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Australia AS 2.00 ^ 
Canada s 3.15 
Denmark Kr. 1 7.00 
Germany Dm. 5.00 Greece Dr. 87.00 
Holland Dfl. 5.75 
Italy L. 2000 
Norway Kr. 1 7.25 
Singapore MS 4.50 
Spain Ptas 140.00 
U.S.A. $ 2.50 
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Economy Pack 1 
This convenient dispenser 
contains enough general 
purpose solder for about 200 
average JOints. Suitable for ' 
all electrical work 

I 
l 
I 

Size6 46p I 

Handy Dispensers 
Size l9A All electncal work 
Size PC115 Fo r small components 
Size SV130 Use with copper bits and wires 
Size AR140 Metal repai rs 
SizeAL150 Aluminiu m 
Size SS160 Stain less Steel 

83p 
92p 

£1 .27 
92p 
92p 

£1.38 
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I 
·I Savbit Dispenser 
I Contains Ersin Mu lticore Savbit 

solder which mcreases li fe of 
I copper bits by 10 times. 

I SizeS 78p 
I 
'------

, 
I 
I 
I 
I 
I ____ J 

r------_.._.--- -.._ 

: . I 
I Easy to use and ideal I 

where solder wi re I ca nn ot penetrate. I 
I 
I 
I 
I 

Size BCA14 1 
Stainless Steel & Jewellery 

1 ('Arax Flux) Size BCA1 6 £2.04 · I 
_J 

eee Bib keeps it playing 
,----------------, -----------
1 " . Cassette 1 1 Cassette 1 
I Editing Kit I I Fast·Hand I 
I Make editing simple with the I I Ta_pe _ 1 
I Bib splicer, tape cu1tter and I I Wmder I 

splic ing tape, 
I with 6.3mm adaptor I I I 

Ref 56 £2.88 inc. VAT 

I I I I 
I 1 Groov-Kleen 1 1 
I 1 A t t" The Bib Cassette Fast Winde r enables 

USA Pat. No. 4067563 (spl icer) . u oma IC I you to wind tape in one cassette w hilst I I Brit. Pat. No. 1507583 I Record Cleaner I you are listening to another casset te. If I 
Brit Pat. No . 1258280 (method of splicing! you have a battery recorder, always use 

\ . I For single-play turntables . Removes I the Fast Winder to save the high 
________________ ., harmfu l dust to pro'tect records and battery consumption w hen fast 

1

• 

_________________ , styl ii . Finished•i n chrome, bright I winding. It winds a C.90cassette in 60 I 
1 \ anodised aluminiu m and shi ny black . seconds _ faster than most reco rders . 

Groov-GuardXL-2 1 _R::_7:_ ____ 
Anti-static liquid and record I 
preserva t ive . . . ,--------- -- - ·- -------\ 
Following years of research, B1b 1 
laboratories have developed Groov- I 
Guard XL-2, Anti-static Record I 
Preservative . When applied to the I 
record, eliminates static charge for I 1 
the expected life of the record . 
Another advancement with G roov- I 1 
Guard XL-2 is that 1t reduces the 1 
frictionarwear of the record surface 1 
thus giving extended life. Safe pump I 
action dispenser Non-flammable I 
Non-toxic. I I 
Ref. 27 £2.48 inc. VAT 

------------------'1 
Record 
Valet All prices shown are recomm,ended retail, inc. VAT.. 

In difficulty send direct,· plus 20p P & P. 
Sen a S.A.E. for free copy of colour 
catalogue detailing complete range. 
Bib Hi-Fi Accessories Limited, 
Kelsey House, Wood Lane End 

I Soft bristles .on lead in g edge remove 

Bi6 
He mel Hempstead, Herts., HP2 4RQ. 

I dust and humid ve lvet pad collec ts 
particles. This advanced c leaner is 

f engineered in a fine sh iny black finish 
and is. supplied w ith dust cover and a I 22m I. bottle of anti-static cleaner. 
Ref. 47 . £3.29 inc. VAT ...._ _________ .,; 

WW-004 FOR F U RTHER DETAILS 

Tape Head Maintenance Kit 
Everything necessary for cleaning heads, 
capstan and pinch wheel on all types of 
recorders . 
Cleaning and polishi ng pads, cleaning 
liquid and brush inspection mirro r included 

Ref 25 £2.48 inc. VAT 
Brit . Pat. No . 1485069 ......_ ______ ._ __ __ 
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Not just a Data Analyser, 
·.Signature Analyser, 

or Logic Analyser, but ... 

3 .08 DATA ANALYZER 

. .. all three in one very portable box= The 308 Analyser 
To find out more about the NEW 308 Analyser, clip the coupon, 
circle the enquiry number, contact your fie ld engineer, or 
simply phone. We 'll be pleased to help. 

Tektronix UK Limited, PO Box 69, Coldharbour Lane, 
Harpenden, Herts. AL5 4UP. 
Tel : Harpenden 63141 

Regional Telephone Numbers; Livingston: 32766, 
Maidenhead: 73211 , Manchester: 428 0799, 508132 

COMMITTED TO EXCELLENCE 

WW-oOt FOR FURTHER D ET_AILS 

f;ea;";e;;;e-;;in;;a;;:- N:; 3;;na;r.-

I Tektronix UK Limited, PO Box 69, Coldharbour Lane, Harpenden, 
Herts. AL5 4UP. Tel : Harpenden 63141. 

I Name ... . 

I Position . . . 

I Company .. . . 

1 Address .. 

I 
I I Telephone 

.. .. . 25 

I 
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Front cover is a photograph, 
by Paul Brierley, of the 
printed-circuit pattern on a 
Motorola microcomputer 
board. 

IN OUR NEXT ISSUE 

Digital capacitance m e ter 
is a 3 Vz -digit instrument, 
with full-scale readings of 
200pF to 20 11 F. 

How serious is mu/fipath 
distortion'? An investiga
tion into this effect in 
v .h.f. / f.m. sound broad
cast ing and results of 
recent research. 

Shared-memory v . d .u. 
with opto-electron ic inter
face is an economic and 
effic ient peripheral for a 
home comput er. 

turren.t price 50p. back 
(if available) £1 .00. at Retail and 
·Trade Counter. Paris Garden . Lon
don SE1. Available on microfilm: 
please contact ed itor . 
'By post. ·current issue 79p: back 

.. issues (if available) £1 .00, order 
and payments to Room CP34 . Dor
·set House, London SE1 9LU. 
:Editorial & Adve rtising offi ces: 
.Dorset House. Stamford Street .· 
·London SE1 9LU. 
Te lepho nes : Editorial 0 1-261 ' 
8620. Advertising 01-26 1 8339 . 
Te le gra ms / Te le x : Wiworld Bis
nespres 25137 BISPRS G. Cables 
Ethaworld. London SE 1 . 

-S ubsc ription ra tes : 1 year £9 .00 
UK and $31 outside UK. 

Student rates: 1 year. £4 .00 UK 
and $15 .50outside UK. 
Distribution: 40 Bowling Green 
Lane . London EC1R ONt: . 
Telephone 01-837 3636 . 
Subscriptio ns: Oakfield House. 
Perrymount Road , Haywards 
Heath . Sussex RH16 3DH . 
Telephone 0444 59188 . Please 
flotify a change of address . 
USA maili ng agents: Expediters of : 
the Printed Word Ltd , 527 Madison· 
Avenue, Suite 1 21 7. New York . NY 
· 1 0022 . 2nd-class postage paid at 
New York. 

© IPC Business Press Ltd , 1980 
ISSN 0043 6062 

--, ibpa I 
· tnttrni ttOnll 8us•nns 

wireless: 
· world 

ELECTRONI CS / TELEVISION I RA DIO I AU DIO 

MARCH 1980 Vol 86 No 1 53 1 

3 9 Education for integration 

40 Pulse-induction metal detector 
by J. A. Corbyn 

45 Non-anechoic acoustic measurement 
by R.N. Grubb . 

50 Clock timer - 2 
by R. D. Clemow and T. C. Carden 

74 Books 55 Literature received 58 World of amateur radio 

53 Microwave radar alarm 

56 Novatexts- alternative astable circuits 
by P. Wi lliams 

59 Impedance mismatching 
by F. J. Lidgey 

60 Letters to the editor 
Digi tal fi lters Auditory cues in st ereophony 

Prog rammable notes for musical instruments 

6 5 Electronic combination lock 
by A. Oakl ey 

6 8 News of the month .. 
Electron ic mail M icrowave cancer testing 

Tube plants to be automated 

7 2 More frequency allocations 

7 7 Maxwell equations revisited 
by I. Catt 

7 9 Microwave intruder detector - 2 
by K. Holford 

87 Microelectronics and the Third World 
by S. Jacobsson 

90 Circuit ideas 
Cmos triggered t imebase Opticai ly-isolated triac control 

Photog raph ic enlarger analyser 

93 New products 

1 
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From the raw material 
to the finished component, 

Erie has been deeply involved 
in producing crystals for the past . 

ty years - to exacting specific
ations. The factory and test facility 

complies with the latest MIL 
standards. Each crystal is tested at 

least nine times during manufacture. Only after a final check 
against the customers specification is it 

allowed through the door. 
Erie crystals from 1KHz to 100 MHz, 

oscillators and filters, whether standard range 
. or custom -built, could be the answer to your 

. frequency problem. C?l!sul_t us 
· ___ .,.. · with your speclf1cat10n. 

TT Mercator, South Denes, Great Yarmouth, Norfolk, -= NR30 3PX. Tel: (0493) 4911. Telex: 97421. 

ITT mercator 
WW- 006 FOR FURTHER DETAILS 
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Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150V. Current gains are 
checked from 1tJA to 1 OOmA. Breakdown voltages up to 
1 OOV are measured at 1 OtJA, 1 OOtJA and 1 mA. Collector to· 
emitter saturation voltage is measured at 1 mA, 1 OmA, 30mA 
and 1 OOmA for I ell 8 ratios of 10, 20, 30. The instrument is 
powered by a 9V battery. 

TRANSISTOR RANGES (PNP OR NPN) 
I ceo & l EBO: 10nA, 100nA. 1tJA, 10tJAand 100tJAf.s.d. 

ace. ±2% f.s.d. ± 1% at voltages of 2V, 5V, 
1 OV, 20V, 30V, 40V, 50V, 60V, 80V, 1 OOV, 
120V, and 150V ace. ± 3% ± 1 OOmV up to 
1 OtJA with fall at 1 OOtJA < 5%+250mV. 

BVcao: 

VcE(sat): 

1 OV or 1 OOV f.s·.d. ace ± 2% f.s.d. ± 1% at 
currents of 1 OtJA, 1 00tJA and 1 mA ±20%. 

1 OnA, 1 OOnA, 1 JlA . . . 1 OmA f.s .d. ace. ±2% 
f.s.d. ± 1% at fixed I E of 1 JlA,-1 OJlA, 1 OOIJA, 
1 mA, 1Om A, 30m A, and 1 OOmA ace. ± 1 %. 

3 inverse scales of 2000 to 100, 400 to 30 and 
1 00 to 1 0 convert I 8 into h FE readings. 

1 Vf.s.d. ace: ±20mV measured at conditions 
on h FE test. 

1 Vf.s.d. ace. ±20mV at collector currents of 
1 mA, 1 OmA, 30mA and 1 OOmA with I el l 8 
selected at 1 0, 20 or 30 ace. ± 20%. 

DIODE & ZENER DIODE RANGES 
I oR : As IE 8 0 transistor ranges. 

Vz: Breakdown ranges as BV c 8 0 for transistors. 

V 0 F: 1 ace. ±20mV at I oF of 1 f!A, 1 Of!A, 
1 1 mA. 1 OmA, 30mA and 1 OOmA. 

£145 

DON'T GAMBLE 
WITH PERFORMANCE 
BUY 
LEVELL TESTERS 

. .J/ 

A logarithmic scale covering 6 decades is used to display 
either insulation resistance or leakage current at a fixed 
stabilised test voltage. The current available is limited to a 
maximum . value of 3mA for safety and capacitors are 
automat ically d ischarged when the instrument is switched 
off or to the CAL cond ition. The instrument operates from a 
9V internal battery. 

RESISTANCE RANGES 
1OM 0 to 1 OT 0 (1 013 0) at 250V, 500V, 750V and 1 kV. 
1M 0 to ·1 T 0 at 25V, 50V and 1 OOV. 
1 OOk 0 to 1 OOG 0 at 2.5V, 5V and 1 OV. 
1 Ok 0 to 1 OG 0 at 1 V. 
Accuracy± 15% +800 0 on 6 decade logarithmic scale. 
Accuracy of test voltages ±3% ±50mV at scale centre. 
Fall of test voltages < 2% at 1 OtJA and ·< 20% at 1 OOIJA. 
Short circuit current between 500JlA and 3mA. 

CURRENT RANGE 
1 OOpA to 1 00JlA on 6 decade logarithmic scale. 
Accuracy of current measurement± 15% of indicated value. 
Input voltage drop is approximately 20mV at 1 OOpA, 200mV 
at 1 OOnA and 400mV at 1 OOJlA. 
Maximum safe continuous overload is 50mA. 

MEASUREMENT TIME 
< 3s for resistance on all ranges relative to CAL position. 
< 1 Os for resistance of 1 OG 0 across 1 (lF on 50V to 500V . 
Discharge time to 1% is 0.1 s per JlF on CAL position. 

RECORDER OUTPUT 
1 V per decade ±2% with zero output at scale centre. 
Maximum output ±3V. Output resistance 1 k 0 . 

£155 
Optional extras are cases and mains power units. Prices are ex works, V.A.T. extra in U.K. 

LEVELL MOXON STREET, BARNET, HERTS., ENS 550. 
TEL : 01-449 8686 

WW- 013 FOR FURTHER DETAILS 
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