitive! The harder you-press down a key the louder it
sounds — just like an acoustic piano. The digitally controlied multiplexed system makes pragtical touch sensitivity with the complex dynamics law necessary for a high degree of realism.
There is a master volume and tone control, a separate control for the brass sounds and alse a vibrato circuit with variable depth control togetherwith a variable delay controi so that the
vibrator comes in only after waiting a short time after the note is struck for even more realistic string sounds. .

To add interest to the sounds and make them more natural there is a chorus /ensemble unit which is a complex phasing system using CCD (charge coupled device) analogue delay lines. The
overall effect of this 1s similar to that of several acoustic instruments playing the same piece of music. The ensemble circuitry can be switched in with either strong or mild effects.

As the system is based on digital circuitry digital data can be easily taken to and from a computer {for storing and playing back accompaniments with or without pitch or key change, computer
composing, etc . etc.)

Although the DPX is an advanced design usirig a very large amount of circuitry, much of it very sophisticated, the kit is mechanicaily extremely simple with excellent access to alf the circuit
boards which interconnect with muitiway connectors, just four of which are removed to separate the keyboard circuitry and the panet circuitry from the main circuitry in the cabinet.

The kit includes fully finished metalwork, solid teak cabinet, professional quality components (all resistors 2% metal oxide), nuts, bolts, etc.. even a 13A plug!

POWERTRAN

‘MANY MORE KITS AND ORDERING INFORMATION ON PAGE 91’

All projects on this page can be purchased as separate packs, e.g. PCBs. components sets, hardware sets, etc. See our free
catalogue for full details and prices. ¢ 4

www amearicanradiohietory com
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GERM. DIODES

8A81—9 1-1N34/60
— Value all the way!

. O/No. SJ127. £1.00 per

200 Mixed Diodes — mainly SILIC

marked and uncoded — you to sort
Outstanding Value!

O/No. SJ128. £1.00 per Pak.

200 Mixed Diodes - mainly Germ
GCB1/62 etc. Case
0-7. Coded and. uncoded — You to test

DO-7 0A200/202 General purpose 200mA

Cpeepes ey

WIRELESS WORLD FEBRUARY 1981

| g NPN
© BD131 T0O-126-NPN untested.

50 nPN BC107/108 su124 £1 Tl §436 14 8pin  SM1 & 22pin
Manufacturars out of spec on volts or gain SCR's g‘ﬂ R iy S 2R e
- x 5= S 08 388 Ll 1 43 4 2,
or neither - Metal TOT6 case - You test. '| TOG6 SCRs 5 Amp — ALL good — iriesied | S35 ' oon 248 3§ i3
Pak. for volt — good yield 400. §J40 - 7 20pin .
50 PNP BC177/178 501244 £1 | = O/Ro 2730, 10 7o £1.06 . ALL AT ONLY £1.00 each
~ DIODES AERI
goo g\MMB Type — uncoded Silicon Diodes VOLTAGE HEGULATOHS
ON case ase DO-35 - you to tost. FM Indoar Tape/Ribbon Aeriat Cast T0220
O/No. SJ129. £1.00 per Pak O/No. 107. 40p each Poasitive Negative

& test — Silicon Fast Switch
NPN —like 2N706/2N2369
You salect by test! -

O/No. $J125. 50 for £1.00

AUDID AMPLIFIER

5 watt Audio Amplifier Module
Special Clearance Offar
O/No. AL20. £2,50

ADPHO

NEW improved Lightweight

. COMPUTER IC*
b EPROM 2708 e £3.00 s

EPROM 2516/
2716 e £6.00
D.RAMS 4116 e £2.25

Special Introductory Offer

H
4-section fully retractable &
PRICE.

I-FI CAR AERIAL

O/No. 109. £1.40 each

- uA7905
locking SPECIAL:

uA7924

BI-PAK'S OPTO
. Valued at over

Stereo

SPECIAL OFFER LINEAR IC’s

sistors — similar to OCP71 and
like MEL11-12. This whole p:
will cost you just . . .

Normal Retail

We .offer you a pack of 25 Opto_devices to
include 'LED’s large and small in Red, Green,
Yellow and Clear. 7 segment Displays both
Common Cathode and Common Anode PLUS
bubble type displays — like ‘DL-33. Photo Tran-

BARGAIN!
£10-

NPN silicon transistors, plastic case. parfect and’
coded C108 = BC108 TO-18 plastic.

0/No. 5J29. BO off £2.50
100 off £4.00, 1,000 off £25.00

Photo Detectors —
ack of 25 devices

AUDIO ACCESSORIES

SJ75 FM coax cable — plain copper conduc-

O/No. 136. £1,50

Antex X256 Iron — 25 watt soldering irol
SUPER SALE PRICE.Great reduction,

O/No. 1931. £4.00

Sala
O/No. 1939. £1.25 each

873 I';s'r;.Stand — Suitable for above - OUR

100

n. OUR

PLUGS & SOCKETS

Outstanding Value.

O/No. 5J122. £1.00 par Pak
1mm Plugs & Sockets in Red & Black.
O/No. SJ123.5 prs £1.00

POPULAR (CMOS)
CD4001 p
€D4007 1 of each, normal price £1.80
CD4011 for 5 — O y
CD4017 or 5 — Our price £1.30 for 5
CD4081 O/No. Sy1245

Set of 4 1-metre Colour coiled leads with,phono
plug ends— ideal for audio and test use.

SILICON TRANS.

coded — mixed types with
equivalent sheat — no rejects

& equivalent sheet

rectifiers incl. stud

8J25 ;OO Silicon NPN transistors all perfact
[

8J26 100 Siiicon PNP transistors all pefect
& coded — mixed types and casesé data

2.5
§J27 50 Assorted pieces of SCR's, diodes &
i types, all perfect —
no rejects, fully coded — data incl.

Headphones including double head p : j
padded earcups ~ Imguedalr‘me B?hrg:ng ;rr:ﬂ INESSY 5 for £0.90 £4.00! . ::Ig:pzfllglr‘:rifecgv?\%e ;R::lti‘el—i ?mpleagf
quency 30-18000Hz ALL 8lack. ZI4E15:6 : ;or :g:g and we guarantea your monay back if you ance 75 ohms £0.10 per mgtrs
0/No. 885.'€£4.00 or £2. ara not complately satisfiad. §J76 1 Board containing 2x5 pin DIN
cAosna‘tr):I;a but with coiled lead and rotary votume '_;';4_?2830 W ;‘ :0' :i’;‘g Full data etc included :gg:":z 180° 02-2 P?" DIN '°u")’5993|‘5’
b pin or £1. 8 -
0/No.884. £7.00 O/No. SJ120. 8J77 A 5-pin DIN 180° chassis/normal socket
Y incl. DPDT switch _____£0.20
HEADPHONE i 1 ) . DISC CERAMIC CAP
ACCESSORIES : Semiconductors from Around the World. i
i i
7 metre Headphone Extensi n ,‘| 100 Disc Ceramic Cap. Mixed values coverin:
Legd_ xtension 1 i compiete range 3PF-4,700PF. =

A collection of Transistors, Diodes, Rectifiers, Bridges, '
IC's, SCR’s, Triacs both Logic and Linear + Opto’s all of
which are current everyday usable devices. 4

Guaranteed Value over £10 at Normal Retail Price
yours for only £4.00

Data etc in every pak. Order No. $J220

PRECISION YOM MULTIM

20,000 ohms/volts oc.
Complete with test leads &
Instructions. .

OUR SPECIAL OFFER .

data —
£2.50

O/No. 1323

£2,50 Use your Barclay or Access Card!

TTL's'

assorted fall-out

unmarked —you to identify

CAPACITORS
+ 8411 150 Caps. mixed types & values.
§J12 60 Electrolitics all sorts mixed.

SJ15 Polystyrene Caps 1, 160v . .. . ..

SJ16 40 Low voits electrolitics mixed
up t0 10v.

MINIATURE MAINS Primary 240v

No.  Secandary
2021 6v-0-6v 100mA .
2023 12v-0-12v 100mA

£0.95
2035 240v Primary 0-55v 2A Secondary
£!

8J13 40 Polysistgr/polystyrsne capacitors
mixed. ).
SJ14 50 €280 type capacitors mixed. £1.00

£0.50 SJ1 %80 Resistors mixed valuss.

£0.
fo50 | SJ2 Carbon  resistors 44 watt 16173 15 Assorted Pots
preformed. .60 §J54 20 Assorted Slider Pots £1.00
§J3 100 § watt miniature resistors mixed $J56 10 100K Lin Sfider Pots 40mm £0.50
values. £0.5 16186 25 Pre-sets Assorted £0.60
.50 SJ4 60  watt resistors mixed values  £0.50 | SJ49 8 Dual gang carbon pots log and lin
I- 8J5 50 1-2 watt resistors mixed pot values, $U50 ZOTXGd v::jlu(lss 1.00
values R 4 £0.50 ssorted slider knobs —
£0.50 sJ7 i‘?xze&w watt wirewound resistors Tt chrome/black

§J28 20 TTL74 series gates — assorted 7401-
£1.00

$J53 Mammoth IC Pak. Approx 200 pcs

£ € integrated  circuits

including logic 74 series — Linear audio'

and DTL.Many coded devices bu!tsorsg
1

SJB8 30 ZTX300 type
pre-formed ﬁ)r

PRICE £11.00 each. =’

/= YA 2nd Quality Paks
Lo- 507 10 Assorted colours & sizes £0.65
Fd 5122 10.125RED £0.50
f B $123 10.2 RED
o LED CLIPS
1508/125.125 5.for £0.10
1508/2 .2 3 S for £0.12
o MISCELLANEOUS
ransistors NPN §J20 2 large croc clips 25A rated — ideal
P/C Board colour for batgterycharge?s etc. y to.?l%

coded Blue — all perfect. 1,00
8§J70 25 BC107 NPN TO106 case perfect
SJ71 25 gg’;sﬁor:Ncgd%g%een e g

case perfect i
transistors code C139 "£1.00 Spondriver, e

SUPER VALUE
O/No. SJ121. £1.00

SWITCHES

Push-to-make. 6mm panet mounting.
0/No. 8J131. 5 for £0.50

Push-to-break as above.
O/No. SJ132. 4 for £0.50
Silicon Heat Sink Compound
3mL in syringe

£0.25

ETER,

8J21 Large 74" Mains Neon Tester — screw-
driver chrome finish. 0.85
$J22 Small pocket size Mains Neon Tester

5. S§J23 Siemens 220v AC relay DPDT contacts

d SJ772 4 52‘:355‘36 ngcon power t:‘m 10 amp rating — housed in plastictg'a%%
POTENTIOMETERS

CASSETTES
SUPER VALUE &
A GREAT SAVING 1!

€120 Dindy Casssttes —
noise ~ astounding
value and sound.

O/No. 8J32. 10 for £3.50

€075

TAG136D

8A 400v TO-220 jsolated
TAG425

Diac D32/BR100

SCR C1060D plastic case

4A 400v TO-202 non-isolated

£0.50 .
16170 50 metres asst. colours single strand
£0.60

16187 30 metres stranded wire mixed colours.
£0.50

16178 5 Main slider switches assorted. £0.50
§J76 1 Board containing 2x5-pin DIN

sockets 180° & 2x2-pin DIN loud-
speaker sockets. £0.30

KNOBS

5J62 5 ;I_Smm'chrome knobs standard push
it

£1.00

£0.40 b :
J SJ63  instrument knob - black winged
29x20mm) with pointer. }" standard
£0.60 screw fit. £0.16
£0.15 SJ64 Lr?s:rr‘qn)sm knob(”— 1;"805/5"“5
uminium  to X 18mm). a
£0.30 standard screw ?it. zo.1*z
P A PO BOX 6 R R
AR o
= A DA D P A A
B D 0920 8 RO 388 7006
R ORDER PO A AND PA
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COMMUNICATIONS RECEIVERS made by
Murphy Radio for Navy; high grade Rx covering 60 to
560Kc in two bands and 1.5.to 30Mc/s in 3 bands,
uses 13.B7g type valves as 2 RF stages, 3x IF stages at
800Kc. Det.N.Lim. AVC 2x AF stages. BFO and 800Kc
crystal Cal. the O/ P stage matches to 100 ohm phones
or 2 watts into 600 ohm. Controls, Main, Tune Band
Sel. RF gain, LF gain. Phone gain, AVC On/off,
Selectivity at 8, 3, 1Kc, or 200 c/s the 1Kc sel uses
Bandpass Crystai filter, the 200c uses Crystal plus
Audio Filter, the BFO can be swt to upper or lower beat
i.e. 801 or 799Kc int set, also 800Kc for tune. There
are two O /P jacks for phones and one for spk. on front
panel, provision for 75 ohm Ae |/P or long wire.
Complete in steel case, size 13" x 14'' deep. Note
these Rx require external power supply giving 250v
"100Ma and 150v Stab DC 6.3v ACat4 amps. There s
room inside the case to build an internal P.U. Supplied
tested with circ. and 40 page handbook. £115. ,
VIDEO RECORDERS. Philips type LDL1000 port-
able monochrome 625 line reel to reel type '2'' tape
75 o0hm /P and O/P 1vsig., .4v Vid ext. size 42 x 34
x 20 Cm weight 12Kg 240v 50c | /P supplied in good
condition with 80-page handbook, untested with 2x

tapes, fuller spec. on request £185. .

TEST SET CT373 Audiobench set Osc 17¢c to 170Kc.
.AF VTVM Dist. meas. set, new cond., with book, full
spec. on request, £80. s B

Above prices include carr./postage & VAT. Goods
ex-equipment unless stated new. 2 x 10p stamps for
list 25/ 1.

A_.H. SUPPLIES

122 HANDSWORTH ROAD, SHEFFIELD $9 4AE
TELEPHONE: 444278 (0742)
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Self

Instruction

icrocomputers are coming - ride the
wave! Learn to program. I

Millions of jobs are threatened but S S R
millions will be created. Learn =
BASIC - the language of the small com- Computef,
puter and the most easy-to-learn com- Programms
puter language in widespread use. Teach
yourself with a course which takes you
from complete ignorance step-by-step to
real proficiency, with a unique style of
graded hints. In 60 straightforward
lessons you will learn the five essentials of
programming: problem definition,
flowcharting, coding the program,

debugging, and clear documentation

BOOK 1 Computers and what they do well; READ, DATA, PRINT, powers, brackets,
variable names; LET; errors; coding simple programs. BOOK 2 High and low level languages;
flowcharting; functions; REM and documentation; INPUT, IF.... THEN, GO TO; limitations of
computers, problem definition. BOOK 3 Compilers and interpreters; loops, FOR....NEXT,
RESTORE; debugging; arrays; bubble sorting; TAB BOOK 4 Advanced BASIC; subrautines;
strings; files; complex programming; examples; glossary.

CAMBRIDGE

i

. Computer
- Programming
in Basic (CPB}
£10.00

Also THE BASIC HANDBOOK (BHB) £11.50 An encyclopaedic
guide to the major BASIC dialects. A must if you use other peoples’
programs

and: ALGORITHM WRITER’'S GUIDE (AWG) £4.00 Communicate
by flow chart! Learn to use Yes/No questions for: procedures, system
design, safety, legislation etc.

WW—035 FOR FURTHER DETAILS

OUICK ACTING
& ANTI SURGE
CARTRIDGE FUSES

=t
from £2.80 per. 100

Wirewound Power Resistors
(Ceramic). Sw-17w OR5-39K
from £9.35 100.

Cable Sleeves and Markers
from £1.31 1000.

Cf. Resistors. Yaw-2w from

£4.00 1000.

Crimp Terminals. Elma Knobs
and Dials, Audible Warning
Devices from £1.14 each.

Catalogue available
(state interests)

Cf. Resistors
Vaw 5% :
£3.00 1000 (per value] +
carr. and V.A.T. Following
values only.

6E8 33E 100E 120E 360E
470E 560E 2K4 2K7 4K7

5K6 7K5 8K2 100K 120K
150K 220K 300K 390K 820K

PBRA LTD.

Golden Green, Tonbridge
Kent, TN11 OLH

Hopfield {073274) 345

Member Crystalate Group

Understand Digital

Electronics

Written for the student or enthusiast, this
course is packed with information,
diagrams, and questions designed to lead
you step-by-step through number
systems and Boolean algebra to
memories, counters, and simple
arithmetic circuits; and finally to an
understanding of the design and opera-

tion of calculators and computers ~
BOOK 1 Decimal Octal, hexadecimal, and binary number systems and conversion between
number systems, negative numbers; complementary systems. BOOK 2 OR and AND func-
tions; multiple-input gates; truth tables, De Morgan's Laws, canonical forms; logic conven
tions; Karnaugh mapping; three-state and wired fagic. BOOK 3 Half, full, serial, and parallel
adders; subtraction; processors and ALU's; multiplication and division. BOOK 4 fiip flops;
shift registers; asynchronous, synchronous, ring, Johnson, and exciusive-OR feedpack
counters; ROMS and RAMS. BOOK 6 Structure of calculators; keyboard encoding;
decoding display-data; register systems; control unit; PROM; address de-coding. BOOK 6
CPU; memory organisation character representation; program storage; address modes; in-
put/output systems; program interrupts; interrupt priorities; programming, assemblers; com-
puters; executive programs; operating systems. .

Design of
Digital
Systems

(DDS) £13.50

‘'WW-—028 FOR FURTHER DETAILS.

OHIO SCIENTIFIC COMPUTERS. New Series 2
Challenger C1P £288+15%. New Series 2 disc
version Chailenger CIPMF £688+15%. New
Superboard 3 £158+ 15% VAT post free, with free
power supply and modulator kit. Kits for use with old
Superboard 2 (Add 15% VAT.) Guard band kit £8.
4K extra ram £18.85., Display expansion kit approx.
30 lines X 54 characters £20. Case £27. Colour
conversion board kit E45 or built £65. CEGMON
zn%roud monitor rom £29,50. Cassette recorder
186.

SINCLAIR PRODUCTS SC110. 10 MHz Scope
£145. PFM 200 £51.95.

TV GAMES. AY-3-8600 +kit £12.98. Stunt cycle
chip+kit £20.95.

IC AUDIO AMPS with pcb. JC12 6W £2.50. JC20
10w £3.54.

BATTERY ELIMINATORS. 3-way type 6/7%/9v
300ma £3,60. 100ma radio type with press-studs
9v £4.77. 9+9v £5.99. Car convertor 12v input,
output 4%2/6/7Y2/9v 800ma £3.04.

Add 15% VAT 1o these prices. Sharp MZ80K
Computer with Basic tape and a free tape of approx.
50 programs: 20K version £438, 48K version
£486. MZ80 1/0 £83. MZ8OP3 £488. MZ80FD
£772. PC1211 £83. CE121 £12. PRINTERS
Seikosha GP80 £250. Oki Microline 80 £348. Free
interface and word processor for Superboard 2
included. Add 15% VAT.

BATTERY ELIMINATOR KITS. 100ma radio
types with press-studs 9v £1.64, 9+9v £2.30.
Stabilized 8-way types 3/4%/6/7Y2/9/12/15/
18v 100ma E3.12, 1Amp £8.10, Stabilized power
kits 2-18v 100ma £3.12, 1-30v 1A £8.30, 1-30v
2A £14.82. 12v car convertor 6/7%2/9v 1A £1.62.
T-DEC AND CSC BREADBOARDS. s-dec £3.79.
t-dec £4.59, expdb £2.84, exp300 £6.61.
TRANSFORMERS. 6-0-6v 100ma 98p. 1%a
£3.32. 9-0-9v 75ma 96p, 1a £3.08, 23 £4.93.
12-0-12v 100ma £1.20, 18 £3.70.

SHARP COMPUTERS

SWANLEY ELEGTRONICS

_ Dept. WW, 32 Goidsel Rd, Swaniey, Kent

Post 40p extra. Prices include VAT unless stated.
Official and overseas orders welcome. Lists 27p post
free.

Telsphone Swanley 84851

DIGITAL COMPUTER LOGIC & ELECTRONICS. (DCL) £7.50
"A course covering the material in italics above, but at a slower pace.
(4 vols) -
GUARANTEE — No risk to you. If you are not completely satisfied your money
will be refunded without question, on return of the books in good condition.

PLEASE SEND ME: —
CPB (10.00)
BHB (£11.50)

Quantity

AWG (£4.00)
DDS (£13.50)
DCL (£7.50) L

FOUR WAYS TO PAY:
1) A U.K. cheque or a W.K. postal order {Not Eire or overseas)
' 2) A bank draft, in sterling on a London bank {available at any major bank)
3) Please charge my Access/M.Ch{] Barclay/TrustC/Visa 3 Am. exp.[J DinersJ
4) Or phone us with these credit card details - 0480 67446 (ansaphone) 24.hour service.

CardNO . s R REEEER -y L - - 2 Signed . .....i.veeaeiiiaiaan mM ,|.L..
THESE PRICES COVER THE COST OF SURFACE MAIL WORLDWIDE. A AlL:
Eur, N.Af, Mid.E. edd % to price of books: Jpn, Aus. N.2, Pcfc edd %: elsewhere
edd 2 . 4

U.K. Delivery: up to21 days )

‘Cambridge Learning Limited, Unit 39, Rivermill Site, FREEPOST, St. Ives, Huntingden..
Cambs. PE17 48R, England

Reg. in Eng. No. 1328762

WwWWwW americanradiohietory com



The range grows
bigger...better...

‘New Profile Amplifiers- Two New Series

CHOOSE AN LL.P MOSFET POWER AMP when.it is

0.1%

advantageousto haveafaster slew rate, lower distortionat z -
higherfrequencies, enhancedthermalstability, the ability o F:1KHz LOAD= 80
to work with complex loads without difﬁculh{ and =
complete absence of cross-over distortion. 1.L.P's 8 o
exclusive encapsulation technique within fully adequate heatsinks has been takena stage further with f_/': o
specially developed computer-verified 'New Profile’ extrusions. These ensure optimum operating =] "’O/SA. K4
efficiency fromour new MOSFETS, and are easier tomount. Connectionis viafive pinsontheunderside. . O i ’loo 3
L.L.P MOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLIFIERS IN THIS g 01 2
EXCITING NEW CATEGORY BUT AREUNLY R FRACTION OF PRICES CHARGED ELSEWHERE. s
Qutput Distor- Signal/Noise g * DISTORTION CONTENT
Model Power tion Typical - Slew Rate Rise Time Ratio Price & S‘ IS BELOW NOISE LEVEL
RMS at 1KHz DIN AUDIO VAT O -
~ 0Q01% : = ——
0.1W w 10w 100w 200w
MOS1200  60W 0.005% 20V/jus 3us 100dB £25.88
into 4-80 +£3.88 OUuTPUT POWER
MO0S200 120w 0.005% 20V/us 3us 100dB £33.46 Load impedance both models Inputimpedance both models 100K
into 4-8Q +£5.02

40 - og Input sensitivity both  Frequency response both models
models S00mV 15Hz-100! ~3dB

(Standard O-P Transistors)

" CHOOSE AN LL.P BIPOLAR POWER AMP
where powerand price are firstconsideration while

OLE F:1KHz

4 3 LOAD - 8LON ALL
maintaining optimum performance with hi-fi quality 14 EXCERUY 0D AR O 8 § §
and wide choice of models. From domestic hi-fi to [e] SN
) 4 \ discoandP_A.,forinstrumentamplification, thereis §: L Y
anLL.PBipolartofill the bill,and as withournew Mosfets, we haveencapsulated Bipolarswithinour New o
Profile extrusions with their computer-verified thermal efficiency and improved mounting shoulders. 2 oo
Connectionsare simple, viafive pinsonthe underside and with our newest pre-ampsand powersupply S
units, it becomes easier than ever to have a system layout housed the way you want it. b s
[
Qutput Distor- Signal/Noise ; "DISTORTION CONTENT %
Model Power - tion Typical Slew Rate Rise Time Ratio Price & 2 IS BELOW NOISE LEVEL (=
RMS at 1KHz DIN AUDIO VAT 5 iy
L _ = 0.001% ; n
HY30 15Winto  0.015% 15Vs  Sus 100dB - £7.29 0. W 108 oWk Mconl I
489 +£1.09 OUTPUT POWER o
=)
HY60 30winto  0.015% 15V/us Sus 100dB £8.33 Load impedance all models 40 -00 Inputimpedance all models 100K0 O
489 +£1.25 - Input sensitivity all models S00mV  Frequency response all models n
- 1SHz-50KHz - 3dB -
HY120 60Winto  0.01% 15V/us Sus 100dB £17.48 THE NEW PROFILE EXTRUSIONS -
2.80 +£2.62 The introduction of standard heatsink extrusion for all )C>
£ LLP. power amplifiers achieves many advantages:— <
HY200 120Winto 0.01% 15V/us Sus 100dB £21.21 Research shows they provide optimum thermal dissipa-. <
4-80 +£3.18 tion and stability. Slotted shoulders allow easy mounting; . 7
S standardisation enables us to keep our prices competitive. 8
HY400 240Winto 0.01% 15V/jus 5us 100dB £31.83 Surfaces are matt black, anodised for higher thermai —
Q +£4.77 zﬂ‘l‘::ec:l“ty- Extrusions vary in size according to module

HY6 (mono) and HY66 (stereo) are new to LL.P’s range of
advanced audio modules. Their improved characteristics
and styling ensure their being compatible with all LL.P
power-amps bothMOSFET and BIPOLAR, giving you chance
to get the best possible reproduction from your equipment.

6 and HY66 pre-amps are protected against short circuit

1L P POWER
/ AMPLIFIER

L P POWER
SUPPLY UNIT

1861 AHVYNHE34 ATHOM SSI13HIM

and wrong polarity. Full assembly instructions are provided. L ooess
Mounting boards are available as below. H
Sizes — HY6 — 45x20x40 mm. HY66 — 90x20x40 mm. SCHEMATIC BLOCK OIAGRAM —
Active Tone Control circuits provide +12dB cut and boost. R MG AT e

Inputs Semsitivity — Mag. PU. —3mV: Mic — selectable e
l-FZmV: All others 100mV. Tape O/P — 100mV: Main O/P — =

500mV: Frequency response — D.C. to 100KHz — 3dB. ©® DISTORTION TYPICRLLY ® LATEST DESIGN HIGH

HYG6 mono £6.44 + 97p VAT Connectors included 0.005 % QURHTY CGNNECTGRS

HY66 stereo £12.19+£1.83 VAT Connectors included ] ;/ ‘Nl' Rls'gldon—) 90dB (Hag. ® gg‘lfgsl/’g;)l‘gﬁgsl'{&lgf‘s l‘]{g‘mc
B bR e D oz VAT @ 3§ dB overload marginon @ NEEDS ONLY UNREGULATED

Mag. P.U. POWER SUPPLY +15 to +60v

Of the eleven po-wer su‘pply units which comprise our current range, nine have toroidal
transformers made inourown factory. Thusthese L.L.P power supply unitsare space-saving, more
efficientandtheir better overall design helps enormously whenassembly building. All models in 1 9 7 1 - 1 980

the range are com}x]:ah’ble with all LL.P amps and pre-amps with types to match whatever LL.P ;
power amps you choose. ) 5
PSU30 + 15V at 100mA to driveupto 12x HY6 or 6 x HY66. £4.50+0.68p VAT . TEN YEARS OF PLAN NED
8 THE FOLLOWING WILLALSODRIVELLPPREAMPS PROGRESS
PSU36 for use with 1 or 2 HY30’s 10+ £1. ] .
® ALL THE FOLLOWING USE TOROIDAL TRANSFORMERS PR e (9 his now gl s company,
PSU50 for use with 1 or2 HY60's £10.94+£1.64 VAT exploiting to the full, the potential that lay in modular construction.
PSU60 for use with 1 HY120 i £13.04+£1.96 VAT New]thgnhng was badly needed. The result wasa range of modules
PSUG6S f with 1 MOS120 £13.32+£2.00 VAT revolutionary inconcept. The rightnessofthis new_thmhnglsshovyn
or use by the size of the company today, its new factory, its vast exports, its

PSU10 for use with 1 or 2 HY120’s £15.92 +£2.39 VAT acceptance by constructors as the modules to build with. The range
PSUIS for use with 1 or 2 MOS120 £16.20+£2.43 VAT grows bigger and better. Exciting new lines (in no way conflicting
PSU90 for use with 1 HY200 £16.20-+£2.43 VAT 'L'p axdsting ones) ave well past drawing board stage. This is why
PSU95 for use with 1 MOS200 : £16.32+£2. ;

180 f ith 1’ HY400 or 2 HY200 £21.34+£3.20 VAT
ll:gglgs fgi 3:2 ﬁm 1 or 2 MOS200 £21.46+£3.22 VAT

* Freepostfacility BRITAIN’S FOREMOST QUALITY MODULE SPPLIES

When ordering or writing about LL.P products, youdonot need to stamp
the envelope. Mark it FREEPOST plus the code shown in the address l— (U D N G G S GED GHD S D I St I G S S G S s s e m— = e =

pelow- e payithe gosiage R To: LL.P ELECTRONICS LTD. CANTERBURY CT2 7EP

* TO ORDER sena cheque or money order payable to L.L.P Electronics Please Supply .........cooorurriricire e =

Ltd and crossed. Or pay by ACCESSorBARCLAYCARD. Cash payments mustbe
in regis;ered envelope; if C.0.D. paymentis wanted, pleaseadd £1.00to TOTAL
value of order.

Total purchase price £:.. g

Ienclose Cheque (] Postal Orders [] International Money Order [
Please debitmy Access/Barclaycard AccountNo.

|
{
|
|
._ F ELECTRONICS LTD. | vy
I
|

FREEPOSTS  Graham Bell House, Roper Ciose, Canterbury, Kent CT2 7EP.
Telephone (0227) 54778 [Technical (0227) 64723]  Telex 965780

Availabletaiso from MARSHALLS, WATFORD ELECTRONICS and certain other selected retailers

Signature ...

www americanradiohistory com
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Now you can shop
in Europe for
Microwave

Chip
Capacitors.

A Eurapean source for Migrowave and Geramic Chip Capacitors

Pascall Electronics Limited
Hawke House, Green Street,

is now available from Pascall who offer the full range from Eurofarad, one of
Europe’s leading capacitor manufacturers. Eurofarad’s specifications meet all

industrial, military and aerospace applications.

m 4sizes m Tinned termination
B EG&EI2kits available  Option

m UK stock of individual ® High self-resonant
values frequency

m Available with ribbon 8 High power capabllrty
leads m High stability

For further details send for
the Eurofarad Shortform - now/

G bnefinad

Sunbury-on-Thames, Middlesex TW16 6RA
Telephone: (09327) 87418 Telex: 8814536

Def. Stan. 05-31/BS 9000/CECC Approved.

WW — 064 FOR FURTHER DETAILS

e inele A

7 SEGMENT IXSPLAYS MEWLETT-PACKARD High Efliciency “mitrs hright half juch, rof.

Commen spode [ype SOK2-7654 {similar to ILTOT]. Commen Cothede vorsisn 5082-7653 (simllsr 1o HALF
OLTOHK. CUR PRICE BRAND NEW €1, 351 of 8ix of wisher fype. £5 ncl, YAT. :r':::

FANRCHILD FHOTO0 0.25" Wini rod 7 segmont dispisy. Comman anode.

LP1171 & LP1179 MODULES v ULLARD

LPEI7) and LP1179 tuning huarl and i modui

03 wiich llrl the hasis of o quality AM/FI
ceverags. May bs used a3 Dis basis of

Falt -ulu- Inu-um 38d VHF
70mY st 20K,

ty par Sapp
SUPPLIED COMPLETE WiTH DATA

LP1157 Modism & L1sg Weve Ta adsio-honc! £2.50  LP1186 Varkop £5.00

545 Watt Car Stereo Ampitier msds for Motarota
* WITH pre-ampifior asd M. & Loog Wave sazsmity.
+ Swpplisd a3 fwo suilt and lested units.
% R.E. sad LF. stereo proamplifier mad redie 4 x 2 x 17,

v Limtiad quasiity availshis, sx-steck.

ORLA 8. Post

LISY PRICE
A pracetul 80 cm hoom-arm capaciter studie mecrephons aif) a c: E37.40
for in-visios s34 o 1t anough to wiiEtend M app OUR PRICE
with 1 rod and 1 biack winabiaid aad § e as of hwio sceansed cahls st ating of the micrapho; £ | g 95
an XLK connecior. ¥
Impedancs; 600 okms flosting). y: —~ 70 dBY. Cable: 6 metres inc. VAT
twa ceadocter skisksd. Connector: ALA 3- nc m-q r". POST £1.50

it o B x 1" 3t bad price. lu-l now £7.50. pust S0p
MIN. EDGE umwu "Tll ll.'. .-l“ MHCRC AMP @ tor £i

TMOICATOR METERS. 280 Micro. 1%* x 1%~ x "1". 6 foe E5
TRANS. A'uﬂ!l& Contsing twe Foatsr typs 803, ¥/C sed swilchas 23 used os sircraft for
passsaqr lisl £1.50 P.p. 26p. 19 ter £12.50

SANGAMO HOUR METER. 9999.9 non reset. £4.50. 1%” 54. 2" doep.

MULLARD TBAGOD. IC sudio smpiiisr. £1.

ERS alf
MANS TRANSFORMI I 200/258Y laput. RCA CASCS9, FM IF £1.56,

Type Correnl Sizs Price PCA CA3090AQ. FM dncoder £2.50,

¢ 100m/s  1%x1%x1% £0.93 BU20S TEXAS, £1.50 ea. {0 for £12.

2¢ S00m/s  1%x1%x1% £1.35 SUZDE TO3 Taxas TV powsr tremalstors. 10 far €15. 100 for

606 300m/A 2x2x2 E1.50 £120.

12¢ 2amps 2%k £2.95 MULLARD ADIG1-AD162. Maichsd pair 80p, 10 pairs £3.

8-20Y 1amp £2.50 100 pairs ESS.

t2-2% 13mp £2.50 Carleas of &K paics £250 EX-$TOCK. ;

IHH“ IE-p E2.50 S or 12 voits TBAE2S ATES v squishers 56p ea.
£2.50 lﬂ./-p [lm;- 0 £4.50.

Sﬁ‘ IISIM Postaga 50p each A POSITIVE YARIABLE 5 valt 1008 amp vari

ll?l'

5!
le 10 WA 25,10
2W WHN. W/ YOL. CONTROLS 108 47K, 1D far £6 for £ K g SN16013 S sl L2

TV TUBE REBUILDING

Faircrest Engineering Ltd., manufacture a comprehensive -
range of equipment for processing all types of picture tubes,
‘colour and mono. Standard or custom built units for estab-
lished or new businesses. We export world-wide and have an
excellent spares service backed by a strong technical team.

Full training courses are individually tailored to customers’
requirements.

For full details of our service contact Neil Jupp

FAIHCHEST ENGINEEHING LTD.

01-684 1422/01-684 0246

WW—047 FOR FURTHER DETAILS

TAAIII {14 pi IL} IC TV ssund amplitior-dotoctor by ATES on
10 TURN POTS. 478-100K. 10 for £17.50 : ﬂr‘:L other poris. Compista with deia. BOp. 10 fer £5. 100
J o

STEREQ CASSETTE TAPE HEAD. High quality re GXI2E387 Erase G75ehmi 2mA ... ........ [ %]
ment for mest mackines racord/rapisy with meun 6X20 E3%2 Erase 90 ohms 90mA . £0.88
Minifiix Tape Hoads ' Treck Il9 Ersse ... £2.25
XRPS (X248 18). Y track. Rac./Piay madium ll' £3.25 KN3-T with Mu-metal screen £2.50

ARPSIS Y track Record/Flay law imp. £4.00 WN3-T wilh Ma-msisl screen

XES11 (XS24E311] '4 wack erane for XAP saries  £1.28 LFG Erass haad

BX/MP/63 14 ruck Racord Py Hosd Plack/red]  £2.25 R/RP1/3 Rocord/Play i wackhead  ....... '€0.65
BX1ZE3A3 3% Irach Erato Hond fsr abava ... ... €1.25 HR-RP Singhe irack Recerd /Py basd. 0.2H ﬂk:/l 50 Kohm
BX11 £388 Ermen 675 0vms 204 " 0.6 - momm 3t 5 kc/3. Bias currar 20064 .. £0.55

ADD VAT
TO ALL
PRICES

404 Edgware Road, London, W2, England
01-723 1008/9

A e TS ot Pt e 0N N P PR——
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““STEREO DISC AMPLIFIER 2 _

THE MOST THOROUGHLY RESEARCHED DISC AMPLIFIER THERE IS
for Broadcasting, Disc Monitoring and Transfer

STEREQ DISC AMPLIFIER 2

Al

_~ -~ P
WA AN N NN N NINNININT NN

b

Ring or write for full specifications of this or PPM Boxes * PPM2 and PPM3 drive circuits
* Ernest Turner movements 640, 642, 643 and TWIN with flush mounting adaptors and’
ilumination kits * Peak Deviation Meter * Programme and Deviation Chart Recorders %
Moving Coil Preamplifier % 10 Outlet Distribution Amplifier ® Stabiiizer * Fixed Shift
- Circuit Boards.
SURREY ELECTRONICS. The Forge, Lucks Green, Cranleigh, Surrey, GUS 78G.
Tel: 04866 5997
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LANGREX SUPPLIES LTD
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Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel 01 677 2424 Telex

946708

73 138
SEMICONDUCTORS ) ! 13
.73 173
e 288 w37
048 288 )
(Y1 288 431
o7 0 037
017 345 o7
(Y] [x}
029 023
029 X 2.9 w3
2 - i
o
(v & 029
[ s 2
2 e o35 (]
ACI2K 640 | BAXI3 087 | BC303 BDY® 316 BFY50 639 MPFI05  0.40 oc43 173 TIPR2A 041 IN5400 Q.15 IN2904 037 2N4126 018
ACI76 035 | BAXIE BCI? 813 | BFII5 64 BFY5] 039 MPSAG6  0.30 ocH TIP33A IN5401 15 2N2905 037 2N4286  0.17
ACIE7 632 |'BC107 ®18 | BC308 BF12 018 BFY52 028 MPSA56  0.32 0OC45 (%] TIPMA O77 | 1SM4 0.0 IN2906 024 2N4288 @21
ACISE 32 BCIS 018 | BC3Z7 814 | BFIS3 W18 BFY64 o35 MPSUO1  0.81 0oCcT71 o3 TIPAIA 051 15920 we 2N2907 024 2N4289 821
ACY17 158 100 018 | BC328 &M | BFIS4 038 | BFY® 148 MPSUOS  0.75 oc?2 L5 TIP2A 048 15921 ol INZ24 030 2N5457 037
ACYIS 122 |'BCII3 817 | BCIY &M | BFIS9 &2 BSXI9  &31 MPSUS6 .79 ocT3 LIS TIP2055 .81 2G301 LIS IN2925 035 2N5458 087
ACYIS 127 BCll4 017 | BCB8 &4 | Rrigp 029 BSX20  e31 NE555 @52 0oC74 81 TIP3035 0.64 | 2G302 115 IN29%B 017 IN5458 437,
ACY2 127 | BC1I5 BCYX 144 | prig7  em BSX21 038 NKT401 4.3 oc?5 075 TISE - 049 2G306 L13 2N363 . 038 25017 1138
ACY2L 113 | BCu6 ex: | BCY3L LB | ppim  e3s BTi08 138 | NKT4 238 ocC?% 115 ZS140 029 | 2N4O4 150 INX54 083 2501 1380
ACY® 288 | BC1I7 BCYR2 L7 | oz ese BTYT9/400R NKT404 253 ocT7 LIS ZS170 e ING9E 037 3055 075 2875
ADI149 ss BC118 021 BCY33 127 BF178 240 OA5 138 OC81 7S ZS178 . 2N697 037 2N3440 @81 25103 1.78
ADI61 240 BCI25 021 BCY34 115 BF17® s 0A7 (T OC81Z 138 ZS271 2 2N698 037 IN3M41 098 25302 %
ADI62 e BC126 021 BCY3s 391 BF180 o2 10A10 .6 ocs2 1.84 Z5278 [ 2N705 144 2N3442 144 25303 L3
AFI08 649 | BCI33 617 | BCY4 2 | o0 gy OA47 014 oC83 o2 ZTX107 14 | 2N706 029 2N3614 25322 488
AF114 e BC13% 022 BCY42 435 BF182 35 OATD e OC84 T ZTXI08 014 2N708 (&) 2N3702 .ls 25324 4.6
AF115 056 BC137 a2y | BCY& o33 BF183 Py OATY 0l oClz 318 ZTX100 G4 2N830 (Y] 2N3703 1 28701 2.30
b AF116 058 BC147 .4 22 BFI&4 o2 OA8l owe 0oC123 2.3 ZTX300 .15 2N1131 435 2N3704 al3 25745A 1.9
AF117 03¢ | BCI48 @14 | BCYTD OB | o0 o OA85 @ 0OCI39 345 ZTX301 e.10 | N1I32 o35 2N3705 @ 2S746A 100
CAF133 @38 | BCl49 Q15 | BCY7l &2 | prig g OAS0 s | OClp 4o ZTX302 621 | 2NB3@ 138 2N3706 013
AF186 115 | BCI57  eas | BCYT2 &M | prige .14 0A91 [ OCl4l 483 ZTX303 21 2N1303 092 2N3707 a8
04s BF196 0ls OA% 000 oC170 144 ZTX304 623 2N1304 138 2N3708 012
AFZI11 4160 BF197 wle 0A200 817 0C171 144 ZTX31l 013 2N1305 LIS 2N3709 013
3 AFZ12 400 BF200 0.0 0A202 017 0c200 LT3 ZTX314 2N1308 173 2N3TI0 012
ASY26 181 BF224 0A211 LT3 0oC201 288 ZTX500 010 | 2N1307 127 2N ed2
ASY2ZT 1.04 BF244 OAZ200 173 | 'OC22 310 ZTX501 G168 2N1308 2.1
VALVES GXU1 1618 PCY7 138 QY5-3000A UY41 1.44 5B254M  23.12 6EB8 244 12E14 5718 787
VALY L GXU2 2848 PCH00 138 UYsS5 126 5B255M  23.12 SEW6 L73 13E1 123.85 5725 se2.
Als34 1038 GXU3 3849 PCCB4 115 | QZUG20 3048 | yigey 1524 5C22 4480 | 6F6 282 | 944 2878 5726 382
13.58 GXU4 3277 PCC85  i38 | RIO 575 | XG1-2500 42.04 5J180E 1360.00 | 6F23 134 | o5 w935 5727 542
A2134 1088 GXUS0 1735 PCCB8 118 | RI7 1% XG2-6400113.50 5R4GY 230 6F28 133 24B9 5529 5749 514
A2293 8.92 GY50l 318 PCCss 186 | RIS 48 | YGise) 2852 5U4G 386 | 6F33 2090 20C15 184 5751 ry
A2426 1783 Gz32 1 PCCI89 161 | RIS 138 1 %G2.6400108.15 504GB = 290 | 6H1 1438 30017 184 5763 488
A2521 2438 GzZ33 .0 PCCA05 151 | R20 166 | XRI.1600A 5V4G 175 | 6H2N 121 0018 184 S814A 428
A2900 1443 GZ34 288 PCCS06 207 | RG3:250 35.77 5Y3GT 098 | 6H3N 121 3055 188 5 508
A3343 2556 GZ37 e PCES2 207 RG3-250A 37.49 XR1-3200 $3.15 5Z3 173 6H6 L7 0FLI/Z 128 1390
AZ31 128 KT6L . 492 | pCRe0 115 | RG3-1250 3823 | xp)33004 524G 175 | 64 a0 | ot e 5876A 1855
AZA4l 132 KT66 1158 PCF82 115 RG4-1250 4393 n.1S 5ZAGT L7 616 621 30FL14 1.84 5879 538
BK448 11027 KI88 1388 PCF86 184 | RG4-3000 80.64 XR1-6400 102.01 6302 L7 | &7 807 30L1 115 5886, 1208
BK484 * 140.00 KIwel 2@ PCF87 184 RR3-250 5354 XR1-6400A 6AB4 14 6K4N 14 30L15 2.07 5963
,BS80 KTW62 2@ PCF200 374 | RR3-1250 94.83 184.23 6AB7 173 | 6K6GT 150 30L17 207 5965 168
BS810 3524 KTW63 2@ PCF201 245 | SLIEI2 4035 YDI1120 26450 | 6ACT 161 6K7 173 30P4 108 6005 e
BTS 52.61 M7 1229 PCFBOl 184 | SIN 345 YDI2A0 6662 6AF4A 184 6K3 202 20p19 138 6021 518
BTI7 10071 MS0B0 949 PCFR02 218 | SI0P 4.6 Z759 1932 6AG7 230 6KD6 731 30PL1 | eost 12
BT1I9 34l Ms081 1130 PCFS05 184 | STV280-401150 ZMI000  0.88 6AH6 552 6L6G 2.88 0pL14 188 © 1247
BT29 3857 M2082 957 PCFS06 184 | STV280-8024.15 ZMI00L 818 6AKS5 415 6L6GA LT3 0PL15 207 6059 160
BT6  314.87 M8083 834 PCFEOS 184 | SUdl 288 ZMI020 1083 6AKS 231 6L6GT 224 H7 e 6061 459
BI75 10248 M8081 1199 PCLE2 115 sU42 1035 ZM1021 1017 6AL5 10 6L6GC 288 5 0.81 6062 431
BT95  119.08 M8og6  4S1 PCL83 TD03-10 378 | 7Mmj022 1000 | 6AM4 265 | 6L7 28 | ey 5138 6063 420
CBL3l 2.3 M8037 490 L84 L1s | TDO3-10E 32.78 ZMI1023 881 5 821 6N2P 121 75C1 278 6064 854
CL33 230 M80%8 550 | pCrs5 124 | IDO3-20F 3388 ZMIOH 2236 | 6AM6 2.7 | 6N3P 121 & P 067 e
CY3l 115 M8099 398 L86 124 ITIS use ZM104l  19.18 6AN5 445 6N7 178 85A2 275 60724 580
CIK 2138 MBI0 949 PCLB05/85 1.24 TT21 1416 ZMI042 2044 6ANBA 397 6P25 M AG 1609 7
C3A 1158 MBI 875 D500 414 | TT22 1817 ZM1051 10885 | 6AQS Lle | 6Q7 258 | g0AV UM 6097TAXBXC
CHA B2 M1y A7 PEos-wN al u TTi00  58.51 IB3GT 258 573 | 6R7 287 | 9C1 281 4600
DA41 21.50 MB140 5.7 TY2-125 €9.01 1B24 1.5 6ASTG 9249 65A7 187 90CG 1872 6146A. 10.9%
DAZ 128 Msldl 5. B3 ua TW4-400 7407 IBI5A 2875 | 6ATS 08 | 65C7 L3 | gy 1750 6146B 812
DAIO0 11262 MBI2  .T7 PL81 138 TY4-500 10144 1B63 5750 | 6AUSGT 4.97 65F7 1.84 2AG 1490 G1598 1727
DAFI1 044 M8l4s 481 PISIA 138 | TY5500 17825 IR5 121 | 6AUB 124 | 6SH7 L73 2AV 1490 6189 10.03
DAFSS LIS M8143 586 PL82 138 TY6-800 181.78 1S5 046 | GAVSGA 452 6517 1.84 95A1 TA8 o1 528
DET22 32.78 M8161 811 ¥| pLs3 255 TY6-5000A 1T4 048 6AVE 096 65K7 150 150B2 847 6442 1725
DET4 5290 M2 1036 PLB4 124 51 2AS15 1150 | 6AXS5GT 3.57 6SK7GT  3.08 150B3 639 68838 12.77
DF91 048 M8I63 317 PL504/5  1.61 TYE-5000B 2C39A 2185 | 6B7 173 6SN7GT 184 150C2 231 6973 438
DF% 115 M8190 529 PL508 207 2C43 20.79 6B8 20 65Q7 158 150C4 275 7025 273
,DK91 121 M8I%5 425 PL509 F%;} TY6-5000W 2D21 294 | 6BAS 118 65R7 L73 211 6.90 7551 845
DK82 144 M3I% 747 PL519 378 2E% 1534 | 6BA7 6557 207 723AB 7586 168
DK86 128 M8204 €57 PL801 127 TY7-6000A 2142 £9.70 6BASA 431 6USG .5 803 1158 7587 20.11
DL8z 12¢ M8212 1247 PL802 140 357.48 2155  230.07 | eBC4 a27 | 6U8 o2 205 7300 7609 3657
DL94 138 M8223 38 PY33 127 TY7-6000W 2170A 27925 6BE6 124 6USA 3.38 807 131 7868 5.04
.DL96 126 M8224 468 PYS81 087 J 2]70B 41834 6BH6 175 6V6GT 184 8l1A 18.32 7895 1325 °
DLS10 948 M8225 299 PYS2 082 TZ40 1728 2K25 4025 6BJ6 134 6X4 138 812A 1826 2005 7543
DLS15 1237 MB248 1332 PYS3 o8l Ul8-20 2.88 3400Z 5750 6BK4 484 6X5GT 097 813 85.87 8068 633
DLSI6 1237 MUl4 LT3 PYSS 101 u19 1581 3500Z €325 | 6Bl 075 787 158 833A  128.80 8122 00.1]
DLS19 1237 236 MX119 5845 PYSG0A  2.07 u2s 133 3A5 2.7 6BLIGT 444 7C5 3.40 866A 1523 8136 243
DM70 L4 ECHe2 132 | EYs8 .| MXI123 6185 PY800 (X Uz 168 3B24 820 | 6BM6 .75 7C8 2.69 8T2A 2147 8417 876
DM71 144 ECHBL 138 | EY500A 223 MX145 5865 801 w7 us? 1035 3B28 8.63 6BN6 189 THT 23 922 501 18042 P
DMI60 396 | ECHE3 La4 | EY802 [ VXISL 1735 | OQvoz6 1444 UABCS0 144 38290 1150 | 6BQTA 428 TR7 L78 931A 1697 18045 1206
DY86/7 073 ECHB4 147 | EZ35 o MX152 13579 | (Qvo3-20A UAF42 14 3B240M 1725 | 6BR7 180 787 298 1624 259
DY802 096 | ECL&0 115 | EZ40 144 MXI161 168.75 2.1 UBAL 14 3B24IM 1725 | €BRS 20 7Y4 184 1625 196
ESL 2507 | ECLS8L 73 | Ezdl 14 MX163 211 | OQV0640A UBC4l L7 3023 1878 | 6BS? 400 | 72 213 2050 2.6 Tested
ESOCC 1013 | ECI82 115 | EZ80 0.96 MX164 2588 4715 UBF89 118 3 2818 | 6BWE 480 11E3 .82 QI2E M5 Ex-Equipment
ESOCF  12.98 ECL83 1 EZ81 (1] MX166 14208 QQV07-50 00.68 ucced 126 ICXI00A523.60 | 6BW7 175 12AT6 138 £212H 475 4CX20B  5.75
EROF 1419 | ECLs4 161 | EZ%0 138 MXI68 4830 | (5370320A uccss 138 3629 6BX7GT  5.70 12AT7 101 5544 6210
ESOL 1388 | ECI85 128 | FW4500 288 N78 1035 UCF80 132 354 126 | 6BZ6 273 12AU6  2.97 5545 6785
EBICC 062 | ECLS6 138 | Fwd-800 2.88 0A2 221 QQZ06-40A UCHE2 188 | 3y4 138 | 6C4 101 12207 083 3551A 10808
E8IL 14.08 EFY7TA 4@ | GL37IK 4.4 0A3 5.08 55.10 UCH8L 267 465A 215 | CB6A 236 12AV6 255 33524 14335
ER2CC 7.8 EF39 316 | GS51K 1265 0A4 42 | qur 1438 UCLE2 120 | 41354 4198 | 6CD6GA 583 12AV7 400 33534 25910
EB3CC 7.6 EF40 132 | GI802M 1842 0B2 14 | Guoagz 53 UCL83 ‘186 | 43504 4199 | 6CG7 2.62 12AX7 L1 oty 45
ES6C 1248 EF4l 230 | G2402D 1285 0B3 220 voL7 288 UF41 L15 | 4{400A 5205 | 6CHS 78 12AY7T 48 5654 393
E88C 712 EF42 230 | G400.1K 1928 0oC2 384 | Avog 100122.26 UF42 L4 4B32 2.6 | 6CL6 412 12B4A 362 5651 265
EBSCC 3.88 EF50 LTS GN4 8,82 0C3 220 Y365 57.08 UF80 168 4C35 e 6CW4 8.83 12BA6 252 5670 518
ESOCC 930 EF54 ° 575 | GNdA 8.62 oD3 220 | Qva125 eLe UF85 168 4CX250B 31.68 | 6D2 101 12BE6 .7 5675 1991
ESOF 1038 EF55 288 | GSI6 1035 0z4 184" | Oygo50 706 UF9 186 ACX350A 6DK6 300 12BH7 129 ot 31
ESIH 534 EF%0 092 | GTIC 1438 PCB6 L8l | Gyag00 50.44 UL41 288 | 4xi50A 2441 | 6DQSB 489 12BY7 311 3696 435
E92CC 940 EF83 483 | GUS0 1481 PC88 181 | Qy5.500 168.83 ULs4 138 | 415D 2875 | GEAB 138 12E1 19.67
F 1016 EF85 092 | GUSt 138 PC% L4 UMS0 LIS LELTT 19.28- . -
7495 084 | 74136 059 74175 L7 TBA4SQ 212
; |NTEG RATED C| RLU'TS © | 7408 oM | 7t 1e2 | 7d76 138 200 265
RT. 18 (o] 7497 362 74142 264 74178 156 TBA530 228
BASES Cc S 7401 .29 7425 us 1470 o044 | 74100 L77 | 74143 2.9 74179 156 TBAS4Q 245
4 7402 020 7427 035 7472 038 74107 052 74144 299 74180 138 TBAS50Q 3.70
BTG unskirted 017 | 2AP1 .78 RSADRIRG 40 Y VCRISSAIIIR T 103 0% | 74 o5e | 7473 044 | 74109 084 | 74145 115 | 74180 219 | TBA560CQ-3™
BiGskirted ~ @35 | 2BPI 1035 | SBP1 L1138 | VCRI3A 026 | .., o2 | 7430 020 | 7474 044 | 74110 059 | 74147 230 | 74191 219 | TBAGT3 25
B9A unskirted 0.17 3BP1 1158 | 5CP1 1156 VCR517A 11.50 7405 021 7432 035 7475 0.62 74111 082 74148 2.02 74192 219 700 LTS
B9A skirted 035 | 3DPL 575 | SCPIA 4680 | VCRS517B 1150 7106 049 | 7433 048 | 7476 048 | 74116 213 74150 2,07 74193 2.19 TBA720Q 265
Int Octal 040 | 3EGL 805 | SFPISA 1728 | VCRSITC 1158 | ..., oMy | 7437 037 | 7480 oes | 74118 115 | 74151 188 74134 1.44 TBA750Q 238
8 | 3FP7 5UP7 1810 | Tube Bases 7408 o2 | 743 037 | 7482 086 | 74119 177 | 74154 2.07 74185 118 800 138
Nuvistorbase .88 | 3GPI 8% | DG75 2875 | Priceson 7 023 | 7440 7483 115 | 74120 o095 | 74155 104 74196 155 TBA920 334
8 pin DIL .17 4Pl DG7-32 4140 | application 7410 029 7441 7484 121 74121 0.49 74156 1.4 74197 155 TBAS20Q 3.4
14 pin DIL 0.17 | P2 L] BN iy 7412 038 | 7402 7486 045 | 74122 071 | 74157 086 | 74198 3.1l TBA90Q 334
16 pin DIL e2¢ | JP7 1150 | DH7-1I 7820 7413 037 | 7447AN 7490 0.6 | 74123 13 | 74159 258 | 74199 264 | TCA270Q 334
Valve screening 3KP1 17253 | VCR97 1380 7416 037 | 7450 7491 094 | 74125 067 | 7470 276 | 76013N 282 | TCA70A 159
cansallsizes 035 | 3RPL 4025 | VCR138 1150 7417 037 | 7451 7492 06 | 74126 067 | MIT2 506 | TAAST0 265
3WPI 2300 7420 021 7453 7493 0.69 74128 0.72 74173 [\ TAAG305  4.02
) | 7422 023 | 7454 021 | 7434 094 | 74132 083 | 74174 1.54 TAATI0 450
w3 ; e ]
I:::- nt:ltng sinest ;:fwo. F Sy and valves and semiconductors 30p per or: CRTs £1. All prices include VAT. Telephone 01-677 2424/7
In some cases prices of Mulhrd and uSA valves wull hlghor than those advertised. Prices correct when going to press. Telex 946708
A facilitiea ilabk wit order ge £10. Carriage and packing £1 on cradit orders. E.& O.E. d
Over 10,000 types of valvn, (ubn and umnconduc(on in stock. Quotations for any types not listed. S.AE.
Open to caliers Monday-Friday 9 a.m.-5 p.m. .

|
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Satellite communications

and you...

Just think what that could do to your telephone bills.

Also in this issue:

Reviews of MuPet. a multi user system for Iinking Pet computers a new Pet colour monitor

and the Data Applications personal computer.

And on the software side. a review 0f 0ZZ  a powertul information-handiing system which

can be implerpented on a Pet.

In the applications area we see how a firm ol stonemasons 1s making use ofamicro new
° technology coming to the aid of an old craft.

All this, plus our regular advice columns for users of Pet Appie and Tandy micros for only

60p. From your newsagents or post this coupon now.

Out January 21.

‘Practical computing
The February 1ssue. available from leading newsagents. examines the feasibility of exchanging

data between home computers. using satellites. In principte a small rooftop dish aerial would
allow a home computer in the UK to communicate with other users in the USA and Europe.

actlcal

I BN :
To: Marketing Services Department, Room 316 IPC Electrical
Electronic Press Ltd., Quadrant House,

The Quadrant, Sutton, Surrey SM2 5AS. Please post me a copy of
Practical Computing every month for a year.
| enclose cheque/p.o. for £8 (inc) payable to IPC Business Press Ltd.

NAME

I ADDRESS I
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MODEL 820
NEW PORTABLE
DIGITAL CAPACITANCE METER
Measures capacitance from 0.1pF to 1
Farad in 10 ranges * Resolves to 0.1pF
on lowest range - 4 digit easy-to-read
LED display - 0.5% accuracy * Uses
either rechargeable or disposabie

| batteries. See also Autorangmg

Model 830.

—— S —
. POSITIVE LIGHT SENSITIVE AEROSOL LACQUI:'R
Enables YOU to produce perfect printed circuits in minutes!
Method. Spray cleaned board with lacquer. When dry, place positive master of
required circuit on now sensitized surface. Expose to daylight, develop and etch
Any number of exact copies can of course be made from one master. Widely

used in industry for prototype work,
Pre-coated 1/16 " Fibre-glass board

ES:S;A:, """""" 52580 204mmx 114mm ... . ... £1.50,
st o M B 300 20ammx 228mm .1l £3.00
Ferric Chloride .. .........50pi Fagn e olmm oo e E

467mm x305mm ... . .. . £9,00°
Ptain Coppet-clad Fibre-glass. ‘Single-sided]  Double-sidea

Approx. 3.18mm thicksqg. ft. ...... ... ... .. " .. .. £1 50
-Approx. 2.G0mm thick sq. #.

‘Clear Acetate Sheet for making master 260mm x 260mm

Postage and packing 65p per order. VAT 15% on total )
G. F. MILWARD ELECTRONIC COMPONENTS LIMITED
369 Alum Rock Road, Birmingham B8 3DR. Tslephone: 021-327 2339 'f

Memories 8085 Series

1-24 25-99 1-24 25-99
2716 5.50 4.50 8085A 6.80 4.10
2732 11.80 9.50 8085A-2 8.50 6.50
2114L (200ns) 2.99 2.75 8155 945 7.47
4116 (200ns) 2.62 2.50 8155-2 11.81 8.21
2147 (70 ns) 5.90 4.99 8251A 5.60 4.70
2112 (450ns) 3.00 2.80 8253-5 5.99 4.90
All components 8255A-5 4.99 4.67
guaranteed new full 8257-5 10.40 8.40
specification. 8279-5

7830 633
Please add VAT to your order. '

BDS Microsystem Designs Ltd.
28 Pinewood Close, St Albans, Herts AL4 0DS
Telephone St Albans (0727) 31831

; WW—009 FOR FURTHER DETAILS

4% digits (32,768 counts)

10uV, 10mfl, 1nA resolution
0.05% basic DCV accuracy
LCD, fully field portable -

7 functions including Frequency
Outstanding price/performance ratio

Thurlby 1503 designed and built in Britain

NE w! Thurlby 1503 high resolution multimeter £139

Greater resolution, greater accuracy, and greater versatility * "

5

323683

Thurlby 1503 digisal niuitimetec

o L
AR

. 7
Weow 16 Ey fw
Nbm 2o 2 }o u
2N 2000 7 Ne RN o

Pkttt

Thurtby Electronics Ltd.
Coach Mews, St. Ives, Huntingdon, Cambs.

PE17 4BN. ENGLAND. Tel: (0480) 63570

NEW 372 DIGIT.

AUTORANGING e CDMM

MODEL 2845

_safety standards

8 Fully automatic
0.1% accuracy

Fast reading. 1.5
sec. maximum

0.5 LCD display
Autozeroing ;
Autopolarity on all - 0

ranges | I3
Audible continuity 4
indicator [
Varistor and fuse 4

overload protection
RF Shielded
Range lock
Meets U.K. 1244

MODEL 3010
NEW LOW DISTORTION FUNCTION
GENERATOR

Features: Generates sine, square and
triangle waveforms - Variable amplitud
and fixed TTL square-wave outputs - *
0.1 Hz to 1 MHz in six ranges - Typical
sine wave distortion under 0.5% from
0.1 Hz to 100 kHz. - Variable DC offset
for engineering applications « VCO
external input for sweep-frequency
tests.

MODEL 510
PORTABLE TRANSISTOR TESTER
Features: Fast GO/NO-GO in-circuit
testing - Fast and thorough GOOD/
BAD out-of-circuit testing - Tests FET's
and SCR's in-circuit or out-of-circuit -
Gives positive emitter-base-collector
identification in LO drive-positive base
identification in H1 drive - Light-
Emitting Diodes indicate NPN-OK
or PNP-OK - Pocket-size-Over
100 hours of testing from single
set of “AA" cells - Digital
stability-no adjustments;
nething to go out of
calibration.

JOF THE

BEST FROM...

For details of the full range of Electronic Test Equipment:-
including Capacitance Meters DMM'’S Frequency Counters
Scopes Power Supplies and Semi-Conductor Testers

Please Contact

RADIO SUPPLIES(Components)LTD.
PO.BOX 27-39 WHITBY STREET
HARTLEPOOL CLEVELAND.
TELEPHONE: 0429-75750/0429~68002

meters

Eliminates
need for special
equipment
Increases
your CB service ¢ %
profit by saving i °
you time

MODEL
1040

40-CHANNEL CB SERVICEMASTER

® Greatly simplifies all CB transceiver servicing

& Checks complete CB transceiver performance in minutes
& Checks AM and SSB transceivers, 23 or 40 channel

# No complex hookups or calculations required

® Test results displayed on direct reading

Only one hookup required for all tests

MODEL 1850
520 MHz el
FREQUENCY COUNTER

/ Features: bHz to. 520 MHz reading
guaranteed - Gate times from 10ms to

10 seconds - Period measurement

capability - 50 mV input sensitivity at

520MHz - 240 VAC, or 12 VDC - Well ;| -
protected input circuitry - Temperature
compensated crystal oscillator - LED_

MODEL 830
PORTABLE AUTORANGING

DIGITAL CAPACITANCE

METER
® Automatically meas-
ures capacitance from
0.1pF to 200mF

| 0.1pF resolution

® Zero control for test
lead compensation

o 3% digit LCD display

& Banana jacks and

® No range swjtching é : !
® 10 intemal ranges for special lead insertion
accuracy and resolu- jacks
tion = Battery or AC opera-
& 0.2% basic accuracy tion
u Range Hold switch ® Fuse-protected

“WW — 063 FOR FURTHER DETAILS

WwWwWw americanradiohietory com

WW-—072 FOR FURTHER DETAILS -
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TEXTRONIX STORAGE OSCILLOSCOPE. Type 434, as few. 12 months’
warranty £1,950.

FEKTROMNIX O8CILLOSCOPE. Type 647, with 10A2 and 3B11. £500
TEKTRONIX STORAGE OSCILLOSCOPE. Type 564 with JA6 and IB4

TELEQUIPMENT STORAGE OSCILLOSCOPE. Type DMSIA £288.
TELEQUIPMENT OBCILLOSCOPE. Type D32. Portable. mains/battery.

75.
HAMEG OSCILLOSCOPE. Type 512 0B, S5OMHZ. £350. A
TELEQUIPMENT OSCILLOSCOPE. Type S54A SB 10MHZ. £190.
SE LABS OSCILLOSCOPE. Type SM111 0B 20MHZ. £328.
ADVANCE OSCILLOSCOPE. Type 051000 0B 15SMHZ. £280.
TEKTRONIX OSCILLOSCOPE 547 with 1A1 plug-in Oual TB. SOMHZ. £378.
I:;I’RONIX OSCILLOSCOPE. Type 561A with JA1 and 2B67 10MHZ.
TEKTRON1IX OSCILLOSCOPE. Type 533A with CA, DB 24MHZ. £140.
HEWLETT PACKARD AC CONVERTOR. Type 3461A £120.
MARCON! FM S13. GEN. Type TF1066B/6S. £298.
G. & E. BRADLEY LTD. R.F. MILLIVOLTMETER. Type 112 £78
ADVANCE A.C. VOLTMETER. Type VM77E £80
MARCONI WAVE ANALYSER. TF2330. Good condition. £150
AVO R.F. 81G. GEN. Mode| HF135. £78
MARCONI WIDE RANGE R.C. OSCILLATOR. TF1370. £86.
MARCONI AM /FM 81G. GEN. Type TF1066/1. £226.
MARCONI SENSITIVE VALVE VOLTMETER. TF2600. £60.
MARCONI SI1G. GEN. MK2. TF995A/3/S (CT402) £278.
TEKTRONIX type 1L30 SPECTRUM ANALYSER PLUG-IN. (warks, slight
corrosion) £328
AIRMEC SIGNAL GENERATOR. Type 204 AM/FM 320MHZ £180
WAYNE KERR UNIVERSAL BRIDGE. Type B221 £50
ADVANCE R.F.Signal Generstor E2 100KHZ-100MHZ £40
ADVANCE VHF MILLIVOLTMETER VM 79 (No probe) £80
ADVANCE SIGNAL QENERATOR type B4B7 J0KHZ-I0MHZ £28
COSSOR NOISE LEVEL METER CT464 (Ex-Ministry) £18
8.7.C. ATTENUATOR 0-10008 600chm £9
$.T.C. ATTENUATOR 0-100DB 75 ohm £8
AVO VALVE CHARACTERISTIC METER £20
E.H.T. UNIT 230V 50cs 26VA 7.5V £22.850
BRANDENBURG HIGH VOLTAGE GENERATORS 10KV £80
BRANDENBURG HIGH VOLTAGE GENERATORS 30KV £60
VARIACS Ex-equipment. Good condition 8 amp £28
VARIACS Ex-squipment. Good condition 20 amp £38
CRC QENERATOR TBFGBS880. Sine/square/Triangle. Very good £80.
B&K AUTOMATIC VIBRATION EXCITER CONTROL. Type 1018 £50
B&K AUTOMATIC VIBRATION EXCITER CONTROL. Type 1019 £50
MARCONI UNIVERSAL BRIDGE. Type TFEGBB £100
SOLARTRON TRUE RMS VOLTMETER. Typs VM 14B4 £76
TAYLOR VALVE TESTER. Type 450 £85
ADVANCE LF OSCILLATOR. Type H1E £45
IGNAL TOR 5628 150KHZ -220MHZ £80
MARCONI| UNIVERSAL BRIDGE. Type TFBGHA £60
TAYLOR METER MODEL 128. £15 5
R&S SELEKTOMAT USWY BN 15221/2 £100
B&K LEVEL RECORDER. Type 2304 £50
RACAL HF SELECTIVE ANALYSER. Type 9056. £378
SCHLUMBERGER AUTO COUNTER. Type FB2602. £150
MARCONI F.E.T. MULTIMETER. Type TF2650 (new) £95
LEVELL MULTIMETER. Type TM11 ESO
ICE MULTIMETER SUPERTESTER 680R £18
MARCON{ SIGNAL GENERATOR. Type TF144H. £225
MARCONI| BIGNAL GENERATOR. Type TFBO1D/1/S. £198
MARCONI| UNIVERSAL BRIDQE. Type TF1313. £260
RACAL SIGNAL GENERATOR. Type 365A. 1 10 320MHZ AM/FM. £178
R&S8 Z-g DIAGRAPH BNJ862 300-2400M HZ £38
RE&S POLYSKOP 1 SWOB BN 4244/2/50 £350
WAYNE KERR COMPONENT BRIDQE. CT375 (B521).£78

R&kS UNBALANCED STANDARD ATTENUATOR 500hm. BN18942/50
£48

STODDART AIRCRAFT Radio Interference and Field Intensity Meter, type
NM-62A 375-1000MHZ {2 pieces) £328

MARCON! SIGNAL GENERATOR. Type TFB01B £88

A&S DIRECT CAPACITANCE METER £50

B&K HETERODYNE VOLTMETER (RECEIVER) Type 2005 £250
MARCONI VARIABLE ATTENUATOR. TF1073A/2S £40

MARCONI DOUBLE PULSE GENERATOR. Type TF1400/S £80
RADIOMETER (COPENHAGEN) WAVE ANALYSER. Type FRA 2CT3a £80
SOLARTRON DIGITAL VOLTMETER. Type LM1867 £78

HEWLETT PACKARD DIGITAL RECORDER. Type 50508 £50

HATFIELD PBOPHOMETER. Type ORG 657167A £80

ADVANCE DUAL STABILISED D.C. SUPPLY PP3.. 0-30V 1A £28
PICTURE MONITOR MODEL PM-B2T (Sin screen} As new £55

HEWLETY PACKARD POWER SUPPLY 6214A. 0-12V; 0-1.2A, new, boxed.
£86.

H.P. DC POWER SUPPLY 6209B. 0-320V, 0-0.1A, new boxed. £140
T-0.A. ELECT! LTD Y EPR-2T. Mains £120
THE JAMES KING COMPANY FS-1100T FREQUENCY STANDARD £60
MARCONI CARRIER DEVIATION METER. Type TFB910 £80
SOLARTRON PULSE GENERATOR. type GO1101.2 £40

M SANDERS LEVELLING AMPLIFIER. Type 65B7 £178

BCOPEX OSCILLOSCOPE. Type 4010 DB 10MHZ £170

ADVANCE OSCILLOSCOPE. Type 05240 DB 10MHZ £178

COSSOR OSCILLOSCOPE. Type CDU150 DB 35MHZ £228
TELEQUIPMENT OSCILLOSCOPE. Type D61 DB 10MHZ £198

HEWLETY PACKARD OSCILLOSCOPE. Type 1208 X-Y. From £86

FLUKE DIFFERENTIAL AC/DC VOLTMETER. Model 8B32A £80
ADVANCE AUDIO S1GNAL GENERATOR. Type H1. Sine/Square £28

R & S TUNABLE INDICATING AMP. BN 12121/2 45-600MHZ £100
MUIRHEAD WAVE ANALYSER 30-31HZ £50

HEWLETY PACKARD DIGITAL VOLTMETER. Type 34608 £76

WAYNE KERR THERMOMETER. Type LT100 with probe. £60

HATFIELD RADIO FREQUENCY BRIDGE. Typs LEJO0A/1. £60
SOLARTRON OSCILLOSCOPE. Type C01400. 0B 15MHZ. From £78
HAMEG OSCILLOSCOPE. Type HM412. £260

KNIGHT RF 81Q. QEN. KG686 with Sweep Marker Gen. KG6B7. The Peir

100.
H.P. MEMORY DISPLAY 54808 with 54B6A Control TB and S488A Y
Systemn. £27!
H.P. MEMORY DISPLAY B480A with 54B6A Control TB and 5485A two
channel input. £228.
R&S UHF TEST RECEIVER 0.9-2 7GHZ. BN1524 £150
EODYSTONE RECEIVER. Type 990S 250-BS0MHZ. £480
R&S UHF TEST RECEIVER. BN1523 280-940 MHZ. £120

‘KEITHLEY REQULAYED HIGH VOLTAGE SUPPLY, Type 241. £260

HEWLETT PACKARD D.C. CURRENT SOURCE. Type 61818 £176
MARCONI XY MEMORY Type TK2214. £140

R&S UHF SIGNAL GENERATOR. BN41022 300-1000MHZ. £80

GPO DAYEL TESTER NO IC. £100

LEVELL BROADRAND VOLTMETER. Type TMGB. £40.

DAWE AF ANALYSER. Type 1461A. £30

RE&S UHF/VHF FREQUENCY METER. BN442 30.3000MHZ. £60
R&S UHF MILLIVOLTMETER. BN1091. £70

GERROLD SWEEP FREQUENCY GENERATOR, Model 602. £40
TELONIC SWEEP QENERATOR. Type SD-3 450-900 MHZ. £78.

H.P. VHF SIGNAL GENERATOR. Type 60B0. Case damaged hence £80
MARCONI VALVE VOLTMETER. Typs TF 1300. £18

SOLARTRON DIGITAL VOLTMETER. Type LM1420.2. £30

VIDEO CIRCUITS LTD TUBE TESTER. Type V33. £30

LABGEAR COLOURMATCH 825 PATTERN GENERATOR. Type CM6004-

8 & K BEAT FREQUENCY OSCILLATOR. Type 1014, £178
ADVANCE OSCILLOSCOPE. Type OS1000A. DB 20MHZ. £300

WIRELESS WORLD FEBRUARY 1981

FERRET A.T.E.

£650
Phone for
details

EDDYSTONE
RECEIVERS
Model 730-500KHZ 1o 30MHZ

£65 each
Model 770R-AM /FM

£95 each

Some models slight imperfections.
Phone for Special Price
INFRA RED IMAGE
CONVERTER Type 9606
(CV 144)

1%in diameter. Requires single low current
3KV to 6KV supply individually boxed. With

data.
£12.50 each

infra Red Lamps also advertised

VARIAN RUBIDIUM

STANDARD
Model R20
Smhz, 1mhz, 0. 1mhz

£600

EX-MINISTRY SOLID
STATE
400 HZ INVERTOR

28 VDC input, 115V output. Size 7 x 22 »
15in approx. Connection details supplied.
£18 oach. P&P £2

TRANSISTOR INVERTOR

CONVERT THIS UNIT TO A
SUPER BATTERY CHARGER

Attractive green ministry quality case with removable . ran
with Single
From £100. Phone for detalls

top and bottom plates — heavy duty power switches,
high powered resistors to control current, good quality
centre mounted amp meter, strip of wing nut terminals

SOME TEKTRONIX 500
?ooscilloscopos BAX 13. 1544, 1N4148§;

DIODES

All new full spec. devices IN3063

1N3470; 1N4151,
100 off £1.50, 1.000 off £10

race Plug-ins. Working.

115V AC 1.7 Amp Input. Switching is at
20Khz. OQutput windings from Pot Core. Can
be rewound to suit own purpose or unit can
be broken for host of components. Circuits
supplied.

£1.25 sach. P&P £2.

WIRELESS WORLD FEBRUARY 1981

103

'popgroupc. These have thres modes of flashing , two chase-patterns and

on front panel which can be used for connecting leads.
All this for £3.50. P&P £2. Four units £12. Carriage £5.

STEPPING MOTORS
6/12 position with additiona! where the rotor is coils
Device can be used as a tacho. Diagram supptied. Will
actually work on 5 volts. 12/24 recommended
£1.50 each P&P 75p
or 5 for £5 P&P £1.50.

- Sub min Suzs % X 5/16 x W'
Secondary centre tapped. New 20p ea.
REMO TV TYPE MULTIPLIER. Two high voltage outputs and
focus, £1 each,
DONT TAKE CHANCES. Use the proper EHT CABLE. 10p per
metre or £7.50 100 metre /drum. P&P £2.
PHOTOGRAPHIC LAMPS. Peart 230V 500 watt. Screw cap
78p ea. Box of 12 £5.60. P&P £1.50.
RAPID DISCHARQE capacitors 8mfd 4kV £5 each. P&P £2.
MYSTERY IC PACK. Some 40 pin — good mixture — all new
devices. 26 ICa for £1. P&P 50p.
LING CAPACITORS

STEPPING MOTORS

200 Steps. 20 oz/in. torque, 12/24 volt input 4-wire
£12 each. P&P £1.50

KEYBOARD PAD
Size 3x2%2x2"" high with 12 Aima Reed Switches. Blue
keys marked in green 0-9 and a star with one blank.
£4 each, P&P £1, or 5 for £15 P&P £2.

MINIATURE KEYBOARD
Push contacts, marked 0-9 and A-F-and 3 optional
. function keys. £1.75 each.

0.05mfd 10V; 0.01mfd; 0.04 7mfd 250V; 33K. 330pf. All values
100 for £1.80.
H.T. or 500pf 8KV 20p esch.
10-way MULTI COLOUR RIBBON CABLE. New 40p per
metre. 10 metres for £3.
QEC UHF 4-button tuner £1.50 sach.
CENTAUR 115VFANS 4% x 4 X 112" £4.50 ea.
EXUSED squipment, tested, 60p .
CONTACTORS. Heavy Duty 24V DC 6 make £1 each,
QEC UHF /VHF 6-button tuner £2 sach.
931A PHOTO MULTIPLIER £2 each. P&P £1.
RANCO 250V 18A THERMOBTATS with Cantrol knobs
caiibrated 50-200 degree C £2.50 sach.
SOLID STATE UHF TUNERS. 30 acs £1 each.
BRAND REX blus wire wraps. 30 metres for £9. P&P 25p.
SLIDER CONTROL 500K Log. Single track. Complete with
knob. Length 3%2''. 28p each.
TRANSFORMERS

i R TN 75326 €1
7453 Sp 74H51

7451 s 74538 stp
7402 129 74502 14p
7476 20p 74164 3 40p
7495 asp 74C02

74122 12p 74C04~ 18p 74C161 :z
74C00  17p 74C74

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p sech. Gold
plate tester version 50p each. E

EPROMS 2708 £5.50 each.

SMITHS encapsulated transistorised AUDIBLE WARNING
DEVICES 4V-12V. Can be driven from TTL $8p wech.
ELECTROSTATIC VOLTMETER. 7.5KV £8. ee. PA&P £1.50.
Other ranges available — please enquire.

TRIMMERS. Sub min. 0.2510 1.25 pf. 110 4.5 pf. 71045 pf. Al
ot Sp each. o
HONEYWELL humidity controllers 50p sech.

THYRISTOR TIMER. Solid State. 15 secs adjustable (reset) in
plastic refay case. Standard 7-pin base. Series delay 50p sech.
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way

10p ench.

4 B10I‘f 7 SEGMENT per digt plus a figure one to the ieft pius a
centre minus sign 1o the left of the figure one with decimal places
between digns. Good briltiance at 1.5V. 16 connections £2.50
each. Some E.H.T. T and C, i ilable. Please
enquire.

TELEPHONES 708 style black. grey or blue £8.60 ea; 746 style
black or grey £7.80. Older style black £2.80 sach. Oiscoloured

CRYSTALS 50p each.
Flat metal case — 19.2KHZ: 844 BKHZ; B7G — 10MHZ.

LOUDHAILERS. Transistorised hand-held. no leads. Standard
internal batteries supplied. Howl| Switch. £20 ee. P&P £2
INFRA RED QUARTZ LAMPS. 230V 620 Watts. Siza 13%*" x

AUTO 240Vinput 115V. 1 Amp output £1.28 each. P&P £1.25.
240V input. Soc. 6V. 1.86A. Size 22 X 2 X 2. Good guality.
£1.50 ea. PAP £1.
240V inpart Boc. 12V 0.92A. Size 2% X 2 X 2'‘. Good quality,
€1.50@e. pIp £1.

grey 706 €4 ea P&P £1.50 per telaphone.

OC SEAVO MOTOR 110V 2.5Amp continuous. Double shaft.
Brand new. 4 wire. 4 brush £28 es. Plus carriage.

PC Mount POTS. Wire wound with knob 200 0hm & 10ohm. 10p

on.
MIN. RELAY 24V. 2 pole ¢ /0. Brand new 78p sech.

POPULAR KITS AND PARTS

TRANSMITTER SURVEILLANCE . .
Tiny, easily hidden but which will enable conversation to be picked up
with FM redio. Can be made in a matchbox — ail eiectronic parts and
circuit £2.30.
AADIO MIKE
Igeal for discos and garden parties, Bllows complete freedom of
movement. Play through FM radio or tuner amp £8.80.

SAFEBLOCK
Mains quick connector wi _
quick spring connectors, heavy plastic
Complete kit £1.98.

LIGHT CHASER ! A
Gives a batliant display — a psychedslic light show for discos, parties and

ill zave you valuable time. Festures inc!uds
case and auto on and off switch.

 strobe effact. Total output power 750 watts per channel. Complete kit.

Price £18. Reedy made up £4 extra.

BITE INDICATOR enables anglers to set up several lines lher_\ sit
m and read a book. As soon as one has a bite the toudspeaker emits a
shrill nota. Kit. Price £4.90.

& WAVEBAND SHORTWAVE RADIO KIT

ndspread covering 13.5 to 32 metres. Based on circuit which
e ina mcen?lgsue of Redio Constructor. Complete kit. mpludu

SUPER HI-FI SPEAKER CABINETS.
Made for an expensive Hi-Fi outfit — will
suit any decor. Resonancs free cut-outs for
8in woofer and 4in tweeter. The front
material is carved Decron, which is thick
and does not need to be stuck in end the
compieted unit is most pleasing. Colour
black. Supplied in pairs. Price £6.80 per
pair (this is probably less than the original
cost of one cabinet). Carriage £3 the pair. -

RADIO CHASSIS BARGAIN. 3
waveband radio with stereo emplifier.
Mede for incorporation in a high-cless
radiogram, this has a quality of output
which can only be described as superb. It
is truly hi-fi. The chassis size is
approximately 14°. Push buttons select
{ong, medium, short and gram. Controls
are balance, volume, treble and bass.
Mains power supply. The output is 6+6
watts. Brand new and in perfect working
order, offered at less than value of stereo
amp alone, namely £6.80. Post £2.00.

G P

case-materials, six transistors, and diodes, d 8, I
inductors, switches, stc. Nothing else to buy. if you have an amp!
connect it to on a pair of high resistance headphones. Price £11,
SHONRT WAVE CRYSTAL RADIO I

All the parts to make up the beginner's model. Price £2.30. Crynn.l
carpiece 88p. High rasistance headphonas {give best results) £3.78. Kit
includes chassis and front but not case.

RADIO STETHOSCOPE

Easy to fault find — start et the serial and work towards the speaker —
when signal stops you have found the fault. kit £4.88.
INTERRUPTED BEAM KIT .

This kit enables you to make a switch that will trigger when a steady beam
of infra-red or ordinary light i broken. Main components — relay, photo
transistor, resistors and caps, etc. Circuit diagram but no case. Price

OUR CAR STARTER AND CHARGER KIT has no doubt saved many
motofists from smbarrassment in an emergency you can start car of'
mains or bring your battery up to full charge in a couple of hours. Thc kit

MULLARD UNILEX

A mains-operated 4 + 4 stereo system.
fRated one of the finest performers in
the sterea field this would make a
wonderful gift for almost anyone. In
easy-to-assemble modular form this
shoukt sell at about £30—but due to a
special bulk buy and as an incentive for
you to buy this month we offer the
system complete at only £18 including
V.A T. and postage.

FREE GIFT--Buy this month and you
will receive a pair of Goodman's
ellipticai B X 5" speakers to match
this amplifier.

THIS MONTH'S SNIP

: Have you got 10 organise a party of charity fund-raising event? Then one

IT'S FREE
Advance Advertising Bargains List gives detsils of
mhhluhm-ﬂvﬁ-oﬂmb-'duwhhhullwt
before our adverticement can appesr—it's an interesting lst and
ir's free—just send $.A_E. Bolow sre a few of the Bergains still
avaliable from previous linss.

DUE TO THE HIGH & RISING PRICES OF FUEL many companies
and probably many householders are looking around for ways of saving
some of this cost. One Company bought a number of fans frqm us and
firted these in the ceiling of their workshops where the hat air tends 1o
collect and they biow this hot air downwards. Another Company has
bought fans from us to suck the exhaust from ﬁ\e:r‘cnl fired mptral heaters
through a zig 2ag of asbestos pipes, the asbestos pipes being in a separate
chamber which becomes a hot air chamber, the hotair from this is blown
through ducting to itis needed. icall ﬁ_\ey have cutout the
normal chimney and replaced this with one of our hlgh‘power extractor
fans. !f you have any other good kieas on heat cost saving. let us know
and we will pass it on to other readers.

EXTRACTOR
FANS

Ex-COMPUTER MADE BY Woods
of Colchester: idea aiso as biower;
central heating systems, fule
extraction, etc. Easy fixin
through panel, very powerfuq
2,500 r.p.m. but quiet running.
Choice of 2 sizes, 5 £8.80, 6
£8.50; post £1 per fan. All mains
operated

PING PONG BALL BLOWER-UPPERS

atways populer way is to have ping pong balls going up and down and
being caught. We have some powertul blowers and these should be ideal
for this, and of course for more serious purposes. They are 4-stage
blowers, coupted 1o synchronised AC mains motors of approximately %
h.p. They have a terific suction as well as a high velocity blow.
Ex-computers, price £28.

s
RECHARGEABLE SOLID GEL BATTERY. 12V SAH. new and
unused, made by or for Elpower Corporation of California. Dimensions
6in. long, 3%in. high end 2 %in. wide. Regular price of similar batteries,
R.S. Co is £28. Limited quantity available a3 £185 es.

comprises: 250w mains transformer, two 10 amp bridge recti
start/charge switch and full instructions. You can assemble this in the
evening, box it up or leave it on the shelf in the garage. whichever suits
you best. Price £11.60 + £2.50 post. “

2.0 HIGH GAIN AMP/SIGNAL TRACER. In cass measuring only
g%in x 3%in x 1%in is an extremely high gain (7008) solid state
amplifier designed for use as a signal tracer on GPO uples efc. With a
radio it functions very well es a signal tracer. By connecting @ simple coil
to the input socket a useful mains cable tracer can be made. Runs on
standard 4%v battery and has input, output sockets and on-oft volume
control, mountsd flush on the top. Many other uses include general
purpose amp, cueing amp etc. AR bargsin ot only £1.96.
Suitabie BO ohmn earpiece 69p.

THERMOSTAT ASSORTMENT

10 different thermostats, 7 bi-metal types and 3 liquid types. There are
the CURRENT STATS which will open to protect devices against
overload, short circuits etc. of when fitted say in front of the elementof a
blower heater, the heat would trip the stat, APPLIANCE STATS, ane for
high temperatures, others adjustable over a range of temperatures which
coukt inctude 0-100C. There is also a THERMOSTATIC POD which can
be immersed, an oven stat, a calibrated BOILER STAT, finally an ICE
STAT which fitted 1o our waterproof heater eiement up in the loft could
pratect your pipes from freezing. Separately these thermostats would
cost around about £15 — however, you can have the parcel for £2.60.

VU METE!

E:‘l’quwise n?ounﬁng through hola size 1% X % approx. These are 100
micro amps f.5.d. and fitted with internal 6 volt bulb for scale
illumination, aiso have zero reset. The scale is not calibrated but has very
madern appearance. Price £2.88.

BALANCE METER. Edgewise mounting 100 UA centre zero. Prica
£2.390.

1 %ain SQUARE PANEL METER. Eagle full vision plastic front, 50 UA,
Price £4.80. 1mA Price £4.03.

WALL MOUNTING THERMOSTATS. The
Danfoss, a handsome 2 tone, intended for living
rooms but is just as efficient in a greenhouse or

3
store, It is suiteble for normal air temperature H ‘@r
Peritel

range 32F-80F. Price £4.80.

WATERPROOF HEATING WIRE. 60 ohms peryard. This isa hesting
elament wound on a fibre glass coil and then covemgi with p.v.c. Oozens
of uses — around water pipes, under grow boxes, in gloves and socks.
23p mewre.

DIAL INDICATOR. As used in g and other
measuring oparations. the famous John Pyll accurately ll}ou_a
differences of .01mm. A beeutifully made precigion instrumant, price in
most would be £12-£15. We have a fair quantity. Price £8.20.

COMPONENT BOARD Ref. WOPSS i A
This is a modern fibreglass board which contains a mulmm_la of very
useful parts, most important of which are: 35 l:wm_sd diodes and
rectifiers including four 3 amp 400v types (made up in a bndge). B
transistors, type BC107 and 2 type BFY51, electrolytic condensers, SCRY
ref. 2N 5062 25 Ouf 100v DC and 100uf'26v DC and over 100 othar
parts including variable, fixed and wire wound resistors, slectrolytic and
other condensers. A real snip st £1.18.
FRUIT MACHINE HEART. 4 whesis with ell fruits, motorised and with
solenoids for stopping the whaeels with a little inqenuhy youcan defy your
friends getting the ’‘jackpot”. £9.95 + £4 carriage.
DESOLDERING PUMP
Ideal for g P from boards as weli as tor
service work generally. Price £8.38.
4-CORE FLEX CASLE ’
White pve for telephone extansions, discolights, etc. 10 metres £2, 100
metres £15. Other multicore cable in stock.
MUGGER DETERRENT v
A high-note bleaper, push latching switch, plastic case and battery
connector. Will scare away any villain and bring help. £2.80 compiete
kit,
HUMIDITY SWITCH 5 .
American made by Honeywell. The action of this device depends upon
the dampness causing a membrane to stretch and trigger 8 sensitive
L wch, Very iti ing on it for instance will switch it on.
Micro 3 amp at 250¥ a.c. Only £1.18.

“TANGENTIAL
HEATER UNIT

A most efficient and quiet running

IKW MODEL
€8.95+£1.80P &P

biower-heater by Solatron — same type
as is fitted to many famous name
heaters — comprises mains induction
motor, tong turba fan, split 2kw
heating element and thermostatic
safety wip. Simply connect to the mains
for immediate heat. Mount in a simple
wooden or metal case or mount direct
onto base of, say, kitchen unit.-Pnce
£8.85, post £1.50. Control switch 1o
give 2kw, 1kw, cokl biow or off avail-
able 60p extra. Jkw model €6.96.
, Control switch 96p.

oo or oo -

/

3-CHANNEL SOUND TO LIGHT KIT

Complete kit of parts for a three-channel sound 1o light unit cantrolling
over 2.000 watts of lighting. Use this at home if you wish but it is plenty
ruggad enough for Disco work.

This unit is housad in an attractive two-tane metal case and has controls
tfor each channel, and a master on/off. The audio input and output are by

E.H.T. UNITS. One of our specialities has always been E.H.T.
1transformers, and we probably have bigger stocks than most of our
contemporaries. It is surprising what usas these high voltages can be put
o0 — killing flies and weeds, lighting central heating boilers, lifting paper,
extracting dust, etc. A new one this month is 14.5 KV (dc} 0.5mA. Made
by ADVANCE ELECTRONICS, this unit is compietely enclosed and has
input and output sockets — size of the unit is approximately 6in. x Jin. x
3%in. Price is £16.30, post £1. —WEN

To remind you of the E.H.T. Transformers we stock, hers is a list:

3-4 KV 3 mA ex equipment £2.77
5 KV 5 mA ex new equipment £7.78
6 KV 5 mA with outer casing and €.H.T. outlets £9.48
8.5 KV 10 mA totally enclosed with E.H.T. outlets £12.88

SUPER BREAKDOWN PARCEL with free gift of a desoldering pump.
perhaps the most useful break-down parcel we have ever offered.
Consists of 50 nearly sli different computer panels on which you will find:
over 300 ICs, over 300 diodes, over 200 transistors and many hundred
_other parts, resistors, condensors, mufti turn pots, rectifiers, SCR efc. etc.
for only £8.50, which when you deduct the value of the desoldering
pump, works out to just a fittie over 4p per panel, +£1.27 VAT + £2 post
(it's & big parcei).

300 WATT MERCURY VAPOUR LAMP. Mazda. ref 90-3104
MAT/V blended. These give a really powsrful light but, of course, have to
be used with their correct control gear. We are expecting to get this
control gear early in the New Year. Price of the lamp is £3.38 +26p.
Post 50p.

ANTLFROST THERMOSTAT. The normal refrigerator type thermostat
switches off as the temperature falls and so is not suitable for anti-frost
devices. However, we have the lce-stat — this switches on as the
temperature falls and is set to switch on just above freezing point. It is.a
skeleton type stat so would require boxing but the price is modest at
£1.10.

THIN CONNECTING WIRE 500 metre drums, 7 stranded copper core
p.v.c. covered adailable in 10 different colours. Price £7.18.

EXTENSION LEAD BARGAIN. W ali know how especislly in the cold
waather. p.v.c. leads lose a lot of their flexibility, in fact some poor grade
p.v.c can be quite stiff and awkward. and will not stay put. We have an
extra flexible twin round cable. This is highly suitable for lead lamps,
vacuum cleaners, in fact any portable device which does nat need an
earth. The regular price of this very fiexibie cable which is suitable for up
10 7.5 amps is 30p per metre, and that is buying 1,000 metres at a time.
However, this month you can buy 50 metres for £7.38 inc. post or 250
metres for £28.80 inc. post.

EXTRA LIGHTWEIGHT HEADPHONES. Stereo. but these weigh
anly 50 grams (approx. 20z.) Intended for use whilst playing your
instrument in a band, or in normal P {
made, and extremely good quality. £7.98 + £1.10.

% sockets and three panel mounting fuse holders provide thyristor

240V input 12V 100MA. Size 60 X 40 X 42mm. 50p each.
protection. A four-pin plug and socket facilitate as of connecting tamps.

240V input. Soc. 12-0-12V SOMA. Size 53 X 45 x 40mm. £1 TIME DELAY RELAY 0.1 to 10 secs. 116V AC, DPDT £5 each.

%’ dia. £1.50 ee. 240V 1650 Watts. Size 22%'' x ¥:*' dia., £3
CAPACITORS ot Sp eech. 0.1uf 400V. Small cec. block PC

HALF-PRICE CABLE OFFERS. We have good stocks of:

..
BRIDGE RECTIFIER. 2 Amp 50p ea. e Y Mount German class; 3300pf; 1 0.01mfd 160V. Special snip price is £14.95 in kit form or £18.95 assembied and tested. .
PHOTODIODE DETECTOR 4 fiy leads, 26p ea. JasvpsTisoc SYZROMARRZEN! 1176h el opigl Sty IN;E;V(I;’.mnabecuszsd 353 Mi:ropzhion:‘lz éaor:mge (:ir:eisaedoas insert Sz Type Price Carrioge et COMPUTER PRINTER T AL Ul ref DCT1000,
AMPHENOL. 17-way chassis mount edge connectars 0.1 "5'\“,,',“‘ Sec 10-0-10V1A. Size 2% X 2 X 2", 2 for £1.80 in telephone but superior quality} Ex-Min. Brand new wrapped 78p = 108 moires this is @ floor standing mains operated printer, which takes a 14" wide
spacing, 15p ea. SEMICONDUCTORS . - : Ny each. or 10 for £8. 15  Single £4.00 £1.75 AC CONDENSERS paper complete with electronics ~— in a gaod clean condition, but
1.E.C Standard MAINS LEAD. Moulded (3 verticat flat pins centre 1N4005 — 8p; 1N4002 — 3p. TORODIAL TRANSFORMERS. Input 0-120-240 Volts. Output 1.6 Flat twin £6.50 £2:76 For motor starters, power factor correction vokage droppers. The voltage quoted is ACRMS, or for untested. Price: £73 + £11.25, plus delivery at cost.
offset) 5Op ea. AtSpeach; : 0-12V: 0-12V. 10VA per winding. Encapsulated — identicalto R.S. 16 Flat 3.core & E 075 £3.50 D 2% tirwns the AC valtage . ;
FANS. 115V 13 Watts_Size 3% x 3% x 1%" BRAND NEW. BC147, BC148B, BC167, BC158, BC237, BF 197, A0, 0A81 Components at £8.90. OUR SPECIAL PRICE £6 ea. P&P £1.50. ‘4 Single £7.50 :
£4.80 ea. Socondhand £2.50 ea. BA164. BA243. g g 4 ! 1 3 TANTALUM CAPACITORS —All at 10p each — 100 off £7.80. 4 Flattwin £11.80 £4.00 1.5 mfd 440V 6.25 mfd 250V £1.00 12 mfd 440V £2.78 | 3 arT PUNCH AND READER UNIVAC. Combined is 3 neat case, this
DELAY LINE. 50 3 ians — ground-in-out Size 2 t 28p p 22mfd 6V: 39mfd 10V, 22mfd 35V; 1mtd 36V. 6  Flat 3-core £32.50 £5.00 2.5 mid 440V $7p 8 mid 250V £€1.27  13mid 275V £1.86 | i iheir modei no. 09235-15. Made by the Roytran Company of America,
X 7/16 X5/16' New 26p ea. TIP31, TIP41A, 2NS£96. AF139, 2TX341. MINIATURE SLIDE SWITCHES. Single pole 2 way 10p each, 16 Twin&E . £79.00 £10.00 3.4 mfd 440V £1.00 8mfd 440V £1.89 15 mid 326V £1.77 § Rotron number being 572-1. This is a desk standing instrument with
MOTOR 12V DC with pulley and integral semiconductor. Speed BY127 10p. BF1B1 20p; BD239 49p; BD241 40p; MAJ43AT 10 off 80p. 3.5 mfd 250V 77p 11 mfd 275V £1.62  20mfd 275V £3.77 | i 01t and output teads made for 115y operation. The case has a perspex
Cantrol, New £1 es, X 49p; BD228 5Op; BD233 & BD234 Comp Psir 25W — 80p HEAVY DUTY RHEOSTAT. 7.50hm 5.5Amp. Diameter 5. 5 mitd 570V £1.52 12 mfd 250V €162 32mid 250V €289 | o indow and drawer below to hoid the tape. Complete with
::::x ROTARY SOLENOIDS. 115V OC. No switch assembly, pv. ut 50p each. e Standard %"’ shaft £2.80 each, P&P £1.60. A : ics end i very ciean condition. Price £28 inc. poat.

... N i .
SR () GerTeEn Qe A S o REGULATOR TBA625 8to 20V in — 5V out 100MA TOS Con LARGE EX-MINISTRY SPEAKERS. OUTSIDE 15 ohm or ] MINI-MULTI TESTER SUPER CONSTRUCTOR'S SNIP

50p each BF266C 20p.
TV AMPLIFIER TBA 120 20p sach.
MINIMUM ORDER £3 VALUE OF GOODS. MINIMUM P&P £1 — whaere P&P not stated please use own discretion — excess refunded.
£5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at 15% on total MUST BE ADDED TO ALL ORDERS,

CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc. ’

BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome.

CHILTMEAD |

NORWOOD ROAD, READING TELEPHONE NO. READING 669656
ed Wheel '} .

(2nd turning left past Reading Technical College in King’s Road then first right — look on right for door with *°S

SR . Deluxe pocket size precision moving coil instrument,
jewelled bearings—2000 o.p.v. mirrored scale.

11 instant ranges measure:

DC volts 10, 50, 250, 1000.

AC volts 10, 50, 260, 1000.

DC amps 0-100 mA.

Continuity and resistance 0-1 meg ohms in two ranges.
Complete with Test Prods and instruction book showing
how to measure capacity and inductance as well.
Unbelieveble value only £6.75 + 50p post and

insurance.

f i i il i UNIVAC KEYBOARD MODEL NO. F1308-00. A neat kayboard,
Here's a super bargain for you. 100 twist drills, regular toolshop price over £50, e T R e i s A S

yours for ollly !_111.50. V\_/ith these you will be able to drill me'tal, yvood_/ pla'stnc, B adod koys and 10 function switches o 5 ine along the top. The
etc, drom the tiniest holes in P.C.B. right up to about 5mm. Don’t miss this snip — legends on these switches are: aute-manual, monitor off, run-stop,
send your order today. on-line-off-line, keyboard off, printer off, reader off, punch-off, card

- reader-off, card punch-off,. We have only a few of these, in as new
condition. Price £28.

10-way. Printad Circunt Mount. New 10p ea. 100 for £7.50

TERMS: Cash with order—but orders under £10 must add 50p to offset packing, etc.

N = ATH 54563 -
g8 ENOUT(!Z?S'S\T;A[’RCE%::DA mfc";’j :DE T AUTO TRANSFORMER 250v 10 115v, 1.1KVAinsilverad metal case.
Used but in perfect order and fully guaranteed. £13.50.

J = B U L L ( E I eCtri ca l) LT D ! mo :Lwrnou;ﬂcs. Bargain parcel of big elmr:uyncu B for £3.30
=

{Dept. WW), 34-36 AMERICA LANE Lo P
HAYWARDS HEATH, SUSSEX, RH16 3QU

AT 1 e e By eVl (3 (11
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From Newtronics

THE NEW EXPLORER /85 SYSTEM

EXPLORER/85 8
PROFESSIONAL COMPUTER KIT

An inexpensive

8085, S100 Based

Computer System designed

for maximum flexibility _
Now available with 8"’ Floppies

Dive Syeton &R/85 offers you real design flexibility — yoy

can buiid the exact system véu require. EXPL(SR“E—H/‘B-S canﬁbe. vodF"Bde'{;'i;r;;aré Svétéﬁri O"EM Cont
Y More than you need. Prices start from £85.
Here's the line up:

Intel 8085 microprocessor. 8355 aS
{expands to six}, plus
The 8085 is 1

The EXPLORER/85 offers

a really powerful 2K Monitor system. 8155 RAM 1/0 all on one sin,
Otype space.

the m but 50% faster. The 835!

gle Mother board with room for RAM/ROM/PROM/EPROM and two$-100 pads

2K monitor system includes cassette interfac
%K ‘scratch pad’. T

€ with tape control. Two 8-bit prugrammabie 1/0 ports, automatic

WO programmabile 8-bit and one Programmable 6-bit 170 ports plus programmable 14-bit

to lack of space. )

as little as £85 or we'll supply it with address decoding and data drives plus wait state generator and separate

£233 in kit form of £293 assemhbled and tested.

itor) which features a full ASCIl keyboard with upper and lower case with cursor control, Video Display board
i i ter system having 4K workspace at a special price of £289 (less P.5.U. and

“renion. 8. FLOPPY DISC SYSTEM " [—

Corp Professional Drive
* LS| Controller * Write protect.® Single or Do
Matted * Access time 25ns, Price £350
DISC CONTROLLER 1/0 BOARD . .
Controls up to 4 Drives * 1771 ALSI (SD) tloppy disc controller * On hoard data Separator (IBM compatible) *
2716 PROM socket included for use in custom applications * On board crystal controlied * On board 170
buad rate * Two serial 170 ports * Autoboot

uble density * Capacity 400k Bytes (SD) 800K Bytes (DD) .unfor.

Small, light,

quiet matrix
10 disc system when system reset * Generators 1o 9600 baud * printer -
Double-sided PC board (glass epoxy). Price £1850. : 1

DISC DRIVE CABINET WITH POWER SUPPLY

E R ]
De le(;ssleel cabinet to house single drive with power supply unit 1o esnure maximum reliability and stability. - '

DRIVE S ADLE SET-UP FOR TWO DRIVES / 40, 80 or 132 cols,

Price £19, ' 6 or 8 lines per inch,
SAVE £30 by purchasing completgsséngle drive system. One 8° 96 ASC ] + 64 graphics character set

Regular price £598, Special price £ . O q A
with Centromcs_compatnble interface

3
3

drive, F.D.C. board, cabinet/PS.U. and cables,

CP/M1.4€75 CP/M 2.2 £98. Extended Microsoft Basic £213 {Includes CP/M 2.2).

64K ‘'JAWS’ S100 DYNAMIC £349
“We offer you Hidderi refresn RAM BOARD

ast pertormance  lower power consumption latched data outputs
200ns 4116 RAM's on hoard crystal ’o

8K bank selectable . fully socketed solder mask on both side of
the board 3
Designed for 8080, sogs and 280 bus signals

works jn Explorer/85, Tuscan, Horizon, Sol, as well as ajl
Other well-designed $100 computers.

~_t2%yvorldsbf'ifst prinht'er

WIRED D s wit : :spos.a !epn‘nt ‘eacl!- ! ;
TS ¢ TESTED KITS & TESTED| *3 ASCiI Crasaetass s a5 eking * B diractiona
16K £149

£1 69 { 48K £239 £259 Inte_rnational Characters * Centronics_ I/P with
32K £194  g2q4 64K £284  £304

WIRELESS WORLD FEBRUARY 1981

16K expansion £45 type founts * Self Test * Self Diagnostics
ELFII

bytes.

~/ == opE

SPECIFICATION
*RCA 1802 8-bit

MA and ALU

power regulator §-slot plug in expansion bus
T tors) .

nicroprocessor with 256 byte RAM expandable to Gdx

"RCA 1861 video IC to display program on TV
ator Single Board with Professional hex keyboard -
eliminate the waste of memory for keyboard de:
and memory protect switches. 16 Registers. Interrupt, D
Stable crystal clock. Built i

Screen via the RF Modyl-
fully decoded to
coding circuits. Load, run

CIAL OFFER £59_ g5

ONLY £359

' TVM 10" MONITOR
. ;

& NOW £79.95

IDEAL ROR APPLE NASCON |
UK.101,ETC.

ELF I BOARD WITH VIDEQ ouTPUT FEATURING THE RCA COSMAC 1802 cpu
STOP reading about Computers and get your “hands on’* an ELF 1l and Tom Pitman’s short course ELF i
demonstrates all the 91 commands which an RCA 1902 can execute, and the short course speedily instrycts
YOu how 10 use them. R .
ELF I's VIDEO OUTPUT makes it unigue Among computers selling at sucha m
is perfect for engineers, business, industry, scientific ang educational'purnoses.

i ) O Designed for monitoring Computers, closed circuit
odest price. The expanded ELF ) TV and Video Tape Recorders

® 10° black and white video monitor

ELF I} EXPANSION KiTs

Once you've mastered your ELF [} YOu can then expand it to a full 64K

microcomputer with our range of ELF {| 2 "? MHz band i
expansion kits. - Hardware — Firmware — Software — Manuals, : H_lgh-qu_allty rn.etalll.c cal?":“ q
NOW AVAILABLE BASIC LEVEL 11l itk R.P.N. Maths package. Both cassette and EPROM versions. Dimensions: 9- x g9-'x gy, Trade Enqueries Welcome
R e —a
SEND SAE FOR COMPREHENSIVE BROCHURE

Please add VAT to all prices. P& P extra. Please. make cheques and postal orders
payabls 1 NEWTRONICS

=
or phone your order quoting BARCLAYCARD. ACCESS - e [ ]
ewironigs
255 ARCHWAY ROAD, LONDON, N.
TEL. 01-348 3325 1

We are open for demonstrations and Sales Monda

y-Saturday. 9 30 am -6 30 p.m
Near Highgate Undergroynd on main A1 nto Londo '

[l
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TUNE IN
to the new-look

ractical

Morse

t
ling to pass
fnt(\;\:gg Tutor and mau
ndom Morse at Yo .
rgaroups of five charac

Accented

t? Bul‘d (.)U\' 3
he Morse e s project fires
ster the C: ingly, or in

tice sing! |
o F;\‘:\?l‘)?ed or plain letters
rs, .

Metronomegif pitch to

d, third or

isti erin
i distinctlow! L
i vice uses a I
Thclségfuate the feV\:ec
? curth beat. Us!n_g X
c?)mponents thisisa

ideal beginners project.

pre-sé

Geton theright
frequency every month. .
order your copy NOW!!

Februaryissue
on sale NOW 65p
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Please add 15%
N FORMERS VAT after P&P
Tc%ﬁrmuous RATINGS LY :

MAINS ISOLATORS (Screened) 1% or Zg- vsol!-r.ir220- Pyt
Pri 0-120, 0-100-120V (120, 220, 240V) Sec_ Separate 12V win ing
0.6 ice, 10 give 55, 60, 110, 115
120,128 378 180,256, 725, 230, 239, 240 Ref. 1
Ref. VA (Watts) £ P&P i i 242
0/% 4.84 foif 290
149 7.37 1.10 3.6
150 8.38 1.31 2
151 12.28 1.31 g
152 14.61 1.73 5.9
153 18.07 212 816
154° 22,52 8.93
155 - 32.03 :hg
40.92
i : 15.87
e7.98 j 1972
3000 95.33 oA 226 __60.0 300 4041
* 115 or 240 sec only. State volts - 30 VOLT RANGE (Soitsog _

4L e, 6
i i Pri 220-240V. Voltages availabie 3, 4, 5. 6,
required. Pri 0.220-240V. T o R

3 [ V-0-15V
50 VOLT RANGE (Sazli;S]u(t;)-]3 N:';“ -
i ilable 5, 7, 8, 10, 13,
‘?2,212%22‘3."&;"'5‘6‘,”5 3790 o 20V:0.20% :‘1'; e zlﬂgo o
25Vv-0-25V, Amp‘ % : 333
Ref. 50v 25v £ P&P g'as
3 375 .90 139
457 1.10 B9
788 131 10.86
9.42 152 229
1282 1.75 165
12 1637 1.89 is.o
16 22.29 2.39 21.09
i %% 3288 oa 32.40
109 24 8 ] ) 2.0
60 VOLT RANGE SCREENED MINIATURES Primary
. Pri 220-240V (Split Sec.) 240\/
-Voltages available 6, 8, 10, 12, 16,
18, 20, 24, 30, 36, 40, 48, 80V, or Ref.
24V.D-24V and 30V-0-30V 238
Amps 212
Ref. 60v 30v € P&P 13
124 . 1 427 1.10 | 235
126 2 650 1.10 | 207
127 4 836 1.31 | 208
6 1210 1.39 | 236
13.77 212 | 239
17.42 1389 | 214
19.87 212 | 221 L
27.92 OA | 206 (520, 0,
3747 oA %83 ) 0-15-27, 0-15-27 6.

HIGH VOLTAGE AUTO TRANSFORI\;IEORSO
MAINS ISOLATING Voltages available 105, 115, 190, od, i
Pri 200/220 or 400/440 230, 240, Valtages for step up or step ova -
Sec 100/120 0r 200/240 Ref. VA (Watts) TAPS 7%
VA  Ref. £ P&P 113* - 15 0-115-210-240V 27
60 243 7.37 1.58 64 75 0-115-210-240V &7
350 247 18.07 2.12 4 150 0-115.200-220-240V E80
1009 250 45.94 OA_ gz 1033 A 1209
BRIDGE RECTIFIERS | 811350 © 2581
45p 95 2000 25.13
55p 73 3000 " S
£€2.10 | §0s 4000 0-10-115-200-220-240 Bae
86p 57s 5000 k
86p " *0, 115, 220, 240 Step Up or Step Down
£1.40

£2.85 CASED AUTO TRANSFOBMERS
P&P 17p. VAT 15% 240V cable input USA 115V Flat pin'outlets P&P Ref.

ERS 20VA :a:ss
Avoér N?ks.sr A £106.40 | MINI MULTIMETER 4 ﬂig':g
AVO 71 £43.10 | DC1000V, AC-1000V £
AVO 73 £658.60 AC/DC-10009/V £13.38
AVOMMS MINOR £36.90 | DC-100mA. Res— 150K £20.13
WEE MEGGER £87.00 8argain at £7.20 .

DAZ11 VAT 15% P&P 71p e
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£54.97

47.00
DA116 Digital £108.80
Megger BM7 (Battery)  58.70
DA212 £67.00
Avo Cases and Accessories
P&P £1.32. VAT 15%

MINIATURE TRANSFORMER
“ O Centre Ta})%%d 15V 7.5-0-

Amp Price P&P
OMR 2.30 5
= 1A 3.26

.52
90
.90
.99
.10

1

PANEL METERS o
43mm x 43mm 82mm x 78mm
0-50pA  £6.20 WA £6.70
0-500pA £5.95 . £6.70

£5.95 £6.70
£5.95 o.glovsD :g;g
VU Indicator Edge 54mm x 14mm pA F o
VU Panel Ind. 48 x 45mm, 250pA FDS £2.60
Carriage 76p. VAT 15%

Now available

1 oV
15 Budget Meter 20K$2/V. Rangers 10 100
l2,4531\ AC/ Dg 500KQ. Res in steel case £15.85.
_P&P £1.32. VAT 15%

NEW RANGE TRANSFORMERS
Pri 0-120; 0-100-120; (120V grv220-240V). Sec.
i i 92V.
Satellite Navigation Systems, 0-36-48 twice to give 72V or
zate“\lli/ehr:?g;?:ggpIIYS'2900 2A £13.35 PP £1.40. 4A £20.65 l’;l’; 31;
sé‘"r;iés, Marine receivers and 3A £16.17 PP £1.99 '5A £29.30 .

i ts for P&O - -
Radio Senvces) o> METAL OXIDE RESISTORS
ERING IRONS 5% %W. A bargain. Use instea
A"1T5EV6 E&g 25W £4.58 £1°per 100. (In 100s only). P&P-30p + VAT.
Stand for above £1.90. 3908 - 4700 - 5109 - 5609 - 8208 - 1K - 1K1 -
L R 1K2- 1K6 - 1K8 - 2K - 2K4 - 3K - 16K - 20K - 22K
ARy -24K- 47K - 82K- 100K - 130K - 180K - 220K -
TRAN :
S "1%‘121052‘2%793;3{5 : ;gf:r:s — BE7 O.110-120 220 240V Sec 20V |
ae 6 B i3 1g, | SPECIA A€1.62. &P 32p + VAT,
20, 24,30, 2 Amps, £4.65 P&P

RADIO NAVIGATIONAL
DS

Cid —
£1.104VAT. Send 15p for catalogue. Prices correct at 30/10/79

Barrie Electronics Ltd.
3,THE MINORIES,LONDONEC3N 1BJ
TELEPHONE: 01-488 331

NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST,
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" HERE IT IS! THE BRAND NEW 8022A
HAND-HELD DMM

Consider the following features:
6 resistance ranges from 200
ohm-20 ochms

8 current ranges from 2mA-2A
AC/DC

10 voltage ranges from 200
mv-1000v DC-200 mc-750V
AC
“Pocket_size — weighing only
370 gms.

Full overload protection — will
withstand 6kv spikes

Rugged construction — virtualiy
indestructable

Meets tough military specs —
_drop.proof

“in tine, pushbution operation for
single-handed useage
Incorporates low power cmos
chip for low power consumption
All this plus a 2-year full guaran-
tee

For only £75 +var

Carriage and Insurance £3

SOFT CARRYING CASE
£7 extra

. Even mote sophisticated the Fluke 8020A ~ :
Identical in most respects to the 8022A but in addition ihcorporates a,
conductance range from 2mS-200nS. +

Price £125

Carriage and insurance £3.00
. A handsome soft carrying case is included (this mode! only}

+

——

.OFF THE SHELF ®
'DELIVERY ON THESE

[ELUKE]

_ DIGITAL MULTIMETERS ' |, 8010A
BRAND NEW FROM FLUKE!!!
NOW AVAILABLE
THE 8024A HAND HELD DMM
This model incorporates all the features of
the 8020A but in addition has: 3 conductance ranges from 2mS - 20
A peak hold switch which can be used in
AC or DC for volts and current functions. and 200.

Audible continuity testing and level de-
tection for sensing logic levels.
A temperature (°C) range or Use with a

thermocouple. £1 49

Carriage and Insurance £3
The lollowmg accassories are in stock now -

¥8008 Touch and Hold Probe
BOK-40 High Voitage Probe . .
"B1RF RF Probe 1g 100 MHZ = .
BOT-150C Temperature Probe © .
801-600 Clamp-on AC Current Probe

WIRELESS WORLD FEBRUARY 1981 .

A AND 8012A° BENCH MODEL D.M.M.s _
Ihe 8010A is a general purpose, bench / portable digital muitimeter with more functions
and features than ever offered for such ‘a low price. lts companion, the 8012A, has
identical characteristics except that it has two additional low resistance ranges, 23 and
2082 10 replace the 8010A’s 10 ampere current range.

The 8010A and 8012A feature:

10 voltage ranges from 200mv - 1000v dc, ZOOmv 75v ac.

nS.
resistance ranges from 200 - 20mX - the 801 2A has two additionai resisiance ranges

O current ranges from 200uA - 2A AC/DC — the 80T0A has two additionsl currehi-
xanges 10A ACand 10A DC.

"B0T0A £159 BO12A £199
Carriage and Insurence £3 .
“Fie 8010A is aiso availabie with two Nicad sizéC‘ tteries “f’»inﬁpﬁo?P"

0‘la'£17!00
E o

LOW gOST AU,TORANG‘ Ms k ;
MULTI-FUNCTION COUNTER

MODEL 1900A
7 ‘@ A ging in both freq; y and period measurement modes
| £85,00 @ Wide Frequency range —5 Hz to 30 MHz
@ High sensitivity —25 mV, typically 15 mV
@ Si digit LEO display with leading zero i ic annunciation and
overflow ’ .
@ Optional internal battery Dack g 4 hours
\@ Autorsset.on all gate times, all Iumnnn switches ¥
@ Four manually selected gate times providing resolution to 0.1 Hz

@ Event counting to 10s events with overflow indicator

" Signal input conditioning with switchable 1 MHz low pass filter and attenuator
@ Rugged moulded case with canvenient titing/ carrying handie

@ Optional paraliel data output with decima! point and annunciation

@ Traditional high Fluke quality

250. 1000.0C current: 0to 50 ua, 5 ma, 50

Resistance 0-3k chms 300k ohms 3 meg}
ohms

Dectbeis —20— +63 db
Dims 127 x 90 x 32 mm

£10.95p &P 75p

0t 6K, 60K, 6 meg, 60 meg.
Oto +56 db.
* [Short test: Internal buzzer.
Size: 160 x 110 x 55 mm.

£20.50. p.ap. 75p

4 @ _Seif check P £235 Cavriage and Insurance £4
sk 'PLEASE ADD 15% ; '
oo 4 o VAT | -
206 g 34 X ] E LSS fsac il oney
20,0000 | 3000y TO. ALLORDERS  [ROTARY STUD SWITCH BENDIX MAGNETICC. /TCH
AC Volts: 0-10, .50, A‘stuvdv ang reliable | -r»I \ PLESSEY 30-way. 2 bank, | Superb example of - q ;
250, 500. 1000 B el " EXCEPT WHERE b R GETD D { electro-mechanics. Man « Fiens O Uses
res. k . 24
o W D 503 AC wolts: 0 0 2.5, 10, _ITEMS MARKED Make before, bresk. Stop .. ::gz;’;";f‘::jc;'v‘:;‘; 5! orkshops & Lab.
7 3300100 250,500, VAT INCLUDED." ‘mlltjyadédustahleallowmg i 3 N ey e o :
5 any desired arc of travel. ideal >
DC votts: 0 16 0.25, 7, 2 §, 10, 25, 100 CALLERS WELCOME for instrument and model fotaugal ongmogtee

"We are open 9 a.m.-6 p.m.
_Monday-Saturday
We carry a very Iarge selecnon oF Temronlc
components and
_electro-mechanical | items.
al quotations on quann"es

perimeter. Uniting plate
,has %" |D bearing con-
centric with main sectton
and 18-tooth cog

swilching. Size 2%'* dia.
overall x 2%’ deep plus 1%’

x ¥'" dia. spindie.
wheel. Extremely power-
£3.25 PP 50p ful transmission. 24V
- L i p D.C 240 m/a.

£4.75. 4P 75p

ONENTSLTD

364 EDGWARE ROAD, LONDON, W.2. TEL: 01-723 5667

PURE GOLD!
Top-quality, low-profile, gold-plated contacts,

IC SOCKETS
8 pin ... 12p
14pin .... 15p
16pin .... 20p
18pin  .... 22p
20pin  .... 25p
22pin  .... 28p
24pin  .... 30p
28pin  .... 35p
40pin  .... 50p Unbeatable value!

Any mix. Minimum order £10. Add £1 P & [P

Special Offer: 10 X 14 pin, 10 X 16 pin, 5 X allothers total 55
sockets, only £12.50 + £1 P & P.

ORION

Orion Scientific Products Ltd., 10 Wardour St., London, W.1

WW—060 FOR FURTHER DETAILS

NEW! AMERICAN TYPE CRADLE

TELEPHONE AMPLIF!ER

"£18. 95

+ VAT £2.8§,
+ P&P £1.25!

New mrmd lunlry operaled Talaphone Amplifier
with detached plug-in speaker. Placing the receiver
en le the credle activates on/of switch for
immediate two-way conversation without Kolding the
hand-set. Many people can listes at a time. Increass
officiency in office, shop, workshep. Parfect for
conference calls, leaves the usar's hands free to
make noies, consult files. Mo “holding cn™, sava
money and long-distance calls, Volume cenirel.
Model with conversatioh racording facilities. Price
£20.95 4+ VAT £3.15, post snd packing lor sither
wodel £1.25

10 days price refund guarantee arclaicard and Aocess'\;v'elcofne £

WEST LONDON DIRECT SUPPLIES ww) '

B + VAT £5.70 per p.
, NO WIRES. Made to high Safety
and Telecommunications Sta . The modern way
of Instant 2-way communications. Just plug into
power sackel Ready for use. Crystal clear com-
municatigas frem room lo room. Range % mile on the
same mainz phase with call buzzer amd light
indicator. On-oH switch. Yoluma control. Useful as
intarcom hetween office and warehou
nd gara
Also useful as burgiar alarm. 6 months’ gervice
uumnlu P&P £1.85. Also F.M. 2-channel modal .
LE55.95 + VAT£8.40 + P&P £1.95 por pair.

169 KENSINGTON HIGH STREET, LONDON W8 6SN

PU P |
86 High Street, Bletchingley, Redhi

PDP 11/23 SYSTEM. Compriaing 11723 card with Memary management chip: M!Vﬂ"l'f?:uﬁ-ﬁh\c
with BK bytes. 2 sur i svterface
C510 dec controller wi

24 Lnes x B0 ch.; DEC

bootstrap; 2 x IOMEC disc drives with combined capacity of 20 mBytes; VT52 VDU,
1 1-MF box with 4 spare siots; LEAR SIEGLER Series 200 bi-directional matrix printer.

RT11, BASIC, FORTRANB PASCAL ..........................
TELETYPE Model ASR 33 with 20mA current loop or R$232 interface. 110 Bo
may be disabled by insertion of a jumper), paper tape reader / punch and stand (when availabl

TELETYPE Model KSR 33. As above, but without paper tape facility
DATA DYNAMICS Model ASR 390. Mechanically identical to ASR 33 but with addmon ol 240v operation,

immaculate condition

QIEATED o d - Wliie o0 oad e e DOk o b 7 o GG oo ML I U . Sow oo o o o O
interface and opucal paper tapa reader and punch. EBCDICcoded . .. ....................
ITEL Model 1 i

As above but tested only so far as t riter oparation. Ideal for th
substitute thew own elocts 'y o e 3

i stand-alone or suitable for conversion 10 an-line use. Fully refurbished .
ouvn%! Model 318 ASR Terminal. 110 Baud printer with paper tape reader/ punci
avaulable In excellent condition

Surrey RH1 4PA. Tel: Godstone (0883) 843221

on
channais and 2 x 2716 EPROMs, 64K byte MSV11 card: XYLOGICS Model

Apart from the terminal and printer the components of this system are NEW and dated 1980. Software includes
£8850.00

emol dor control (whlch

.......... 18 'oo

motor cut-out feature, reader single stop, stand and silencing cover. RS232 interfece. With low houn and in

. Schematics avaitable
£275.00 DEC Model CRH 285 cps CARD READER. Without cantroller
ITEL Model 1051. IBM SELECTRIC (Golfball) typewriter haug terminal. With standard R5232/V24 serial
£295.

POTTER Model LP-3000 High-speed (300 Ipm) line printer . . . . .

BCL Mavix printer. 120 cps with dual tractors and long platen (i cess of 300 cal.). Unused

ODEC Model 4000 belt printer. 65 Ipm. Parallat TTL interface. Manufactured 1980 .. .. ... .. .

:!:;LO SEIIE;.?:ISC IBRIVEZI Th;se are offered fully refurbished and may be viewed operating on-ling
S mByte ble cartridge version is directly co. tibl h

2;(05 drive for POP /LS| 11 4 g EOCI O

ai
€DC Disc Ori £485.00

H:
IOMEC Model 3404 disc drive. 10 mByte capacity with one fixed and one top loading platter. 2, 400 rpm. 200
1pi and 2200 bpi. Theea drives are wmphm with documentation snd h.vo lhe mdunry sMndard interface.
1OMEC are no fonger in busi

. electronic and we can supph
incomplete drives free of charge to buy.rs Servica is, in nny case. .ppa ently BVII‘lble for IOMEC dnvos BRKEIS
NEWinoriginalboxes ... .° .. T T T TR £7%50.00
WANQCO Modol T 1222 disc drives, Wi 'S mByte cap Y
2,500 rpm, industry standard interface
{One only bmnd

PERTEC Model 6840-9-25 9-track PE and NRZI tape drives usually available from stock Y
....... 5.00
WANGCO Model 1025 9-track NRZ tape drives. 2 drives mounted in cabinet. {Plesass enquire for one om

PLESSEY Paper Tape Station.
on-llne stupw 1200Baud (V24) ... . ... T T R

TREND Model HSA 350 350 Cps opticai reader with TTLinterface .. ... ................ £225 M
DATA OYNAMICS Model 1114 high-speed tape punch. With parailel TTL intertace. With low hours and
recently serviced by Data Dynamics. Price includes all documentation .. ... ... ... ....... .. £328.00
Please note: % VAT and carriage extra all items H
- * Visitors welcome, but by 8ppointment please
* We are keen to bid competitivaly for ali good used equipment

WWW americans
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U.K. RETURN OF POST MAII. ORDER SERVICE, ALSO WORI.DWIDE EXPORT SERVICE -

‘BSR DE LUXE AUTOCHANGEB

PIays 12", 10" or 7" records,
Auto or Manual. A high quality*
unit backed by BSR reliability.
| Stereo Ceramic Cartridge. AC'
1200/250V. Size 13%-11%in.
3 speeds. Above motor board
3%in, Below motor board 2 %zin.
with Ceramic Stereo cartridge.

A eady cut Mounthg
£20 roste2 . Board £1extra . |
'"HEAVY METAL PLINTHS i
Cut out for most BSR or Garrard decks. Post £2
.Silver grey finish.
Size 16 x 14 x 3in. £4.50
BSR DE LUXE TEAK VENEERED MODEL
With hinged perspex cover
Size 17% X 15 X 6in, £10.50
J.V.C. TEAK VENEERED PLINTH N
19 X 14%in. with Plastic Cover £10.50
TINTED PLASTIC COVERS BOStF2
‘Sizes: 14Y2 X 12%2 X 3in. £3.50.
18 X 13% X 4in. £6.
17% X 9% X 3%in. £3. 18 X 12%2 X 3in. £6.
. 18 X13% X 3%in. with standup_hingeswsl Post £1.50 -.

“BSR SINGLE PLAYER DECK

"8SR P182 3 speeds flared
aluminium turntable ''S’’ shape
.arm, cueing device,
-ceramic cartridge £26
Post £2.00.

Ready cut mounting board.
Only £1 extra, .

‘BSR P172 RIM DRIVE O.UALITY DECK

Manual or automatic play. Three speeds. £zo
Precision ultra slim arm,
Cueing device. Bargain price Post £2

With sterec ceramic cartridge &
BSR P207 BUDGET SINGLE PLAYER ideal for disco or
_small two-speed Hi-Fi system with stereo cartridge £1 5

cartndge and cueing devlce Pon;Z

‘GARRARD 6-200 SINGLE PLAYER DECK
8rushed Aluminium Arm with stereo ceramic cartridge and
Diamond Stylus, 3-speeds. Manual and Auto Stop/Start.

Large Metal Turntable. Cueing Device and Pause Control

my cut moummg “board only £ extra. £22 l’ou 2
‘ELAC HI-Fi SPEAKER 52
10in. TWIN CONE

Large ceramic magnet. 50-16,000c/s.
bass resonance 40 ¢/s.

8 ohm: impedance.
£7 95 Post 99p

10 watts. RMS.

POTENTIOMETERS Garbon Tracl(

5k(l to 2MQ). LOG or LIN. L/S 50p. DP 80p. Stereo L/S £1. 10.
IDP £1.30. Edge Pot 5K. SP 45p. Sliders Mono 65p. Stereo 85p..

EM! 132 x 8in. LOUDSPEAKERS

With tweeterand  With tweeter and crossover.
crossover. 10 watt.

8'ohm. 15 watts,

3orBobm. - o
£9.95 £10.95
Post 99p Post 96n

‘SUITABLE BOOKSHELF CABINET £9.50.
‘Bass woofer, EMI™

15 ohm. v_20wa_n 3£1 0 95 Post 99p
THE “INSTANT” BULK TAPE ERASER
Suitable for cassettes, and ail sizes of tape
reels. AC mains 200/250V. Hand held size
‘with switch and lead. - £
Will also dsmagneuse ‘small tools a 8
Head Demsgnoticar only £6 Post 50p

RELAYS. 17V DC £1.26p. 6V DC BSp.

BLANK ALUMINIUM CHASSIS8. 6 x 4—£1.20; 8 x
6—£1.50; 10 x 7-£1.90; 12 x 8—£2.20; 14 x 9—£2.50;

16 x 6—-:2.40 16 x 10—£2.70.

ANGLE ALL 6 x % x %in—25p.

ALUMINIUM PANELS. 6 x 4—24p; 8 x 6—38p;

14x 3—40p; 10x 7—B4p; 12 x 8—70p; 12 x 5-44p;

16 x 6—70p; 14 x 9—94dp; 12 x 12—£1; 16 x 10--£1.16.

PLASTIC AND ALI BOXES IN STOCK. MANY SIZES

ALUMINIUM BOXES. 4x4x 1% €1.4x2x2 £1.3x2x 1

80p.6x4x2£1.30.7x5x2% £1.45.8x6x3 £2.20. 10 x

7x3 €2.50. 12x5x3 £2.30. 12 x 8x 3 £3.

BRIDGE RECTIFIER 200V PtV 4 amp £1.850. 8 amp £2.50.

TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p.

RESISTORS. 10} to 10M. %W, W, 1W, 1p: 2W 10p

HIGH STABILITY. 2W 2% 10 ohms to 1 meg. 8p.

Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p.

PICK-UP CARTRIDGES SONATONE 9TAHC £2.50.

. B8R Stereo Ceramic SC7 Medium €2. SCB High £2.

(P;I;;I:;!’PS PLUG-IN HEAD. ALL1020 (G306 - GP310 -

AG3306 - AG3310) £2.

LOCKTITE SEALING KIT DECCA 118. Complete £1.

SOLDERING 1RON 240V 40W £2.78.

VALVE OUTPUT Transformers (small) 90p.

CAR SPEAKERS on Baffles 7 X 42 X 1%in. deep, 4 ohms.

Twin Units Bass and Treble 10 watts, RMS, Door Mounting,
Stereo pair £14,

GRAPHIC EQUALISER. Power Booster, Sterec 20 watts
RMS per channel, 5 sliders Graphic Equalisation 5% wide
X 7% deep X 2in. high. 12 volt D.C. suitable for Car
Radio or Cessette £30.

" RADIO GDMPONENT SPEGIALISTS

‘MINI-MULTI TESTER

Deluxe pocket size precision moving
coil instrument, jewelled bearings —
2000 o.p.v. Battery included.

11 instant ranges measure:

DC volts 10, 52, 250, 1000.

AC voits 10, 50, 250, 1000.

DC amps 0-100mA.

Continuity and resistance 0-1 meg
ohms in two ranges.

Complete with Test Prods and
+instruction book showing how

to measure capacity and inductance.

£6.50

PANEL METERS £4 each
50pa 100pa 500pa,

1ma, 5ma, 50ma,

25 volt, 50 volt, VU Meter.

Facia size 2% X 1% X 1%2in.
Fixing hole 1'%zin. dia.

Lighting kit 6 or 12v 90p extra.

‘RCS SOUND TO LIGHT KIT Mk. 2

Kit of parts to build a 3 channel sound to light unit £ 1 8
1,000 watts per channel, Suitable for home or disco.

“Easy to build. Full instructions supplied. Cabinet Post 50p
,£4.50 extra. Will operate from 2DOMV to 100 watt signal.

'200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco
Lights, Edison Screw. 6 for £4, or 12 for £7. 50 Post 50p.

“*MINOR" 10 watt AMPLIFIER KiT £14.00
This kit is suitable for record players, guitars, tape playback,
electronic instruments or small PA systems. Two versions
available: Mono, £14.00; Stereo, £20. Post 45p. Specification
10W per channet; input 100mV; size 9% x 3 x 2in. approx. SAE
details. Full instructions supphed AC mains powered.

b Inpul can be modified to suit guitar.

'RCS STEREO PRE-AMP KIT. All parts to buitd” this pre amp
‘inputs for high, medium or low imp per channel, with volume
control and PC Board £2.95

Can be.ganged to make multi-way stereo mixers Post 35p-

-MAINS TRANSFORMERS ALL POST 99p.

250-0-250V 70mA, 6.5V, 2A'

220V 4A5mA, 6. S
GENERAL PURPOS_E_.I.DW VOLTAGE, K
Tapped outputs available’

2amp 3,4,5,6.8,9,10,12, 15, 18,25and 30V ... ...

1amp. 6, 8 10, 12, 16. 18, 20. 24, 30. 36. 40. 48, 60
2amp. 6,8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60
3amp. 6,8, 10, 12, 16. 18, 20, 24, 30, 36. 40, 48, 60
5amp. 6,8, 10,12, 1 8, 20, 24. 30, 36. 40, 48, 60

‘BAKER LOUDSPEAKERS

“SPECIAL PRICES”  rosteis0ea.
MODEL INCHES OHMS WATTS TYPE PRIGE
MAJOR 12 4-8-18 0 HI-A £12
DELUXE K ¥ 12 s18 15 HHA £14
SUPERS 12 816 30 HI-H £20
AUDITORIUM 12 816 45 H-A £20
AUDITORNUM 15 816 ] HI-A £38
GROUP 33 12 4-8-18 40 PA £12
GROUP 43 12 4-83-18 45 PA £15
GROUP 50 12 4-8-16 [ ] PA £20
GROUP 75 12 4818 bt ] PA £22

© GROUP 160 12
GROUP 100 15
MSCO 100 1
DISCO 100 15
‘BAKER
50 WATT
AMPLIFIER

£69 rost£2.00

ideal for Halls/PA systems, Discos and Groups. Two inputs. Mixer,
Volume Controls, Master Bass, Treble and Gain Controls. 50 watts
r.m.s. Three loudspeaker outiets 4, 8, 16 ohms.

BAKER 1 ATY MIXER/POWER
AMPLIFIER ]

Professtonal 4 inputs with
volume controls. Will mix
mics, decks, musical £89
instruments, etc.

Post £1.50 ea.

MAKE MODEL SIZE WATTS ONMS PRICE
SEAS TWEETER 4in 30 3 £7.50
GOODMANS TWEETER 3%n 25 L) £4.00
" AUDAX TWEETER %in 60 q £10.50
SEAS MNO-RANGE 4in 50 [3 £1.50
SEAS MID-RANGE Sin ] [ £10.50
SEAS MID-RANGE 4%n 100 q £12.50
-CODDMANS  FULL-RANGE Sim 15 L) £6.50
GOODMANS  FULL-RAMGE Sin 30 3 £9.50
‘GOODMANS AUDIOM 8p 8in 15 15 £8.50
GOODMANS  AX)OM in 15 15 £6.80
SEAS WOOFER Sin 0 [} £14.00
RIGENDA GENERAL on 20 | 23 £6.30
GOODMANS  AUDION P& 12n @0 8/15 £20.08
GOODMANS  AUDIOM PO 12n 80 8/15 £20.00
 GOODMANS  AUDIOM P 12 50 8/15 £20.00
GOODMANS  AXIOM 402 2 &0 B;l.’o . £20.00
_ GOODMANS  AUDOM P 15in S0 15 £25.00

72V, 100mA 20V, 40V, 60V. 1amp .. i‘.oﬂ
12V, 750mA 12V, 3amp ... ... .. £3.50
100-10V23 10V, 30V, 40V, 23mp .. £3.50
30V 5 avnp and 17V-0-17V, 20of28volt tamp_ ... £6.00

............. £4.00 3OV vamp ... £3.00

20V-0-20V, 1 amp
9-0-9 volt 50ma
20f 18V, 6 amp,

.058 10 16V, Y2amp . £2.50
9V, 3amp ........... £3.50
,25-0-25V 2 amp

SPEAKERS

FLUTED WOOD FRONTS

"OPUS COMPACT

BATTERY ELIMINATOR MAINS to 9 VOLT D.C.
Stabilised output, 9 volt 400 m.a. U.K. made in plastic
case with screw terminals. Safety overload cut out. Size
5 x 3% x 2%in. Transformer Rectifier Unit. Double
insulated. Suitable Radios, Cassettes, models, £4.50

30V, 1% amp £3.00 2 amp £3 50 12-0-12V, 2 amp £3.50

6V Y2 amp 9V, Yaamp ... £1.50

15015V, 2amp . ... .. £3.75 32-0-32v, 6% @ .. £11.001

AUTO TO TRANSFORMERS. 115V to 240V 150W El 500W E12.

CHARGER CHARGER

TRANSFQRMERS RECTIFIERS

6-12 voit 3 amp . £4.00 6-12 volt 2 amp £1.10

,6-12 volt 4 amp £6.50 6-12volt 4 amp £2.00

TEAKVENEERED CABINET
1 x 8%X7in. . b
50 to0 14,000 cpsil 5 watts 8 oh

OLTAGE ELECTROLYT|CS ALL 10p~
1 mfd, 2mfd, 4 mfd, 8 mfd, 10 mfd, 16 mfd, 26 mfd, 30 mfd, 50
_mfd, 100 mfd, 260 mfd. Al 15 vgts. 22 mfd/6v/10v; 25
‘mfd/6v/10v; 47 mfd/10v; 50 mfd/6v; 68 mfd/6v/10v/
16v/25v; 100 mfd/10v; 150 mfd/6v/10v; 200 mfd/10v/
16v; 220 mfd/4v/10v/16v; 330 mfd/4v/10v; 500 mfd/6v;
680 mfd/6v/10v/16v; 1000 mfd/2.5v/4v/10v; 1500
mfd/6v/10v/ 16v; 2200 mfd/6v/10v; 3300 mfd/6v;
4700 mfd/4v. ALL 10p.
500mF 12V 15p; 25V 20p; 50V 30p.
1000mF 12V 20p; 25V 35p; 50V 50|) 100V 70p.
2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V 80p.
2500mF 50V 70p; 3000mF 50V 65p; 2000mF 100V £1.
4500mF 64V £2, 4700mF 63V £1.20. 2700mF/ 76V £1.
5000mF 35V 85p.

8/450V 45p B8+8/450V 76p 32+32+16/350V

16/350v  45p B8+16/450V  75p 90p
32/500V  75p' 20+20/450v 75p 100+ 100/275V 65p
50/500V £1.20 32+32/350V 50p 150+200/275V 70p
8/800V  £1.20 50+50/500 £1.80 220/450V 95p
16/500v  65p 50+50/300V 50p BO+40/500V €2

TRIMMERS 10pF, 30pF, 50pF, Sp. 100pF, 150pF, 15p.
CERAMIC, 1pF 10'0.01mF, Bp. Polystyrene 2 to 5000pF, Bp.
PAPER 350V.0.1 7p; 0.5 13p; 1mF 150V 20p; 2mF 150V
20p; 500V-0.001 to 0.05 12p; 0.1 16p; 0.25 25p; 0.47 35p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 26p. Single pole change over.

" TWIN GANG, 120pF 50p: 500pF £1.

GEARED TWIN GANGS 25pF oap 365pF £1. GEARED 365
+ 365 + 25 + 25pF £1.

TRANSISTOR TWIN GANG. Japanese Replacement 50p.
NEON PANEL INDICATORS 250V 30p.

ILLUMINATED ROCKER SWITCH. Single pole. Red 85p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 15p
CASSETTE MOTOR. 6 volt £1

CASSETTE MECHANISM. 12v Stereo Playback only £5
U.H.F. COAXIAL CABLE SUPER LOW LOSS. 25p yd.
COAX PLUGS 20p. COAX SOCKETS 20p.

YEAK VENEERED HI-FI SPEAKER CABINETS
For 13x8in. or 8in. speaker £9.50 Post 99p
For 6 V2in. speaker and tweeter £8.50 Post 99p
Many other cabinets in stock. Phone your requirements.
SPEAKER COVERING MATERIALS. Samples Large S. A. E.
LOUDSPEAKER CABINET WADDING 18in wide 25p ft.

'CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm
"£1.90. 3-way 950 cps/ 3000 cps, £2.20.

LOUDSPEAKER IARGAIN

3 ohm, 4in, 5in, 7x4in, £1.80; 6'%in, BxSin, £3; 8in, £3.50.
8 ohwm, 2in; 2%in, 3in, 3%in, 5in, £1.80; 8in, £4.50; 12in, £8.
15 ohm, 3%:in, 5x3in, 6x4in, £1.50.

25 ohm, 3in, 5x3in, 7x4in, £1.5Q.

120 ohm, 3'in dia. £1.50.

MOTOROLA PIEZO ELECTRIC HORN TWEETER £6.50
Handies up to 100 watts. No crossover required.

BLACK PLASTIC CONSTRUCTION BOX with brushed
aluminium facia. Sturdy job. Size 6% x 4% x 2in. £1.60

ECHO CHAMBER =

Good quality unit with endless
play tape cartridge. Stationary
piay heads ensure good repro-
duction and echo variance is
achieved by changing tape
speed. Input-imp: 50k and 600
ohms. Power source: 240 voits

AC. eeB.Post 2
Spare tape £5.

ALUMINIUM HEAT SINKS. FINNED TYPE.
Sizes 5'X4' X1 96p. 612 X2 'x2%  46p.
JACK PLUGS Mono Plastic 26p; Metal 30p.
JACK PLUGS Stereo Plastic 30p; Metal 35p.
JACK SOCKETS. Mono Open 20p; Closed 25p.
JACK SOCKETS Sterec Open 25p; Closed 30p.
FREE SOCKETS — Cable end 30p.

2.5mm and 3.5mm JACK SOCKETS 185p.

2.5mm and 3.5mm JACK PLUGS 15p.

DIN TYPE CONNECTORS

Sockets 3-pin, 5-pin 10p. Fres Sockets 3-pin, 5-pin 25p.

Plugs 3-pin 20p; 5-pin

PHONO nut?s and OOgPKETS ou. 10p.

Free Socket for cable end ea. 15p.

Scresned Phono "“?o“' 1?.

TV CONVERGENCE POTS 15p each

Values = 6,7, 10, 20, 50, 100, 200, 250, 470, 2000 ohms.

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy
to build kit. Controls up to 480 watts AC mains £3

DE LUXE MODEL READY BUILT 800 watts plus Photo
Electric Sunset 'On’* feature. Front plate fits standard box £4. -

337 WHITEHORSE ROAD, CROYDON{
Open 9-6. Closed all day Wed. Open Sat. 9-5.

Radio Books and Components Lists 20p. (Minimum post/packing charge 50p.) Acceu or Barclaycard Visa. Please Tel: 01-684 1665 for same day despatch. Cash pru:es include VAT

bdiohistorvy com
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TTLs by TEXA
7400 1p
74500  60p
7401 12p
740 - 12p
7403 14p
7404 14p

£ 7405 18p
7406 36p
7407 - 36p
7408 17p
7409 19
7410 15p°
7411 24p

-74148 °
- 74150
74151A
74153
74154
74155
74156
74157
74159
74160
74161
N 74162
74163
74164
#4165
74166
74167
74170
74172
74173
74174
74175
74176
M7
74178
74180
74181
74182
741B4A

74221
74251
74259
74278
74279
74283
74284
74285

93p .

160p

90p
150p
150p

NEW RETAIL SHOP

367 Edgware Road, W2
Open: 9.30—5.30

WIRELESS WORLD FEBRUARY 1981

Please add 30p P&P & VAT 15%.

Government, Colleges, etc. Orders accepted.

CALLERS WELCOME

2 elﬂ01-452 1500/01-450 6597

7 50 4020  100p | 93 SERIES 74S SERIES e M T e BT AR T 3N3055  dBp| STNCTERCE |
74293  150p 4021 1285- 9301° 180p" 74500 { 60p' 7451147120p | actd > P 5;53? 25 Tip30e ::J; %N%ﬁ,,i ,4—8"{ : 6A 50v  80p}
74208 200p 4022  100p 74504 | 60p 745124 .300p | ACi23/8 son'| BER7O 25 | TIP3TA ~ 5Bp| ANTEET wo | 300 - Hn | Ay 100
74365  100p 4023 74505 75p 745132 180w ] ACioa . san| BFRE0 258 | TIP3IC  62p | IN36s e R BRSOV 200y
74366  100p‘ 4024 74508 75p 745133 75p BFRT  28n°| TIP32A E el P ( 104 400v 200p
74367 100p 4025 74510 60p 745133 .228p | acioa’S %P ¥ - Woand 2N 350200 | 00N 20n{ iR s00 Ra0on s B
74368 100p 4026 P s DS o | AR T Hi | R Gel| AR | BN S| S <) w
74390  200p 4037 74330 . 60! 743157 2805 | AD149 - 70m HEXSO 34p | TIP33A  9Gpi| 2N3702/3 12p | 40409  100p:
.74393  200p 4028 74332 90p 743174 2508 | Aioy? 233: e ;g: TiPa4a - 115 | nmeers 1 | s aoopwop s
/7 14p | 40411 ‘L 2.7vasv
74490  225p 4029 74537 90p 745175 .320p | BC107/8 390 | BFX8S  30p | TIP34C 160p | 370 .
d 2 ; 8/9 12p | 40594 120p i 400mW 9
74LS SERIES 4030 74564°  60p 745194 350p | oclo © 1ab | BFWI0 90 | TIP35A 228p 2 p B
e 74574 a P p | 2N3773 300p ! 40595 120p | 1w 15p+
Pt 1 a0 7isas . sun Tichen ' aop) BCII7.. | V0, 3P| TAIC Hen| Aomle Zef A e 'femmmme
741503  18p 4035 74586 : 180p 745373 500p { C14g ,3",; BFY56 33p.| TP36C 340.':’ 2N3823 ;‘: o1 oo ""‘;CS
741504  16p 4036 748112 1200+ 745374 5000 péi57/8 1 BFYS0  80p.| TIPAIA 65n.|- RIpR R PLASTIC
741505  25p 4039 g oy SC157/8 0w | DD030 A S AN, R e
o > r—t BC159 11p R 5 TIP41C: 78p | 2N3902 700p 6A 400V 7
741508  22p 4040 LM 13600 125p BC169C  12p | BSX19420 20p.| TIP42A  70p | 2N3903/4 18p | BY127 129 | 5a 500
740509 21p 4041 600 | {mB3712 150p BC172  12p | BU104  225p | TIP42C az: 2N3905/6 zo: BYX35-300 20p: 8:30(,5 ?8"
741510 20p 4042 A 68p: | Ivc13top  180p, | pci77/g 17p | BUIOS  190p | TIPS4  160p | 2N4037  68p | OA47 %' e
iyl S20B S200 R | M58 485" | BCi76'C 1ap | BUI0S 280p [ TIP120 120p | -2N40sB/o 12p | 0ABY e | 2000 e
AY1-5050 140p { MC1495L 350p P P P 1 oA 12A 400V 8Sp
AY3-1270. 840p | BC182/3 10p | BU109  228a | TIP122 130p | 2N4060  12p 85 1P 1 124500V 10!
MG 70p° [ gcigs  qqp | BUI26 180B | Tip142  130p | 2N4DE1/2 1 0A%0 9%, =
(AY38912  650p | mCxaaoe  120p | 0122 3P| BUTB0A1ZOp | Tiplay 130m | ZN4193/4 270 7| OADT | IRy 3o
AYS1224A  240p |  MKS0398  750m | BCato,3 115°| BUZD5  200p | TIP2955 | 78p | 2N4i25/6 27p,| OA95 o | S 0
Aot AR cioe LML 000 775, | BCo1a © 1zh.| BU208 200p | TIP40SS 70m | 2N4401/3 27p"| 0A200 ep I 23000 00
AEiEe ;;g: MMS71C0RRn 200 [Rac2cy) 15p | BU40S 1asp | TiSA3 4sp INaaor  a0n-] 0A202  10m S .
CA3019 ol o 150p | 337 16p |- E300  S0p | TIS93  .30p | 2Nds71  eop | (N4 % |- ;
CA3046 S | e 200 | 5G337  1ep | €308 -5op | ZTx108 “12p | 2Nsos7  27p | INO16  + 7p | THYRISTORS {
CA3048 =24 200 | 5c335 - 1ep | E310 50 | ZIX300 13p | oNs0s9 27p | INA1as 4 | 1A SOV 70P
s | 2| REEEs 425 | Bcia  3ep | MJ2501 228p | ZTX500 15p | aNmi72 27 | 1N400T/2° sp | 10200% .30
ERIENESSY 0p | Bcav7/3 30p | MI2955 90p | ZTXB02 18p | 2N3170  oop | IN4003/4  6p | 3AA00V 190p
AT i || (O 1300, | 3co1677 abe | MI3007 225p | ZTX504 30p | 2Ns191  sop:| IN400S - p [ BAS0OV - 130p
Pt | e 155" | Gc2.58" T6p | MIE3A0 Gop | INAS7A 250p | NS194  eOp| IN400G/7  7pif 128400V 160w
| [ 140p | pcsagc  op | MJE2955 1 < 2N696 1N5401/3. 14p |  1BA 100V 160p
CA3130E 90p | NEs71 425p - P 00p 35p | 2N6245  40p 16A 400V 18
P | BC54oC 18p | MJE30S5 70p'| 2N697  25p | '2N5296  55p | IN5404/7 1% Op
o308 50p. | (NESS34A . - 250p' | pcogyg  16p | MPEI02 4Sp ['2N698  asp | 2 Efisisezo st |} ETIOSHEERTIOP
CA31G0E 100p | 1RCA136 1200 | BCR2GC 185 | MPFI03/4 d0p. | 2N706A 3op zzg:g;/s = SLocn, oBy
CAYIGIE  140p | S568 270w | BC70C  1ab | MPF105/6 40p | 2N708 30p | aNo4eo - aop e VI 0T RSy
CA312E  450p | SaDTDX4A 7280m | pCY)(,» 235 | MPuoS3i SOp | 2NO1B  dse | ZNedso oon | ForTO220var | TCH4 e\
CA3189E 300p | 'SrFoe784 1100 P | P | 2NS460  60p : 1 2nN3525 1309 ||t
CA3280 160p 51490 . | BD131/2 50p.| MPS6534 50p 18p | 2N5485 44p | agefRegs.and . oNdd4d 1
DAC14088 2 549 _ 400p° | gpi3sss sdp | MPSAOG 30p | 2N1131/236p | Ns875 250p | Transistors  22p:| 2N gon
00p | SN76277 1750’ | @p139  S6p | MPSA12 50p | 2N1613  25p | 2N6027 ForTO5  12p!| 205060 34p
e 2 e I | aota 80p | MPSA13 50p | 2N1711 25p | 2NEO41 e m 2| aNSOp4 _ aom_ |
. MPSA20 50p | 2N21 7 E - -
:&g&gg 8500 | TAA621 2750 33533 Sg ' MPSA42 503_ 2N§1(8)(2> zsg: 3228‘5‘2 ;& RECTIFIER LOuD-
[Eves 3000 | TBabaiB1l 300 | ap233  7sp | MPSA43 50p | 2N2279A 30p:| ING0s9 3z5p | A SOV. 1% | SPEAKERS
" {F13331 310p . JBAES] 200p BD235  B5p | MPSAS6 32p | 2N2222A 30p | 2N6107  65p | 1A 100V 20p.[ Sie
LF351 asp Al BLoAS00 S0p | D241 70p | MPSA70 50p | 2N2369A 25p [ 2N6247 190p | IA 400V 25p'| 24" 64R BOp
LF356p 95p | TBABIO 100p | Bp242  70p | MPSUO6 63p | 2N2484 30p | 2N6254 130p | |A 600V 30p,| 2wv B8R 80p -
LM10C 425" TBA820 90p BDYS6 200p | MPSUO7 60p | 2N2646 45p | 2N6290 65p | 2A 50V 30p | 2 B8R 90p
LM301A 2.,: TBA!;SO 300p BF200  32p mggﬂgg 3gp §N§904/5 30p° | 2N6292  65p 22: 1% 2:" 1% 8R._100p,
TCA270 3%0p | BF2448 3 N2906A 30p. [ 25C1172 1 =
mg]é zzgﬁ' TCA940 175p | BF2568 73'.; 0C28  130p | 2N2907A 30p | 3N128. 12& 3A 200V 'B0p ] s A
M319 225, | TDA1004 300p | BF257/8 32p h OC35  130p | 2N2926  9p | 3N140 120p | 3A 600V 72p MODULATORS
T 2en | ToATOOB 3200 | Br250 ~ 36p,| TIP29A 40p | 2N3053 30p | 3n141 110p | 4A 100V 85p | SMHUME 278
LM339 75p 182]8;2 3_:: BFR39  25pF TIP20C  55p  2N3054 B5p _ 3N201 _ 110p | 4A 400V 100p 2 UHF 450p
ha32 ) e e = = P — e = =
5 | oA 02k 20 | ERIAEMORIERES, VSO0 X | rowrnoRtE DY socKeTs sv rexas | zemo
M377 e | ToAt0348  280m| | 550575) 120p 7804P10 20005 [ INSERTION . |
2| toA1170 300p | . 8pn % 18pn 188 24 pin FORCE SXT
LM380 75p 21078 500p Z80CTC e00p " mn 24pin 249 1 5O
LM381AN 1gop | TDA2002v  325p 21114 200p ZBOACTC 700 | 14pn 100 20pn 20p 28pn Mp, | -24e0 &
LM386 gsp | TOA2020 3200 [ 34124 300p - | 280ADART  eis. | 16¢n 11P 22pin 22p 400in 40p PeRlonlmmS
mM393 100p | THOT1/E} ‘.,‘g: 2114 225p 2805101 24 » Froas i
Vi sop! | mors fad [ a2 el il B e PR EURNEVIERAS 14 s Sl ul
M725 ao00 | .TUoBa 10p | 4044 200p UART 8pin 25p(i8pin  60p 24pn 705 | 16pin 60p !
Mva Toon [ TL170 s0p G 5o AY.3-1015P  480p | 14pn 36p[20pin B0p2Bpn 80p | 24 pin 100p
(M721 19 | Usatio 1% L a1is4 e1200 5101348 3000 LG, in I 100) 22, i (869 |0 pin 1000, |} 40 pina278p
i o i e y e
tm;ﬁ; ;’g‘; UDN6184 320p ' gé% . 4gop* e 2 SOFTY: |deal Software/Hardware Devetopment 10ol.
M2917 250p’ _;J[if;;ggii ;ggp 745201 a00p - GENERATORS Using SOFTY you can develop your Programmes, De- ¥
M3302 1a0p’ | Fh220 . 90: 82516 3 3257ADC 990p bug/Verify and then commit them to EPROM | y
LM3900 . [ 7nar0C 225p ROM/PROMs RO-32513 U.C 600p KIT £100 BUILT AND TESTED £125 ;
LM3909 70p. | . 7N424f 135p 71301 700p RO-3-2513 LC. 700p Also available Expansion Board for Programming .
tmsg: 7 1301 | |znadse 400p 745188 225p, Shzasa02ay £10 single cail (+ 5v) EPROMS. £40
5P § . 2NA27E 750p 745387 350p AD| C HANISM T
L ZN1034 745470 650p ENCODER f F i : Teac Type
VOLTAGE REGULATORS 745471 650p é}f‘ggg‘v\ss 700p Z?ssgA 40 track 5%’ Double/Single Density drives
Fixod Plastic T0-220 . 748871 850p. .
A s o . CPUs e 32JGakwz  280p | 'FLOPPY DISC CONTROLLER: FD1771 £24,
1% 7805 60p 7905  65p :gggcs Igoon’ 200KHz 370p R o~
2 ;g :g gz 7912 65p TS m . 1.0MHz 320p E : Type UV140. Will erase up to.
f1av 7818 60p ;g:g ;g 5502 50p ' :ggg;"ﬁ:;l gggl’ 14 EPROMS in approx. 20 mins. Has sfide-in tray for-
2av 7824 60p 2924 708 6800 600p . 2/00MHz 325: *_safe use. MAINS and ERASE Indicators £61.50
i 1092’ e | 6802 950p - 245760MHz  325p | T
sV 78L05 30p 79105 70p 6809 £20 3.276MHz 300p TRAINER. As do-
:é& ;gt} g go 7g|_1§ ;g: ggggﬁ ‘1& i.g{)gMHz 175p scribed in WW, Janusry 1981. A complete kit of parts
- . /8Lis 30p, 79U i -00MHz 290p availsbie {exchuding PCB and th it i
P, - 1NS8060 ng and the case). The kit includes
?J?g;'(nseumrons TBHGKC 600p 'r—MSEiﬁém ‘%i 4.194MHz POA pre-programmed 2716, sackets for alf ICs and PSU parts as
0 135p 78HOSKC 550p =0 . 4.43MHz 125p well. Prce €54 inc. VAT and P&FP. ¢
M317T 200p  78MGT2C 135 | 2 800p . 5.0MHz 325p LS e _
1M323K 500p 79HGKC soop | -Z80A - 800p, 6 OMHz 300p - [ R 0.1 5 —— ]
723 37p  TLADY _ 300pj EPROMS B 6.144MHz 300p ANDE ANTEX SOLDERING .
GFTO-ELECTRONIES 17024 500p 7.0MHz 3000 | 55037557 S | 1RONS
2N5777 asp  ORP6O “120p 2008 450p 7.168MHz 300p 255" 750 | C15W a15p |
ocP71 S0p - ORPG1 120p A EASY) £7° 8 00MHz 300p 375x3.75"  78p | ' CX1TW -425p ||
ORP12 120p © TILT8 55p 2532 £16 8.867MHz 300p 375 %5 ey | | CCN-15W a2sp
OPTO-ISOLATOR 2732 £16 10.00MHz 310p | 3 " : X25 440p
s ] 3.75x17 340p
ILD74 1308 TILT11 sop | - SUPPORT ; 1OVMLz 300 | 4 75x17.9" SPARE(BILS
uor ~. 1 bevicEs 12 OMHz 350p 5 9" 4208 | ¢/cx/coN 50p
oop TIL112 90p v acog 1eooMiz  3m0n Pitof 100pins  50p | S/ o
"2952400 190p TiL1g 90p 3245 a50p 18.00MHz 300p Spotfacc cutter _B86p' | [SPARE ELEMENTS J
psoss = 6522 e50p " 18432 asopphg e et ool B e/ 25 180p
sy - o 0.2 66532 825p ¢ 19.968MHz ~ 390p [ VeroWinng Pen _CCN 200p
TIL2D9 Red Taon el 1L220/AedSERRTEpE 6820 378 26690MHz  350p | COUNTERS —r =
P TIL222Gr 18p 6821 340p 27145MH,  326p 74C925 T B50p* 24 28
DM8123 175p | TIL211Gr 20p . MC40: 3250
O 23 ek | e 29 TIL228Red  22p 6845 €16 38.6667MHz  350p 74C928 600p  MC4044 328p !
DP8304 4505 TIL216 Red ‘ap Rectanguiar 6850 300p 28.0MHz 300p ICM72168 2000p 10116 70p
B &2 P lEDs(R, G.Y) 30p | 6852 370p .55 5MHz ap0p ICM7217A 850p 10231 - 350p
08836  150p NSBEEE1 s70p 8155 1100p 1M60MHz  360p, | ZN1040E 7009,
DS8838 225p TIL311 . 60! 8 3200 d = W .-
MC14B8 7Se | DISPLAYS - Timas  ven | 212 2000 * SPECIALOFFERS &
MC1489__75p | 3015F 200p°  TIL321/2 130p - 8224 2ok
25510~ 350p | DL704 140p TIL330 140p 275 A )
75107  160p | OL707Red  140p 7750760 200p a2x 250, . 1-24 25-99 100
75110  325p | FND357 120p DRIVERS 25p 2114-4L (450ns) 200 1.80 1.60
175p | FND500 100 9368 250p oot 16000 2708 390 3.75 3.50
gpicem, IE OBRL, BB R RGN
UDN6118 320p 8257 116-2L ( ns) 200 1.80 1.80:
g?gp MAN4640 200p UDN6184 320p 8259 250p . - so.‘
p = 3 - e e -
g;g: "-?.‘1?:8"..':‘,."1? l::gdesmandingoigilal EIectmnicng;g g;;s;:)%uz:;a:s THANDOR TEST EQUIPMENT |
s W 0! . P 4 A 3 . E
:gg: , ;TL Da;_a Book (300 pages) €880  Understanding Communications Sys- [ EXP350 315p | DM235 Digital Multimeter £5C |
T ) ower Semiconductor Data Book (600 tems P.O.A. EXP600  630p DM350 Digital Multi 1
ol gmize| [ Javes) €4.50  Others: TTL Cook Baok €7.25 |EXP6S0 360m g ultimeter £69 |
= 13: Linear Control Oata Book (368 pages)  CMOS Cook Book £7.75 - | PB6 920p | TM352 Hand Held DMM £48 "
8128 Software Oesign for Micvoproeess‘ors' e D Techrélg.u:; ;g:gg ;;:z T2 69 Frequency Meter £145
{400 poges) £11.00 . Pleaseadd 70p P&Pon cach book (NO | PB103  34asp | 1G 105 Pulse Generator £81
Tt pati=lopiRey:N(205 VAT) - P&P £2 .50 peritem + VAT 3
Understanding Microprocessors (240 WA - T e —— — = e - .
pages) y £3.50 W canry alarge stock of 74and 74LS TTLs, CMOS, Linears, Memori andTan normally offer.
'1240 s Solid State = ‘W g::;?sd( deliveries. We welcome inquiries for volume quantities both from local and overseas

TECHNOMATIC LTD. |
17 BURNLEY ROAD, LONDON NW10
(2 minutes Dollis Hill tube station) (ample street parking)

Telex: 922800

WWW american
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TUNER/AMPLIFIER
KIT

NEW HIGH PERFORMANCE TUNER

A high-quality push-button

FM Varicap Stereo Tuner with pilot
cancel decoder combined

with a 2dW'r.m.s. per channel Stereo

Amplifier, using Bifet op. amps. ar
acility (for noise redtuction unit, etc.) THD less than 0-1% at 20W into 8 ohms. High Slew Rate. Low noise op. amps

Brief Spec. Amplifier Low field Toroidal transformer, Mag. input. Tape In/Out faci
" used throughout. Power on/off FET transient protection’. All sockets, fuses, etc.. are PC mounted for ease of assembly. Tuner section uses UM 1181 FET module requiring no RF alignment, ceramic

IF, INTERSTATION MUTE, and phase-locked IC pilot cancel, stereo decoder, LED tuning and stereo indicators, Tuning range 88-108MHz 30dB mono S/N @ 0.7 wV. THD 0.3%.

S$-2020TA STEREO

NELSON-JONES :
Mk. 2 STEREO FM
TUNER KIT |

A very high performance tuner with dual
gate MOSFET RF and Mixer ready built
front end, triple gang varicap tuning,
linear phase LF. and 3 state MPX de-

coder. . ! i
‘PRICE: £74.95 + var

NRDC-AMBISONIC 8 3 '
. UHJ " B v " e e it

SURROUND SOUND
DECODER

The first aver kit specially produced by integ;ex for this British NRDC backed surround sound system \_Nhich is the result of 7 years’ rgsearch by the Ambisonic team. W.W. July, Aug., '77.
The unit is designed to decode not only L'HJ but virtualiy all other ‘quadrophonic’ systems (Not CD4), including the new BBC HJ. 10 input selections. . 4 y X 4
The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output siynals are provided in this most versatite unit.

Complete with mains power supply, wooden cabinet, panel, knobs, etc. J . .
: Complete kit, including licence fee £57.70 + VAT or ready built and tested £76.95 + VAT
Very high

SSOSOA STEREO AMP performance kit

50 watts rms-channel. 0.015% THD. $/N 90 dB, Mags/n 80 dB. Output device

rating 360w per channel!.
Tone cancel switch. 2 tape monitor switches. Metal case — comprehensive |

heatsinks.

Complete kit only £69-95 + VAT

A

it ST

P VI R

B
T o

(Also availabie our 20w /ch BIFET $2020 Amp)

INTRUDER 1 Mk. 2 RADAR ALARM
With Home Office Type‘hpproval
The original "“Wireless World'™* published Intruder 1 has been re-designed by Integrex to incorporate several new features, along with improved

performance. The kit is even easier to build. The internal audibie alarm turns off after approximately 40 seconds and the unitre-arms. 240V ac mains
or 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells

etc. g i g
Complete kit £52 50 pius VAT, or ready built and tested - £68.,5C plus VAT. .

Wireless World Dolby noise reducer

_Noise reduction better than 9dB weighted. '
Clipping level 16.5dB above Dolby level {measured at 1% third

harmonic content)

Harmonic distortion 0.1% at Dolby level typicaity 0.05% over
most of band, rising to a maximum of 0.12%

Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal at Dolby level}™
at Monitor output

Laboratories Inc.

Trademark of Dolby

Dynamic range >>90dB

30mV sensitivity

Corr;plete kit PRICE: £49.95 + VAT (3 head model available)

1 Price £67.60 + VAT
Price £2.75 + VAT

Also available ready built and tested )
Calibration tapes are available for open-reel use and for cassette (specify which}
Single channel plug-in Dolby (TM) PROCESSOR BOARDS (92 x 87mm) with gold plated contacts and all components

We guaran.tée full after-sales technical and servicing facilities on all our kits, have you checked that
these services are available from othersuppliers?

Please send SAE for complete lists and specifications 3
Portwood Industrial Estate, Church Gresley,
Burton-on-Trent, Staffs DE11 9PT 2
Burton-on-Trent (0283) 215432 Telex 377106

All kits are carriage free

INTEGREXR LIMITED

¥adiohistory com
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Save Over £1200"!
Logabax DZM180 High Speed
Matrix Printers
| PM5519 -THE f

4116 200ns | £2.95 - | [ e

it ® 8%\ | BESTPATTER "o

2708 450ns £4.75 &8 o
£49900 e 2114 450ns £2.95 | GENERATOR Bl
2716 » £7.95 ) T e

atover £1800 and judging by the quality
workmanship we are not surprised. The
Logabax DZM180 Matrix printer, capable of
printing up to 132 characters per line on any
size (via variable tractor unit) sprocket fed
- - fanfold paper. A precision matrix head utilising
-~ ruby bearings gives exceptionally clear
- " unifornrlegible characters via standard ribbon.
Many other features include internal butfer,
for high throughput, in excess of 180
characters per'second, software cordtrolable
~ form and'tab functions, standard TTL parallel
cantrbnics interface, etc, etc.

 Happy Memories

-This must be one of our greatest bulk saving
Optional extras 5 V0|t

- deals this year. This fabulous printer is listed
Fioor stand (as picture) £30.00 pius VAT ’ Paper handler £18.00 plus VAT : -
*Carriage — please enquire for specific quote. i .
THE "MULTIVOLT" MULTI RAIL P.S.U. Memorex Soft-sectored mini-discs for : IN I HE WOR

l;zi:e:at;g:\;;g;ey;:l;?:::;ss?&m:'eg:E:Idyz::utrhrﬁé:ét:z‘i:zm;r:;ﬁm‘::ﬁ; P ET/ TR 8'80 etc. S u p pl ied i n F R E E PM 55| 91 CTV patter'n generator
el e e <ol b Sl T LIBRARY CASE, £19.95 per 100 * Over 20 col d b/w test patt
" outputs; it may have been made 1o your specifications! \ . B ver colouran W 1 est pd erns..
o L D Ly + 8V atas Amps o T . carefully selected for maximum versatility &
+ BV atd Amps —12Vat2.5Amps’ © + 12V at2.5Amps ow Profile 1.C. Sockets by ‘Texas’ * i i i nds LILIV and V
you aqreel then order now whilst stocks last. b =DValamD Pins 2 8 1 4 16 1 8 20 22 24 28 40 % \F>§ Sla%?lalswadvacllac?!; lTjtb(a\'Nltf] i VOlt ﬂxed
Suppied BRAND NEW atonly - £50:99 GaRR & INSUR.£675 Pence 1011121617 2021 2837 O VICeo QU
Memory Upgrade Kits for Apple, 2020, TRS-80 etc: i . Eof't'onl) ’ d d modulat
- : - P T - from £30, please phone. Quantity prices available on | xternal video and sound modulation
Fu" l’ange ! of T-T- L - eX‘StOCK. request. Government and Educational Orders welcome facility 3 , g - :
Trade accounts opened * Composite sync output for triggering - * Versions available for non-British TV -
. g » includes the line frame and blanking pulses  systems . 3
o = PR p"“'o"',':r"g:%va-,r‘;':‘:?::z%:ggi_°" ardags to the local TV standard Reader inquiry number 220 NE‘ N PHILIPS c ATA N
~han | ¥ sese Access & Barclaycard welcome .
( : I QDNI :E ; ) 4 ; _ PHILIPS CH I The 300-page 1981 Philips Test and
. HAPPY MEMORIES, DEPT. W.W. e - it o Measuring Instruments catalogue contains
Dept. W.W. 64-68 Melfort Rd., Thornton Heath, MAIL ORDER : GLADESTRY. KINGTON A selection from the range of Philips instruments with wide service applications. details of the company'’s full audio and video
Croydon, Surray. Tek 01-689 7702 or 01-689 6800 INFORMATION . s 4 d ) ] : ; ;
Unless otherwise stated all prices inclusive of V.A.T. Cash with order. Minimum HEREFORDSHIRE HR5 3NY PM 5326 RF signal generator ke %, equlprdnent capablhty, gl ccliagor ies
order value £2.00. Prices and Postage quoted for UK only. Where post and 4422 618 ; c 'Y | ‘ entire test and measuri ng range. .
R ol e e e o e ok Tel. (05 ) * 100 kHz - 125 MHz in nine overlapping Send for your free copy by circling
same day where possible. Access and Barclaycard Visa welcome. ranges reader il'lql.lil'y number 225.
WW — 077 FOR FURTHER DETAILS ___ * Built-in 5 digit counter

WHERE TO BUY YOUR PHILIPS AUDIO
AND VIDEO SERVICE EQUIPMENT

The entire range is available from the Philips Electronic
Instruments Department (see address below) or from
Philips Service Centres (‘phone 01-686 0505 for ‘the
address of your nearest branch). In addition, the

PM 2517 and PM 3207 are available from Wessex

* 50 mV RF output at 75§ can be
attenuated to over |00 dB
* Blectronically stabilized output level

™ || INFRA COMPUTER | * Wobbuistor facity

FREE POSTAGE Reader inquiry number 221

o = GOMPONENTS LIMITED PM 2517 digital multimeter

Electronics Ltd, | 14-1 16 North Street, Downend,

ADI L N i
e Ll o pahilotricHouss  Full four digits _ o ‘ Bristol BS16 5SE. Tel (0272) 571404,
7 Westfield Road * Choice of LED or LCD displa e = Tr|gger|ng from either channel or external
Great Shelford ! * True RMS AC readings s e
Cambridge CB2 5JW \ * Auto TV triggering
Telephone: (0223) 841728/843953 * Same sensitivity on X and Y channels
. * B-invert facility
EngAms . gﬁn:ggées 8. * Full 8 10 cm screen
1702A ... ... ... . NS, 1 9 - . .
L T — £3.80 2114200ns ...... £2.80 Reader inquiry number 223
2716K (+5v) 450ns £5.50 4416 200ns ...... £2.40 FROMPHLIPS B TEST & MEASURING INSTRUMENTS
%gggﬁmai """" :} :gg e 19 e S PM 6667 and 6668 high resolution Use the inquiry service to obtdin information about the
"""" counters 1 products which interest you. Alternatively, ‘phone
y : Cambridge (0223) 358866 and speak to our .
B * | GHz (PM 6668) or 120 MHz (PM 6667) % g'/ o A T
UCtOI’S L I C Se UptO = b s PEC' AL o F F E R s * Microprocessor control with built-in SRR o oXiensing Orlnqui}y No
: 1 | 27320 - - £14.50 each intelligence ' PM 5519 CTV pattern generator 220
devices e Rsand Cs in great varlety _ 684§ ... .. ... WAE £9.80 each % Auto triggering on all waveforms and duty PM 5326 RF signal generator 221
P S t h |( b 6809 ............... £11.50 each Cycles : P= 2517 digital multimeter 21
) ® | Y 6802 ....... 7. YN £8.65 each’ . PM 3207 15 MHz oscillosco 223
OtS : WITC e|S nO S i. | 4116 2nsx16 ..... Pt & et £38.00 I l|_|5 I’;V F;[Tls S)e(ﬂSI’Ellvﬂ)/.” . o . PM 6667/6668 frequency ’coF::'lters 224
o ® ® : ' * High stability X-tal oscillators: 1U/mon 1981 Test & Measuring catalogue 225
ACCESSO“BS TOO S Matena S LS SERIES PRICES SLACSHED: * Self-diagnosis routine ) Pye Unicam Ltd
SOME AT A GLANCE . : s :
COﬂﬂECtOI’S ; LS 245 = £1.70 each. LS 242 = £1.20 each * Autoranging with manual override - Battery.optlc.)n Ph'“pé Electronic 'US”“"‘C%NSZF?)?N fand®
; : ; LS 240=£1.40 each LS 241 =£1.20 each * Current up to 10 A Readers inquiry number 224 ¥;’|';"Ca‘;?§r§af,2'{5%'g“3’$§5886‘6 Te|é§;n§1 2331
{ LS 244=£1.15each LS 157=50p each | * Options include temperature and data
ELECTROVALUE to. ; A WHOLE RANGE MORE ON TRADE el probey | oy
REQUEST : | Readerinquiry number222 ~ [puiwes]  Test & Measuring
(WW2), 28 St. Jude's Rosd. Englefield Green, Egham, Surray (London 87) STD 0784, ) . ! PM 3207 dual trace oscilloscope Instru ments
' Phone: 33603 (London 87) STD 0784. Telex 2644 9 ; ‘ .
NORTHERN BRAOI:(:H (Porso::l Shoppers Only): 680 Burna;es Lane, Burnage, fleashiegd S0p posiage and (5% VAT * |deal for service and general purpose J
Manchester M19 1NA. Phone (061) 432 4945 applications :
WW — 027 FOR FURTHER DETAILS * [5MHz/5mV

www -americamsadiohicetory com
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‘rofessionals. ..

Crimson modular audio amplifiers feature: ®&Low values
of transient and steadystate distortions g Envelope distor-
tion (below 500 Hz) less than 0.05% #gon-board electronic
protection ¥P.C.B. pin and edge connector termination
¥ Full range of complimentary components, i.e. P.S.U. s,
heatsinks etc. available from Crimson.

s6s9Bo 00 e®

'9 CLAYMILL ROAD, LEICESTER LE4 7JJ, ENGLAND. Tel. 0533 761920. Telex 34694 Chaimco G CRIMLEK &
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The Crimson range of amplifier modules are built to very high standards and have earned an enviable
reputation in every field to which they have been applied. The boards come ready built and tested
{guaranteed for two years) and can be used to advantage where high quality signal amplification is required.
The power amplifier madules range from 60WRMS to 310WRMS with up to twice this amount in bridge
mode. All feature substantial heatsink brackets which can be bolted to any available heatsink or the

es. Input sensitivity is set at 775mV and power supply requirements arel

August 1980). Alternatively,

flight cases, while other use

Wireless World Octaber/November 1980. Further details of how to use the modules are contained in the
Users/ Application Manual available at £0.50. _%

H/Sinks = F.A.

50mi 00035%  1.5Hz-50Kh: |-3d8)
il 100mm 0035% | 1 5Hz-50Khz I-3dB1
CE1008 100my “ D0035%  1.5Hz50Khz{-3dbi
CE1704 -3 150mmfFM1
CE1708

Type 0/PBohms*® O/Pdohmu*"

powers are obtainable if using one module per P.S.U. orif using aabilied P.S.U.

PRICES — HELD FROM MAY [YERTITY Coces e WAT P&Pio
; v:fm u| p anvwliensn ihe UK COD

#1.00extra tLimt£100)

OVA)
CPS6(250VA} &
REgl £8.30 FM . W' ERpail Payby Arcess v

Pre Amp
Power Amp
Thermal Cutouts

v

[ crimson Hekirik

Valves » Tubes - Germanium and Silicon semi-conductors « TVitube guns

To obtain further details of any of
the coded items mentioned in the -
Editorial or Advertisement pages
of this issue, please complete one
or more of the attached cards
entering the reference number(s).
Your enquiries will be passed on to
the manufacturers concerned and
you can expect to hear from them
direct in due course. Cards posted
from abroad require a stamp.
These Service Cards are valid for
six months from the date of
publication.

Please Use Capital Lettefs

1If you are way down on the
circulation list, you may not be
getting the information you
require from the journal as
soon as you should. Why not
have your own copy ?

To start a one year’s subscription
you may apply direct to us by
using the card at the bottom of
this page. You may also apply to
the agent nearest to you, their
address is shown below.

OVERSEAS SUBSCRIPTION
AGENTS

Edicron Ltd., Redan House, Redan Place, London W2 4SA
Telephone: 01-221 4717 Telex: 265531
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Australia: Gordon &
Gotch (Australasia) Ltd,
380 Lonsdale Street,
Melbourne 3000, Vistoria

Belgium: Agence et
Messageries de la Presse,
1 Rue de ia Petite-1LE
Brussels 7

Canada: Davis Circulation
Agency, 153 St. Clair
Avenue West, Toronto 195,
Ontario
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Agency Ltd, 131 Pro-
dromou Street, P.O. Box
4528, Nicosia

Denmark: Dansk
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France: Dawson-France
§.A.,B.P.40, F-91121,
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GmbH, 5 Koin 1,
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Distribution Agency,
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India: Intematidnal Book
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Soraya, Tehran -
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Agency Ltd, Citrus House,
P.0.Box 628, Tei Aviv

italy : Intercontinental
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Japan: Western Publica-
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- 170 Nishi-Okuba

4-chome, Shinjuku-Ku,
Tokyo 160

Lebanon: Levant Distri-
butoss Co., P.Q. Box 1181,
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Malaysia: Times
Distributors Sdn. 8hd.,
Times House,

390 Kim Seng Road,
Singapore 8, Malaysia.

Malta: W. H. Smith
Continental Ltd,
18a Scots Street, Valleta

New Zealand: Gordon &
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4002 Basle —

U.S.A.: John Barios,
IPC Business Press,
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Wireless World:
Subscription Order Form

To become a subscriber to Wireless World
please complete the reverse side of

this form and return it with your
remittance to:

Subscription Manager,

IPC Business Press,

Oakfield House, Perrymount Road,
Haywards Heath, Sussex RH16 3DH,
England
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UK subscription rates : USA & Canada subscription rates
7 year: £10.00 1 year: $33.80

Overseas T year: £13.00

Please enter my subscription to Wirelesé World for 1 year

| enclose remittance value. ..o W A made payable to
‘IPC BUSINESS PRESS Ltd.

L EEI] ,Lnj—_—_

OVERSEAS ADVERTISEMENT
AGENTS ]

Hungary Mrs. Edit Bajusz, Hungexpo
Advertising Agency, Budapest X!V,
Varosliget — Telephone : 225 008 —
Telex : Budapest 22-4525 INTFOIRE

Ifaly Sig. C. Epis Etas-Kompass, S.p.a. —
Servizia Estero, Via Mantegna 6,

20154 Milan —Telephone 347051 —
Telex: 37342 Kompass

Japan Mr. Inatsuki, Trade Media — {BPA
(Japan), B212 Azabu Heights, 1-5-10
Roppongi, Minato-Ku, Tokyo 106—
Telephone : (03) 585-0581

United States of America Ray Barnes,
*|PC Business Press 205 East 42nd Street,
New York, NY 10017 — Telephone:

(212) 689 5961 —Telex:421710

Mr. Jack Farley Jnr., The, Farley Co.,

Suite 1548, 35 East Wacker Drive,
Chicago, Ilinois 60601 — Telephone :
(312) 63074

Mr. Victor A Jauch,

Elmatex International,

P.O. Box 34607,

Los Angeles Calif. 30034 U.S.A.
Telephone: (213) 821 8581

Telex: 18— 1059.

Mr. Jack Mentel, The Farley Co., Suite 605,
Ranna Building, Cleveland, Ohio 4415 ~
Telephone: (216) 621°1919

Mr. Ray Rickles, Ray Rickles & Co.,

P.O. Bo\x 2008, Miami Beach, Florida
33140 —Telephone: (305) 532 7301

Mr. Jim Parks, Ray Rickles & Co.,

3116 Maple Drive N.E., Atlanta, Georgia
30305. Telephone : (404) 237. 7432

Mike Loughlin, 1PC Business Press,
15055 Memorials, Ste 119, Houston, Texas
77079 —Telephone: (713) 783 8673

A

Canada Mr. Colin H. MacCulloch,
International Advertising Consultants Ltd.,
915 Carlton Tower; 2 Carlton Street,
Toronto 2—Telephone (416) 364 2269

*Also subscription agents
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A dualtrace I0MHz high sensitivity oscilloscope At a price of £230.00 + VAT,

incorporating all the latest high technology

developments to bring you all these
outstanding features as standard.
@ 10cm x 8cm display.

@ 2mV sensitivity on both channels.
® Add and invert facility.

® Probe compensation.

@ Push button X-Y.

@® Trace locate.

@ 10MHZ (-3dB) over full display.
@ Complete with prebes.

WA americapradiohicstory com

113

Ensures British leadership in the low cost high
performance oscilloscope market.

Distributors required in certain countries

COPEX

Pixmore Avenue, Letchworth,
Herts SG6 1JJ. Tel: (04626) 72771,

| wish o pay by Barclaycard/Trust Card.
Please charge to my account!
My Barclaycard/Tryst Card No. is

LM P ITT T ST

Please send me full details of the 14DI0.

Name

Corpany

Address

WW — 058 FOR FURTHER DETAILS
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Major Price Breakthrough on 6 MIL Pink Poly

C-MOS purrerenr LINEAR SEMICONDUCTORS
HEF40UG 22 HEF4044 105 HEF4512 13y CA3046 B4 iNS14 5 BCiB2L 12
HEFa001 22 HEF4046 133 HEF4516 127 CAJ080E ” IN4OO 5 BC184 "
HEF4002 2 HEF4047 109 HEF4517 478 CA3J130E 99 IN40O2 5 8cieaL 12
7
9
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HEF4006 119 HEF4049 57 HEF4518 18 CA3140E 48 IN40D4 8Cc212 "
HEF4007 22 HEF4050 57 HEF454y o9 CAJI1BRE 293 1N400? BCcn2L 12 !
. HEF4008 100 HEF405] 87 HEF4520 na LM3I01AN 34 iINAT48 4 BC214 11 A
? ey B wEem | Mem Toe | wwomon e | 2w Bl ul | '
Why pay more for the same results :EFAO\-'! 57 HEF4066 62 HEF4532 150 L:g;‘x::: 198 2N2646 46 BCs48 n .
F. 475 534 438 L 75 1
Pink Poly b nd the hazard of static spark duscharge in handlmg and packaging of et A e 1 1o | ace
F. HEF4:
Our Pink Poly bags e el s o | R T B R i |
sensitive electronic components. ' o R - G B ] VR B
" y HEF40) 58 .
' prao | R B Ge  ve | Nesrow s | s 27 | sos 5
W[@B : HEF4022 103 | HEF4076 130 | HEFe0192 199 | NEs7TIN  s0s | 2n3ate z | eouo 39 .
v ) N i d _ HEF4023 22 | HEF4077 22 RC4136 146 2N3820 3 BFA90 333
4 Standard sizes, 15 from Stock - T R R R RN - S
N5459 35 7
4 tandara s ' Anti-Static! peaze  aa | w2 s v | Tooeree ee | soars % | shvis s |-
> UAT2ICN 42 107 1
. Exam le: ' | oA R A | e | a5 e 16 | G ek Chiptech ult |
p o \ HEF4030 58 | HeFaoss aie | vazeizcu 78 | vararct 47 | scicec 18 | vieat 8 iptech u raviolet erasers
- 104 208 UAT7B15CU 78 8C109 14 TIP32 54
7/1000 - Mo ow | vas ] Az e | Zemer stioes 19 | Tiestc % have been designed primarily for
8 x 8 5 £1 1 1 .0 . .\-N"" HEF4040 107 | HEF4505 714 | uareiscu 97 tades BC109C 20 | Tipa2c 76 o 4 N
L5 e JEF 4041 94 | HEF4508 230 | ua7aLosCs 38 | 400mw Cav7-C33 | BC14s 10 | mie2ess 75 economy in situations that ha e
H y Ve a
et HEF4042 83 | HEFas10 135 § UA7BL1ZCS 38 | B2Y88/BZX79 BC158 10 | TIP30SS 80
1 o X 1 2 £1 73-47 / 1 000 - ™ - HEF4043 10 | Herasn) 1574 Garaiscs 38 1 + Voltaoe ol gar? 17 1 misaa 6 . low throughput.
13 x 16 £217.78/ 1000 } caACITORS -y . ' Although low cost, they are
A Elactrolytic Axial Ordar n§ Polyaster Redisl Laeds rder a § Electrolytic Redisl Lesds  Order Coda F —
. [V Do TGN Tob, Can QIB o uF | o e cnenrass Sty o203 | 1% 10 150% Tol. Car 034+ uF ‘ also the fastest and most efficient
1 3 nF‘ov . |28 | ‘: Moulded Type, 10.2mm Pitch e-.:aeo #F  V 1016 | 25 |35 | 40 [ 5O | 63 erasers Of thelr Slze
. . K + Value .47 7
1.5 9
: i . - .. & uF 352 260 »F 382 380 .68 - 7 -
: Other sizes and quantity prices available on request., z 3| oo Tl 1w ity ! A L'?\I/l{mt))dels afre fitted with 600-
: k &a sl e | 12 i | S g - our ubes, safety interlocks
58 81198 ‘o33 | & Tla| 33 7 4
10 a 10 H . .
F I RIE] |- SRR AR i L : alnd housed in gold anodised
\ ) . 33 8 9 0! Al - 15 7| e g in aluminium casmgs.
i Send for fulf technical information to: ] a o lepniep s | 2l Bl z JEINE T g
100 g |13 033 € ] .
' _ . R R Al o | PE 14 6 chips £56.00
i g 100 L)
‘ 330 30 | 40 e % : .
' w1, 32 ] o s PE 14T 6 chips £76.58
' CAVAC SYSTEMS LTD 1000 |z | 30 s | e e e e Doy | 7€ Component -
& 2200 42 16 Pin Low Profile Socket Tin 16 DIL SKT 16 Daio Pen, Blus tnk; Slow Drying 89
i i n Road, Earley, Reading, RG6 1AZ
Unit 15, Suttons Industrial Park Londo ’ \L 9 TR SRR (s oo —
e . N 0.1W, E3 Valum, -IM, Lin. ntin, . P
Tel: (0734) 669663 Telex: 849286 » CobanFim P v e | S B v oo Mt 8 e
‘ 100/100 {Muit 10/Value) Skelaton Presets, Standard g
| 0.5W. E12 Values IRD-4M7, 10% Tol. Jaach Rex RD% 0.3W, E3 Values, 100R-4M7, Lin. Vartics) Mounting 11 Std. Praset V 0
B + Velus 0.3W, €3 Velusy, 100R-4M7, Lin, Honzontsl Mount 11 °  Std. Presst H i
Matal Film, Fixed Potantiometar, Rotary oD !
3 ”, 1M, 2% Tol. h  Ras M b
S v o o T en mupnas | QSO SO D, G
Potsntiometer, Slidst oW
Metal Glaze, Fixed 0.5W, ues, < Li n
0.5%, E24 Valurs, IM-33M, 5% Tai. 16 axch Rap VR37 Oggweélv\.l.llunzf::n;'ﬁolsﬂw :g :::: tog
+ Value . + Value
) : i . MAINS TRANSFORMERS Otdar Code Plustic Boxes — Boss Industrial Mouldings 4 B
I ] Secondarins may be connected 0 s1st of Mouioad Box and Clors Fiting Fangeo Lia prices exclude delivery and VAT
| | c R B rl es et ::’o?'z‘;o'.‘"z""ov’""l' range :?qs:v:;cc::a"“ - .n:m " 0’mc'. g::;:)::g;
i BVA - Clamp Typs Construction 235 sach 4 el . N
i | n d . Approx. 18% Regutation F.C. 54, H36, W35 ::wowuoosgo ;g; g:::mzooe g: PE 24T 9 ChlpS
| | P B0 GGy R Frans 6vA Plastic Boxes with Matal Lids £111 22
y d Racerved Top Box »
0-12v.0-12v ABS Bave, C/W Brass Buthey, in Orangs *
(O, (3T 1mm Aluminium Top Panel Finished Gray
: B20V 020V Order Coda
AI e v o u p v g el S 8 Lo wso 029 . cmeawom OB
- - Approx. 6% Regulation F.C. 70, H4B, W46 L1681 w36 D53 208 Cese 81M4005 OR
» i , 045V, 0-45V Secondsries Ton20VA  © Diecast Boxes
'\.‘ ; g ot g?\zl‘.’o:\‘/w Orecan Box and Flenged Lid : P,
; ‘ 4 g - 015V, 015V Aluminium Box snd Lid in Natural Finish e of b .
4 G175V, 017 8V ’ !
| o £i006m0 el o cmswem |
f L192 W13 D61 334 Cave 8IMS008 NA E
Fo mbre an vou nee VERO ELECTAONICS PRODUCTS For larger
L 71 200-21068J SWITCHES 3 i’
75" 200-21072D i QOrder Code t d l
5y 55,,“,l 200.21076C Miniature Toggle — Honeywell . sys ems users 9 mode
1€ 074 0 67 SW 8A1011
; i : . - d 62" o 138 %:gigsf: E'Eg{' clonm—— o swemoz ) PE 24T has a double tube
utter 203-21013A auble Biss mre 5 i
For the vast majority of capacitance, resistance ~ of resistance measurementat dcand of R, L an e oo 1y aE | o T il | ~ construction and
H 1 . HH = 1 DS Piny .040 (100} 44/Peck 200-21087¢ o .
and inductance measurement applications, Cat1kHzac.Thereare also facilities for an Stushim e mae | e cax automatic shut-off
1 1 ici 171 . e ck © 200- s N ntar Swas3t { i i
the Avo Measuring Bridge B151is ideal. It can external test frequency source and a polarizing Yarowrs Combs (25 e gooaissee | @ mubTowseMommey @ Shemi ] | ¥ylth 60 minute
timer.

be used for production checking, fault finding, voltage for capacitors. '
development engineering and much more. Consider your reguirements carefully. _ FGR“E*ET E:iﬂ;&'l‘f;;‘::s;unﬂ Pl 9% ' %’f |
TI'UG_ it may not be as ,elaborate as Other Match them against 7/\& TELETEXT DECODER BOARD +REMOTE HAND CONTROL ~ £135-90  £160-00
measurlng b”dges, bUt ItS nOt aS Dr|cey elther. OUF data Sheet. 3 5 TELETEXT COMPATlBI.'E TUNER AND P.S. U, £ 46-90 £ 57-00 | a - -
TheB151 offers accuracy at +0.3% £1 Call us today for | TELETEXT COMPATIBLE PAL ENCODER + MODULATOR £ 22-90 £ 35-00 . : ChlpteCh lelted
digit, a high level of sensitivity, afullrange your copy. F.E.T,OUTPUT 100W MONO POWER AMPLIFIER MODULE £ 27-50 £ 35-00 - =
X-BAND DOPPLER RADAR ALARM MODULE ~ MARK 11 £35-90 £ 44-00 Chiptech Limited.

4

ﬁ\rlghlglmigel?g’ad Dover. Kent CTA7 9EN ONE AMP P.5,U. MODULE (SPECIFY 5 OR 12 VOLTS) £ 7-50 £ 10-00 Tewin Court, Welwyn Garden City,
Telephone: 0304 202620, Telex: 96283 SIMULATED INERTIA MODEL TRAIN CONTROLLER £22-50 £ 35-00 : Herts. AL7 1AU
SIMULATED INERTIA SLOT RACER CONTROLLER £27-50 £ 40-00 ‘ | Tel (07073) 32140. Telex 8953451
7 | MODEL TRAIN STEAM SOUND SIMULATOR MODULE £ NA £ 500 '
You'll never meet a better meter * ' A [
@ A Member of the THORN EMIGroup | 0 =
WW — 080 FOR FURTHER DETAILS 3 WW — 076 FOR FURTHER DETAILS - ATk e e
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BAMBER ELECTRONICS  30h 00 GV 0555 560155 (2 lines) Tuosday to Saturda OR TELEPHONE ® ALL MODELS ON DIsPLAY
B. Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday @ ORDER BY POST OR TELEPHO SPLAY
E - WITH BARCLAYCARD/ACCESS ® RETAIL — MAIL ORDER —
- XTALS 10.7 MHz HC6U Type. Large range in stock RONIC TEST | EXP — IN
RADIO TELEPHONE EQUIPMENT A N e A L O Rl SS _ ORT ~ INDUSTRIAL
Two new high-performance mobiles at very com- 2 IC AUDIO AMP P.C.B. output 2 watts into 3 ohm speaker. - @ OPEN SIX DAYS A WEEK
B ks oricee TR, 1800 Tog T0amuaperatith. s i L 12volts D.C. supply. Size approx 514" x 1% x 1" high with SPECIALISTS e
A ; i i i i- i | heat sink, complete with circuits o . IN AND SEE
fully synthesised with five memories, two-speed PYE OLYMPIC M201 high band AM multi-channel sets integra
q N h ICAD CHARGER CONVERTER P.C.B. (Low power [ ] PRICES INCLUDE VAT
scan from mic etc, etc, and the C-8800 is the complete but less loudspeakers and m'ke:s123w.22'|¥ + VAT i'ru\vgner).%ize 4 x 1% x 1" high 12vdc suéply, 60v dc_ L LEESLAC FOR YOURSELF
r;att;)hlng ungt'(nlth ;t;-(;arre {ewreegvoringithe PYE PFS U.H.F. hand portable complete with leather case . “output through pot o[r; Fl‘.C.B.dfor ch;;gg\g/pso;‘;ig'ze ba‘fe'.iles
m band in or steps i Only £40 each + VAT from mobile supply. Dnly needs an or similar 3 4
?#é?;gal;t:rl[e:and ideal for 70cm. Thes: sets are in as new transistor which can be mounted direct on to P.C.B. pins on A range of Scopes in ltod.( from 5mHZ Single Trace to SOmH_Z Dualitrace.
condition. Complete with mike, battery and aerial A Pacres the board fitted with star-type heatsink (not supg;eg‘)u.VAT Mains and Bm.fy/mmn. pomlﬂe._ M.ny on dmon“mn_
g u £60 each + B 4 4
e E U.H.F. PAGERS. PG3U. Used condition less batteries, 10.7 MHz x TAL FILTERS (2.4 KHz Band‘mdth). Low imp 3 .
C-7800 £275 inc VAT :gvol,:w £40 oach + VAT type carrier and unwanted sideband rejection min —40dB = ’}‘ §-!¥6§}E);1«|z‘em(\:/€; . gl‘::'r(ncdlug 9[;‘3 ?u:gzam LI on g DuAL TRAGE (UK ¢/p etc £3.50)
C-8800 £250 inc VAT PYE MFSAM MOTOFONES. Low band, sets complete and {needs 1069835 and 1070165 XTALS for USS/ LS8 oot R O, S S e el P £100.25 CB1BSA10mHZ. 10my 5" display €267.00
i diti £45 each + VAT supplied). Size approx 2" x 1" x 1" E / 2 , . A - 78 5m mV 5 display -£284.00
Ve PORKETPHONE. Base station FA50, complets less LOW PASS FILTERS (low imp type). 2.9 HMz. Small metal gg}fN‘ig:;:‘zUB;‘;”Jam":r“’i':d)omV 3.2 x 2.60m display (Optional <258 yym 312-8 20mHZ. SmV 10cm display £253.00
mike £45 oach + VAT encapsulation. Size 12*' x %'’ x %"’ 75p each + VAT *LBO12A 10mHZ 10mV. 5 display £195.00 C81666A 20mHZ, 5mV, 57 display i £339.00
PYE REPORTER MFSAM. High band sets complete but XTALS FOR TV SYNC. GEN. 20.25 KHz for 405 lines, SRR Y, T Sty £195.00 ., 803085 70mHZ, 2mV, 5 x 6. 3cm display. Battery/mains. Portable buit in
less cradles, few only £150 each + VAT B7G glass type _ £2.004+VAT V1B 15mHZ 1mV 5" display © ! £241.50 Nicads £482.00
PYE RTC Controlier units for remotely controlling V:H.F. or .TV OFF AIR RECEIVER KIT. Contains Mullard ELC ~Price includ . k HM412-4 20mHZ, 5mV, B x 10cm display plus Sweep Délay £309.50
U.H_F. fixed stations, radio telephones, overland lines 1043/05 tuner unit, aerial socket, I.F. amp module, rice includes free Probe(s) CS$1677A 35mHZ, 2mV, 5 display £476.00
A £20 each + l‘)IAT ‘ detector mo%ule gnd sound quad coil. Supph:}liowg‘;\:\r’c:;' J . €81830 30mHZ, 2mV, 5" display plus sweep delay and delay line — new
PYE WESTMINSTER W15AM. High band and low band “diagram. Ex-brand new equipment K model | - £569.00
available. Sets complete and in good condition but are less 3 OPTIONAL PROBES (ALL M O DELS) Hm 512-8 50mHZ, SmV, 10 x Bcm display. Delay Sweep £667.00
speakers, mikes, cradles, and L.T. leads {sets only) Xi £6.50, X10 £8.50, X100 £12.85, X1-X10 £10.86 *LBO514 10mHZ, 1mV, (5mV) 5" display £294.00
£70 ouch + VAT L HAMEG @ TRIO @ SINCLAIR @ LEADER @ HITACHI V152 15mHZ, 1mV, 5" display £520%00

PYE BASE STATION F.27. LOW AND HIGH BAND. - V302 30mHZ, 1mV, 5’ display £447.35

-

Few only £75 each + VAT A . G . *V550 50mHZ, 1mV, 10 x Bcm Delay sweep + 3 channel display £799.25
PYE BASE STATION F30AM. Low aggzhigh b:nd \vlv:;" WIRE woftmn nEsf|s11(;grf(s 33|0 ohm 5 wag‘ls‘g’\:cu;:! . F
d without T/T. Prices from 0 each + mounting, fiame proof, for only d £ $§G402 100 KHZ 3 HZ ith AM 6 1

PYE CAMBRIDGE AM108 (boot mount) low band 12.5 WIRE WOUND RESISTORS 51 7 watt 5% vertical G E N E RATO R s RF e K Om WIzsa.oo PRO’ MULTIMETERS /FS AN i

KHz sets onty no control gear. Goad condition mounting, flame proof 150 for only £1.50+VA - LSG16 100KHZ (300mHZ H . (UK c/p £1.20) POWER METERS
| £20 each + VAT TWIN MAINS LEAD 2 x0.5mm white 100 meties A range of Signal Generstors to cover Audio, (300mHZ on am;zoan) M1200 100K /Volt 30 ranges plus AC/ —— s

1 F30 AM spares: Mod trans £3.00 sach 15966-30:" tal RF llll' Pulsing. Mains operatad (TQ series v 63.25 DC 15 amp £67.00 N

l C-8800 ) Mains trans £5.00 each BO+40 uf £1.004+ VAT WIRE WOUND RESISTORS 2R7 10 watt . og:(\)lrkT Batugry). LSG231 100m H_Z 1mHZ (adjustable} FM K1400 20K /Volt 23 range larqe scale

PYE PC1 PC 906 A controllers £150.00 + VAT mounting, flame proof, BO for £1.00 + 1B . stereo generator, pilot and mod £1956.00 JeguEraraols

PYE PC1 controllers from £60.00+VAT CARBON FILM RESISTORS, ; watt, B% on band:}:{_ PULSE £79.95 Range in stock covering up to
{ ; 4 PYE F30 FM low band. Local control, mint gggx:&v” ;’;{2 2?11_ ggopo:?sz\?gab:e o;;:dit‘:l ;’101.(:).': 500 + LT TR e 45800 %1 500 20K/Volt 42 range plus :C 3/ DC 150mHZ and up to 1K watt power
I Sl . , stan unction d amp 53.50 PL259 sockets. Also 250 UHZ
{ ¥ - . PYE AC 15 PV Mains power unit for W15AM good ; £5.00 per 1,000 + VAT TG105 5HZ 5mHZ - £82.50 - K200 38 range FET 10m OHM input Grid Dipmeter.
fi PX402 13.8V DC 3 amp | condition, only . £50.004 VAT GOULD POWER SUPPLY type MMGS-5 3y at 54 autpae 4001 0.5HZ 5mHZ £105.00  20Hz to 30MHs multimeter . £95.00 | SWR9SWR/S 3.150mHz€8.60
{ ; tinuous 4 amp max full PYE T412 U.H.F. base station, one only £250 +VAT 110v and 240v ac input, brand new £25 eac| A 6 : g SWR5E0 SWR/Power meter,
5 St o R Y | PYET150 High band FM transmitter €100 + VAT REDWING REFRIGERATED MILK CABINET and dis- 200P0002H25.5mHZ  £263.00 | Aeie PROBES/ N aTfiowe: |
l stabilised power supply | pyg £4g0/a70 U.H.F. base stations from €150+ VAT penser takes 3 x 2p could be used for soft drinks 200SPC as 200P plus built-in freq. ‘ c13.95
; with overload protection | Ly CAMBRIDGE AM 10B high band_boot mount sets £25.00+ VAT Buyer collacts display / 100mH2 counter £437.00 MONITORS 110/ SWRIIF owar. 1144 57
i £19.95 plus VAT. P&P complete, less control gear £20 oach + VAT GEC PORTABLE TV Featherite LOPT and scan coils, large ; : S e iah /1 0/10/100 watts £11.50
! £2.00. PYE CAMBRIDGE AM10 D low band dash mount, fair quantity available, any sensible offers, all brand new. AUDIO (All sine/square) Logic probes indicating high/low, etc., 171 As 110 Twin meter pius E/S
{ | condition £35.00 sach + VAT BARRY MOUNT shock ab_sorbir’g ny;ichme“mqums type o AG202A 20HZ— 200KHZ £69.00 Sttes that scopes can miss. All circuit £14.50
i CARRIAGE ON R/T EQUIPMENT MOBILES £2.00 GBC-2030-T6, brand new. Size 3" x 3'' x 1%’ high LAG26 20HZ— 200KHZ £73.60 powered for all 1Cs. Plus large range of BNC/PL258/
‘l EACH B/S £15.00 EACH. : 4 for £5+ VAT i e = LP3 50 MHz logic probe £55.95 etc leads plus adaptors/ connectors
l ‘ AG203 10HZ— TmHZsine/sq £126.50 o3 30 \ii2 08 BONS FE S
| TERMS OF BUSINESS: Cheques or P.O with order. madfl payable to B. Bamber Electronics, or phone your Access or Barclaycard No. Please add -LAG120A 10HZ— 1mHZ *.:143-00 LP2 1% MHz logic probe £19.95 :z: fc\z'vg g:‘)owetrt/ :IS 12'g-
{ 15% VAT on all goods advertised after adding postage as applicable. ) (UKc/p £1.75) é':°é';;‘°gk range of Protoboard kits and LM1 Logic monitor £33.00 AOmWZacmarch . £16.80
| CARRIAGE: Orders under £5 nett invoice add 75p. Orders over £5 but less than £20 add 50p. Orders over £20 at cost. Callers welcome. A LEADER @ TRIO @ NEWTRONICS @ LEVrE:.L gres: LDPO76 50 MHz logic probe with case KDM@ Gnd Dip 1%-250mHZ
i Tues.-Sat. 9.30 a.m-5.30 p.m. £61.00 £38.50

| . -
| A of LED aad LCD Bench and Hand BMM' with
WW — 479 FOR FURTHER DETAILS = AIDIGITAL MULTIMETERS i Rt ™ oms v optons fcede & ssves MULT (UKc/p 76p)
= = O = with batteries and leads. PonT ABL s -
| _ . NECTORS : , BENCH PO! LES ukc/p g1 - ')
] © XLR GON ] . . = HAND HELD (UK postetc 85p) - 250/%%522‘/2 D|g|f LED 21 ranges.és()s.Ss‘)g ‘ 0 E
! ) Line Female A3F 4 Chassis Female D3F . ... .. E;?:’ . " TM382 3% Digit LCD plus 10 ADC and DM350 3% Digit LED 34 ranges AC/DC
| Line Male A3M ... . . ChassisMale D3IM . ........ v Hte checker , £54.95 10A 9 g £78.50 !
! ‘ 4. 5 and 6 pin versions and large selection audio adaptors available ! :3:[13‘)5 3% Digit 16 range LEDE(;; :g TM353 3% Digit LCD AC/DC2 amp . '
| ' NEUTRIK XLR CONNEGTORS MES02 37 Digi : £89.89
i i 2 Digit LED plus 10A DC and TM35 -
i - 1 3% Digit LCD AC/DC 10 am
i - s O U N D Latchless Chassis Female NC3-FZ €0.67 k:ét(ﬁ:hless Chass(i:shMaIe ANACIZihr:léa M:g.ss EfMe;g'e;‘ke:;‘/ AR %3/&5: igi ‘g1ao7‘_)95
PCB Mounting Chassis Female NC3-FD Mounting Chassis Male - 3 2 i amp A
{ ' ‘ . £1.12. . £0.95, 0.1% £€51.70 LM 100 3': Digit LCD AC/DC2 amp g
! Please specify horizontal or vertical mounting PCB forvmax. fazn(;g 3% Digit LCD 0.2A AC/D(E::.’:ustg DM450 4% Digit LED 34 ranges AC/DC
I N A EEL‘IGLEZREZAUD!OO IRANCSFOHMF‘EIBE'%/GOOQ 6220 As 6200 plus 10A AC/DC £49.95 z[;)“:,";‘;ries optionsRee casEe“E)g'gg KRT101 1K/Volt 10 range pockelt £4.50
i + 1:2 + 2. Freq. Hz-35KHz. PCB M t. PR ” b j s 3
i 600/2A4K(alno ............ req ..... > Z ...... o. u.n ............ 625.3% = 4 S100Az 528 pl=Cont, test/ranegsesh %ng Nl-cads £7.95 Mains adaptor £4) ﬁm;/;,z /1\/1\',:1(/1\6():;;;%’;2:9‘1’0*“ ::::
' ENG?;ZZEISia/tiZOS"I«;- 1:6.45 + 6.45, Freq. 40HZ-25KHz, PCB Mount, PRI 150/220.00, R 4 v '\31 10 As 6100 plus 10A AC/DC £74.95 1503 4% Digit LCD 28 range AC/DC 10 | AT| 2K/Voit 12 range pocket de luxe £7.95
566925 KY//25 KO I . T Ta T L T d Y amp includes mains adaptor £159.85 NH56 20K/ Volt 22 k £10.95
[ G O O D SKT-723 MuMetal Screening can, 39dB reduction SOHz ext. field ... .~ . . £0.95 e - s YN360TR 20.2/‘\,0"?39,2,?;:&"“ plus hfe test
a Trade enquiries welcome; quantity discounts available. All prices subject to VAT. Call, Portable and Bench LCD and LED Counters CLAMP METERS/ £13.98
. write or phone. Min. order £10. Please add £1 postage. Access, Amex, Barclaycard. ] F R EQU E N CY up to 600mHZ. Prices include batteries and INSULATION TESTERS ] AT1020 20K /Voit 19 range de luxe plus hfe test :
. ; loads. ' 3 I £16.9
- ; Y KELSEY ACOUSTlcs LTD COUNTERS y (AN muitirange except K2303) 7081 50K /Volt 36 ran ;
) . — ; - . ge plus 10 amp DC £19.06
Yes it's true — but you'll need to listen through a Minim 28 POWIS TERRACE, LONDON W11 1JH HAND HELD (U post etc 85p) ‘ e TMIK500 30K/ Volt 23 range plus 12A DC/ Cont.test -
Television Sound Tuner to be co?;/mcid. Music, V\rlwlldhfeli ) 01-727 1046 A : PFM200 20HZ to 200mHZ 8 Digit LED£54 £ . \ 31(—:20 20K/Volt 21 range de fuxe plus 10A DC 32%5'“
7 when you can hear a 9 K
even the news suddenly comes 't_|°. lheF‘d it Y o WW—013 FOR FURTHER DETAILS MAXS50 100HZ to 50mHZ 6 Digit LED AT205 50K/Volt 21 range de luxe plus 10A DC
the detail that you expect.f(om igh Fidelity equip L ) o £61.00 £24.85
Connect the Minim Television Sound Tuner to the amplifier MAXS50 30KHZ to 550mHZ 6 Digit LED Zg?ggo,(,\,o“ 26 range large scale, 10A DC pg,;:sz
ior music centre or listen directly on headphones so as not to £106.00 ‘ AT2050 50K/Voit 18 range de luxe plus hfe test
i ; K2303 30 AMPS 500 VAC £21.95 £28.50
disturb others. BENCH PORTABLES ! P! ol C A e s AT210 100K/ Volt 21 range de luxe 12A AC/DC
el (UKc/p £1) £32 £29.95
1 9 . N . .05 .
Further information will only cost you 12p — stamp out. #.0. BOX 23, 34 SEAFSELD ROAD, COPNOR, PORTS M OUTH, HANTS. PD3 58J MAX100 8 Digit LED 5HZ to 100mHZ y K2803 300 AMPS 600VA3C 2% 360TR 100K/Volt 23 range plus hfe checker and
it + FOU T " Sncomrac i ECTEey ‘ TF200 8 Digit LCD 10HZ 10 200mHZ . | Sk 500 ames 750 e ag | ewaars e
TED LASER C ) \ded 6in. lead with mini jack plug. igi to m 90 ’
\ s“F‘i:‘;okE:ga.?;uE:  Eects Mg?.fng. Qniy ;s.‘f Zac::.': °"s il "G_w" 5"""';_“ '_Jugl ¢ £158.95 OHM €77.05 CHOOSE FROM UK’S
MO EE P RAE RS Y R O L Eranale et gned S pacoman ek Sges O auso/yiese 7010A 9 Digit LED 10HZ to 600mHZ K3103 Transistorised insulation/ :
B IED BISA, Som Tt AT, 820 C 1 08, ok it oo | 00mHZ 6000 | comtinuny Tester. 100 MEG. 600 LARGEST SELECTION
Address .................................. ] Dlg‘lT':l‘.‘s;su'&M"E‘yrER-cu;a:?Bvuildgim% high accuracy dvm or panel meter. Requires additional TP60O GOOm}-_ll_Pre-Scaler for TF200 _£41"°° M500 Insulation tester 100 MEG. Tv GENERATORS J
1 circuitry. With data and circuit. MM5330. Only £3.25. Cat. No. 404. 200SPC 6 Digit 100MHZ LED built into 500 VDLT. 0/200 OHMS continuity LCG-393V PAL 8VHF 6 patts  £137.00
4 DIGITAL_A:‘AR':I cmcl:x ITO?\I'IJEP' Comp:)elT méi;h'g’iarél O.Z‘in.ngISD display. Add transformer 0.002HZ to 5.5 MHZ Pulse Generator £67.50 SCG-392U
5. ap . AT L ey MING 8 DIOIT LED DISPLAY. B digh. 7 seament calouiator sile display. Common cathoda, CSC@SINCLAIR@OPTOELECTRONICS®@NEWTRONICS £437.00 | . . Also digial and DC types in stock PAL B UHF 15 patts £217.00
2om;Emvp:xE;da:::g; i:. Ihiglh digits 80p each. Cat. No. 312, - e W F ..
b ulator keyboard: key action. eys per boards. 2 keyboards N o
""""""""""""""""""""" o AL7ACARRIC TG o Stockists of electronic equipment, speakers/kits, PA equipment plus huge REE
o S DIGITAL ALARM CLOCK CHIP. MM5 316 alarm clock chip. With data £2.35, Cat. No. 203. 5 H - indi ted . EXPO“ — prices on requen CA
| i : i Untested ftoms range of accessories @ UK carriage/packing as indicated @ & R TRLOGUE, °
Minim Audio Limited, Lent Rise Road, Burnham FLUORESCENT CALCULATORS. Mant ers rejocts. Most repairable but no g 10 p @ All prices correct at 1.1.81 E & OE @ All prices include ——— .
function with full memory. With 'repairing calculator’ info. £2.25. Cat. No. 107. . Sy d
] Slough SL1 7NY. Tel: Burnham 63724 Post and Packing plasse add 40p. {Overseas orders sdd £1) OPEN SIX DAYS end farge SAE
i : MINIM AUDIO VA Plesss add 15% to the total cost of your Cubegate A WEEK Sch (170 UK)
{ ] arder {including post and packing). Limited . ools, c°mpanies,
“make a note of our nar-ne! - Lots more goodies in our send ized s 1or your FREE copy. etc. free on request.

Satisfaction guamanteed on all items or full c: afunded.

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564
WW—051 FOR FURTHER DETAILS e
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Advertisements accepted
up to 12 noon Monday, 2nd
February, for March issue,
subject to space being avail- .
able.

DISPLAYED APPOINTMENTS VACANT: £12.00 per single col, centimetre (min. 3cm).
LINE advertisements (run on): £2.00 per line, minimum three lines. [
BOX NUMBERS: £1 extra. (Replies should be addressed to the Box Num
advertisement, ¢c/0 Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.
PHONE: Eddie Farrell, 01-661 3500, Ext. 8158,

Classified Advertisement Rates are currently zero rated for the purpose of V.A.T.

ber in the

\ELECTRONIC OPPORTUNITIES
" £5,000-£15,000

Microprocessors — Minicomputers — Digital —
Analogue — HF — VHF — UHF — Microwave

Where does your skill and interest lie?

-Design? Test? Production? Sales? Service? Systems? or perhopsr Software?

% Our clients are drawn from all sectors of industry:

There are opportunities at all levels from Technician to Manager

% Most UK locations and some Overseas

% Make your first call count — Contact MIKE GERNAT on 076-384-676/7 (24 hours)

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LTD
148-150 High Street, Barkway, Royston, Herts. SG8 8EG

FIELD SERVICE
ENGINEER

SOUTH-EAST

Instrumentation Laboratory (UK) Limited is a market leader in the
design and manufacture of a range of sophisticated instruments used
extensively in clinical and industrial laboratories.

We currently have a vacancy for a Field Service Engineer to cover the
S.E. London, Kent, Surrey and Sussex area to install, maintain and
repair our range of Biomedical instruments.

Applicants should have a sound background in electronics (C. & G.
< Final, H.N.C., etc.) and a flair for practical work. A knowledge: of
microprocessors or computer systems would be an advantage,
although not essential. Comprehensive training will be given to the
successful applicant on all aspects of the Company’s products.

An attractive salary will be offered, together with considerable
additional benefits, including Company car, pension scheme, and
B.U.P.A. membership.

Applicants who reside within the area or are prepared to move should
telephone or write to:

Miss S. M. Houghton

INSTRUMENTATION LABORATORY (UK) LIMITED
Kelvin Close, Birchwood

Warrington, Cheshire, WA3 7PB

-Tel: 0925 810141

(843)

INSTRUCTORS
BROADCAST VTRs AND CAMERAS

The Group Training Department in Reading, England, need
Instructors to specialise in training courses in broadcast
television colour cameras and videotape recorders. Key
requirements are:

— Experience as (or the personality to become) an expert
instructor with the talent to impart technical information
to engineers of many nationalities and varying depth of
knowledge d

— Practical experience of broadcast television or similar
equipment

— Theoretical knowiedge of advanced electronics
(A knowledge of languages is an advantage)

This is an opportunity to join a company in the forefront of
technological innovation in a position offering overseas travel
and contact with engineers of many countries. Attractive
salary, pension, life assurance and permanent health schemes.

. Contact: Maureen Brake
A M p E Acre Road, Reading, England
Tel: Reading (0734) 85200

AMPEX GREAT BRITAIN LTD.

Broadcast
Transmission
Engineering

Trainee.Br.oadcast
Iiangmlss:on
Engineers

We have opportunities for Engineers (male or
female) ideally at the HNC/HTC or equivalent level,
to join us on our next training programme which
commences this summer. Consideration will also be
given to applicants at the City & Guilds Full Tech. to

- CNAA pass degree level. This comprehensive and|

carefully devised training, in collaboration with a
leading Polytechnic, can result in a nationally
recognised diploma, and is a step beyond
traditional learning, combining theoretical andl
practical studies to give you a grounding in
broadcast engineerihg that is second to none,
During the course we will pay your fees,
accommodation and meals and, if you do not
already possess a full driviﬁg licence, we will
arrange and pay for your instruction. Your salary,
on satisfactory completion of the training, will be
£6,752, and will then rise annually to £8,372 per
AA

www americanrafliohistory fom

To ensure that'broadcasting services are of consistently high
quality provides far greater challenge than you may have realised.
It is essential that viewers and listeners can rely on good television
and radio reception and at the IBA we have a firm commitment

to achieving these superior standards. We operate a
: network of over 570 transmission stations
nationwide, servicing Independent Television
and Local Radio, services which we are
steadily expanding. An increasing number of
transmitting stations and the addition of the
fourth channel all mean that.ours isthe
environment to assure your future —we can
offer both security and scope. We rely greatly
on the skills of our highly trained engineers to
maintain our Transmitting Stations so that they
are reliable in operation and transmit services
of the expected high standard.

annum, with further progression to £9,433 per
annum. Your initial salary while training will be
inthe range of £5,000/£5,400 per annum.
Additionally we offer you a generous range of
benefits, including free life assurance and personal
accident schemes, a contributory pension scheme,
generous relocation expenses and subsidised
mortgage facilities. :
Toreceive our illustrated information package
and application form please write to or telephone
Mike Wright, Personnel Officer — Engineering
Regions, IBA, Crawley Court, Winchester, Hants,
5021 2QA. Telephone Winchester 822574 or 822273

B IBA

INDEPENDENT
BROADCASTING
AUTHORITY

(841) .
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Electronics
R&D

Join usintheforefront
of technology

‘A challenging and full career in

‘Minimum qualification — HNC.

WIRELESS WORLD FEBRUARY 1981

Take your pick
HF-VHF-UHF-
Microwave Optics & Acoustics

Government Service.

Starting salary up to £6,737 (under review).
Please apply for an application form to the
Recruitment Officer (Dept. WW9)

H.M. Government Communications
Centre, Hanslope Park, Milton Keynes
MK19 7BH.

NATIONAL HEART AND CHEST HOSPITALS
BROMPTON HOSPITAL

Medical Physics
Technician

Grade IV or 111
(ELECTRONICS)

We require a technician to work in a small but busy department
which provides a comprehensive medical electronics/ physics service
to this leading cardio-thoracic hospital.

Within the department the technician will be engaged mainly in
electronics work but other scientific or engineering skills would be an
advantage. In addition the technician will be required to work in
clinical areas trouble shooting and advising staff in the use of
equipment.

Salary within the range of £4931-£7277 inclusive depending on
experience, For further information contact Chief Technician, Mr, [Ps
Butler, ext. 4252,

For application forms and job ‘description contact Personnel
Manager, Miss J. A. Jenks, Brompton Hospital, Fulham Road,
London, SW3. Tel. 01-352 8121, ext. 4357.

(900)

CENTRAL SERVICES DEPARTMENT OF THE SCOTTISH
OFFIGE

WIRELESS TECHNICIANS

{£5.300-£7,060)

Applications are invited for three posts of Wireless Technician in the
Central Services Department of the Scottish Office. The posts are
based in Inverness, Edinburgh and Montreathmont, Forfar. Can-
didates must hold an Ordinary National Certificate in Electronic or
Electrical Engineering or a City and Guilds of London Institute
Certificate in an appropriate subject or a qualification of a higher or
equivalent standard and have three years'’ appropriate experience.

A clean current driving licence and ability to drive private and

commercial vehicles are essential.

Application forms and further information are obtainable from Scottish -

Office Personnel Division, Room 110, 16 Waterloo Place, Edinburgh
£H1 3DN (quote ref. PM(PTS) 2/13/80 (031-556 8400 Ext. 4317
or 5028).

‘ Closing date for receipt of completed application forms is 11 February,
1981. (697)

DIGITAL EXPERIENCE? LOGIC ENGINEER

FIELD, SUPPORT AND

APPOINTMENTS R ot Pe e
IN ‘
ELECTRONICS ABO RIS
to £15,000 TECHNICIAN

MICROPROCESSORS

PRODUCTION. VACAN-
CIES IN COMPUTERS, NC,
comMmMs, MEDICAL,
VIDEO, ETC.
Fore free registration ring
01-464 7714 ext. 502
24 HOURS

LOGEX

ELECTROMCS RECRUSTMENT SERVICE
HGH ROAD, LOUGHTON, ESSEX
01:502 1589/01-464 7714. EXT. 502 =5\

We wish:to appoint a LOGIC ENGINEER to
form a solid state repair department with
practical experience of fault finding on
microprocessor controlled logic and TV
monitors.

The position offers interesting and varied
work in the leisure field with good prospects
for the right person, who wauld also enjoy
the benefits of a good salary plus company
car.

Please write or telephone for an application

form to:
Miss D. Sitch
Tavem Automatics
22-24 Bromelis Road
Clapham, London; SW4 _
Telophone: 017201127 @85

COMPUTERS - MEDICAL
DATA COMMS - RADIO

Design, test, field and
support engineers— —for
immediate action on
salary and career advance-
ment, please contact:

“lechnomark_

Engineering and Technical Recruitment

11, Westbourne Grove
London W2.Q1—229 9239 (9257)

required with an H.N.D. qualification
in electronics or related discipline, and
experience in the design and con-
struction of novel pieces of apparatus
would be useful.
Salary Scale: 73/4 £4581-£5784
(pay award pending).
36" hour week. Post superannuable.
Application forms and further particu-
lars are obtainable from the Personnel
Officer, Preston Polytechnic, Corpo-
ration Street, Preston.
Reference No. NT/80/81/49.
Closing date: 14 days after appea-
rance of advert.

(898)

WWW americanral
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Tremendous growth and success

has created the need for even more first
class staff for one of the world’s leaders in professional

television broadcast equipment.

During 1981 some 60 to 70 jobs must be filled, most of
which are available now and based at-our European
Headquarters at Basingstoke, plus several more in other

parts of our marketing territory.

If you like the thought of enjoying the success of world

leadership then write in strict confidence to Barry White,

Personnel Manager, Sony Broadcast, now! And please don’t

forget the c.v.

Regional Sales Manager —
Southem Europe
Reporting to the General Manager, Sales,
the successful candidate for this
substantial assignment will probably be a
qualified television engineer with several
years experience in Sales, Marketing and
allied areas of commercial activity.
Working from the Basingstoke H.Q. the
position offers extensive travel in the
Southern European territory. A
knowledge of at least one European
language apart from English is desirable.
This position offers the opportunity for
significant career development as part of
a talented and highly motivated team.

-Sales Manager — Africa

This is a challenging position for an
experienced sales engineer or sales
manager with a good knowledge of the
radio and TV broadcast industry. -
Knowledge of the African market or other
overseas sales territories is highly
desirable. The successful candidate, who
will be based in Basingstoke, will be
expected to spend a substantial partof the
time travelling in the territory. The high
degree of initiative and self-motivation
demanded by this job will be reflected in
an above-average salary.

Sales Engineer

We require competent engineers whoare
experienced in video cameras and/or
VTR's to supplement our sales force. A
number of vacancies exist in this area,
some calling for extensive overseas
travel. Successful candidates are likely to
be in the age range 25—30 and should be
highly motivated and abie to work on their
own initiative. Experience in selling or
dealing with customers would be an
advantage but the main requirements are
a pleasant personality and ability to get
along with people. The salaries will be
above average and even better for those
willing to travel frequently to West Africa
and the Middle East.

SONY.

Senior Proposals Engineer

Reporting to the Sales Operations
Manager. The successful applicant will
have a technical background in television
engineering preferably in the broadcast
industry. He will be required to
understand individual equipment as well
as overall broadcast systems and will
enjoy working with the minimum of
supervision, often under pressure.

The work will include the assessment
of customer’s specifications and the
preparation of the company's response to
both the technical and commercial
conditions. A knowledge of foreign
languages would be useful although not
essential.

Assistant Product Managers-and
Product Engineers i

We have vacancies for Assistant Product
Managers and Product Engineers in each
of our four equipment groups: TBC and
Editing Systems, Cameras, 1inch VIR's
and U-matic VIR's.

Candidates for the Assistant Manager
posts will ideally be graduate engineers
with some years of experience in video
technology, whereas applicants for the

_Product Engineers vacancies will

probably be less experienced. However,
at both levels we are willing to consider
the right kind of experience in lieu of
formal qualifications.

Successful candidates will receive
suitable in-house training to enable them
to provide technical product support both
within Sony Broadcast and externally to
customers.

Lecturer :

The successful candidate would conduct
theoretical and practical training courses
on our major products, be able to write
circuit descriptions and produce training
manuals with lucid block diagrams.

So

Broadcast

ideally, candidates should have in-depth
experience of video tape recorders,
digital circuits and a practical up-to-date
knowledge of the broadcast industry,
especially measurement techniques. In
addition it is essential that he or she can
present ideas clearly and answer the most
difficult and unexpected questions.
Knowledge, or an ability to master the
techniques of video cameras, digital audio
equipment and the application of
microprocessors to broadcast equipment
will be an advantage, although we are
prepared to provide the necessary
additional training. Promising young
graduates will be considered. -

R & D Engineers

Sony is now established as the world
leader in digital video recording
technology. Development is still in the
formative stages but rapidly progressing
to the new era of the ‘All Digital Studio’,
The R & D Sectionis involvediniong term
investigations into the application of high
speed digital techniques to video -
processing, and in conventional product
design. Being part of an international R &
D team, the successful applicant may
expect occasional opportunities for
overseas travel. Applications are invited
from engineers offering experience in
high speed digital processing or video
engineering. Alternatively, awell qualified
recent graduate could be considered.

Project Engineers
For our young and enthusiastic Special
Projects Team. They will be involved in
the design, manufacture and
commissioning of static and mobile
television systems, and in modifications
and accessories. The successful
applicant will have a thorough knowledge
of sound and television principles. Ideally
he or she should also have experience in
operational television or its allied
" manufacturing industry.

QA Technician 1

Candidates should be experienced in the
repair of modern television equipment
and also be familiar with digital circuitry.
Activities will include the testing and
commissioning of advanced broadcast
television equipment. A relevant HNC
level qualification is desirable.

Service Engineers

Two openings exist, one at a more senior
level, for qualified engineers with
broadcast television engineering
experience in operations and
maintenance. The positions will entail
responsibility for the repair and test of
sophisticated broadcast television
equipment, together with minor
development work. Some travel within
the UK and overseas is anticipated.
Candidates for the senior appointment
will have had several years experience
working inabroadcast environment or for
a television broadcast equipment
manufacturer, during which time he or
she will have worked on VTR and camera
equipment. The second position should
appeal to engineers with less experience
who are now seeking a progressive
environment.

ny Broadcast Ltd.
City Wall House

Basing View, Basingstoke
Hampshire RG21 2LA
United Kingdom

(844)
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All the others are measured by us...

At Marconi Instruments we ensure that the very best of
‘innovative design is used on our'range of
communications test instruments'and A T.E. We have a
number of interesting opportunities in our Design,
Production and Service Departments and we can offer
attractive salaries, productivity bonus, pension and sick
pay schemes together with help over relocation. -

If you are interested to hear more, please fill in the
following details:-

WIRELESS WORLD FEBRUARY 1981

Area Department of Medical Physics and Clinical Engineering \

have the following vacancies:

Medical Physics
Technician 111/1V

(Clinical Messurements)
Ref: MPT CM

- Applications are invited from suitably qualified persons for the above post

based at the Leicester Royal Infirmary.
Duties will consist of providing technical assistance throughout the full
range of activities of this section of the department including .
i) Ophthimic Electrodiagnosis

i) Audiometric Elactrodiagnosis

_iii) Blood flow.studies

iv) Urodynamic measurements
For appointment at Grade Ili, 3 years' experience is required in at least two
of the above categories, preferably i) and ii). " .
Further inf may be obtained by teleph. (Mr. S. Bentleyj
Leicester 541414, ext. 469.

- Medical Physics
Technician 111/1V

(Electronics Servicing)
*  Ref: MPT ES

Applications are invited from suitably qualified persons for the above post.
The successful applicant will join the servicing section of the Medical -
Physics Department and will complete a team of five technicians
responsible for the repair and maintenance of a wide range of elec-
tromedical equipment throughout the Leicestershire Area.

For further information contact Mr. R. V. Foxon on Leicester
541414, ext. 467.

Candidates for both posts should possass 0.N.C./H.N.C. (or equivalent) in
a relevant subject. For appointment at Grade |1V experience, whilst
desirable, is not essential as in post training will be provided.

Salary scales: 1V £4404-£5790 - 4
IH £6223-06750

New entrants to the N.H.S. will normaily commence on the minimum point.

Application forms are ilable from the P i Depar The

Lok Royal . | y Square, Lei , LE¥ BWW.

Telophone Leicester 541414, ext. 5137/8. .

Please quote the relevant reference when applying.

‘Closing date for applications: February 4, 1981.

Leicestershire
' Health Service

(899)
LEICESTERSHIRE AREA HEALTH AUTHORITY(TEACHINy

J

WIRELESS WORLD FEBRUARY 1981

~ SITUATIONS VACANT

“Ielecommunications

Manager
Sudan ‘

KENANA SUGAR COMPANY LIMITED, in which the Sudan
Government is a major shareholder, is developing Africa’s largest
sugar estate, including a sugar factory and refinery, on the White
Nile some 200 miles south of Khartoum. The company has recently -
installed a VHF radio system (RCA) with over 300 mobile sets, 18
base stations and 10 channels. Other equipment includes UHF
systems and HF with FSK for teleprinter communications. A
contract for a microwaye and multiplex estate telephone system
(1,000 line exchange and 8 PABXSs) will-be let shortly.

A Telecommunications Manager is required to control the
Communications Division employing 40 people. He will be
responsible for maintaining and servicing the equipment and will
work closely with the company’s consultants throughout the
installation period. g

An electrical/electronic engineering qualification at least to HNC
level, management competence and a minimum of seven years’
experience maintaining telecommunication/telephone equipment
as specified are essential.

A highly competitive salary will be negotiated plus 15% end of
contract gratuity, discretionary bonus and education allowances
(where applicable). 60 days’ annual leave, passages paid. Free air
conditioned accommodation, services and medical attention.
Sports and club facilities. -
Please send relevant details — in confidence — to R. M. Cooper ref.
ZH.60661. Further information will be sent.

United Kingdom Australasia Benelux

[ B Canada France Germany lreland
Italy Scandinavia South Africa -
g * Switzerland U.S.A.
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WARWICKSHIRE
COUNTY COUNCIL

COUNTY ENGINEER’'S
DEPARTMENT

SALE OF USED
MOBILE RADIO
EQUIPMENT

The following Used Mobile Radio

equipment is for sale by tender:

(1) Base station complete.

(2) 42 transistorised mobile
Trans/ Receivers Lowband.

(3) 36 Valved mobile Trans/
Receivers Lowband.

(4) Plus many other items.

Tender documents and appoint-
ment to view may be obtained
from Mr. T. Inkester, County En-
gineer’s Department, Warwick-
shire County Council, P.O. Box
50, Shire Hall, Warwick CV34
4RJ. (Telephone Warwick
43431, extension 2373) and
tenders should be returned by
not later than Monday, 16th
March, 1981.

John W. M. Vallis, County En-

gineer, Shire Hall, Warwick.
(902)

Name Age
Address ‘

Telephone Work/Home (if convenient)
@] O O

o -0 o

o o @]

Present job

Years of experience 0-1 1-3 36 Over6

o

Present salary £3,500- £4,500- £5,500- over
£4500 £5500 £6,500  £6,500

o

Qualifications None C&G HNC Degree

o

Retuin this coupon to John Prodger, Marconi
Instruments Limited, FREEPOST, St. Albans, H
AL4 0BR. Tel: St Albans 59292

marconi
INstruments

Wwi1

erts,

givin

{9200)

A GEC MARCON! ELECTRONICS COMPANY

RADIO SYSTEMS
PLANNING
ENGINEERS

Salary ¢ £8,500

ENGINEER FOR
VIDEO COMPANY

We are a fast expanding professiona! video
company dealing with a range of specialist
products. Currently we require staff with
electronics knowledge to act as service/
installation engineers and sales engineers.

IAL, based near Heathrow, has a
vacancy for a Systems Planning
Engineer. Applicants must be
suitably qualified and ex-
perienced in radio system plan-
ning, survey and customer liai-

"Contact: Peter Rowsell at Polar Video son.
Ltd., 38-38 H Yy Street, Lond
W1P S0E. Phone: 01-831 4080.

Previous knowledge of the video/TV in-
dustry is not essential but a good grounding
in electronics is required plus a willingness
to travel throughout Europe occasionally.
Salary negotiable.

4| Salary dependent upon ex-
(846) perience and qualifications.
Benefits include relocation

v expenses, pension scheme and
TEST AND COMMISSIONING EN- .

GINEERS. We urgently require four weeks' leave, plus other
engineers to ‘work on our latest amenities.

range of Numerically - Controlled 4 4
N;lacr}g:eb'l‘ooflsil Suitable apptlica;n; Phone or contact Harry
shou e fully conversant wit Tumer, IAL i

TTL and €MOS Logic and have || pavor /p- Aeradio House,
had some. experience with Micro y 4 outha’ll,
| Processors.  Salary,  Attendance Middlesex. Tel. 01-574
Bonus, Sick Pay and Subsidised 5134, quoting ref. K/001.
Canteen. For details and applica- ¥
tion form, contact Brian Warner, {845)

Management Selection Limited

International Management Consultants
474 Royal Exchange Manchester M2 7EJ

Toolmasters Controls Ltd., Peri- e —

meter Road, Woodley, Reading,

‘Berks, Telephone: 0734-691919, R 3
|| TOP JOBS IN

TESTERS TEST C ]

TEST _e"ucuu:sns.TEE;'r'r‘u'c'fv’r‘:gi ELECTRONICS

you're really worth in London Posts in Computers, Medical,

working for a World Leader in

Radio & Telecommunications. Phone Com.m§, etc. ONC to Ph.D. Free

REDIFON * TELBOOMMUNICATIONS || o o
M [C. [ONi o

Ltd., Broomhill Road, Wandsworth, Phone: 01-906 0251

London, SWi8, (9830 .

8994)

S TRENT

LECTURER IN ELECTRICAL/
ELECTRONIC ENGINEERING
(6012—£10,539 (Bar)-£11,295)

Candidates will be concerned with the teaching of:

a) Electrical/Electronic Engineering in Mechanical and
Production Engineering diploma and degree courses

or
b) Electronics
or

¢} General Electrical and Electronic Engineering

Relevant industrial experience with an appreciation and/or
experience of computer engineering to some branch of
electrical/electronic engineering, desirable.

Further details and form of application from The Assistant
Director (Administration), Trent Polytechnic, Burton Street,
Nottingham, NG1 4BU. Forms to be returned as soon as
possible.

LECTURER GRADE I11/SENIOR N

UNIVERSITY OF BRISTOL -
Applicatiens are iavited 1or 8 pest a3
ELECTRONICS
TECHNICIAN

in the Hoctrasics Laberatery of the Department of
Physice at the University of Bristel.
The persed

d wil werk 23 8 manbor of a growg

which is respessible for e desiga. censtrection asd
of olecironic oquip used hy the

ressarch groups amd the leaching taboratories in the

departmest.
Tha appointment wil be made at 3 ievel up fo. and
inc! . Grade § with a starting salary in the renge
£4306 to £6129. Grading accerding 1o skills, qualitics-
""Iuﬂmu.-‘ 'mm?v'h full details, should be
A 9 oul
sent to Dr. R. R. Hilller, Department of
University of Bristol, befors 30th

Physics,
January, 1981. ©95)

ENJOY WORKING
WITH PEOPLE?

CRAFT
INSTRUCTOR

Salary:
£4437-£5808 pa. incl.
Michae! Flanders Centre
Church Road, Acton
London, w3

A person with enthusiasm and in-
itiative required to provide instruction
and stimulation for physically handi-
capped and elderly people at this
75-place day centre.

Knowledge of basic electronics and
other forms of suitable arts/crafts/
social activities would be useful.

The initial appointment will be on a
temporary basis until September,
1981.

For further information contact
Neville Davenport on 01-993
1054.

Application form from the Person-
nel Office, Room A202, Town Hall
Annexe, Ealing W5 2BY. Tel. 01-
599 2424 Ext. 3350.

Out of hours ansaphone 01-840
1995.

Please quote reference No. 416SS.
Closing date: 30.1.81. o

(903) /

POLYTECHNIC
NOTTINGHAM

WWwW americamradiohietory com

TECHNICIAN

Grade 8

(Salary scale £6020-£7191 increasing to
£6532-£7802 on 1.7.81) required to pro-
vide wide-ranging electronic support;
maintain and repair sophisticated and com-
plex equipment; design, construct and
commission equipment, etc. Applications
stating qualifications, age ancr present
salary, and giving the names and addresses
of two referees to the Administrator, Depart-
ment of Metallurgy and Science of
Materials, Parks Road, Oxford OX1 3PH.
(901)

COMPETENT PART-TIME HOME
WORKERS required for PCB
assembly. Initially, work will be
limited,  but will expand. Good
rates and confldentiality assured.
— Write, giving telephone number/
experience, to Box No. 893, (893

"~ ARTICLES FOR SALE

CLEARANCE PARCELS: Transistors,
resistors, boards, hardware, 10lbs
only £5.80! 1,000 Resistors £4.25,
500 Capacitors £3.75. BC 108, BC
171, BC 204, BC 230, 2N 5061,
CV7497 Transistors, 10-70p, 100-
£5.80. 2N 3055, 10 for £3.50.
S.a.e. lists:: W.V.E. (3), 15 High
Street, Lydney, Glos. (444

PROFESSIONAL NAB tapes. Scotch,
Racal, etc, on 104in spools. Ex local
radio. Average of 2000ft of spliced
SP tape. Metal sgools: 1-9 £2.95 ea;
10+ £2.50 ea. Plastic spools: 1-3
£1.95 ea; 10+ £1.50 ea. P&P a
orders £2. M. R. Gastern, 16 Elton
Rd, Bishopston, Bristol. Tel. 0272
422532 evenings. (882
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DATA COMMUNICATIONS ‘ e

ENGINEERS ElectronicEngineers—- | | ;77 &

Uniframe, single £30.00
Uniframe, double £40.00
Uniframe, triple . £50.00
Over 60.types available from 12" to 90 " high.

Also twins, triples and consoles. Above are only a few
types. Please send for tull list.

What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary
levels from around £4000 to £8000 p.a. N

If you wish to make the most of your qualifications and experience and

c£8,000 RURAL OXON

Our client enjoys a reputation for innovative design in the field of Data Communiéations and has recently become the U.K.
distributor for an International world leader in modems.

With many excellent products “in the pipeline”’ an exciting expansion programme has been planned for the 1980’s, starting with a
move into a modern custom-built factory. To accelerate the development of these new products, opportunities now exist for
ambitious electronics engineers to supplement the present management team and make an effective contribution towards the
continued success of this dynamic young Company.

- PRE-PRODUCTION ENGINEER TECHNICAL SUPPORT ENGINEER

AUDIO AND INSTRUMENTATION-TAPE
¢ RECORDER-REPRODUCERS

* Ampex PR10 4 track %
* Ampex FR1300 7 track % UHER 4000 Y%
* Consolidated 3800 7 track %
* Plessey 1D33 Digital Units. 7 track %
. * Plessey M5500 Digital Unit. 7 tracks %
* Ampex FR-1100. 6 speeds, stereo %
* Ampex FRE00. 4 speeds, 7 track %
* D.R.l. RC-l. 4 speads, 4 tracks %
. * Min-com CMP-100. 6 speeds, 7 racks %, %', 1
* 3M. H. 4speeds 14 track 1

Aged 28-40 with an Electronics degree you will need to This new position will ideally suit an experienced engineer Prices of above £70 t0 £500
demonstrate a high level of practical expertise in new product used to acting as a technical co-ordinator between the move another rung or two up the ladder we will be pleased to help you. Alsa Transport Decks only available
development. customer and the company. The successful candidate will act ' Bl 5ol 55ition treatn il ! - Bl 1 d Vil g T TR G
This key position requires a person with the ability to put as alink‘up to all depts and will carry out a troubleshooting f g 4cp ons are treated in strict confidence and there Is no danger of can probably help — all enauiries anawored.
theoretical ideas into practical, economical production‘ and rol.e with the end-user. i . your present employer (OI‘ Other Companies you SpeCIfy) belng made aware Al owr sevial squipment is professions! MOD qualtty *
involves a great deal of liaison with management at all levels. This diverse role calls for an engineer to co-ordinate the field of your application. i "% acal A 117 Comlte stations ... e380.00
Design or user know-how of modems, line drivers or data service function, provide technical specifications and service & ICBEE e OIS, T aaao-: oo
communications would be a distinct advantage although manuals for company products, in-house and end-user technical Tkt Rt £180.00
extensive in-house training will be given to the successful troubleshootlpg as well as a back up to the marketing function. TJB ELECTROTECHNICAL 3 ey - E80.00
candidate. I ‘ Hence appreciation of user problems in the data EIETED AT e . &1
communications-computer data link field would be agreat asset. PERSONNEL SERVICES, - : %:,:@;s?ga/ 110 'Gi;'z1 e . g::z
; im. . e ARSINATI NSNS L . . . L. ... . AR # Advere Signat Generstors HTEJ1 ... X
For the successful applicants the rewards will be high, not only in the attractive package and relocation expenses, but also.in the 12 Mo_‘mt Ephraim, * Bradley CT471BVT MuiMotors ... - . £80.00
opportunities that exist for personal career development in a rapidly expanding company which is geared to extensive, Tunbridge Wells, % Gonerl lecric 200/600 KHz SO0 watwans:
controlled growth in a bouyant market. Kent. TN4 8ASTE S B - R - - - - - -« - - - * smp:;zsgt’ss«g:; Moduators' 10 00
; g arconi HR-. ivers ... .....
Applicants, Male or Female, should telephone Ken Hoare on 021-643 5231 or write to: * K.B. Discomatic Domestic Juke Boxes o0

Tel: 0892 30388 V@RV $ -« ccrcceeninn oo oI + SCR625 Mine Detectors inchesta ...

(9238) & Hovdett Packard 2114 Sq. Wave Gen .. ..
* & tkor M logical i
#* lon Pump E.H.T. Power Supplies ........
+* Haynes D.W. 500W Cased Transformers

Gresham Executive Appointments, 5th Floor, New Street Chambers, 67a New Street, Birmingham.

Gresham;

-

* Hell SchriberRC-28 . ... ... .. £78.00
#* Lenkurt Model 26D Date Sets 9.0

20MIEV . . o W h- w0 T . £18.00
o 8 i s i 1705 H8 83
Executive Appointmcnts RTICLES FOR SALE S e

— 38 i in the design and manufacturing of several TOWERS: 3 Mrsont £ 5168 Di Gucilltors £0.00
With years’ experience in i , TIONAL arconi isc X
] p— ARTICLES FOR SALE hundred thousand transformers we can supply: . ﬂnIINCLEgPNFQ)CcE,SSOR el taahes Neosoopeail ML LD - oy o
: CAPITAL HOUSE " . d * Teletunken Surveillance Receiver .. .. .. £175.00
: ey q L. E18.00
29-30 WINDMILL . , WHOLESAL ‘ AUDIO FREQUENCY TRANSFORMERS OF . SELECTOR | 7 oo T BTE” andRofctos 818,
'STREET EVERY TYPE by T. D. Towers Price: £15.70 | 3 Torons 5614 omciloscopes ... .. .. £160.
APPOINTMENTS LTD LONDONMLREE ~ BULK BUYERS ONLY THE CP/M H/B WITH MP/ | # Soeton 1016 Oscilosopes __©. .. £80.00
) . TEL: 01-637 5551 Large quantities of Radio, T.V. and Electronic Compinents. YOU NAME IT! WE MAKE IT! M by R. Zaks Price: £9.50 Slmgn m.xa_aggrn;T:::r:mv::'g’m exendeini)
- , l RESISTORS CARBON & C/F %, 4, 2, 5. 1 Watt from 1 ohm to . Y IR selt levelling, raised and lowered in 10 minutes. Used
THE UK’s No. 1 ELECTRONICS AGENCY 10fasg, e ‘ e Dy R Zak T e paay | . e TR
Design, Dev. and Test to £10,000° RESISTORS WIR.EWOUND' 1%,2,3,5,10, 14,25 Watt. ' Microphone transformers (all types). Microphone Splitter ! Combiner, 3 OPTICAL FIBRE COM- :ﬂi:szsvg;g&fml‘\;;:&::rff?_::-t”'g.-‘:'d
gn, AL 3 CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, " transformers. Input and Output transformers. Direct Injection transformers MUNICATION SYSTEMS by * Winston 5" Band Spoctrum Analysers . . .. P.U.R.
gRG-E ol Rl : fPeau L R CLIP oS g Tt Spenification C. P. Sandbank Price: £18.60 | + aivcs fansmey Tomen T18 | ... £e35.00
f i i i ine f to G.P.O Isolating Test Specification o : ¢ ; feation Meters . £180.00
SALES to £12,000 plus car ‘ Reraence. Bote., Slider, Pats, Electrolytic condensors, Can Tynge T e e Gramophons: Pickup trans. THE ACTIVE FILTER H/B by | ] et Somsnirin eer, . 16080
Askcfor Ken Sykes Tactomii et cgpiety — by formers. Aucho Mising Desk ransiarmers i types) Miiature ransiormers, F.P Tedoschi Price: £4.85 | & friTais iy intinilsn ™ E1i000
‘ ] | ARfEcnmels. okes, hopts, unters,r S_Ptea er%, cables, screened wires, Microminiature transformers for PCB mounting. Experimental transformers, INFORMATION TRANS- # Servomex 2kcw Auto regulators £100.00
'FIELD SERVICE to £10,000 plus car i s S, SO DTS, USSR 5. LIOUBS 461¢., SIC A 0 Ultra low frequency transformers. Ultra linear and other transformers for MISSION MODULATION, + 300 Lot Moo 15" siden . 41800
e Wayne All at Knockout prices. Come and pay us a visit. Telephone 445 2713 Valve Amplifiers up to 500 watts, Inductive Loop Transformers. Smoothing & NOISE by M. Schwartz I et sl ino
’ ! 4§ 4450749. N Chokes. Filier inductors. Amplifier to 100 volt line transformers (from a few Price: £8.00 | * &M Y Autic Tage gfgﬁ;:gﬁ;ln;z.pts:“o%.::
We have vacancies in ALL AREAS of the UK BROADFIELDS & MAYCO DISPOSALS watts up to 1000 watts), 100 volt line transformers to speakers - Speaker OPERATIONAL cprotusor. & racks 1o & speods. - K- h.
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Taily Ho Corner 9461} matching transformers (all powers). Column Loudspeaker transformers up to AMPLIFIERS by B. G. Clayton &5 4 ampiifiers Monitor Scope. All mck maunting
Telephone: 01-637 5551 (3 lines) ———a . | 300 watts or more. .~ Price: £11.70 ASEA/2BCRT, Ll £18.00
: 3 . : DESIGN OF TRANSISTOR #* AVOCT 4714 Electronic Multimeters . . .. £60.00
for RECORDING QUALITY, STUDIO QUALITY, HI-FI .
. |NVE RTERS ¥ THE SCIENTIFIC QUVanCs,nod:SEZ QUALITY OUR PRICES ARE HIGHLY COMPETITIVE CIRCUITS WITH EXPERI- | } Jorcretel Tapefocorders .. .-+ €340
High quality DC-AC. Also “no WIRE COMPANY 1 AND WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE MENTS by Dr. K. A. Pullen Jr. | # Mutrpumose Trolleys with Jocks 1917 . €18.00
break” (2ms) static switch, P.0. Box 30, Londan, €.4 TRANSFORMERS. Many standard types are in stock and normal dispatch R Price: £9.15 | 3 Mol V0., Tablos 30 x 36" x 36" ... £26.00
- : 19" rack. Auto Charger 3 ; ‘ times are short and sensible. DIGITAL ELECTRONICS —
l ] - MANUALS
co‘_oun VIDEO AND 2 — ENAMELLED COPPER WIRE |- FUNDAMENTAL CON-
| : oy SWG 1b. Boz. 4o0z. 20z OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING | CEPTS & APPL. by C. E. !“thvuﬂ,ﬂ ity of Technical Mandals and
ELEGT " A | 8029 ... 278 150 0.80 0.80 AUTHORITIES, MIXING DESK MANUFACTURERS, RECORDING | Strangio Price: £17.30 1940 to 1960, Brivsh and Americon. No hats.
ENGINEERS 351935 1 340 200 770 080 B STUBIGSTH R EMIHLSIRSASEANDIC RQIPS, AND PUBLIC ADDRESS RADIO & TELEVISION | LEruiiesnies = ‘
; ; ; A . - g 401043 .... 4.75 2.60 2.00 1.42 FIRMS. Export is a speciality and we have overseas clients in the : * Data Efficiency Respooters 240v . . . .. . . £28.00
o S, 1t e S oo Broadess qualy st ared TR 43 o RNONEAL o R S M ST ot MODELS by .. Wainwrght | & B B Aerie o - S8
8 =St > B 3B b H . H - N pe Trolleys from .. .......... X
\ SILVER- " Send for our question tich, wh leted, enables us to post | Price: £16.50 * Racal MA1978 pre-Selectors . ... .... . E8B.00
: COMPUTER POWER SYSTEMS Pttt s L | vt b 1 T / . : T AL SRR
SENIOR VIDEO ENGINEER £7500-£8727 ‘Interport Mai g *. PRICES INCLUDE - | * Racal MA-175158. Modulators (new) ... £45.00
- rpo ains-Store Ltd. TINNED COPPER WIRE POSTAGE # . * Tally 8/8 Track Tapo Readors Trock Spooiing £85.00
. . . acal RA:
To run development/maintenance SUb-SeCY'IOn, supporting video player P_UB 51, London w” 3BZ 14-"0 3.0 e 2 A 2ANL24 e SOWTER T BMEBS e RAngsﬁg‘:f,?"’::&;;““.AA"‘;";'Q"“:’:’o.o‘q
network, broadcast colour recorders, E.N.G. units, etc. || Tek01-727 7042 0r 0225 310916 lelpregt ey WS Tl B B $ 2@ VUTTILN INANOTUNNILIIGY sl IOV OTbeSouevbliniatitbotioniiit £120.00
rders under please a p. {o] . 3
(9101) List. Dealer enquiries welcome. ) ‘ M . BOOK GO. We have a varied assortment of industrial and
[ anufact d D n
ELEGTRON'G E"G'"EER £5952-£721 2 .- OWTER LTD ac'uren an SRAI0SKE d 303990 professionat Cathode Ray Tubes availabte. List on
e e - 5mzuum NEW Ver¢ packs 19in x o E.A.S - (Established 1941), Reg. No. Englan * Specialist in Scientific | request. _ .
gital and analogue skills for new equipment development and some :2in, complete with 5 “D'" range | GWM RADIO LTD, 40/42 Portland The Boat Yard i Wi 1 2EG & Technical Books
maintenance work. 2 cannon connectors on back panegL Road, Worthing Susse/x. Tel. 0903 | Suffolk. P 0' Cullingham F!oad, ipaichiIP d 19-21 PRAED STREET PLEASE ADD CARRIAGE AND V.AT. | .
. m guides for 21 cards, and fully stab- | 34897, Surplus stocks bought and ot 1O Box 36 Ipswich IP1 2EL, Englan , P. HARRIS
:‘:iﬂ:::" details and application forms from the Personwnel Officer, uised + 5 yolt, 3 amp power |%sold. Good selection of Pye. RT Phone: 0473 52794 & 0473 219390 LONDON W2 1NP it * ORGAIGFO D. DORSET
sggs_:_:gtmz““:m?' Brigh BN2 4AT. Tel. Brighton (s):f’ypl%ls C(i’tgal:rte suunilt 5221, r:l%k Equi.pment' -heldil Comﬁnunicatioﬁni m Phone 402-9176 BH12 G'BR
5 R . 2 . ! pply only - |4 receivers for callers. any usefu
057 VAT and 15 per cent extra, P&P | items in stock. No lists. 40ft masts Closed St TBM- (g974) {0202) 765051
£5 per unit. — Tel: (Rushmore £345. AVO7 £32. (884 (8981)
Electronics Ltd) 0252 515373. (868 g
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Classified

TELETEXT, TV SPARES & TEST |
EQUIPMENT. TELETEXT. Latest
MK2 external unit kit incl. Mullard
Decoder 8101VML and infra-red
remote control £258, p/p £2.50 (fur-
ther details on request). Also MKI1
external unit kit incl. Texas XM11
decoder, special offer price £168,
p/p £2.50. Both kits incl. UHF
modulator, and plug into TV set
aerial socket. SPECIAL OFFER
TEXAS XM11 Decoder, new and
tested, limited quantity .at & price,
£65, p/p £1.40. Stab. power supply
(5v) for Teletext decoders, £5.89,
p/p £1. Thorn design XMI11 inter-
face unit, £1.80, p/p 80p. NEW
SAW FILTER IF AMP PLUS TUNER
(complete & tested for sound &
vision), £28.50, p/p. £1. COLOQUR
BAR & CROSS HATCH GENERATOR
KIT (MK4) PAL, UHF aerial input
type, 8 vertical colour bars,
R-Y, B-Y, grey scale, etc. P/B con-
trols £35. Batt holders £1.30 or stab.
mains power supply kit £4.80, De-
luxe case £5.20 or alum. case £2.90,
p/p £1.40. Built & tested in De-luxe
case (battery) £58, p/p £1.50.
CROSS HATCH KIT UHF aerial in-
put type also gives peak white &
black levels, batt. op. £11, p/p 45p.
Add-on GREY SCALE KIT £2.90,
p/p 33p. De-luxe case £5.20. UHF
SIGNAL STRENGTH METER KIT
£17.50. Alum, case £1.80, De-luxe
case £5.20, p/p £1.40. CRT TEST &
REACTIVATOR KIT for colour &
mono £22.80, p/p £1.70. THORN
9000 Touch Tune Remote control
recelver unit plug transmitter
handset £16, p/p £1.40. THORN
9000 Fascia incl. channel select.

indicator, set controls, speaker,
£5.80, p/p £1.60. TV SQUND IF
TRANSTD. Tested, £6.80, p/p 83p.

BUSH SURPLUS IF PANELS. A818
£1.80, TV312 (single I.C.) £5, Z718/
BC6100 £5, A828 (Exp) £2.80, p/p
85p. BUSH 2718/BC8100 Line Time
Base Panel Z904, incl. LOPT, EHT
stick. Focus, efc., 18in or 22in, £13.
p/p £1.60, BUSH 161 series TB
panel A834 £3.80, p/p £1.20. DECCA
colour TV Thyristor Power supply
£3.80, p/p £1.40. GEC 2010 series TB
panel £1, p/p 90p. GEC 2040 CDA
panel £4.50, p/p £1.20. PHILIPS.
G6 S/S conv. panel £2.50, p/p £1.20.
G8 Decoder panels for spares £1.80,
p/p £1.20. G9 Signal panels for
small spares £3.80, p/p £1.20.
THORN 3500 Line TB panel £85, E/p
£1. 3000 ex-rental panels IF, VIDEO,
DECODER, £5 p/p £1.20. 800/8500
TB salv/spares £4.80, p/p £1. 9000
Line TB (incl. LOPT) salv/spares
£7.50, p/p £1.80. COLOUR SCAN
COILS (Mullard or Plessey) £6, p/p
‘£1.80. Yoke £2.50, p/p £1. Blue Lat
73p, p/% 35p. Mono Scan Cotils
(Thorn, Philips, l"lye) £2.80, p/p £1.
VARICAP UHF TUNERS. Mullard
U321 £7.80, ELC1043/05 £5.50. G.I.
£3.50. Salv, (asstd) £1.50, p/p 45p.
Varicap UHF/VHF ELC2000S £8.50,
Bush (dual) £7.50, p/p 70p. TOUCH
TUNE CONTROL units, Bush (6
pos) £4.50, p/p 80p. VARICAP CON-
TROL UNITS 3 pos. £1.20, 4 pos.
£1.50, 5 pos. £1.80, 6 pos. £1.80, 6
pos. special offer £1, p/p 45p. UHF
transtd, Tuners (rotary) incl. s/m
drive £2.50, 4 pos. P/B £2.50, 6 pos.
P/B £4.20, p/p £1.20. (Special types
available, details on request).
DL50 Delay Line £2.50, p/p 50p.
Large selection of LOPTS, Triplers,
Mains Droppers, and other spares
for popular makes of colour &
mono receivers. PLEASE ADD 13%
VAT TO ALL PRICES. — MANOR
SUPPLIES, 172 WEST END LANE,
WEST  HAMPSTEAD, LONDON,
N.W.6. SHOP PREMISES. Tel. 01-
794 8751, Easily - accessible W.
Hampstead Jubilee Tube & Brit
Rail N. London (Richmond-Broad
St.) and St. Pancras-Bedford. Buses
28, 150, 2, 13, Callers welcome.
Thousands of additional items not
normally advertised available at
shop premises. Open daily all week
incl. Saturday (Thursdayv half day).
MAIL ORDER: 64 GOLDERS MANOR

DRIVE, LONDON NWwWi11  9HT.
PLEASE ADD 15% VAT to all
prices. (80
LAB CLEARANCE: Sighal Gener-
ators; Bridges; Waveform,
transistor analysers; calibrators;
standards; millivoltmeters; dyna-
mometers; KW meters; oscillo-

scopes; -recorders; Thermal, sweep,
low distortion true RMS, audio FR,
deviation. Tel. 040-3762386. (8250
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EURO CIRGUITS

Printed Circuit Boards — Master |
layouts — Photography — Legend
printing — Roller tinning — Gold
plating — Flexible fitms — Convention-
al fibre glass — No order too large or too.
small — Fast turnround on prototypes. ,
All or part service available NOW? (9630

EURO CIRCUITS TD.
Hightield House

West Kingsdown

Nr. Sevenoaks. Kent. wK2344
Any quantity
Wave soldering
PCB manufacture
Design Service available
Competitive Prices
ENDEAN-COMMUNICATIONS
SERVICES
Baityes Mill, The Cliff
Matlock, Derbys. Tel. 0629 4829
(849)

DESIGN SERVICE. Electronic De-
sign Development and Production
Service available in Digital and
Analogue Instruments, RF Trans-
mitters and Receivers for control of
any function at any range. Tele-
metry, Video Transmitters -and
Monitors, Motorised Pan and Tilt
Heads etc. Suppliers to the Industry
for -16 years. Phone or write Mr.
Falkner, R.C.S. Electronics, 6 Wol-
sey Road, Ashford, Middlesex.
Phone Ashford 53661, (8341

TURN YOUR SURPLUS Capacitors,
transistors, etc, into cash. Contact
COLES-HARDING & Co., 103 South
Brink, Wisbech, Cambs. 0945-4188.
Immediate settlement. We also wel-
come the opportunity to quote for
complete factory clearance. (9509

ELECTRONIC DESIGN SERVICES,
MICROPROCESSOR HARDWARE and
SOFTWARE design facilities have
now been added to our established
expertise and comprehensive test
facilities previously available to
you for ANALOGUE and COMMUNI-
CATIONS . designs. — For fastest
results please phone Mr. Anderson,
Andertronics Ltd, Ridgeway, Hog's
Back, Seale (nr. Farnham), Surrey.

02518-2639. (275)
SHEET METAL WORK, fine or
general front panels chassis,

covers, boxes, prototypes. 1 off or
batch work, fast turnround. 01-44%
2695. M. Gear Ltd., 178A Victoria
Road, New Barnet, Herts. (812

P.C.B. PROTOTYPE and small batch
production. Design layout, assem-
bly and testing. Fast, relible ser-
vice. Wye Valley Electronics, 15

High St, Lydney, Glos. Tel: Dean
(0594) 41267, (305)
EPROM PROGRAMMING, fastest,

cheapest service. Single/triple rail:
2708/16/58/04; 2516/32/08. 1-5 off
£3/1K or write for quotation. Petron
Electronics, Courtlands Road, New/
ton Abbot, Devon. (854

ARTICLES FOR SALE

CRYSTAL
for Scanner and
~ Receiver
10.7 MHz IF HC25/u

£3.50/pcs. from stock or special order.
We stock over 10,000 pieces.

Oerungs g
Dibendorfstr. 335
CH-8051 Ziirich

Wirite for free documentation.
(795)

ENCAPSULATING, coils, transform-

ers, components, degassing, sili-
cone rubber, resin, egoxy. Lost
wax casting for brass, bronze, sil-

ver, etc. Impregnating colls, trans-
formers,  componenis, r Vacuum
equipment low cost, uséd and new.
Also for CRT regunning met-
allising. Research & Development.
Barratts, Mayo Road, Croydon,
CRO 2QP. 01-684 0917, (9678

<€) Sl screen

ngland Printed Circuit Board Co. Lid.
4The e, Mayiandesa,

Chelmatord, Essex CM3 GAB. Tel; 0821 741580

PRICE LIST FOR CONVENTIONAL PCBs
Total cost = AxB or (Ax8) + C or ((AxB) + C) xE or ((AxB) +C) xE+ D, ete.

1 Cings Double’
A) Ares Charge por un‘!h 'm"_.m‘ '-m.'m'
pov og. in. £0.02¢ £0.082
charge per hole X 2
Profils cherge rectangle fras Free
cuts owt Couted individuslly
{1f o dailling required srea cherge doubled)

B) Number of pche 1 28 10 11.20 21.50 51-100
' Y] 357 34 NA NA NA.
Y, 3m 179 170 1.8 NA NA.
3 weorking 232 188 182 147 1.43 A
& ororidng "‘, U2 177 128 123 1.20 118 1.98
& working deye 168 12 448 118 107 192
2 weoks 1.81 198 118 193 1.08 1.03
4 vaeks 1.56 114 12 110 1.03 1.00
[ 144 .08 08 1.02 1.00 1.00

N.8. Guantties grester thaa 100 are negotisted. N.A. = Not aveliable
£8 standing cherge + 15p per print siso add

ane working dey. )
0) Phoingraphic charges Roductions fim €10.00
1:1 por fim £5.00

E) Protetyps add on B0 % of the wtel cost. (Very fest tum around). .
lomm-ﬂwmwﬂmmwdnnd Al prices sxclude VAT (18%).
_Example of order: Eurocard size (100 x 180) wwm, 1 00 holes, no legend, 20 off in two wesks.

WE ARE ON CALL 24 HOURS A DAY AND 7 DAYS A WEEK
IF WE ARE NOT AVAILABLE LEAVE YOUR NAME AND NUMBER (ANBWERPHONE)
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= £1.2000ch |
= £28.76 for 20 off
= £29.83 including VAT

1852)

individual requirement.

CIRCOLEC :
THE COMPLETE ELECTRONIC MANUFACTURING ‘SERVICE

Let us _realise all or any part of your project from prototypes to
production, from artwork design and component sourcing, through-
assembly dnd test to final quality assurance, packing and delivery.

We also provide a test, repair and modification service to suit your:

Fpr competitive prices and fast turnaround contact:
CIRCOLEC, 1 Franciscan Road, Tooting; S.W.17
Telephone: 01-767 1233

(544)
SMALL BATCH PCE's produced DESIGN AND DEVELDPNE‘;_‘:.
from your artwork. Also DIALS, | ANALOGUE, DIGITAL, RF AND
.PANELS, LABELS. Camera work | MICROWAVE CIRQUIT AND
undertaken. FAST TURNAROUND, | SYSTEM DESIGN. Also PCB design,

= Details: Winston Promotions, ®
Hatton Place, London ECIN SRV.
Tel. 01-405 4127/0960. (9784

EQUIPMENT WANTED .

0 A AAN f

mechanical design and prototype/
small batch production. — Aden-’
more Limited, Unit 103 Liscombe,
Bracknell, Berks. Tel: Bracknell
52023, ’ (856

MISCELLANEQUS

AND WHGO Al ER

)
‘BROADFIELDS & -
MAYCO DISPOSALS
will pay you top prices for any large stocks of
§urplu§ or redundant components which you i
may wish to clear. We will call anywhere in!
the L_Jnite_d Kingdom. 1
21 LODGE LANE

NORTH FINCHLEY, LONDON N12 8JG '
“Telephone Nos. 01-445 0749/445 2713"

After office hours 958 7624
(9123)f
ARTICLES R SALE

FOR SALE

HP175A Scope 1750A diffil trace
2';_&99-’!", not working, but tube o.k.

The following 1754 plug-ins are off-

ered in good working condition.
g;SA 18-t'race £19; 1754A 4d-trace
£75;1781B Sweep Délay Gen. £39.
MI}.TXYLO% .
01-446 1381 Ext. 63

(B94)

RACAL SAS50S frequency counter
and ~manual Mujrhead D890A
decade oscillator and manual £:10
pair. Thanet 0843 62952 evenings.

(883

RACAL COMMUNICATIONS RECEIVERS. 5
—30mc/s in 30 bands tMHz wide. RA1Y £150.
RAT7L £200. Or a few as new £250. RAV17E
£300, all air testad, supplied with full manusi, dust
covers, in fair condition, new metal fouvred case for
sets £25. RASBA SSB-LSB adaptors, new and boxed
with manual, £75. RASSD used with menual, £75.
RA218 SSB-ISB adaptors and fine tune units for
RA117 £85. RA1217 transistor receiver and remote
control unit (RTA2000). Can tune set over a long -
distance G.P.O. Phone wire, £350. Without A.T.lﬂ
or £450 with full menusi, .

TEXTROMIX OSCILLOSCOPE. MAIN FRAMES.
531 £A0. 535 £45, 538 £B0, 534A £55, 545 £60,
5458 £65, 551 and power unit £85, 551 no P.U.
£30, 555 and power unit £70, 685 plus 8t adaptor
£90, 549 storage £325. PLUG-IN UNITS, B-D-E-G-
H-K, all at £15 each; L £20; CA £25; M-RZ £50
each. 1A1 £120, 1A2 £100, tA4 £140. All sbove
scopes and plug-ins have been testsd, in fair warking
order and condition,

MARCOMI TF2333. M.F. transmission measuring
set, 8s new, £250.

MARCONI TEB01D/ 88, £150.

MARCONI R.F. RADIATION & POWER
METER. 0A1430 (CT477), as new, in grey metal
case with full manuel, power meter FX range,
10mc/s to 10gc/s, complete with X-S-L band
oorials, £50.

%05’)!0! CDU 150 OSCILLOSCOPE. 25me/s

MUIRHEAD FACBIMILE EQPT. TX D 801 D/S
£50. RX D900 D/S or P/ D £75 each.

WEATHER SATELLITE. RX D900 S/ tA or S/2A
£126 sach with manual.

REDIFOM TT11. Trensistor teleprinter terminal
unit. 6000 ohms audio input. AC supply 100-240
AC, any speed from O to 100 + bauds, internal P.U.
for taleprintar magnet coils, with circuit, tested, £25.

All items gre bought direct fram H.M. Government.
being surplus eqpt. Price is ex-works. S.A.E. all
quiries. Phane for i for g
of any item. JOHNS RADIO, 424 BRADFORD
ROAD, BATLEY, YORKS. TEL: 0924 478189
(9.30a.m.-1 p.m.). {848)
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CAPACITY AVAILABLE ‘
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Classified

LH.S. SYSTEMS

Due to éxpansion of our manufac-
turing facilities we are able to under-
take assembly and testing of circuit
boards or complete units in addition to
contract development.

We can produce, test and calibrate to
a high standard digital analogue and
RF equipment in batches of tens to
thousands,

Telephone to arrange for one of our
engineers to call and discuss your
requirements, or send full details for a
prompt quotation.

 TEL. 01-253 4562

or replyto Box No. WW 8237
: : - (8237)

SMALL BATCH. productions wiring
assembly to sample or drawings,

Speclalist in printed circuits as-

sembly, Rock Electronics, 42 Bis-
hopsfield, Harlow, Essex 0279 33018.

7 (9094
PRINTED CIRCUIT BOARDS. Quick
deliveries, competitive prices. Quo-
‘tation on request, roller tinning,

drilling, .etc. Speciality small
batches. Larger quantities avail-
able. Boardraven Ltd, Lancaster

Road, Carnaby Industrial Estate,
Bridlington, North Humberside,
Y015 3QY. For the attention of Mr
J. Harrison. Tel: (0262) 78788.( 3

- 443

ELECTRONIC DESIGN SERVICE.
Immediate capacity available for
circuit design and development
work, PC artwork, etc. Small batch
and %rototype upmducuon welcome.
— E.P.D.S. Ltd., 93b King Street,
MAIDSTONE, Kent. 0622-6 7916(.9“7

PCB ARTWORK DESIGN SERVICE
-~ with component notation masters
and assembly drawings. PADS
Blectrical Ltd, 01-850 6516, 45
Sputhwood Road, New Eltham (’8751095'

'PCB ASSEMBLY
CAPACITY AVAILABLE

Low or high volume, single or double
sided, we specialise in flow line
assembly.

‘Using the Zevatron flow soldering
system and on line cutting, we
are able to deliver high quality
.assemblies on time, and competitively
-priced.

Find out how we can help you with
your production. Phone or write. We
will be pleased to call on you and
discuss your requirements.

TW ELECTRONIGS LTD.
120 NEWMARKET ROAD
BURY ST. EDMUNDS, SUFFOLK
TEL: 0284 3931
Sub-contract assemblers and wirers to

the Electronics Industry :
=, 5058)

P.C.B. DESIGNS on circuit dia-
grams, etc. Competitive hourly
rates, quotes free, cheaper hourly
rates for solder resists and leg-
ends. — Helstead Designs Ltd;
Helstead. Tel: 0787-477408. (869

COMPARE our charges, quality and
turnround for printed board art-
works, assembly, test and proto-
type manufacture. Please phone
Sharon Halthide on Chelmsford
357935 or write to H.C.R. Artwork

MICROPROCESSOR
DESIGN SERVICE

Dept. of Industry Approval. Digital/
Analog Circuitry and Software in-
strumentation,, Control, Data Logging: | .
INTEL Specialisation. Prototypes,
small batch and PCB layout facilities
included.

RED CLIFF MICROSYSTEMS
Sandown, I.W.

Tel. (0983) 402858
(850)

PRODUCT OR SYSTEM DEVELOP-
MENT. Market survey, design,
development, organisation of super
cheap production, after sale ser-
vice, one offs undertaken. Contact:
The Park Electronics Co., Park
View, Hayters Way, Alderholt,
Fordingbnidge, Hants SP8 3AX, Tel.
(0425) 54282. . (890

TAIWAN OFFER PCBs design,
manufacture, .assem'blsv and elec-
tronic components. pecialist in
micro-processor boards, quick
deliveries, lowest prices, reliable
services, easy purchasing, small to
large batches. Hu Mou Enterprises

Co., Ltd., Room 3, 6th Floor, 306
Kuang Fu S. Rd., Talpei, Taiwan.
Cable: Humou  Taipei., Telex:
28564 Humou. (851

: ARTICLES WANTED

BATCH PRODUCTION

Wiring and- assembly to .sample
or drawings.

McDEANE

ELECTRICALS LTD.
198 Station Parade
Ealing Common, London, W.5
Tel. 01-992 8976

'WANTED

Test equipment, receivers, valves, transmit-
ters, components, cable and electronic
scrap, any guantity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO
86 Bishopsgate Street
Loods LS14BB
0532-35649

SPOT CASH

paid for all forms of electronics equip-
menqt and components.
F.R.G. General Supplies
550 Kingston Road
London SW20 8DR
Tel: 01404 5011
Telex: 24224. Quote Ref. 3185

BATCH PRODUCTION wiring and
assembly to sample or drawings.
McDeane Electricals, 19b _Station
Parade, Ealing Common, London,
w5. Tel. 01-992 8976. (168

Board approx. lmm thick £1.7§ sq.
1t. Post/Packing 60. — White Hpuse
Electronics, astle Drive, Praa
Sands. Penzance, Cornwall. (714

Street, Chelmsford, Essex. (557 ARTICLES FOR SALE
N sformers. We | PRINTED CIRCUITS. Make your | STORAGE SPACE is expensive, why
;‘;n:;atgu::‘g?stti;ges.rRetuin of | own simply, cheaply and quickly! | store redundant and obsolete
post service. Barclaycard/Access. | Golden Fotolak Light Sensitive Lac- | equipment? For fast and efficient
SAE all enquiries. Rewind service | quer — now greatly improved and | clearance of all test gear, power
available, Papworth Transformers, | very much faster. Aerosol cans | supplies, PC boards, components,
80 Merton High Street, London | with  full instructions, £2.25. | etc., regardless of condition or
SW19 1BE. 01-540 3955. (892 | Developer 35p. Ferric ~Chloride | guantities. Call 01-771 9413. (8209
55p. Clear Acetate sheet for
master 14p. Copper-clad Fibre-glass | wANTED Tektronix 5000 series

dual-beam mainframe oscilloscope,
with or without 5A24N. ©5B24N
plug-ins. Details to Dr G. Duncan,
0603-56161 ext 2262. (853
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SAFGAN presents DT-400 series from £159 + VAT

HIGH-auAaLITY DUAL TRACE 0sCILLOSCOPES = -
A BRITISH PRODUCT EVERYONE CAN AFFORD

Model DT-410 DUAL TRACE 5mv/div. 10MHz@ £159 + VAT
Model DT-412 DUAL TRACE 5mv/div  12MHz@,£172+VAT
Model DT-415  DUALTRACE 5mv/div _ 15MHz @ £185+VAT

SPECIFICATION FOR ALL MODELS

% CH1, CH2; 5my/div — 20v/div in 12 col 1-2-5~ * TRIGGER: Level Control, * Slope, Bright Line AUTO,.

steps. Inputimpedance 1MQ + 22pF NORMAL, TV Triggering CHI, CH2 0.5 div, EXT Trig

‘% BANDWIDTH: 10MHz (DT-410), 12MHz (DT-412) . 100mv /
15MHz (DT-415) - * Z Modulation

; v i * Cal output/probe compensation. ]
* T'N,‘(Esiﬁﬁgﬁs?(;ﬁ:;’ﬂ;g AZ00mE/ djpjnTSkalstSns % Graticule blue ruled 8 X 10 div (6.4 X 8cm?)

X5 Multiplier to 15/ div * SIZE: H215mm W165mm D280mm Weight 4.5 kg.
% XY FACILITY: Matched Inputs X = CHI, Y = CH2 PROBE (XI—REF—X10) £11.50 + V.A.T.

Orders to: SAFGAN ELECTRONICS LTD. (Goods + 15% + £3p. & p))

Official Government and Educational Orders accepted. Distributors required — please enquire

G

"BARCLAYCARD [ g
| 56 Bishop’s W d, St. John's, Woking, S , GU21 3QB Tel: Woking 69560 or Woking 66836 B ——
[ visA | . | ishop’s Woo oking, Surrey. king cing > XA“""‘\W - o s
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Afterthought...or after thought‘-’
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Whenyou think about theadverseeffects used regularly, you can be sure of
of your tape head becoming magnetized, getting the best possible reproduction
from your tape machine.

asitinevitably will -loss of high
frequency response and undue back-
ground noise—thesolution becomes
obvious. Demagnetization.

" The Bib Tape Head
Demagnetizer is BSI
approved, simpleto use
and suitable for both reel
toreel and cassette
machines. A probeis
merely brought to within
afewmillimetres of the

" tapehead and held there
for about 3 seconds —so
thereis no risk of damag-
ing the head itself. And, if

B]b Hi-Fi Accessories Ltd.,
Kelsey House, Wood Lane End, Hemel Hempstead, Hertfordshire. HP2 4RQ.Telephone: (0442) 61291 Telex: 826437

Bib Hi-Fi Accessories Inc. 1751 Jay Ell Drive, Richardson, Texas 75081 USA. Telephone (214) 238 1224 Telex 792451,
Bib Hi-Fi Accessories, 43 Birmingham Street, Alexandria, New South Wales, Australia 2015. Telephone 67 2750 Telex 20779.

Don’t wait until you can actually
hear the problem. Think about preventing

it now with a Bib Tape Head Demag-

BIE TAPE HEAD DEMAGNETIZER

netizer —part of the Bib
Audiophile range of quality
audio maintenance
products. Displayedin
leading department stores
and specialist audio dealers, -
the Bib Audiophile Centre
contains all you need to
keep your audio equip-
ment in peak condition.
Ref. 90-AE. ‘

RRP £8 74 inc. VAT.
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