Australia AS 2.40
Canad C$4.25
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New Wien oscillator
Receiving tv in no-signal areas
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and arrive economically at an efficient ATE workstation.

Comprehensive testing under low cost desk com puter control.

Manual systems too.

TREQUENCY ¥y (20-520)

ccc.cccc

SICMNA
GENERMMOA
580 sa0

9 Donarsree

INTERFACE WITH US NOW!

Ask for details from :

FARNELL INSTRUMENTS LIMITED - WETHERBY - WEST YORKSHIRE LS22 4DH - ENGLAND - TEL: 0937 61961 - TELEX 557294 FARIST G
WW.—001 FOR FURTHER DETAILS
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MAY 1981 Vol 87 No 1544

Front cover shows power

output stage of 10kW linear
h.f. amplifier by Marconi,

photographed by Paul Brier- 37 Pass band
ley. -
38 Digital capacitance meter
by I. H. Ibrahim
IN OUR NEXT ISSUE
Morse code lock is operated 42 Data store by running average

by keying in up to sixteen

characters, which are com- by J. L. Gordon

pared with code in memory.

45 Measuring transient intermodulation in audio amplifiers

(R LT L T L by P. Antoniazzi, C. Buongiovanni and S. Tintori

l.e.d.s to provide rapid peak-

reading display. Will read

CHSCIEIDLE QUGB TS 48 Television for no-signal areas

Remote keyboard for access by J. H. Osborne
to a computer without disa-

g Al d . . ] . -~ .
',;'g;%zt ';:,?;'sttrlan,?s:ﬁz:izzris 51 Wien-bridge oscillator with low harmonic distortion

used for computer/keyboard by J. L. Linsley Hood
link and no complex soft- -

ware is required.
54 World of amateur radio

55 Letters to the editor
Engineering education Computer architecture
‘Just detectable’ distortion

60 Circuit ideas
A-to-d converter Digital sine-wave generator Variable pulse delay

65 Precision pulse generator

Current issue price 60p, back is-
sues {if available) £1.00, at Retail by L. Hayward and G. E. G. Sargent

and Trade Counter, Units 1 & 2, B
Bankside Industrial Centre, Hop- ANrA

ton Street, London SE1. Avail- 68 Bandpass audio filter
able on microfilm; please by L. Hurst
contact editor.

By post, currently issue 96p, 5
back issues (if available) £1.50, i 71 News of the month
order and payments to EEP Gen- Microcomputers in the home Wave energy research
eral Sales Dept., Quadrant Rumbiings over c.b. )
Eiouse,SThe quadrant, Sutton,
urrey SM2 5AS.
Editorial & Advertising offices: H H . H i
Quadrant House, The Quadrant. 75 Time shartl)nnglr'?lted mdams supplies
Sutton, Surrey SM2 5AS. y L. Haywar

Telephones: Editorial 01-661

3500. Advertising 01-661 3129. . .
Telegrams/Telex: 892084 79 Universal second-order fiiter

BISPRS G. i .M. Solima T.N. Saadawi
Subscription rates: 1 year £10.00 by o Atlya' Bl nand

UK gnu $33.80 outside UK.
Student rates: 1 year £5.00 UK
and $16.00 outside UK. 83 Op-amp tone control
Distribution: 40 Bowling Green by Winthrop S. Pike
Lane, London EC1R ONE. Tele-

phone 01-837 3636.

Subscriptions: Oakfield House, 86 An appreciation of James Clerk Maxwell 1831-1879 — 2
Perrymount Road, Haywards by M. G. Wellard
Heath, Sussex RH16 3DH. Tele- y M. L. vvellar

phone 0444 59188. Please notify

achange of address,

USA mailing agents: Expediters duct
of the Printed World Ltd, 527 Ma- 90 New pro s
dison Avenue, Suits 1217, New

York, NY 10022. 2nd-class

postage paid at New York, .

92 Sidebands

© IPC Business Press Ltd,
1981 ISSN 0043 6062
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If everything were perfect...

It is rarely necessary to have to
boost the bass response of a top
quality high fidelity system,
(although the Quad 44 tilt control
does enable subtle changes to be
made to the overall balance of the
programme), but there are a number
of high quality loudspeakers on the
market, which because of their
Lilliputian dimensions, necessarily
have attenuated low frequency
response and the Quad 44 is fitted
with a bass control which in the lift
position provides optimum
equalisation.

Considerations of domestic
harmony frequently dictate
loudspeaker placement that is less
than ideal. The almost inevitable
result is the excitation of the
fundamental eigentones of the
room and music
reproduction
with a
characteristic and
unpleasant honk:

QUAD s a registered trade mark

WW — 005 FOR FURTHER DETAILS

The step side of the Quad 44
bass control switch eliminates this
problem without rolling off the low
frequency information, simply by
putting a 5dB step in the frequency
response, reproducing domestic
bliss arid a closer approach to the
original sound!

To learn all about the Quad 44
write or telephone for a leatlet.

The Acoustical Manufacturing
Co. Ltd., Hunfingdon PE18 7DB.
Telephone: (0480) 52561

QUAD %

for the closest approach
to the original sound

www._americanradiohistorv com
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DON'T GAMBLE
WITH PERFORMANCE
BUY

LEVELL VOLTMETERS

A.C. MICROVOLTMETERS

VOLTAGE & 15uV, 50uV, 150pV .. . 500V fsd.

dB RANGES Acc. * 1% + 1% fsd * 1uV at 1kHz.
— 100, —90 ... + 50d8B.
Scale —20dB/ + 6dB ref. 1mW/6000Q.

RESPONSE + 3dB from 1 Hz to 3MHz,
+ 0.3dB from 4 Hz to 1MHz above 500uV.
TM 3B filter switch- LF cut 10Hz,
HF cut 100KHz, 10KHz or 350Hz

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

AMPLIFIER QOUTPUT  150mV at fsd

mia £130 s E140

BROADBAND VOLTMETERS
H.F VOLTAGE & TmV, 3mV, 10mV . 3V fsd.
dB RANGES Acc. *+ 4%2 1% fsd at 30MHz

-—-50, —40 ... +20dB
Scale —10dB/ + 3dB ref. tmWwW/50¢..

H.F. RESPONSE + 3dB from 300kHz to 400MHz.
+ 0.7dB from 1MHz to 50MHz

o .
“"'NAMIMMK’MUD)‘

L.F. RANGES As TM3
AMPLIFIER QUTPUT  Square wave at 20Hz on H.F_with

amplitude proportional to square of input
As TM3on L.F

wea £199 Wi £210

— D.C. MICROVOLTMETERS

Tevg o

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

CURRENT RANGES 30pA. 100pA, 300pA . . . 300mA.
Acc. * 2% * 2% fsd + 2pA. CZ scale.
LOG RANGE + 5uVatr 10% fsd, + 5mV at *+. 560% fsd
+ 500m V at fsd.
+

RECORDER OUTPUT 1V at fsd into > 1k

™10 £106

These instruments INCOrporate many us_eﬂul teatures. including long battery fe. All A type modeis have 83mm scale meters and case sizes of 185 x 110 x 130mm B types have
127mm murror scale meters and case sizes of 260 x 125 x 180mm. Fully detailed specification sheets are available on request tor our complete range of portable instruments
Prices are ex-works. carnage, packing and VAT extra Optional extras are leather cases and POWer units

‘ MOXON STREET, BARNET, HERTS , EN55SD.
LEVELL B DE TEL: 01-449 5028/440 8686

WW -024 FOR FURTHER DETAILS
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The
Electronic

Brokers
GUARANTEE

Unless otherwise stated,
all test equipment sold
by us carries a 12 month
warranty; For VDUs and
Teletypes we offer a 90
days warranty, and
computers are offe-ed
with on site acceptance
cnd diagrostic tests
(which mzv 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 maaufacturer’s
sales specifizations. And
it's serviced by our own
highly qualified
technicians.

A copy of our Trading
Conditions is available
on request.

May 1981

ANALOGUE VOLTMETERS
AND MULTIMETERS

Boonton.

93A True RMS Voltmeier Bandwidth 10Hz-

20MHz. 1mv-300 FSD £375.00
s,

* Fluke.

e m ." B83AB AC/DC

i Differential Voltmeter

20Hz-100KHz. TmV

1100V Very high
accuracy £975.00
895A DC Ditferenual Voitmeter 0-1100V. Null
sensitivity. 100uV-100V Very high accuracy
£950.00

Hewlett Packard.

400E AC Millivoltmeter. 10Hz-10MHz. ImV-
300V DC o/p proportionai to i/p .£235.00
7563A DC Log Voltmeter / Amplifier. Single iip
range 360uV-100V O/PO- 1.1V @ 10mV/dB

£250.00
Marconi.
TF2600 AC Millivoltmeter. 10Hz-5MHz 1mV-
£175.00

300V

TF2604 Eiectronic Voltmeter. AC
20Hz-1.5GHz. 300mV-1KV DC 10mV-1KV
0.292-500MQ .£350.00
TF2606 DC Ditferential Voltmeter 1mv-

1 100V on 5 decade diais £200.00
Phillps.

PM2454B AC Millivoltmeter. 10Hz-1 ZMHz.
1mV-300V £195.00
ANALYSERS

Blomation.

16500 16 Channel Logic Analyser Dispiays
Timing. Map. hex, octal. Clock rate upto
50MHz. Supplied with dispiay formatter and a

Hameg HM3 | 2-8 oscilloscope £3600.00
Dymar.

1771 LF Wave Analyser

20H7-50KHz. 30uV-300V £275.00

General Radio.

191 1A Sound and Vibration Analyser C/W

Graphic leve recorder 4.5Hz-25KHz. 1/3 or

1/10 octave .. £950.00

8407A/84 1 2A Network Analyser. C/W

B600A/B601A sweeper. 0.1-110MHz
£3500.00

Hewlett Packard.

1417-8552B-8554B Spectrum Analyser
100KHz-1250MHz + 10to —122dBm.
Variable percistence display .£5400.00
3580A LF Spectrum Analyser SHz-50KHz

30nV sensitivity £1950.00
Marcon!.

TF2330 Wave Analyser 20Hz-20KHz. 30uV-
300V £395.00
Tektronix.

491 Spectrum Analyser. 10MHz-2GHz direct.
Up to 40GHz with optional mixers. .£4150.00
Wayne Kerr.

RA200 Frequency Responce Analyser.
Frequency range 20Hz-30KHz or 200Hz-

200KHz. 11 ncrt display £850.00
BRIDGES & COMPONENT
TESTERS

8oonton.

63H Inductance Bndge 0-110mH Bndge
frequency 5-500kH. 250.00

2BOAP VHF O Meter Q2010 25. OOO
210-610MHz

General Radio.
1607 A Transter Function and immitance
Bridge. 25-1500MHz. Direct reading. .£750.00

Marconl.

TF1245-TF1246-TF 1247 "Q’ Meter and
Oscillators. Q 5 to 500. 40KHz-300MHz
.£950.00

£650.00

VIVIVIViIV Ve o LY ILY] CIRALLY

ectronic Brokers-Europe’s Pre

~ SUPERLATIVE
CALIBRATED TO

.--.. Latest Test Equipment

TF1313/2M10.25% LCR Bridge. 0. 1uH-1 10H.
0.1pF-100uF. 3mQ-110MQ. | and |0KHz
£325.00

Rohde & Schwarz.

KRT (BN5100) apacitance Meter ipF IOOuF
2.2-285KHz 95.00
LRT {BN6100) Inductance Meter va IOOpH
2.2-285KHz £395.00

Wayne Kerr.
B641 0.1% LCR Bridge. 0.002pF . 50.000uF
200nH-5MH, 2mQ-50.000MQ, 20pu-500u

£445.00
CALIBRATION EQUIPMENT
Advance.
OFS2B Off Air Frequency Standard. O/P | and
10MHz. £94.00
Bradiey.
1258 AC Canbrator 0-511Vin 0.1V steps @
50-60-400Hz 00
Fluke.

332A DC Vortage Calbrator. Oto

11111110V, 0.1ppm resolution. 0.003%

canbration accuracy £1495.00

760 Meter Calibrator. DC/AC Volts and current
. £2150.00

Hewlett Packard.

7418 DC Voltage Source and AC/DC

Differential Voltmeter

Tektronix.

191 Constant Amplitude Generator. 350KHz-

100MHz £350.00

DVM's AND DMM'’s
Datron.

1051 5% Digit DMM. AC/DC Voits,
Resistance. True RMS. 0.1uV resolution

.£695.00

.£750.00
Fiuke.
8800A 5Y2 Digit DMM. AC/DC volts
resistance  {uV resoiution .£450.00

Hewlett Packard.
34702A & 34740A 42 digit DMM. AC/DC
volls. resistance £225.00
3490A 5Y2 Digit DMM. AC/DC voits
resistance. 1uV resolution. 30 day warranty
£3

75.00
Phillps.
PM2514 32 Digit Autoranging DMM, AC/DC
volts and current. resistance ... ~.....£95.00

PM2517E 4 Digit Auto ranging DMM. AC/DC
volis and current, resistance............. £115.00
PM2527 42 Digit DMM. AC/DX wolks, current
and resistance  10uV resolution. True RMS
400.00
Solartron.
A2435Y2 Digit DMM. AC/DC volts. resistance
tuV resolution. 30 day warranty £375.00
: 7055 Microprocessor
DMM_ Scale length
200.000. AC/DC volts
resistance 1uV
resolution ... £850.00
7055 pius processor control and RS232
interface £1150.00
7065 Microprocessor DMM . Scale length
1.400.000. AC/DC voits. resistance ._£950.00
7065 plus processor conirol and R$232
interface £1250.00
Weston.
44403Y; Digit DMM AC/DC volts. DC
current resistance £90.00

FREQUENCY COUNTERS
Advance.
TC15 &P Frequency Counter. DC

S00MHz. 9 digits £275.00
Fluke.

1300A-01 Frequency Counter 5Hz-80MHz &
digits. Mains / battery operation. £195.00

1925A Frequency Counter. SHz-125MHz. 9
digits, EMI proof case £375.00

WHips.
~M6664 Fully Auto Frequency Counter
520MHz. 8 digits £

Racal.
9905 Timber Counter DC-200MHZ 8d
£

MULTIMETERS

Avo.

8MK 5 Multimeter 20KQ/volt ¥

Full lead kit

Test Set Number 1 20KQ/volr. very robu
E

Fulllead kit

S.E.L
Super 50 Selectest. 20KQvolit 1

OSCILLOSCOPES

Cossor.
4100 Dual Trace Portable Oscilloscope
DC — 75MHz Full delayed sweep. 30 di
warranty £
Hewtett Packard.
1707A Dual Trace Porrable Oscilloscope
DC — 75MHz Fuil delayed sweep. 30 de
warramy £e
17078 Duat Trac
Portabte Oscillos
DC — 75MHz. i
5Vidiv. Full delar
andintensified s»
Trigger hoid off
€

Philips.
PM3212 Dual Trade Portable Osculosco;
- 25MHz. ZmV-10V/idiv

SE Labs.
SM121 6 Channel Monitor. 127 crt. Inter
sweep £3
Tektronix.
a 432 Dual Trace
Portabie Oscillos
DC — 25MHz. 11
sensitivity. 20nS-
Auto setting mar’
input 100-250v
£5
454A Dual Trace Portable Oscilloscope
DC — 150MHz. 2mV-5v/idiv
Full delayed sweep £12
455 Dual Trace Poriabie Oscilioscope
DC — 50MHz. 5mV-5V/div. Full delayeo‘
sweep Super condiion
464 Dual Trace Portable Storage Oscnlog
DC — 100MHz SmV-5V/div. Full delaye
sweep. Max wnting speed | 10 diviuS
£22
465 Dual Trace Portabie Oscilloscope. D:
100MHz 5mV-5V/div Full delayed swe:
£11
466 Dual Trace Ponabie S[orage Oscliox
Spec as per 464 but max writing speed
3000diviusS £28
475 Oscilloscope DC-200MHz

2mV-5Vidiv Delayed sweep £1¢
485 Oscilloscope DC — 350MHZ
SmV-5Vidiv Delayed sweep £23

521APAL Vectorscope. Measures Lurmin
Ampitude. Chrominance Phase. Chrom
Amplitude. Differenual Phase and Gan.
new condition £26
T935A Osailioscope DC — 35MHz
2mV-10V/giv. Delayed sweep £S5
7603 Osciloscope C/W 2 off 7426 and 7
4 Trace. DC — 100MHz £22
7613 Storage Oscilloscope CW 2 off
TA26 and 7653A DC — 100 MHz 4 Tra
delayed sweep. maxwrnting speed 4.9 ¢
..... £35
7704A Main Frame C/W 7A26. 7880. 78
Dual Trace DC — 200MHz £35
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r Test Equipment Company offer

QUIF
ORIGINAL SPECS

May 1981 ! atest Test quipment......

ulpment.

fains/Battery Duai Trace Portable

1scope DC — 15MHz. £445.00
)scilloscope Main Frame CAW V4 and
fug-n units. DC — 50MHz. 5mV-

v
‘layed sweep. Very large CRT . £725.00

ata.

Dual Trace Portable Battery Operated
sscope. DC — 20MHz 10mV-20Vidiv

1 9.51bs £395.00

IILLOSCOPE PROBES
<1 Probe. 1.2 mtr length DC — 20MHz
£9.00
<IC Probe 1-2 mir length DC —
izt £11.00
X1, X10Probe 12 mtr tength DC

201 DC — 100MHz £15.00
X/ER SUPPLIES

nce.

50 5V @ 60A switching £160.00
20 5V @ 20A switching £120.00
105V @ 10A switching .£95.00
-1224V @ 12A switching £130.00
awer Supply Unit

at 2A. Metered output £90.00

‘ORDERS

ett Packard,

YY A3 Plotter. 2 Penson Y axis Internal
'ep. Electric paper grip £725.00

5D ~ape Recorder
ne s FM electronics DC — 20KHz
50ips '£4500.00

.abs.

12 * 2 Channel UV Recorder Grid and

yhnes. 6" paper £550.00

50 Channel UV Recorder. Servo paper

Jpta S metrs/sec. 12” paper . £1100.00

‘nabe.

11 6 Channel Chart Recorder 1mV-
250mm scan width £1495.00
1-S4L. 4 Channel Chart Recorder

/-2\¢ 400-800-1600mm/Hour/Minute

£595.00

gawa.
2 Channel Chart Recorder 0 5mV-100V
r-60cm/min £435.00

NAL SOURCES

5 AlA Signal Generator. 100KHz-

1Hz. 1uV+100mV into 750 AM 0-30% @
£190.00

& AM/FM Signal Generator 4 0-120MHz

)mV in 20dB steps plus fine controt O/P

W £410.00

lett Packard.

Vanabie Phase Osallator. 0.005Hz-

z. 0-360° £450.00
A Decade LF Osciliator 10Hz-1MHz

10V into 6002 £695.00
AM Signal Generator. 50KHz-65MHz
“95%. £850.00
AMIPM UHF Generator. 450-1230MHz
0.5V £775.00
UHF Signal Generator 1.8t0 4 2GHz Int
Mod. £1000.00
Test Oscularor 10Hz-10MHz

V-3.16 £415.00
A+ 860 I A RV Sweeper + Markers
Hz-110MHz £1500.00

8 Phase Locked Signal Generator
) 520MHz. .£3200.00

Marconi.
TF144H/4 AM Signal Generator 10KHz-
72MHz. 2uV-2V £750.00
TFI 44H/4S AM Signai Generator. 10KHz-
77MHZ 2uV-2V .£550.00
- TF 9958/2 AM/FM
Signal Generator 0.2
t0 220MHz 1uV-
200mv into 508 or
759

£675.00
TF9<)SB/5 AMIFM Signat Generator. 200KHz-
220MHz. 1uV-200mV Narrow deriation for
mobiles £695.00
TF1370A Wide Range RC Oscillator 10Hz-
10MHz Sine wave. square wave upto [ 00KHz

£275.00
TF2002B AM/IFM Signal Generator 10KHz-
88MHz. 0.1uV-1V. 20Hz-20KHz Mod
frequency

.£1200.00
TF2005R 2 Tone Signal Source. 20Hz- ZOKHz
0-1110Bin 0.1dB steps 95.00

TF2100 AF Oscillator. 20Hz-20KHz. O 05%
distortion £150.00

Phillps.

PM6456 Stereo Generator, Separate L and R
Signats. Carrier frequency 100MHz = 1% RF
O/P 3mV pk-pk £250.00
Radlometer.

SMGIC Stereo Generator Separate L and R

Sx nals. Carner frequency 100MHz. RF O/P

10uV-100mV into 759 £375.00
Tektronix.
2101 Pulse Generator. 2.5Hz-25MHz. + and
— O/P £375.00

TM504 main Frame C/W FG504

40MHz Function Generator and SC502

15MHz dual trace oscilloscope. {Other modules

available) £1125.00

148 PAL TV Insertion Generator.

Provides all required signals to test and

measure on video TX systems immaculate
.£2500.00

1481C PAL Waveform monitor

in as new condition

Telonik.

2003 RF Sweeper System. [-300MHz 5 and

10MHz markers .. £950.00

SOUND LEVEL METERS
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 .5Hz to 16KHz £750.00
1981 Sound Level Meter. 70-120dB. Digttal
and analogue reading Peak hold. A weighting
£300.00

£2275.00

.
1983 Sound Level Meter 70-12db. A
weighting

TRANSMISSION
MEASURING EQUIPMENT
Marconi.

TF2332 AF Transmission Test Set ZOHz ZOKHz
25.00

£195.00

Siemens.
o ——

D2040 Selective Level
Anaiyser and
Voltmeter. 10Hz-
60KHz. —110dBto

) |00 Sy +50dB 3uV-300V Lin
LLER and log indicauor. 5

3 4 ”~
—1 digit frequency re-adout
200.00
D2072 +W2072 Level Meter and Oscillator
50KHz-100MHz —110dB-0dB. Receive
bandwidth 3.1 and 10KHz £2200.00
W 2006 + D2006 Carner Level Test Set lOkHz-
17MHz. —100to + 10dB . . 0.00
W2007 + D2007 Carner Level Test Se[
6KHz-18 6MHz. —120to +20dB .. .£1800.00

Wande! and Goiterman.

PF-1 Digital Error Rate Measuring Set
Consisting ¢f PFM-1 Dignta! Error Rate Meter
and PFG-1 Pettern Generator £2490.00
PSO-5 and PMO-5 Level Measuring Set
10KHz-36MHz. — 11010 + 20aB. C/AW AZD-!
Scale expander .£2050.p0
SPM-6 and PS-6 Level Measuring Set
6KHz-18.6MHz. —110dBto. + 20dB. Mains/
battery operation .. £2150.00
Andimat {PSM-4 2MHz Auromallc PCM
Testing System] composed of the foliowing
PCM-T PCM Test Set. PDA-64 PCM Signailing
Analyser. PMD-] Digitai Level and Noise
Measuring System, PDG-1 Digral Signa!
Generator. PDA-1 PCM Digital Signal
Analyser. PSM-4 Level Measuring Set, MU-4
Scanner. R1-1 computer interface . .£6500.00

MISCELLANEOUS

Data Laboratorles.

DL905 Transient Recoraer with Pre-Trngger
facihty. Ideal for viewing sigle shot voitage
rransients £990.00
Dymar.

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

Ferrograph.
RTSZ Recorder Test Set Measures Wow &

Flutter. Distorion. Gain £345.00
RTS2 + ATUZ Recorder Test Set
C/W Auxiliary Test unit £650.00

Hewlett Packard.

335E Programmable Attenuator 0-12dB DC
— 10GHz. 509 .£75.00
432A Power Meter with 4 78A Thermistor
Head. 10MHz-10GHz. 100uW-10mW

£450.00
4329A Insulation Resistance Meter Range
S00KQ o 2 x 10740 £500.00

B745A S Parameter Test Set. Fitted with
11604A Universal Arms O 1-2GHz . £2750.00

Marconi.

TF7910D Deviation Meter. 4-1024MHz
£195.00

TKE2162 MF Attenuator

DC — IMHz0-111d8B

Impedance 75

TF2331 AF Distortion Meter

20Hz-20KHz. 0.1%-100%

1mY/-30V voitage range

TF2337 Automatic Distorton Meter

Frequncy range 400Hz and 1KHz 0-30% N 4

£395.00

ranges .. . £245.00
Rohde and Schwarz.
MSC Stereo Coder 30Hz-15KHz £500.00

Radiometer.

BKF 10 Automatc Distortion Analvser. 20Hz-
20KHz 0.02%-10% £1100.00
Rifa.

EVV 300 Microprocessor Development Kit
Based on Motorola 6800 TTY interface

. £235.00
Tektrorvix.
TM504 Main Frame C/W SC502 15MHz
oscilloscope
DM502 3V2 digit DMM.
DC503 100MHz couner £775.00

TMS515 Main Frame C/W FG504. 0.001Hz-
40MHz Function Generator and 2 off PSS03A
Power Suppiies £1250.00
TMS515 Main Frame C/AW SCSOZ 15MHz
oscilloscope. FG503 1 MHz-3MHz Function
Generator. DM502 3V, digit DMM. DC503
100MHz counter. £1495.00
Hours of Business: 9 a.m.-5 p.m. Mon-Fri.
Closed lunch 1-2p.m.

ADD 15%VAT TO ALL PRICES

Carrlage and Packing charge extra on ali
items uniess otherwise stated.

wWW-2 00 for further
oW details

Hours of Business: 9 am.-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 otherwise stated.
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. May 1981 ................. Latest Computer Equipment ........

!
PDP11 SYSTEMS bec
PDP11/34A System complete with
256KB MOS memory DLI TW
Asynchronous Interface / Line
Clock. KY | 1-LB Programmers
Panel, VT100 Terminal. 2 x RLO1
5-meg Disk Drives. DZ1 1 A 8-Line
multiptexer, FP1 1A Floau Point.
H960 Cabinet........ ,500.00

PDPI1/34ACPU 256KB MOS.

2 x RLOZ2 Disk Drives pius
Controller, H960 Cabinet. Choice
of VTI00or LA 120RSX 1M
licence. .From £18,500.00
PDP11/34A System complete with
256K8 MOS memory. 2 x RKO7
28-meg Drisk Drives. TMB1 1
magnetic tape station. DZ11

16-line multiplexer. Data system
cabinet and expander box. LA36
console terminal... ....£27,750.00

PDP1 1/60 System with 2 RKO7
Disk Drives. choice of console
P.O.A.

PDPI 1/03 Systern (desk-mounted]
20KwW MOgRXI I dual floppy disk
drive and control. 3 senal
interfaces. LA180 Printer. VT100
Console terminal. P.O.A.

PDP11 C.P.U.s

DEC.

PDP11/03-SD Processor in 3¥2" chassis complete with 16KW MOS
memory and E 1S option

BRAND NEW — ONLY £1495.00
PDP | 1/04 Processor n 10v2" chassis complexe with 16KW MOS
memory and DL I W Interface

BRAND NEW {can be enhanced to 28KW .. £4500.00
PDP11 MEMORY

DEC.

MF 1 1L 8KW core memory c/w 9-siot sys(em unit ..£975.00
MM1 1L BKW core memory . ot T £795.00
MM ILP 8K\W parity core memory ....... £750.00

MM11DP 16KW core [ex DEC- -maintained 11734 systemsj
BARGAINOFFER — ONLY ... ... ... . ... £395.00
MM 1UP 16KW/ Parity core memory complere with 9-slot sysrem

unit .£1500.00
MM TUP 1 6KW parity core memory (pre requtsnte MF1 1UP}
.......£1250.00
MS1 1P 16KW MOS rnemory . . £675.00
MSV 1 TC 16KW MOS memory lLSH l] ...... ......£495.00
MJ11-BE 64KW 11/70 memory. . h.. £4500.00
MK 1-BE 64KW MOS memory for 1 II7O . £3950.00
MS11-MB 256KB ECC MOS miemory for 11/44 [NEW) ..£3942.00

DISKS

DEC.

RKOS J add-on disk drive 2Y2 meg
Exchangeable canndge type.

From . £1850.00
RKQ6 Add-on disk drive 14 meg. Free s[andmg From .. . £3250.00
RKO7-ED Add-on Disk drive 28 meg - ..P.O.A,

RLO1-AK Add-on Disk drive 5 meg. . £1975.00
RPQO2 20 meg add-on disk drive. ... £1250.00
RP0O4 add-on 88 meg disk drive .£8000.00
RPO6 add-on 176 meg disk drive . £15,950.00
RX11-BD Dual ftoppy disk drive and control....... .£1800.00

Controllers usuaily avarlable for above drives.

MAGNETIC TAPE
DEC.
Available from time to time — TU10. TU45. TET6 TSO3 etc

PDP11 OPTIONS
DEC.

AA 11D VTOL Controlier with 4-stot Systern Unit. ...
DD 1A 4-siat Systern Unit
DD1 1B 4-siot Systern Unit.
DD 1-DK 9-slot backplane ...
DL 11 Serial Interface..
DL 1} WA/B Senal Interface/Line Clock
DR11C General Purpose Interface .

. £125.00
£125.00
. £150.00

.. £465.00
£250.00
.£395.00
. .£250.00

DRV11B 16-bit Paraliel interface ... SR £225.00
DZ11]A 8iine E1AMUX - £1395.00
FP11AFloating Point ... .£1750.00
KLTITTY Interface ... .£150.00
KW 1L Real Time Clock . .£150.00
KW 1 1P Programmable Clock .£345.00
M 105 Device Setector .....£30.00
M792 ROM Diode Matrix ... ... ... £195.00
M?920 Unibus Connector .. £12.00
M9301-YB Bootstrap .£325.00
POWER SUPPLIES

DEC.

H720 Power supply for BA1 1 Expander Box. BRAND NEW

SURPLUS £175.00

PDP8A C.P.U.

DEC.

PDPBA Processors. systems and add-on memory usually available
PDP8B8A MEMORY

DEC.

MMBAABKW Core. ... T st T T .£750.00
MMBAB 16KW Core ... .£995.00
PDP8SE CPU, MEMORY OPTIONS

DEC.

DP8EB Communications Adapror D —— .£395.00
KABE Positive 1/0 Bus .. ] .£95.00
KDB8E Databreak . £145.00
KLBE Asynchronous Interface - . .£250.00
KPBE Power failfauto restart. 1. .. £95.00
MMBE 4KW Core memory stack.. . .£350.00
TABE Dual Cassette Drive and Controller . .£525.00
VT8E Set graphics Control Modules . .£250.00
TERMINALS

DEC.

LA34 DECwriter 1V 30cps desk-top terminal. 132 columns.
upperflower case ASCIL. . . £495.00
LA36 DECwmer i Keyboard
Printer Terminal. The Terminal that
has become an industry standard,
with 132 column upperflower case
printing and switch-selectable
speeds of 10. 15 & 30cps. Avaitable
with etther 20mA or RS232
interface. NOW ONLY .. .£595.00
VT 52 SPECIAL PURCHASE of this
outstanding Video Display
Terminal featunng full upper/lower
case ASCH character set, 24 x 80
display. auxiliary keypad, direct
cursor addressing and tabulation,
scroll or hold screen mode with
X-off factlity. 9 switch-sefectable
baud rates {75-9600 baud) choice
of 20mA or RS232 interface.
BRAND NEW SURPLUS
ONLY .. e .£450.00
LS-120 High speed keyboard terrmnal. 132-column printer with
adjustable tractor feed and fuli upper and lower case ASCIE printing
{7'x 7 dot matrix). 180 cps print speed and aperator-selectable baud
rates up to 4800 baud. Integral stand. RS232 interface. BRAND
NEW SURPLUS (limited quantity) ONLY . .. £750.00
VT100 — Also availabte from time to time, DEC's latest 132 column
display terminal. Please enquire for latest price and deiivery £750.00

VATATATATATAN @ e e LlUALY,; CIRALLY

PRINTERS

Centronics 101. Heavy Duty Matnx printer v
ASCIf upper case character ¢
cps operation. 132 pnint pos
with adjustable tractor feed.
Paraiiel input. ONLY

BRAND NEW — LOW CO:
MATRIX PRINTER IDEAL FC
MICROPROCESSOR USERS
AS HOBBYISTS &

EDUCATIONALISTS OR AN
LOW-BUDGET APPLICATh

GP80 Graphilcs.

* Full u%per/lower case A'
PLUS GRAPHICS Mode

* 80-column printing witr
adjustable tractor feed

* Standard and double-wi
characters {12 cpiand &

%« 30cps print speed with
buffer

* Standard paratiel {Centrz
type] interface

* Opuonal interfaces avail
RS232, IEEE488. Tandy.

Apple It
* ONLY =1
{Mail order total .. £

GE Terminet 1200.

RO printer. 80 columns. tractor feed. upper/lower case. ASCH

Interface £

Hazeltine.

Thermat printer. 80 columns. 30 cps sient RO with parallel T1
£

Tally 1602.
Matrix printer. parailel input. upper/lower case. tractor feed. a
£

Teletype.

ASR 33 input/output terminal INcorporating paper tape puncr
reader. 64 ASCII upper case character set. 110 baud operaticr
parity keyboard chotce of RS232 or 20mA interface

NOW ONLY £

T

Texas.

745 Portabie Data Terminal
including keyboard., printer,
ntegral acoustic coupler ang
carrying case. Total wengh[ «
13ibs L %

Optlons.
ICL-type keyboard 3
8th fevet marking 4
Remote reader control ’
Reader step 4
Auto reader 4
Pedestal 4

Low Cost Printer Offer.

Teletype 33 printer mechani
including case but no keybo
electronics. 64 upper case A
10 cps. pinfeed platen, ideal
electronic hobbyist ONLY 2

Termiprinter 7075.

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

733 ASR terminat utilising high performance twin cassetre drix
fast ime-saving transmissiort and off-tine storage

* Silent operation

+ Switch-selectable transmission speeds 10, 15, & 30 cps

® Full tape editing capability

* High-speed duplication and rewind

* Standard RS232 interface . £1.

745 LIGHTWEIGHT {1 3Ibs) terminai with integral acoustic co
10/30 cps, carrying case £
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er Used Computer Company offer

ED COMPUTER
EW CONDITION

Viay 1981 ........ Latest Computer Equipment

APER TAPE PUNCHES

itronics.

5/20 paper tape punch. Solenowd-actuated urnit capable of
nching 5 to 8 channel tapes at speeds up to 35 ¢ps
lise amplitude 27 VDC Compact table-top unit. ...
- Faclt 4070.

The top quality punch that has
become an industry standard.
Asynchronous 75Cps operation.
Adjustable for punching 5. 6. 7'or
Blevel tape. Self -contained desk-
top unit ncorporating supply and
take-up spools. chad box. and TTL-
compatible control logi¢ . £650.00

£95.00

> &
EYBOARDS
sorge Risk.
2w ASCI Keyboards
2w Low Prices $
keyboara incorporating separaie
numerc/Cursor contro! pad and
nstalled in custom-built steel
enclosure with textured blue
enamel finish. Ideal for the VDU
builder. Case dimensions:
17" x 72" x 34"
Total weight 4kg. PRICE .
Mail Order Total..

.£85.00
..£103.50

1756 56-station ASCif keyboard mountedon P C B. . £39.50
Mail Order Total £47.15
3756MF as above. fitted with metal mounting frame for extra
Naty . -._N . ... .£45.00
Mail Order Total . £5348
3710 10-key numeric pad. supphed with connecting cable.. £8.00
Mait Order Total . ...
3731 Plastic enclosure for KB756 or KB756MF.
Matl Order Total
3702 Steel enclosure for KB756 or KB756MF
Mart Order Total
32376 Spare ROM encoder . e T
Mait Order Total .
315P Edge connector for KB756 or KB756MF ..
Mail Order Total ..

‘Mail Order Total

B25S Mating connector for KB771 .. :
Mail Order Total ..

IRK 56-station ASCH keyboard for PET complete with PET
teface. built-n power supply and steel enclosure

. Mait Order Total
iscounts available for quantities.

'ROGRAMMABLE CALCULATORS

ewlett Packard.

330A with 8K Memory. Extended /O ROM. String Variables ROM,
Serial and 3 paraliel interfaces .. £1695.00

TODEMS

acal Milgo.
odem 26 Isi 1200/2400 baud. 2 or 4 wire, full/half duplex

P.O.A.
[ENERATORS

awdsley.

KV A Generator systern compnsing AC Induction Motor, AC
2nerator, AC Exciter and Erreg Regualator.

1e alternator comprises of a screen-protected rotating field,

implete with built in over-hung exciter of the brushtess pattern . i is
ound for 415V. 3 phase. 50Hz. 4 wire and developing 45KVA at
& P.F.when running at a speed of 1500 rpm.

1€ alternator and exciter are used N conjunction with the

ftomatic transistorised voltage regulator, incorporating 3-phase
nsing The regulator ts so designed that when the alternator is on
anced 3-phase load and with one phase swriched off or
sconnected. the phase voltage will not vary more than F 6% under
'y conditions . - £1250.00

£95.00
£11500

VDUs

Hazeltine.

H1000 The fow. low priced
teletypewsriter-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 ASCIf, RS232
interface. choice of baud rates
SUPER VALUE £199.00

Standard baud rates either {a}
1107300 or (b) 300/1200. {£25
surcharge for other combinatons
up to 3600 baud).

H2000 Superb spec. including full
XY cursor addressing and edit
facility. 27 x 74 dispiay. upper case
ASCil, RS232 interface. switch-
selectable baud rates . . ... £299.00
H2000C NOW ALSO AVAILABLE
with 25 x 80 fine format and
C-MOS logic..

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

MONITORS

Ball Mirate! TTL15.

1 5in. chagonal green phosohor tube. integral power supply.
Requires separate horizontal and vertical video mpul BRAND NEW
SURPLUS . . . £75.00

FLOPPY DISK DRIVES
NE\XI

Shugart SA400.
5% "MINI-FLOPPY {NEW, ‘U"—/-

* Capacity (unformatted]: 1 10Kb [singie Tensity] 220Kb {doubie
densi

Transfer rate: 125/250 kilobits/sec

Average access time: £63ms.

Read/\Write and Write Protect electronics

Power requirements + 5VDC + 12vDC Dimensions

5% x 3% x 8 weght 3ibs

Supplied complete with technical manual
Application notes are avai able on m!en‘acmg the SA400 to Intel
8080A. Motorola etc £195.00

Shugart SA450.

Double-sided. double density

minifloppy providing 440KB

unformatted storage capacity, yet
the same compact size and weight
as the SA400 5 £299.00

Shugart SA801

8 FLOPPY (NEW)

* Capacity (unformatted):
400Kb [singie density)
800Kb {double density)

* Transfer rate. 250/500 kilobits/

sec

* Average accesstime: 21 1ms

* Read/Write and Write Protect

electronics

* Power requirements

+24VDC +5VDC —5vDC
Dimensions 4§ x 9%2" x 144"
Supplied complete with technical
manual ... . £395.00
Hours of Business: 9 a.r.-5 p.m. Mon-Frl. Closed lunch
1-2p.m.
AD% 15% VAT TO ALL PRICES
Carriage and Packing cnarge extra on ail Items uniess
otherwise stated.

W\X/-201 for further detalls

AR
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Reach advanced
computer comprehension
in a few absorbing hours

1980 saw a genuine breakthrough-the
Sinctair ZX80, world's first complete
personal computer for under £100. At
£99.95, the ZX80 offered a specification
unchallenged at the price.

Over 50,000 were sold, and the
ZX80 won virtually universal praise from
computer professionals.

Now the Sinclair lead is increased:
for just £69.95, the new Sinclair ZX81

offers even more advanced computer

facilities at an even lower price. And 4 7
the ZX81 kit means an even bigger ¢
saving. At £49.95it costs almost -
40% less than the ZX80 kit! :

Lower price: higher capability
With the ZX81, it's just as simple to
teach yourself computing, but the
ZX81 packs even greater working
capability than the ZX80.

It uses the same micro-processor,
but incorporates a new, more powerful
8KBASICROM -the ‘trainedintelligence’
of the computer. This chip works in
decimals, handles logs and trig, allows
you to plot graphs, and builds up
animated displays.

And the ZX81 incorporates other
operation refinements - the facility to
load and save named programs on
cassette, for example, or to select a
program off a cassette through the
keyboard.

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

Quite simply, by design. The ZX80
reducedthe chipsinaworking computer
from 40 or 50, to 21. The ZX81 reduces
the 21to 4!

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

Proven micro-processor, new 8K BASIC
ROM. RAM - and unique new master chip.

Built:
£69.5.

complete &

Kit or built-
it’s up to you!

The picture shows dramatically ho
easy the ZX81 kit is to build: just four
chips to assemble (plus, of course the
other discrete components) -a few
hours’ work with a fine-tipped soldering
iron. And you may already have a
suitable mains adaptor-600 mA at9Vv
DC nominal unregulated (supplied with
built version).

Kitandbuilt versions come complete
with all leads to connect to your TV
(colour or black and white) and
cassette recorder.

WIRELESS WORLD MAY 1981

WCdM Al O

LI U DI e e e

no mna

New

Sinclair
teach-yoursel
BASIC

manual

Every ZX81 comes
with a compre-
hensive, specially-
written manual -a
complete course
in BASIC program-
ming, from first principles to complex
programs. Youneed no prior knowledge
—children from 12 upwards soon
become familiar with computer
operation.

www americanradiohistorv com
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N THEN GO TOB
}

B

Jd=N THEN GO TO. 48
YOXRITI THEN €O TO

2w, improved specification

Z80A micro-processor -new faster
rrsion of the famous Z80 chip, widely
recognlsed as the best ever made.

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

= ® Unigque syntax-

# check and report codes
identify programming
errors immediately.

® Full range of mathematical

and scientific functions accurate

I
2 "~ to eight decimal places.

# @ Graph-drawing and animated-
display facilities.

® Multi-dimensional string and

americal arrays.

Up to 26 FOR/NEXT loops.

Randomise function-useful forgames
3 well as serious applications.

Cassette LOAD and SAVE with

If you own a
Sinclair 2X80...

The new 8K BASIC ROM used in the
Sinclair ZX81 is available to ZX80
owners as a drop-in replacement chip.

(Complete with new keyboard template

and operating manual.)
With the exception of animated
graphics, all the advanced features of

i+ the ZX81 are now available on your
ZX80 -including the ability to drive the

Sinclair ZX Printer.

Coming soon-

the IX Printer.

Designed exclusively for use with the
ZX81 (and ZX80 with 8K BASIC ROM),
the printer offers full alphanumerics
across 32 columns, and highly sophisti-
cated graphics. Special features include
COPY, which prints out exactly what is
on the whole TV screen without the
need for further instructions. The ZX
Printer will be available in Summer 1981,
at around £50-watch this space!

§

ﬂ\\\\\\\\““
A

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

Designed as a complete module to fit
your Sinclair ZX80 or ZX81, the RAM
pack simply plugs into the existing
expansion port at the rear of the com-
puter to multiply your data/program
storage by 16!

Use it for long and complex pro-
grams or as a personal database. Yet it
costs as little as half the price of com-
petitive additional memory.

How to order your ZX81

BY PHONE - Access or Barclaycard
holders can call 01-200 0200 for personal
attention 24 hours a day, every day.

BY FREEPOST —use the no-stamp-
needed coupon below. You can pay by
cheque, postal order, Access or
Barclaycard.

EITHER WAY -please allow up to 28
days for delivery. And there's a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and
we have no doubt that you will be.

amed programs.

To: SinclairR i “Orde
'1K-byte RAM expandable to 16K r-o inclair Research Ltd, FREEPOST 7, Cambridge, CB21YY. - Order-l
ytes with Sinclair RAM pack. I Qty | Item Code | Itemzpnce ‘ Toéal I

.

1Able to drive the new Sinclair printer

!
Smclalr ZX81 Personal Computer kit(s). Price includes T
+

10t available yet - but coming soon!) ZX81 BASIC manual, excludes mams adaptor 12 49,95 -
. . . Ready -assembled Sinclair ZX81 Personal Computer(s)
rAdvanced 4-chip design: micro- ) | Price includes ZX81 BASIC manual and mainsadaptor. | 11 | 69.95 | 6‘{"‘?5
rocessor, ROM, RAM, plIJS master chip JI Mains Adaptor(s) (600 mA at 9 v DC nominal unregulated) T 10 | 895 |
;S')?g&f,wom_bum chip replacing 16K-BYTE RAM pack(s). | 18 49.95 -
Ips. 8K BASIC ROM 10 it ZX80. | 17 [ 1995
— — — — +
Post and Packing. - ] | 2.95
totaLg ¥ 2240
*| enclose a cheque/postal order payabie to Sinclair Research Ltd, for £ 3’2’ 10

— | | o — ||
Z X8I

*Please charge to my Access/Barclaycard account no.

S N N [ S T N B
*Please delete/complete as applicable.

|
4 1. A Al
Please print.

Hi (LET|

Name: Mr/MesHviss A“‘_

| -
| -
|
I
I
I
I Please tick if you require a VAT receipt [']
I
I
I
I
I

sinclair Research Ltd, address (S ONTIAE | LELD HSEL, P RELY
sKings Parade, Cambridge, Cambs., li CAT ” Cilie | IMA fj‘ L‘ F—: D WK UMEG
e | FREEPOST-nostampneeded. SO Ppey ___ wiwos

WW - 013 FOR FURTHER DETAILS

wWWeamericanradiohistorn. com
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IMMEDIATE DELIVERY ON ALL THESE INSTRUMENTS

PM5519 -THE
BEST PATTER
GENERATOR

IN THE WORLY{

PM 55191 CTV pattern generator

* Over 20 colour and b/w test patterns ¥
carefully selected for maximum versatility ( /

* RF signals available in bands |III,IV and V

* Variable video output (with | volt fixed
position)

* External video and sound modulation
facility

* Composite sync output for triggering -
includes the line frame and blanking pulses

* Versions available for non-British TV
systems
to the local TV standard Reader inquiry number 220

PHILIPS CHOICE FOR SERVICE """ ™" cAmLocU

. . Measuring instruments catalogue contains
A selection from the range of Philips instruments with wide service applications. details of the company s full audio and video
PM 5326 RF signal generator

service equipment capability, as well as of its
tire test and .

* 100 kHz - 125 MHz in nine overlapping 48 entire test and measuring range

ranges

== T Send for your free copy by arcling
* Builtin 5 digit counter

reader inquiry number 225.
*50mV RFoutputat 75Q canbe  § JEESEa= = T e WHERE TO BUY YOUR PHILIPS AUDIO
attenuated to over 100 dB AND VIDEO SERVICE EQUIPMENT
* Electronically stabilized output level The entrre range 1s avalable from the Philips Eiectronic
* \Wobbulator facility Instruments Department (see address below) or from

A ) Phili rvice Centres (‘phone 01-686 0505 for the
Reader inquiry number 221 address of your nearest branch). In addition, the

: 1 PM 2517 and PM 3207 are available from Wessex

PM 2517 digital multimeter == Electronics Ltd, 114-116 North Street, Downend,
* Full four d|g|ts _ Bristol BS16 5SE. Tel (0272) 571404

* Choice of LED or LCD display * Iriggering from either channe! or external

* True RMS AC readings input

* Auto TV triggering

* Same sensitivity on X and Y channels
* B-invert facility

* Full 8 10 cm screen

Reader inquiry number 223

FROMPHILIPS I TEST & MEASURING INSTRUMENTS
PM 6667 and 6668 high resolution :

y service to obtan inforn out the
counters % : y. bh
* | GHz (PM 6668) or 120 MHz (PM 6667) ﬂ)’:;”' ‘SP;}_ U,;;'é‘
* Microprocessor control with built-in o FETTNG
mte”igence PM 5519 CTV pattern generator 220
* Auto triggering on all waveforms and duty ~ PM 5326 RF signal generator 221
cycles PM 2517 digital multimeter 222
* 15 mV RMS PM 3207 I5 MHz oscilloscope 223
> . Sensmwty_ PM 6667/6668 frequency counters 224
* High stability Xtal oscillatars: 107/month 19y Test & Measuring catalogue 225
* Self-diagnosis routine Pye Unicam Ltd
* Autoranging with manual override a Battery.optl?n Philips Electronic Instruments Dept
* Current up to 10 A Readers inquiry number 224 York Street. Cambridge, CB1 2PX. England

= Tel: Cambridge (0223) 358866 Telex 817331
* Options include temperature and data

hold probes

Reader inquiry number 222 pitps]  Test & Measuring
PM 3207 dual trace oscilloscope Instruments
* Ideal for service and general purpose

applications
* |5 MHz/5mV

www americanradiohistorv com
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IN K RENGE OF

16
141

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 as the alder types
which they are rapidly replacing. Induced humisreduced by afactoroiten
Supphed with ngid mounting kit with centre bolt. steel and neoprene washers

30us mmdwiiomm €411 | 160va weigni oy £8.88
(+£1.20p.p. +0.89 VAT) (+£1.80p.p. -£1.60 VAT)

SECONDARY SECONDARY SECONDARY SECONDARY
TYPE RMSVOLTS RMSCURRENT|TYPE RMSVOLTS RMSCURRENT
1X010 6+6 2.50 5X012 12412 6.66
1X011 9+9 1.66 5X013 154 15 5.33
1X012 12+12 1.26 5%014 18+ 18 4.44
1X013 15+15 1.00 5%015 23+22 3.63
1X014 18+ 18 0.83 5X016 25+25 3.20
1X015 22 +22 068 | 5X017 30+ 30 2.66
1X016 25425 0.60 5%018 35435 2.28
1X017 30+30 0.50 5X028 110 1.45

| 5X029 220 0.72
£5 19 5X030 240 0.66
. !

50 80mm dia. x35mm
VR Weight0.9Kg
(+£1.30p.p. +0.97 VA'I)‘

6rs e | 228vawegnizzky - £10.59

2X010
2X011 9+9 2.77 +£1.90p.p. +£1.87 V,
X012 12+ 12 208 ( L Lty
2X013 15+15 1.66 |1 6X014 18+18 6.25
2X014 18+18 1.38 [ 6X015 22+22 511
2X015 22 +22 1.13 6X016 25425 4.50
2X016 25 +25 1.00 6X017 30 +30 3.75
2X017 30 +30 0.83 | 6x018 35435 321
2X028 110 0.45 6X026 40 + 40 2.81
2X029 220 0.22 028 110 2.04
2X030 240 0.20 g;((ggg %42;8 (1).82
80 90mm dia x30mm
VR Weight 1K . |
o (+£1950 AT ngn)k 110mm dia. x 50mm £
25010 . PP . 6 300VA Weight 2.6 Kg 12-21
+ 64
%ﬁ%}é 12+?2 433% (+£2.00p.p. + £2.14 VAT)
+ . 7X016 25425 6.00
3X013 15+ 15 2.66 7X017 30+30 5.00
3X014 18+18 2.22 7X018 35435 4.28
3X015 22 +22 181 7X026 40 +40 315
3X016 25 +25 1.60 7X028 45+ 45 333
3X017 30 +30 1.33 7X028 0 2.72
3X028 110 0.72 7X029 220 1.36
3X029 220 0.36 7X030 240 1.25
3X030 240 0.33

120vz %Zlgnhczj'fzx::;mm £6.72

(+£1.60p.p. +£1 25 VAT)|

500va weignisg  £16.39

(£2.10p.p. +£2.77 VAT)

4%010 6+6 10.00 8X017 30430 8.33
43011 9+9 6.66 8X018 35435 714
X012 12+12 SO0 |8X026  40+40 528
4X013 15415 4.00 8x028  45+45 555
X013 18+18 33 803 50 + 50 5100
4X015  22+22 272 8028 110 154
X016 25425 240 | 8X029 220 2.21
4X0l7 30430 2.00 8030 240 2.08
4028 10 1.09

4X029 220 0.54 ¢ 1.L.P. TOROIDAL TRANSFORMERS
4X030 240 050 ARE GUARANTEED FOR § YEARS

CHOICE OF 3 PRIMARY INPUTS
1L P Toroidal Transformers are available in choice of 110V, 220V. 240V. coded as
follows (Secondaries can be connected in series or parallel)

For 110V Pimary insert 01n place of "X ntype number
For 220V Primary (Europe)insert 1 inplace of " X' intype number
For 240V Primary (U K.} insert 2 1n place of "X'"in type number

Example - 120VA 240V 15+15V. 4A=42013.
« CUSTOMER DESIGN ENQUIRIES INVITED.
QUANTITY PRICELIST AVRILABLE.

FREEPOST facility.(U.K. only).

Sumply address envelope to FREEPOST to address below NOSTAMPREQUIRED

TO ORDER Enciose cheque/Postal Order,Money Order payable tol L P
Electronics Ltd or quote your ACCESS or BARCLAYCARD
account No To pay C.0.D. add £1 extrato TOTAL value of order
Also available from ELECTROVALUE and MARSHALLS.

B ) B P RANSFORMERS

Adwvisionof | LP ELECTRONICSLTD
FREEPOST T5, GRAHAM BELL HOUSE, ROPER CLOSE
CANTERBURY CT2 7EP
Phone (0227) 54778 Technical {0227) 64723 Telex 965 780

1

HM312 Dual
Trace
Oscilloscope.

DC-20MHz.
Sensitivity 5BmV-
20V/cm. Time
base range
0.5uS-0.2S/cm
with x5 horiz mag
to 100nS/cm,
with vanable
control
uncalibrated to
40nS/cm. CRT
screen 8 x 10cm.
Full XY using chli
as X input.
Bandwidth
2.3MHz. TV
trigger

NOW BETTER

VALUE THAN
EVER AT

B ]

HM512 Dual
Trace
Oscilloscope
with delayed
sweep.
DC-50MHz
Sensitivity 5mV
20V/cm Time
base range

0.1uS$ 2.0S ¢cm
with x5 horiz mag
to 20nS ¢cm
Delay ranges 7
decade steps
100ns 1S with
tine control CRT
screen 8 x 10cm
Full XY using ch i
as x nput,
bandwidth 4
MHz Znput
Delay line allows
viewing of
leading edge
Vertical overscan
indicated by 2

LED's
Other models avalaole
HM307 10MH2z olus cOmMponent taster £138.00

HM412 20 MHz witn sweep defay £350.00
HM812 50 MHz storage  £1458.00
All scopes can be fitted with 3 jong persistance CRT at extra cost

World-beating Oscilloscope Offers

FROM

Electron!pﬂinggﬁggke.rs
e = i

London WGTX 9LN.
Tel:01-278 3261.Telex 298694
ww

Prces do not nvlude carmiage or VAT

036 FOR FURTHER DETAILS
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1 CHEYNE WALK

NORTHAMPTON NN15PT
TEL. NORTHAMPTON (0604) 36351

Of researCh-.- “on components and accessories for dictating

machines, tele-communications, hearing aids
and electroacoustic equipment etc.”

/r C
{
X
STETOCLIP steTaelip SENIOR

JUNIOR 60 LIGHYWEIGHT STERCLP
HEADSET 4 HEADSET HEADSET

& =
STANDARD &

: PLASTIC
PHON SUB-MINOR
KI—:ESDSST E EARPHONES EARHANGERS

25mmand 3,5 mm
JACK PLUGS &

DANASOUND 'NDUCLT('?(SVPAUD'O SUBMINIATURE
HEADSET s SWITCHES

WW 032 FOR FURTHER DETAILS
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Specification:

220/240 volt 0.4A 22 watt
Type Femo 65FJ

Reach 38 inches (97cm)
Magnification 1.75

Lens dia 4%in (113mm)
Colour Grey

Add Magnifying Lens
Lens dia 2%2in (64mmy
Used with 6FJ l.amp
Total Magnification ca x 3.5

Femo 77J
Bench or Desk Lamp with
optional magnifier attachment

Specification:

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

Detachable magnifier R42
Magnificationca + 2
Colour Light Grey

Made in Sweden

Distributed by:
Special Products Distributors Ltd.,
81, Piccadilly, London W1V OHL.

Tel: 01-629 9556 Cables: Speciprod London W1

WW-009 FOR FURTHER DETAILS

DIL compatible configurations
CMOS and T'TL outputs

Wide temperature ranges

Frequencies one pulse per day to 6o MHz
Muny standard frequencies from stock Interface
Quartz
Devices
More details of specifications from Limited
o 2¢ Market Sireet
/ Crewkerne
Somerset TALE 7]
= Crewkerne og4bn0 71433

Telex ghatigintace ¢

WW 010 FOR FUTHER DETAILS
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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,
10V resolution.
DC/AC current
200uA-2A, 0.01uA
resolution resistance
200Q2-20MQ, 0.01Q
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 volits 200mV-1KV, 100uV resolution. AC volts 200 mV-750V,
100uV resolution. DC/AC current 200uA-2A, 0.1uA resolution.
Resistance 20002-20M¢, 0.1 resolution Low resistance 29 and 2012,
1mQ resolution Conductance ranges 2mS-20uS-200nS

£218.00 mains model

£244.00 mains battery.

8010A 3% Digit LCD
DMM Same spec as
8012A plus a 10Amp
AC/DC current range,
but no low resistance
range.
£167.00 mains model
£193.00 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$2-20MQ, 0.12 resolution.
Conductance 200nS.Peakhold of AC or DC volts and current.
Level detector operates around + 0.8V reference. Audio tone on
level and continuity, £155.00, carrying case £8.00 extra.
8020A 32 Digit hand held LCD DMM. spec as per
8024A with extra conductance range of 2mS but
no peak hoid, 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, £89.00
carrying case £8.00 extra.

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

61-65 King's Cross Road
| —= —
; mm» Tel: 01-278 3461 - Telex 298694
Prices do not inCiude Cartiage or VAT

London, WC1X 9LN
WW —048 FOR FURTHER DETAILS
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Make it for a Song!

T T - -
# ' - %‘erj_‘

The New Maplin Matinée
Am?(ﬁngng';ﬂue £299‘95 + £99.50 for. caint i required.

Easy to build. Latest technology — means less
cost, less components and 80% less
wiring. Comparable with organs selling for up
to £1,000.00. Two 49-note manuals. 13-note
pedalboard. All organ voices on
drawbars. Preset voices: Banjo, Accordion,
Harpsichord, Piano, Percussion. Piano sustain
Sustain on both manuals, and pedalboard.
Electronic rotor, fast and slow. Vibrato
and Delayed vibrato. Reverb.
Manual and  Auto-Wah. Glide
(Hawaiian Guitar Sound) Single
finger chording plus memory. 30
Rhythms! 8-instrument voicing.
Major, Minor and Seventh chords.
Unique wglking bass lines with each rhythm.
Unique countermelody line with each rhythm.
Truly amazing value for money.

Full construction details in Electronics &
Music Maker magazine.

The complete buyers’ guide to electronic
components. With over 300 pages, it's a
comprehensive guide to electronic
components with thousands of
photographs and illustrations and page
alter page of invaluable data Get a copy
now - 1t's the one catalogue you can't
attord to be without

------------------
Post this coupon now for your copy of our 1981
catalogue price £1
Please send me a copy of your 320 page catalogue. I
enclose £1 (Plus 25p p&p). If [ am not completely
satishied [ may return the catalogue to you and have my
money refunded  If you live outside the UK send £1 68
or 12 International Reply Coupons
lenclose £1 25

NTRPLIN

Name._ - —— Maplin Electronic Supplies Ltd
All mailto PO Box 3, Rayleigh, Essex $S6 8LR
Address_____ Telephone Southend (0702) 554155 Sales (0702) 55291 |
Shops
T T 159 161 King Street, Hammersmith. London W6 Telephone (01) 748 0926
WW581 . 284 London Road, Westcliff-on Sea, Essex Telephone Southend (0702) 554000
L------------------ Both shaps closed Mondays

Catalogue now on sale in all branches of WHSMITH & Price £1.00

WW 025 FOR FURTHER DETAILS
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Sivilis
MODEL 3012-R

The S2-R shell supplied with it is
another SME ‘first’ in heavy gauge
aluminium with pin-up and pin-down
bayonet for positive locking. The
sockets of all SME arms employing
detachable shells are double slotted
and therefore compatible with this
design.

Manufacture of the Model 3012 Series |l 12" precision
pick-up arm ended in 1972. In response to many requests
to re-introduce it for professional and hi-fi applications we
have produced the Model 3012-R. It is basically similar to
its classic predecessor but with important refinements in-
cluding:

@ Thin walled stainless steel tone-arm.
@ New design lateral balance system.
@ Extra rigid low mass shell with double draw-in pins.

@ Main weight system with fine adjustment providing a
wide range of balance.

® Geometry optimised for 12" records.

Distortion caused by lateral tracking error is at least
25% less than is possible with a 9" arm and its effective
mass of 14 grams makes it particularly suitable for the
many medium and low compliance cartridges now on the
market.

Full details will be sent on request.

Write to Dept 0663
SME Limited, Steyning, Sussex, BN4 3GY, England
<> Steyning (0903) 814321, Telex 877808 SME G

WW 057 FOR FURTHER DETAILS
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CB

Y R.F. TRANSISTORS
Y INTEGRATED CIRCUITS
Y POWER UNITS

Y MULTI METERS

Y TVl FILTERS

Y ANTENNA ROTORS
Y BOOKS

v CONNECTORS

Y MOBILE ANTENNAS
Y BASE ANTENNAS
Y SWR METERS

Y MATCHERS

Y LINEAR AMPS

Y POWER MIKES

B. BAMBER ELECTRONICS

COMMUNICATIONS HOUSE

5 STATION ROAD, LITTLEPORT, CAMBS. CB6 1QE

HERE IT IS! THE BRAND NEW 8022A
HAND-HELD DMM

Consider the following features
6 resistance ranges from 200
ohm-20 ohms

8 current ranges from 2mA-2A
AC/DC

10 voitage ranges from 200
mv-1000v DC-200 mc-750V
AC

Pocket size
370gms
Fult overioad protection
withstand Bkv spikes
Rugged construction
indestructable

Meets tough military specs
drop progf

In line, pushbutton operation for
smgle handed useage

weighing only
will

virtually

cth for low power consumpnon
Al this plus a 2-year fuil guaran-
tee

For only £89 + var

Carnage and insurance £3

SOFT CARRYING CASE
£7 extra

Even more sophisticated the Fluke 8020A
Idenucal in most respects to the 8022A but in addition incorporates a
conductance range from 2m$S-200nS

Price £125
Carriage and insurance £3.00
A handsome soft carrying case 1s included (this model onty}

SETED, TMK500 f
Y7206 EN L
20,000 OPV 30,000 OPV
AC Volts: 0-10, 50 A sturdy and relable in
250. 500, 1000 situment Has internal
DC volts 0-05. 5 { buzzer
i 25, 126, 250. 500 AC volis. 0 to 2.5, 10
| 1000 25 100. 250. 600
DC Current: 0-0.05. e yolts 0 to 0.25. 1. 25. 10. 25. 100, 250
5. 250mA 1000 DC current. 010 50 ua, 5 ma, 50 ma,
Resistance 0.3k 300k ohms, 3 me |F(es "Enf‘P 010 6K, 60K, 6 meg, 60 meg
ol Decibeis” 20to - 56dB
ADecibels 20 -63dB Shon test: Internal buzzer
@Dims 127 - 90 » 32mm Size: 160 x 110 « 55 mm
£14.95 (inc. VAT) £27.95 (inc. VAT)
P&P £1 P&P£1

OFF THE SHELF ®
DELIVERY ON THESE Y

FLUKE

DIGITAL MULTIMETERS
BRAND NEW FROM FLUKE!!!
NOW AVAILABLE
THE 8024A HAND HELD DMM
This model incorporates alf the features of

the 8020A but in addition has

A peak hold switch which can be used in
AC or DC for volts and current functions
Audible continuity testing and levet de-
tection for sensing logic levels

A temperature (°C) range for use with a
thermocouple £1 55

Carriage and Insurance £3

The tollowing accessones are in stock now

Y8008 Touch and Hold Probe £29
BOK-40 High Voltage Probe £61
81RF RF Probe to 100 MHZ £35
80T-150C Temperature Probe (C) Egs

1

801-600 Clamp-on AC Current Probe

_—

8010A AND 8012A BENCH MODEL D.M.M.s

1he 8010A 1s a general purpose. bench/ portable digital multimeter with more tunctions
and features than ever offered 1or such a low price s companion. the 8012A, has
identical characteristics except that it has two additional low resistance ranges. 24} and
204! 10 replace the 8010A’s 10 ampere current range
The B010A and 801 2A feature.

10 voitage ranges from 200mv
3 conductance ranges trom 2mS -
5 resistance ranges from 2008 20mﬂ
2 and 208

10 current ranges from 2004 A - 2 AC/DC — the B0O10A has two additional current
wanges 10A ACand 10A DC

8010A £167 8012A £218
Carriage and insurance £3
The B010A is also available with two rechargeable Nicad size C batteries installed
in option 8010 at £193. 00

LOW COST, AUTORANGING
MULTI-FUNCTION COUNTER
MODEL 1900A

Auroranging in both trequency and penod measurement modes

Wide Frequency range —5 Hz to 80 MHz

High sensitivity —25 mV, typically 15 mv

Sw digit LED dispiay with leading zero suppression. adtomatic anpunciation and
overfiow

Optionat internal batterv pack Droviding 4 hours continuous oPeration

Autoreset on all gate umes. all funchon switches

Four manually selected gate imes providing resolution 10 0.1 Hz

|000v dc. 200mv - 75v ac

S
the 8012A has two additional resistance ranges

Event counting 1o 10 events with overtlow indicator

Signal iInput conditioning with switchable 1 MHz low pass tilter and atténuator
Rugged moulded case with convenient tilttng / careying handie

QOptional parallel data output with decimal posnt and annunciation

Traditional high Fiuke quaiity
Salf check £23 5 Carnage and insurance £3

[PLEASE ADD 15% VAT |

TO ALL ORDERS
EXCEPT WHERE
ITEMS MARKED

“VAT INCLUDED. "

CALLERS WELCOME
We are open 9a.m.-6 p
Monday-! Saturday
\We carry a very large seiection of electronic
components and
electro-mechanical items
Special quotations on quantities

24

ROTARY STUD SWITCH
PLESSEY 30-way 2
Single pole Contacts 1 amp
v. AC/DC 0D50 res
Make belare break Stop in
finitely adjustable allowing for

any deswed arc of travei Ideal otating n  outer _f] 4
tor instrument and modet perimeter Uniting piate " [
switching Size 2%'' dia has %' ID bearing con I
overalt x 2% deep plus 1% centne with man section \

2 %' did spindle and 18 touth cog

£3.75 (inc. VAT)
P&P 50p

BENDIX MAGNETIC CLUTCH

Superb example ot
eleciro-mechanics Main
body i twe sections co
section fixed with

sleeve dnive section

bank
Dozens ot uses
in Home. Farm

Workshops & Lab

|

wheel Extremely power
tul transmission 24V
DC 240m a

£4.75 {inc. VAT)
P &P 750

ELECTRO-TECH COMPONENTS LTD.

364 EDGWARE ROAD, LONDON, W.2. TEL: 01-723 5667

WWW-americanradiohistorv.com
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Second User Test Equipment, Calibrated to Manufacturer’s original specification.

ACOUSTIC & VIBRATION
3RUEL & KJAER
2203 Sound Level Meter
1613 Octave Filter for Level Meter
2215 Soundmeter inc Octave Fifter
2218 Soundmeter inc LEQ facility
4230 Sound Levsl| Calibrator
4424 Noise Dosemeter
4220 Piston Phone Level Calibrator
2603 Mic amplifier 2 Hz-35 KHz
1014 BF Oscillator 20 Hz-20 KHz
CEL
112 Environmental LEQ Meter Batt op
144 Improved version of 112 model

Prices
om£

450
276
1096
1626
96
376
196
200
150

450
1060

BRIDGES & V and | STANDARDS

FLUKE
341 DC Voltage Calib 104V to 1100V
SENERAL RESISTANCE
DASS6 DC V and | Calib 1uV-10V 30mA
DAS76 DC V and | Calib 1uV-10V 1A
HEWLETT PACKARD
4342 QLC Meter 22 KHz-70 MHz
MARCONI
TF868A Universal LCR Bridge
TF1245 Q Meter 1 KHz-300 MHz
WAYNE KERR
B500 LCR Bridge
B601LCR Bridge RF Osc & Det notinc
B641LCRG Bridge 0.1%
COMMS & CABLE TEST
EQUIPMENT
CHASE
35A Field Strength Meter 20-850 MHz
DYMAR
8801S VHF Radio Telephone — Portabie
883 VHF Radio Telephone — Portable
BC282 Batt Charger for 880/883
HEWLETT PACKARD
3556A psophometer 20 Hz-20 KHz
MARCONI
TF2333 Trans Test Set 30 Hz-550 KHz
NEC
TT5378 Noise & VU Meter —80to +20dBm
PYE
PF2UB UHF Radio Telephone — Portabie
STC
74216A Notse Generator CCIT
74261A Psophometer CCIT
TEKTRONIX
1502 TDR Cable Tester CRT + Recorder
WANDEL & GOLTERMANN
1.DS2 200 Hz-600 KHz sender for gp Delay
LDEF?2 Filters for DLM1
COUNTERS & TIMERS
HEWLETT PACKARD
5300A 6 Digit Display Unit — P/in reqd.
5302A 50 MHz Counter Timer tor 5300
53058 1300 MHz Counter for 5300
5308A 75 MHz Counter Timer for 5300B
5345 500 MHz 11 digit Counter Timer
10590A Adapter 5245 to 5345 Plug ins
MARCONI
TF2432 560 MHz 8 digit Counter
RACAL
9024 600 MHz 7% digit Counter
9025 1 GHz 8 digit Counter
9837 80 MHz 6 digit Counter Timer
SYSTRON DONNER
6053 3 GHz 9 digit Counter BCD O/P
6054 18 GHz 11 digit Counter BCD O/P
5103B Strip Printer for 6053/6054

1676

8560
1100

240
126

99
80
325
12
1380
226

300

260
500
190

790
1860
376

DIGITAL TESTING EQUIPMENT

HEWLETT PACKARD

16008 Logic Analyser 32ch 20 MHz

1600A Logic Analyser 16ch 20 MHz

1607 Logic Analyser 16ch 20 MHz

5011T Logic troubleshooting kit

8016A Dig Word Gen DC-50 MHz 9 x 32 bit
TEKTRONIX

7DO1F Logic Analyser 16¢ch 50 MHz P/in
832 Datacomm Test V24/RS232/1 loop

MAINS TEST EQUIPMENT
COLE
T1007 Volt/ Freq/ Spike Monitor Rec O/P

DATALAB
DL905 Digital Store Spike Monitor

3700
2300
1500

126
3400

2650

1160

10

1150

Prices
from £
DLO19 Mains Interface for DLI0S 300
DRANETZ
606 Ich Volts- Av/ Spike/ Time/ Printer 2626
GAY
LDM AC/DC/Spike/ Time inc Printer 1250
SCHAFFNER
NSG101 Mains Interference Simulator 300
MISCELLANEOUS
COMARK
1601BLS Thermom 10ch 87 + 1000°C type K 78
1604BLS Thermom 10ch —60 +170°CtypeK 82
16258LS Thermom 10ch — 100 +300°Ctype T 90
4642BLS Thermom 10ch —120 +800°C typed 786
N.B. Thermocouples notincluded
SCHWARZBECK
FSME1515 HF Interference Receiver 400
SOLARTRON
1180 XY Interface for 1172/74 T.F.A. 1800
TEKTRONIX
1485C TV Waveform Monitor PAL/NTSC 2300
NETWORK ANALYSERS/
PHASEMETERS
GENERAL RADIO
1710/11/12/140.4-500 MHz 115dB range 2200
OSCILLOSCOPES &
ACCESSORIES
GOULD ADVANCE
OS1000A 20 MHz 5mV 2 Trace TV trig 200
0S1000B 20 MHz 5mV 2 Trace TV trig 260
0S3300B 50 MHz 1mV 2 Trace 2T base 876
HEWLETT PACKARD
1740A 100 MHz 5mV 2 Trace 2T base
Trig View 1300
1804A 50 MHz 20mV 4 Trace Plug-in 826
1825A Dual Timebase Plug-in 500
1805A 100 MHz 5mV 2 Trace Plug-in 625
PHILIPS
PM3211 15 MHz 2mV 2 Trace TV trig 390
PM3212 25 MHz 2mV 2 Trace TV trig 576
PM3214 25 MHz 2mV 2 Trace 2T base 640
PM3233 10 MHz 2mV 2 Baam 2Ch sig delay 400
PM3244 50 MHz 5mV 4 Trace 2T base 1676
PM3262 100 MHz 5mV 2 Trace 2T base
Tr View 1300
TEKTRONIX
465 100 MHz 5mV 2 Trace 2T base 860
4658 100 MH25mV 2 Trace 2T base
+ Probes 1460
475 200 MHz 2mV 2 Trace 2T base 1600
485 350 MHz 5mV 2 Trace 2T base 2100
7603 100 MHz CRT r/out 3 slot M/Frame 1350
7704 200 MHz CRT r/out 4 slot M/Frame 1450
7904 500 MHz CRT 1/ out 4 slot M/ Frame 3900
7A12 105 MHz 5mV 2 Trace Plug-in 390
7A19500 MHz 10mV 1 Trace Plug-in 950
7A22 1 MHz 10uV Differential Plug-in 830
7A24 350 MHz 5mV 2 Trace Plug-in 1060
7A26 200 MHz 5mV 2 Trace Plug-in 690
7B53A 2 Timebase Plug-in 100 MHz Trig 550
7B80 1 Timebase Plug-in 400 MHz Trig 800
7B8S 2 Timebase Plug-in 400 MHz Trig 700
P6013A X1000 12KV Probe 95
P§201 FET Probe DC-900 MHz 300
TELEQUIPMENT
D34 15 MHz 2mV 2 Trace Mains + intbatts 540
D7550 MHz 5mV 2 Trace 2T base 600
D83 50 MHz 5mV 2 Trace 2T base Largecrt 726
TEXSCAN
DU120 Large crt display unit 220
Note: we hold a renge of cameras P.O.A.
OSCILLOSCOPES (STORAGE)
HEWLETT PACKARD
1703A 35 MHz 10mV 2 Tr 2TB 1000 Div/ms 1400
TEKTRONIX
564B/3A6/381 10 MHz 2Tr 2TB 560
466 100 MHz 5mV 2 Tr 2TB 1350cm/us 2850
191210 MH2 2mV 2 Tr 1TB 250cm/ms 590
7313 25 MHz 3 Slot M/Frame split5cm/us 2100
7834 400 MHz 4 Slot M/Frame 2500cm/us 6260
POWER MEASUREMENT
HEWLETT PACKARD
435A 10 MHz-18 GHz Powermeter 475
8481A Type N Coax sensor tor 4364 200
432A 10 MHz-10 GHz Powermeter 276
478A Type N Coax sensor for 4324 90
MARCONI
6460 10 MHz-12.4 GHz Powermeter 300
6420 Type N Coax sensor for 6460 10

Prices

from€
146
136

TF2512 DC -500 MHz Powermeter

TF833A 10 Hz-20 KHz Powermeter
POWER SUPPLIES etc

ADVANCE

1V5S Inverter 24V DC to 240V AC 500W

FARNELL

L308 0-30V variable 1A Metered

FLUKE

4158 0-3.1 KV variable 30mA Metered

ITT

Powerlab Dual 15V variable 1A

MARCONI

TF2154/1 0-30V variable Metered

SORENSON

DCR 300-2.5 0-300V variable 2.5A Meter

VALRADIO

B12/200S Inverter 12V DC to

230V AC 200W
PULSE GENERATORS

EH RESEARCH

122 1 KHz-200MHz 5V 500 RT 12ns

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

MARCONI

TF2026 0.2 Hz-25 MHz 10V 50Q RT 7ns 2

puise

PHILIPS

PM5715 1 Hz-50 MHz 10V vari RT + offset
RECORDERS & ACCESSORIES

BRUNO WOELKE

300
85
660
80
76
460

10

120
120

350

680

ME102B Wow and Flutter meter 75
BRYANS SOUTHERN

BS314 Chart 10" 4 Pen 16 speed 1960
B8S316 Chart 10 6 Pen 16 speed 2500
HEWLETT PACKARD

7015A XY 1pen Adsize 700
7046A XY 2 pen A3 size 996
KUDELSKI

NAGRA 4.2LSP Tape Recorder Portable 1400
MEDELEC

Mscope Combined 4 ch scope + UV rec'dr 1900

OP CONDITION
DCK DELIVER

Tekironix 466 Storage Scope
100MHz Dual Trace. 5SmV/dlv
sensitivity.
Dual/Del Time Base. Writing
speed 1350 cm/us —
complefe with pouch +
probes.

Brand new storage C.R.T.
£2950.

PHILIPS
PM8041 XY 1 pen Adsize 790
PM8251 Chart 10" 1 pen 12 speed 450
RACAL
Store 4 Tape Recorder 4 ch FM 2650
SE LABS
6150/51 UV chart 6 12¢ch 12spd +
6champ 1400
994 6 ch gaivo preamp + DC bridge supply 4560
6008 UV chart 87 25 ch 16 speed 950
SMITHS
RES41 Chart 8 1 pen 8 speed 250
RE501/4701 Cht4"” + XY 1ch 10spd
AC Batt 200
SOLARTRON
3240 Modular Data Logger system P.O.A.
YOKOGAWA
3046 Chart 10°° 1 pen 8 speed 360
3047 Chart 10" 2 pen 8 speed 426
Note: UV recorders are priced less galvos
SIGNAL ANALYSIS
EQUIPMENT
AIRMEC
408 Mod Meter 3 KHz-1.5 GHz AM/FM 260
HEWLETT PACKARD
333A Distortion Meter 5 Hz-600 KHz 396

Zz
‘ aw ¥
x o

Prices

from€

MARCONI

TF2300A Mod Meter 1 MHz-1 GHz AM/FM

TF2330 Wave Analyser 20 Hz-50 KHz

TF2331 Distortion Meter BW100 KHz + Det.

WAYNE KERR

A321 Wave Analyser

Note: see also “’Spectrum Anelysers”
SIGNALFUNCTION/ + SWEEP
GENERATORS

GENERAL RADIO

450
425
340

126

1362 Generator 220-920 MHz 450

GOULD ADVANCE

S$G70 Generator 5 Hz-125 KHz 60082/ 4W 85

HEWLETT PACKARD

204D Generator 5 Hz-1.2 MHz 60082 160

8690B Sweeper mainframe 660

8620B Sweeper mainframe 990

3310A Function 0.05-6 MHz Sin

Sq TriRmp 285

6188 Generator 3.8-7.5 GHz 976

612 Generator 450-1230 MHz 750

614 Generator 0.8-2.1 GHz 825

MARCONI

TF144H/4S Generator 10 KHz-72 MHz AM 550

TF801D Generator 10 MHz-470 MHz AM 266

TF2015 Generator 10-520 MHz AM/FM 850

TF2171 Synchroniser for TF2016 626

TF2012 Generator 400-520 MHz FM 650

PHILIPS

PM5127 Function 0.1 Hz-1 MHz Sin

Sq Tri Rmp 450

PM5129 Func.1mHz- 1 MHz Usual

+ swp/brst 645

PM5131 Function 0.1 Hz-2 MHz Sin Sq Tri 276

PM5326 Gen 0.1-125 MHz AM/FM

swp cntr = 1 MHz 726

PM5326X Gen as 5326 inc 100 MHz Counter 799

RACAL

9081 Gen @ Lock 5-520 MHz AM/FM/@M 1900

TEXSCAN

9900 Sweeper 10-300 MHz 6/in CRT disp 626

VS60 Sweeper 5-1000 MHz 890

TV Markers 31.532.5 35 39.541. 5 MHz 178

LN40OA Log Amplitier 9%

WAVETEK

2001 Sweepar 1-1400 MHz X tal markers 1450
SPECTRUM ANALYSERS

HEWLETT PACKARD

1417/8552B/8555A Complete .01-18 GHz 5800

B445A Pre-selector 0.01-18 GHz 1450

3580A 5 Hz-50 KHz with digi store disp 2400
VOLT/MULT-METER
{(ANALOGUE)

AVO

8Mk4 AC/DC/—VI+Q 70

BOONTON

92C AC/RF 10 KHz-1.2 GHZ % mV-3V 350

HEWLETT PACKARD

400E 10 Hz-10 MHz 1mV-300V (DC-0/P) 89

427A AC/DC/Q AC-1 MHz 19

3400A TRMS 10 Hz-10 MHz 1TmV-300V

DC O/P 390

MARCONI

TF2603 50 KHz-1.5 GHz 300uV-3V 300

TF2604 20 Hz-1.5 GH2 300mV- 300V 425

PHILIPS

PM2454B 10 Hz-12 MHz 1mV-300V DCO/P 250

RACAL

9301 RMS 10 KHz- 1.5 GHz 1001V-300V 650

VOLT/MULTHMETER (DIGITAL)

ADVANCE

DMMT7A 1999FSD AC/DC/V/1/Q 116
BOONTON

92AD 1999FSD 10 KHz-1.2 GHz 10wV res 525
FLUKE

8000A 1999FSD AC/DC/V/H/Q 116
HEWLETT PACKARD

3490A 100000FSD AC/DC/V/9 625
SOLARTRON

A200 19999FSD DC only 1uV-1KV 116
A203 19999FSD AC/DC/V/9 220
A205 19999F SD TRMS AC/DC/V/Q 230

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.
=1 S SR oy

Full detalis and specification of equipment listed, availabie. Because of long copy dates this list Is not comprehensive — ring for inventory

update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fridays). Prices exclude delivery and VAT.

We take Access or Barclaycard.
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@A,‘LCE AP360 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.

M/ HECTROMICS
{ \* aeiopyaines

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

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

AP360 (jacks) . ... £188
AP360 (XLR) ... .. £198

(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

WW 011 FOR FURTHER DETAILS
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F Professional %, %

‘o:,ﬁ,;~9
ASCII Keyboards "3&;’
- J = ‘ A :c_‘:‘ D

-

THE ‘APPLE’ COMPUTER KEYBOARD

52 key 7-bit ASCIi Coded

Positive Strobe, + 5v —12v.

Fult ASCI| Characters

Parallel output with Strobe.

Power Light on Controt

National MM 5740 Chip, TTL Output
Superbly made, size 12x5.5x1 .5in.
Black keys with white legends
Escape, shift, return and reset keys
Complete with Circuit.and Data

Ideal for use with TANGERINE, TRITON, TUSCAN, APPLE and
most computers.

Ex-stock from Henry's.

This is definitely the BEST BUY. Supplied BRAND NEW in
ru N :

> ENRYS

(il

manufacturer’s original packing (ANTI-STATIC).
Just post remittance, total £35.95 (incl. VAT & Post).
(— '. D
==
Computer Kit Division = =
404 Edgware Road, London W2 1ED, England |.E.D. 01-402 6822

Chokes, block filters, ceramic filters, resonators, IFTs, oscillator coils, audio filter  blocks etc.

Now from 10kHz to 20MHz

TOKO'’s recently expanded

LPF series covers from the

audio spectrum through to -
20MHz in a series of LPFs

for mpx, video, radio etc.

7&10mm formats with
up to 4 LC tuned ele-
ments per block. Many
stock types available,

LOW PASS FILTERS A The LPFs are based on
-
-

SIAR[oF VMR IR IR 2 & 3 elements available
TRV | P MBSl Fcaturing low insertion losses,
"'& -80dB at the

_— - +/- 21.4MHz
ey - .
B \ - points. Ask
Y | for details.
|

Sunil 4

VIDEO FRAME STORES

525/625 operation

512 pixell/line

Local or remote control
Top/bottom & L/R reverse
Models available with digitized 1/0

AMBIT international

* % % % %

CERAMIC RESONATORS & .
PIEZO SOUNDERS

7 Audio buzzers now
down to 1kHz - low
cost 400-600kHz 1
crystal replacements
J,.‘-C for MPUs, RCs etc.
Low cost - wide range.

TELEPHONE {STD 0277) 230908

200 NorthService Road, Brentwood, Essex

Video frame stores arc a new add-
ition to TOKO’s memory product
range. They permit easy analysis of
low dose X-Ray pictures, digital
processing of picture information
(including the VFM10D with 8”
disk drive) with much better
resolution than available from VTR

TELEX 995194 AMBIT G POSTCODE CM144SG

WW -019 FOR FURTHER DETAILS
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Now you can shop
in Europe for
Microwave

Chip
Capacitors.

A European source for Microwave and Geramic Chip Gapacitors Eiifkﬂ'ﬁé?,‘éé',°c?f§§n“s"t}i§§{,’
is now available from Pascall who offer the full range from Eurofarad, one of ~ Telephonc: (09527, 87418 Teren. 8814538
Europe’s leading capacitor manufacturers. Eurofarad's specifications meet all

industrial, military and aerospace applications.

4 sizes @ Tinned termination For further details send for

®m E6 & F12 kits available option the Eurofarad Shortform - now!

values frequency - //'5 —onicS
@ Available with ribbon @ High power capability (%7 C‘;u(ﬁﬂad pestinele
leads @ High stability

WW--027 FOR FURTHER DETAILS
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CRYSTALS D ALL PRICES EXCLUDE VAT — CURRENTLY AT 15%

BCRATALS POSTAGE 50p ORDERS UNDER £12 - FREE OVER £12
AM “X/RX

;m "!)/(50 = Terms and conditions of sale: CWO please, MA availabte
HC25U P for schaools, calleges, industrial users etc. Please ask far
FMTX: fund details. ACCESS/BARCLAYCARD may be used for mail
iﬂnf.qHC%U‘ gs | or phone arders {Mastercharge/Visa overseas). Please add
PAIFS. AM 3.10 | enough for overseas airpost {inc cala!gues pse) since the
PAIES. FM 3.25 | airmail rates have been dramatically increased-if January.
CHANNELLING: | 7, listing gixes-a bref_insight inta theswide ange Gf SCTive sme—]
%‘Z’M *': ;’ng' passive components available from AMBIT. Our full catalogues &
5 Mide; 20Kkbiz pricelist include the LARGEST STOCK RANGES OF COILS.
CHOKES, CERAMIC/MECHANICAL/CRYSTAL FILTERS. all
FoMIBT 10.7Mnz. 15khz BW, \ types of radio modules for AM/FM/SSB st sophist-
10M2é0, 10.7Mhz, 2.4%hz BW, icated DIY FM tuner parts in the world{ £1.85 linc) pill get you

SSB, 8 pole. 172 full set of catalogues (pts. 2,3 & 4) or ual section.

TELEPHONE {370 0277) 230903 T7ELEX 535154 AMBITG PUSCODE CM14 4SG
AMBIT international bl LT el R AT

WW 020 FOR FURTHER DETAILS
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G
ACCESSORIES

[COMMUNICATION
ANTENNAS : & 1

(humy)

TELEX

Sole UK. agentsfor:-

* Ni-RiMA

A

me.ss-r DISTRIBUTORS OF = \
CB ACCESSORIES IN THE U.K. come andseon

biggest and best selection of CB Radio Accessories from all the leading manufacturers,including:

SIRTEL [TURNER,<®=
RO 1=

epecialiats ca.

ra HICIPIRIIONG) ==

WIRELESS WORLD MAY 1981

caby ARISTA

-

the antenna

MORE SPEC. FOR YOUR MONEY

TYPE 643 FUNCTION GENERATOR
0.01Hz to 999KHz

SINE. SQUARE and TRIANGLE
DIGITAL SETTING

n‘ ‘ =

DC OFFSET .
L XY "
Sa

PROGRAMMABLE
SIMULTANEOUS CUTPUTS
50 Q MAIN OUTPUT
(10V. attenuable)

TYPE 643A FUNCTION GENERATOR

0.01Hz to 1.1MH:z

-
£122.50

& £3 .carriage, ins. etc.

SINE SQUARE and TRIANGLE
DIAL SETTING
OC OFFSET

PROGRAMMABLE

SIMULTANEOUS OUTPUTS

6000 MAIN oUTPUT
(10V. attenuable]

£106.75

& £3 carriage, ins. etc.

OMB ELECTRONICS , RIVERSIDE, EYNSFORD, KENT DA4 DAE
Tel. Farningham (0322} 863567

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

FROM OMB ELECTRONICS

WW -008 FOR FURTHER DETAILS

/~MICRO SPEECH 2~

DOES YOUR COMPUTER
SPEAKTO YOU?

MICROSPEECH 2 is a stand alone speech synthesizing unit. It
converts ASCII text or phonetic code into a speech output.
MICROSPEECH 2 may be interfaced to any computer system
because all the computation necessary to synthesize speech is
performed by its own dedicated microprocessor. Up to one thousand
phonetic characters, representing about one minute of speech, may
be assembled in the unit’s internal buffer before it is commanded
1o speak.

FEATURES

® Extremely low data rate
required (40 bits/sec.)

@® Runs from phonetic
code, giving unlimited
vocabulary and simple
operating software.

English to phonetics
translator allows opera-
tion directly from or-
dinary text.

Uses standard RS232/
V24 interface.

Totally self contained
withinternalloud-
speaker and power sup-
ply.

No need to worry about
complex interfacing or
support software.

PRICE £950 + VAT

Available from:
TIM ORR DESIGN CONSULTANT
55 Drive Mansions, Fulham Road, London SW6
(01) 7312077

COSTRONICS ELECTRONICS 13 Pield Heath Avenue
\ Hillingdon, Middlesex. Uxbridge (0895) 38791

/

www americanradiohistorv. com
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\ 2,
BULK EPROM 4,2 3,

Y,
4

2P

"/0[1,4;0}

A0
PROGRAMMING s

P4000 PRODUCTION 4’5‘ &
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) EPROMS may be selected without
hardware or personality card changes.

PRICE £545 + VAT. Postage paid

BULK EPROM
ERASING

&
4. '00*

—O RAABER LY 41 i e

———
- prwom $RASIR UVIAO
— ——

— -t

=S ——— e

MODEL UV141 EPROM ERASER

14 EPROM capacity

Fast erase time

Built-in 5-50 minute timer

Convenient slide-tray loading of devices

Safety interiocked 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 25-49 50-99 100up 04'
2716 (450ns) £6.00 £550 £5.00 £4.50 €4.20
{single rail)

2708 (450ns) £390 £350 £3.10 £2.90

Postage and Packing is inciuded in ali 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
Telex: 42596

DISTRIBUTORS REQUIRED - EXPORT ENQUIRIES WELCOME

WW—064 FOR FURTHER DETAILS

LO

WEST PRICES — FASTEST

MICROCOMPUTER COMPONENTS

DELIVERY

21

OFFICIAL ORDERS WELCOME

MIDWICH COMPUTER CO. LTD.

Ali Prices exclude post and packing on
order under £10 (50p) and VAT {15%).

ALL ORDERS DESPATCHED ON DAY
OF RECEIPT WITH FULL REFUND FOR

(Dept. WW,

)
HEWITT HOUSE. NORTHGATE STREET
BURY ST, EDMUNDS, SUFFOLK IP33 3HQ

TELEPHONE: (0284) 701321
TELEX: 817682 MIDCOM G

WwANAN-amereanradiohister~ecom

DEVICE PRICE { DEVICE PRICE DEVICE PRICE
CPUs
{ 74L818 0.15 | 74LS379 0.56

6502 650 | 74520 0.14 | 74LS386 0.29
6800 382 | 741571 0.15 | 74LS390 0.68
6802 13-;‘; 741522 0.15 | 74LS393 0.61
gggg 1894 | 74526 0.19 | cmos
80854 10.95 74LS27 0.15 4000 0.14
LSy ega | 74LS28 017 | 4001 0.14
78 8.23 74LS30 0.14 4002 0.14

0A 2 74LS32 0.14 | 4006 0.85
SUPPORT CHIPS 74LS33 0.17 4007 0.18
6520 3.50 | 741837 0.17 | 4008 0.75
6522 6.50 | 74/538 0.17 | 4009 0.39
6532 8.25 | 741540 0.14 | 4010 0.47
6821 1.93 74L.S42 0.40 4011 0.17
6840 5.87 | 741547 042 | 4012 0.23
6850 195 | 741548 070 | 4013 0.42
6862 7.09 | 741549 062 | 4014 9.78
6871AIT 2090 | 741851 0.14 | 4015 0.80
6880 1.07 | 741854 0.15 4016 0.34
6887 0.80 | 741S55 0.15 4017 0.68
8212 2.25 741873 0.22 4018 0.75
8216 195 | 741574 0.19 | 4019 0.44
8224 250 | 741575 030 | 4020 0.82
8228 4.20 | 741576 022 | 4021 0.88
8251 475 | 74/578 025 | 4022 0.84
8253 10.00 | 74583 054 | 4023 0.23
8255 4.80 74LS85 0.77 4024 0.49
280CTC 475 | 741586 0.18 | 4025 0.19
Z80A CTC 5.78 74LS90 0.36 4026 1.28
780 DMA 17.62 74LS91 0.81 4027 0.44
ZBOA DMA 21.02 74LS92 0.40 4028 0.80
280 DART 13.44 741593 0.39 4031 1.85
Z80A DART 16.13 741595 0.48 4033 1.70
Z80P10 475 | 7415109 0.26 | 4034 1.99
Z80A P10 5.78 | 7415112 0.26 4035 1.05
Z80510-0 2011 | 7415113 0.26 | 4036 275
Z80S10-1 2011 | 7415114 026 | 4039 2.95
280 510-2 2011 | 7418122 045 | 4040 0.83
Z80A S10-0 24.17 | 7418123 057 | 4041 0.80
Z80A S10-1 2417 | 741S124 1.07 | 4042 0.68
Z80A S10-2 24.17 | 7418125 0.29 4043 0.78
MEMORIES 74LS126 0.29 4044 0.78
2101 3.68 | 7415132 051 | 4045 1.70
2102 254 | 7415136 0.29 | 4046 0.95
2114 200ns 1.50 | 7415138 0.40 | 4047 0.98

08 200 | 7415139 0.40 | 4048 0.54
2716 (5v) 3.35 | 7415145 0.78 | 4049 0.34
2732 878 | 7415148 113 | 4050 0.37
4116 150ns 1.60 74LS151 0.35 4051 0.78
4116 200ns 150 | 7415153 0.35 4052 0.78
REGULATORS 7418155 050 | 4053 0.78
7805 055 | 7415156 0.50 | 4054 1.28
7812 055 | 7418157 0.36 | 4055 1.23
7905 065 | 74.5158 0.40 | 4060 1.08
7912 065 | 7415160 043 | 4063 1.18
CRT CONTROLLERS 7415161 0.43 4066 0.46
9364AP 8.64 | 7415162 043 | 4067 4.25
6845 172§ 7419163 0.43 | 4068 0.25
BUFFERS 7415164 051 4069 0.19
81LS95 120 | 7415166 0.37 | 4070 0.29
81LS96 1.25 | 7418173 0.77 | 4071 0.24
81LS97 1.20 | 7418174 0.78 | 4072 0.24
81LS98 125 | 7418175 0.60 4073 0.24
8T26A 150 | 7415181 1.50 4075 0.24
8728A 1.50 | 7418190 061 | 4076 0.83
8T95N 1.50 | 7418191 0.61 4077 0.29
8T97N 150 | 7415192 069 | 4078 0.26
8798 1.50 | 7415193 0.69 | 4081 0.24
MISC. SUPPORT 745194 042 | 4082 0.24
CHIPS 7415195 042 | 4085 0.57
AY-3-1015 429 | 7415196 0.68 | 4086 0.70
AY-5-1013 429 | 7418197 0.68 | 4093 0.53
AY-5-2376 7.00 | 7415221 0.64 | 4502 0.99
MC1488 0.75 | 7415240 1.01 | 4507 0.45
MC1489 075 | 74LS241 1.15 4508 2.7
MC14411 8.75 | 7415242 0.85 4510 0.83
MC14412 8.75 74L5243 0.85 4511 0.63
RO-3-2513L 7.82 | 74LS244 0.84 | 4512 0.79
RO-3-2513U 7.82 | 74LS245 121 | 4514 1.93
DATA CONVERTERS 745247 041 | 4515 2.98
ZN425E 3.50 | 74LS248 0.74 4516 0.89
ZN426E 3.00 | 7405249 074 | 4518 0.89
ZN427E 6.28 | 74LS251 046 | 4519 0.68
ZN428E 4.78 74LS253 0.46 4520 0.89
ZN429E 2.10 74L5257 0.57 4521 2.05
ZN432 28.09 | 74L5258 040 | 4522 1.45
ZN433 2259 | 74LS259 1.15 4526 0.95
Data Converter 74L5261 3.12 4527 1.20
Handbook 1.00 7415266 0.25 4528 0.99
74LS SERIES 74L5273 0.97 4532 1.15
741500 0.14 | 74LS279 037 | 4541 145
741501 0.15 | 74LS283 0.45 | 4543 1.45
740502 0.1a | 74LS290 0.60 | 4553 3.10
740803 0.14 74L5293 0.53 4555 0.50
74LS04 0.15 | 74LS365 0.39 4556 0.59
741505 0.15 74L5366 0.38 4566 £1.90
741508 0.14 | 74L5367 038 | 4585 1.35
74LS09 0.15 7415368 0.38
740810 014 | 74LS373 0.79
74LS11 0.15 | 74LS374 079 | CRYSTALS
741512 0.15 | 74LS375 050 | 4MHz 2.20
740813 029 | 74LS377 0.97
74LS14 051 | 74LS378 073 | E.&OE.

QUANTITY DISCOUNTS AVAILABLE

OUT OF STOCK ITEMS.
24.hour Telephone Credit Card Orders

TELEPHONE (0284) 701321

CREDIT,CARD ORDERS WELCOME
WW - 077 FOR FURTHER DETAILS
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COMPUTER SPEECH PROJECT

ADD VERBAL OUTPUT TO A COMPUTER OR LOGIC
SYSTEM OF ANY KIND

Modus Systems Ltd. can now supply a range of fixed-voca-
bulary speech synthesiser boards to aid in the evaluation
and addition of speech to any computer or logic device. The
words available are basic and revolve around numerical
words such as “two”, “thirty”". “pounds’, etc. The units of
particular interest, produced by Telesensory Systems inc.
{TSI) are the 24 and 64 English units, consisting of a control-
ler chip and one or two 2K ROM’s, respectively.

Interfacing depends upon three main systems: logic,
power and audio sections, Modus Systems have developed
a General Interface Board which includes all of these as-
pects and permits easy interfacing to your logic system.
Two levels of power supply are required. One {+5 Volit) is
expected to be supplied from the microcomputer. The other
is suppiied from a power supply on the interface board,
which aiso includes all necessary interfaces to the compu-
ter. The board also has an edge socket in which the speech
board sits, and a plug and socket for ribbon cable connec-
tion to a computer. A small 10 to 15 Voit transformer is
required for power and an 8 Ohm speaker for the voice
output

A computer is by no means necessary to use the speech
board. Any device {even a bank of switches!} which gives a
6-bit word to signify which word is to be spoken, along with
a start signal will control the unit. Applications include
speaking clocks, telephone answering, games, calculators,
audio readout in industrial control applications, etc., etc.

Vocabularies and prices:

S2A (£44.95 + 80p PP + VAT: SPECIAL INTRO OFFER).
24 - Calculator type words: 09, +, -, x, etc.
S$28 (£69.50 + B0p PP +~ VAT), 64 words.

LOW COST
SYNTHESISED
SPEECH

MODUS SYSTEMS LTD.

Phone Letchworth (04626} 74468/76392
29A EAST CHEAP, LETCHWORTH, HERTS. SG6 3DA

GET TO GRIPS WITH THE MICRO PROCESSOR
ITSELF WITH

THE EDUKIT

you can even make it talk with our
speech board!

FULLKIT £38.95 + 80p PP+ VAT

Designed by Dr. A. A. BERK

LOWCOST
EDUCATIONAL

MICRO-
COMPUTER

O

O

TECHNICAL SPEC.

** CMOS 1802 Processor (RCA) — excellent MPU for contro!.
** 256 bytes of RAM — plenty for learning machine codes.

** Hexadecimal display — large and readable.

** Full hex keyboard — positive “click” type switches.

** Full manual — starts at soldering, ends with control circuits.
** Loudspeaker output — simple audio experiments.

** Excellent for all ages from secondary school level upwards.

As for S2A plus “ten”, “twenty’. etc.. “pounds’, “cm’,
“ounces’’, etc.

S$2C (£69.50 + BOp PP +~ VAT), 64 words.

FULL ASCll set — each ASC11 Code verbalised in sequence.
N.B. 24 word French, German and Arabic boards also avail-

able.

Interface Board (Kit) (£14.95 + 80p PP ~ VAT).

S2A, B, C board plugs into on-board socket. This PCB contains fatches, audio filter,
PSU, audio ampilifier, 1/0 plug and socket.

%% SERIES 3 SPEECH BOARDS
SPEECH

The new Series 3 Board {S3D) includes all the interfacing necessary on the PCB,
plus an extra (EPROM) socket for custom words. The S3D is a single/supply (Plus 5V)
board with audio amplifier included. S3D £180 (1/off price).

Extra words (1 only charge).

INCLUDING UNLIMITED

The EDUKIT has proven a great success providing an excellent introduction to
silicon chip technology from the bottom upwards. Many schools and colleges
are using the kit, and sales now extend world wide. The machine is not meant to
form the basis of a large and expandable personal computer system. The EDU-
KIT teaches all those things which a purely BASIC running machine cannot; i.e.
the basis of hardware electronic control, down-to-earth Bits and Bytes, Machine
Code, etc. — and all this at a really throw away price. The manua! is written by
Dr. A. A. Berk to impart educational understanding from the beginning.

1802 USER'S MANUAL (essential for full understanding of MPU used in EDUKIT)
£4.75 + 50p PP.

FULL SOCKET SET for EDUKIT: £2.99 + VAT (PP included).

For words already in our texicon, the cost per word is: £100, new words (in any
accent): £200 per word.

% % COMING SOON

Series |ll speech board containing 119 words and all interfacing necessary on a
single PCB (requires a single +5V supply only). Spare ROM socket may be used for a
custom vocabulary.

See P.E. Dec. ‘79 and Jan. ‘80 for full description of programmer, along with interface to

EPROM PROGRAMMER P.C.B. £8.95 {fully inc.)
{For 2708s and multi supply 2716s)

MPUKIT

WW - 064 FOR FURTHER DETAILS

Memories
2114L-300ns
4116-200ns ....
2708-450ns

74LS series

74LS240........... et ——— e ————————
74L.S5243.
7415244

Bridge Rectifiers
25 Amp 50 volt ........ = ORI -
25 Amp 100 volt .......
25 Amp 200 volt ..ccceviieeeni,
25 Amp 400 volt
25 Amp 600 volt ...
25 Amp 800 volt

Please add 50 pence for carriage.
All prices EXCLUDE VAT
Please send s.a.e. for price list.

STRUTT LTD.

ELECTRONIC COMPONENT DISTRIBUTORS
ETC.
3c BARLEY MARKET STREET, TAVISTOCK
DEVON, ENGLAND PL19 0JF

Tel. Tavistock (0822) 5439/5548. Telex: 45263

Audio

power meter

Imowdance, Gams

Pl
ANELL 45 POWER METEY ¥rog 2088

ImRSae  Mungpe,

-
Wide range:

* 30Hz to 30k Hz

*¥1-2 to1000 0

* decibel scale-18dBm to + 47dBm

* 10uW to 50W
% mains/battery

FARNELL INSTRUMENTS LIMITED
SANDBECK WAY -WETHERBY
WEST YORKSHIRE LS22 4DH
TELEPHONE (0937) 61961

WW - 047 FOR FURTHER DETAILS
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The Professionals  awessemconouctors.

& COMPONENTS for:-

Communications, Displays,
Radar, Computer,
Audio etc.

Hall Flectric Limited.
Electron House,

Cray Avenue, St. Mary Cray.
Orpington, Kent BRS 30J.
Telephone: Orpington 27099
Telex: 896141

MIN DEF APPROVAL 0529/0531

WW-022 FOR FURTHER DETAILS
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Crimson modular audio amplifiers feature: g Low values
of transient and steadystate distortions ®Envelope distor-
tion (below 500 Hz) less than 0.05% fgon-board elactronic
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.

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 ampiificationis required.
The power amplifier modules range from B0WRMS 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
Crimson purpose designed types. Input sensitivity is set at 775mV and power supply requirements are,
catered for by one of the three Crimson toroidal power supplies. The Pre-amplifier module (CPR1) is.
basically a phono amplifier with sophisticated circuitry incorporating R.I.LA.A. equalisation. Aiso on
board is auxiliary amplification for tape and tuner inputs. A separate module (MC1)} is also available and
gives the required boost for low output moving coil type cartridges. External components required are
potentiometers for volume and balance, switches for signal routing and a regulated L 15V D.C power
source (REG1). Complimenting this range, are the electronic crossover modules X02/X03 which, with a
special muting board (MU 1) can be incorporated in all types of active speaker systems,

Numerous applications are possible with Crimson modules. For example, a complete Hi-Fi Pre & Power
ampilifier of 40-125WRMS/channel can be built using our Hardware kits (see Hobby Electronics review

August 1980). Alternatively, Mono or Stereo slave amps of up to 500WRMS can be built into proprietory
| flight cases, while other uses include active toudspeaker systems such as designed by R.l. Harcourt in
Wireless World October/November 1980. Further details of how to use the modules are contained in the
Users/Application Manual available at £0.50.

Stow Senshilvity T H D ftypl FR
1 5Kz 50KNz 1 3dB)
1 5Hz 50Knz 1 308
1 5Hs 50Kns 1 3ob

wvhs
VIS
30VH
WS
1% 30V s
St VS

75my £ 0035%

1 5Hz 50K ( 30B

1 5Hz S0Khz « 3dB

1 5H; 50Kn. | 308
20H7 20k
20H7 20Ky

Output
Output
Outpyt

o ey

Power Supply Modules
CPS1i80VAI
€PS3{150VA)

-PS6 1250V A1

anywhere in the UK. COD
£1.00extra. tLirmit £100).
Export- -Payby Access y/
Master Charge, Visa

Card. or wnite for
pro-torma

[ crimsonbekirik

9 CLAYMILL ROAD, LEICESTER LE4 7JJ, ENGLAND. Tel. 0533 761920. Telex 34694 Chamco G CRIMLEK ¢

RUBBER DUCK TO LOGI BAIRD -
SAY 6OOP BUDDY, WHERE DO / GET
TRANSISTORS AND /C's FOR

C.B. AND R.F APPLICATIONS ?

ANGLIA' OF COURSE /! THEY ARE
THE UK's LEADING SUPPLIER
OF MOTOROLA & JAPANESE
TYPES!

_ BURDETT ROAD, WISBECH
CAMBS PE132PS
OMPONENTS TE - 0945 63281
TELEX 32630

Anglia is a franchised distributor with a wide product
range. Our catalogue is available to all professional users

[ PRODUCTION

TESTING POWER UNITS

Now available with
3 0UTPUTS

DEVELOPMENT

SERVICING

Type 250VRU/30/25

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

ALL
Continuously
Variable

| Valnads

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

WW-031 FOR FURTHER DETAILS
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NEW FOR 1981
WIDE COVERAGE
VHF BAND RADIO

DIRECTION FINDERS
MODEL ADFS-320

AUTOMATIC DIRECTION FIRDER

e ® o -
o -

e« 108 to 174 MHZ tuning range now
standard.

e 70-250 MHZ, 25-250 MHZ, and 100-500
MHZ ranges also available.

e Compact, rugged, and lightweight for
portable use — battery or AC operation.

e Interchangeable antenna mounts for
land vehicle, aircraft, ship, field, and
base-station installations.

e Synthesizer tuning in 1 kKHZ increments
— plus options for 1to 99 preprogrammed
frequency channels.

e Efficient CRT direction display for
homing and tracking applications.

« Digital bearing readout, scanning circuit
and computer-operated “remote con-
trol” system also offered.

O A R division of
= = a General Indicator Corp.

10447 Roselle St., San Diego, CA 92121 U.S.A.
Telephone (714) 453-4013 e TELEX 697852
Cable: OAR CORP

OAR

WW — 067 FOR FURTHER DETAILS

LOOKING....

FOR
INEXPENSIVE, HIGH QUALITY

COLLET KNOBS

s N

OFF THE SHELF CUSTOMISING

Body Options

10, 14, 21, 29 & 38mm dia. circular, with
or without wings in black or grey gloss finish.
14 & 21mm dia. circular in black, grey or red
matt finish.

Push Fit Caps

In black, grey, red, yellow, green, blue, ivory
or chrome plate, gloss finished caps are plain
or lined, matt finished caps are plain or
arrowed.

Lined & Plain Nut Covers

For hiding control mounting nuts on smaller
knobs, in black, grey, red, yellow, green, blue
and ivory.

Multi-Coloured Pointers

Push fit onto base of knob in black, grey, red,
yellow, green, blue and ivory.

Indicator Dials

Sectored, arrowed or numerically scaled in
grey, black or transparent.

Shaft Diameters

1/8'" as standard for 10mm bodies, 1/4"
standard for all other sizes plus 3, 4 and 6mm
to special order.

Our prices won't make your eyes water

Zaerix Electronics Limited
46 Westbourne Grove, London W2 5SF, England

Tel: 01-221 3642 Telex: 261306

WW - 069 FOR FURTHER DETAILS
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This, the second in the

Junior Computer Book

series, follows in a logical

continuation of Book 1

and is an indispensable aid

to users of the Junior Com-

puter. The book contains a

detailed appraisal of the software.

Three major programming tools, the

| monitor, an assembler and an editor, are dis-
cussed in detail together with practical proposals

l for input output and peripherals. The complete source
listing with relevant comments for all described programs,

and the entire contents of the EPROM, are included.

JUNIOR COMPUTER BOOK 2 is available now from:
Elektor Publishers Ltd., 10 Longport, Canterbury, Kent CT1 1PE.
Price UK £4.75, overseas £4.95 inc. postage and packing.

JUNIOR COMPUTER BOOK 1 is also available —
Price UK £4.25, overseas £4.45 inc. postage and packing.

WW—053 FOR FURTHER DETAILS

L YT Ty

R 4
St

100R Tk 10k 100Nk
10R tk Tk 10k
METALFILM RESISTORS & | &
0 g 5 5 5
1% Tolerance, VaWatt > . = =
180R 1k8 18k 180k
220R k2 22k 20k
N %382 k4 4k 240k
! 2k 27k 270%
I = 300R 3k 0k
n e l 330R 3k 33k 330
360R 3k 36k
390R 3k9 3%
1308 ax 23k
470R 4 47k 470
o e ) it 5108 Bx1 51k
¢ N s60m Skt 56k 560k
4 20R Bk 62k
,qsqg., en e a . 680R % 68k 680k
{ C iU |- ~ 750R Tk 75
820R Bk 82 820k
hars = ™
‘U w

910R 9k 1 9 .
ONLY 3p EACH Special Offer: 5 PCS of EACH (445 RESIS.

Mimimum erder £10
Minimum 5 pcs per value
89 Values (E24)

TORS) ONLY £11.50.

High Quality High Stability, Huge
Strength.

VAT inciusive. Add £1.00 p&p all areas.

ORION SCIENTIFIC PRODUCTS LTD.
10 Wardour St., London W1

Only £129-95 plus VAT —

High precision, performance, reliability at a very — —

low price. The HFC 60 high frequency counteris based on
TV TUBE REBUILDING

the very latest LS| technology.
Faircrest Engineering Ltd manufacture a comprehensive

Bright 8 digit 0.5" LED display.
Mains input for normal use.
DC power input, 9-16 volts. for mobile use.

Tough anodised metal case, neat tilt legs.

Model HFC 60 — £129 95 plus VAT (60 Mhz).

Model HFC 600 with high gain X10 UHF pre-scaler
extends operation to full 600 Mhz — £159.95 plus VAT.
Proportional temperature controlled crystal oven
available for both models. Supplied fitted or as easy
‘add on’ £30 extra plus VAT.

Get full details on these
and our other models now. Why pay more?

BRALLV] w

DRALLIM DAVIS ELECTRONICS LTD
Brett Drive. Bexhitl-on-Sea. East Sussex TN40 2JR Telephone (0424) 216611 Telex 95285

& 000000

WW-029 FOR FURTHER DETAILS

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 tull details of our service contact Neil Jupp

FAIRCREST ENGINEERING LTD.

Willis Road, Croydon, - CRO2XX.
01-684 1422/,01-684 0246

WW -042’FOR FURTHER DETAILS
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@®ALL MODELS ON DISPLAY

® RETAIL —~ MAIL ORDER —
EXPORT — INDUSTRIAL

@ OPEN SIX DAYS A WEEK

® CALL IN AND SEE
FOR YOURSELF

® ORDER BY POST OR TELEPHONE
WITH BARCLAYCARD/ACCESS

® ELECTRONIC TEST

EQUIPMENT
SPECIALISTS

@ ALL PRICES INCLUDE VAT

A range of Scopes in stock from 5mHZ Single Trace to 50mHZ Dualtrace
Mains and Battery/Mains portables. Many on demonstration

‘ S|NGLE TRACE (UK c/p etc £2.50) ggé}gﬁé%gvét,l_'éics/g:;cﬂsm

£267.00
Hm 307-3 10mHZ. 5mV, 6 x 7 cm display plus component test ~ £158.78 n i
825 (1 o B 10ums S apay Y
SC110 10mHZ Battery portable, 10mV 3.2 x 2.6cm display (Optionai case  coqeeta’y 1? HZ10MV 5 displa
£8.86. Nicads £8.63 Mains unit £5.69) £158.95 (o cen ZOmnl-:Z, 5mV, 5" displgy Yi £339.00
b E3a500 *LBO3085 20mHZ, 2mV, 5 x 6.3cm display. Battery/mains. Portable
Ha ! built-in Nicads d
V151 16mHZ 1mV 5" display £241.50 HM412-4 20mHZ, 5mV, 8 x 10cm display plus Sweep Delay S?}ggg
/P UK £2.50 CS1577A 35mHZ, 2mV, 5" display Y
%ﬁ,ﬁ%ﬁ"}g ?ztn{é%lezAQEHZ%zm 20 €S1830 30mHZ, 2mV, 5 display plus sweep delay and delay Ilneﬁsge‘;’;
i i - | N model d
OPTIONAL PROBES (ALL MODELS) Hm 512-8 50mHZ, 5mV. 10 x 8cm display. Delay Sweep gggzoo
XI£6.50, X10 £8.50, X100 £12.95, X1-X10£10.95 *\L}zg’;}g‘oﬁ”f’ o ‘g.m\f’5 display £294,00
773 HAMEG @ TRIO @ SINCLAIR @ LEADER @ HITACHI :vaoz 3omHz' 1mv' 2 d::glg; fraTtE
< 0 HNote price includes free Prabefs) XV550 50mHZ. 1mV. 10 x 8cm Delay sweep + 3 channe! display £799.25
—— i ——
GENERATORS "PRO’ MULTIMETERS SWR/FS AND vxce o
$G402 100 KHZ 30mHZ with AM mod- | (UK c/p £1.20) POWER METERS
(UK ¢/p £1.75) ulation £68.00 | M1200 100K/Voit 30 range plus AC/DC —~ -
A range of Signal Generators to cover Audio, LSG16 100KHZ (300mHZ on Harmonics 15 amp £67.00 = P
RF and Pulsing. Mains operated ( rmfgé 215 K1400 20K/Volt 23 range large scale ‘ )
: £79.95 )

LSG231 100m HZ 1mHZ {adjustable) FM
stereo generator, pilot and mod £195.00

PULSE

2001 1HZ 100KHZ {furction)

Range in siock covering up to
M1500 20K/Volt 42 range plus lf\g:é%% 150%}42 and up 16 1K watt
10amp . power PL259 sockets. Also 25

K200 38 range FET 10m OHM input mHZ Grid Dipmeter.

£89.70 | 20Hz10 30MHz multimeter ___£95.00_§ SWRSIIC SWRFS 3.150mHZ
€9250 [ LOGIC PROBES/MONITORS] swrso swh/power meter- 3

I ey
! * I

L R TG1055HZ 5mHZ
> 4001 0.5HZ SmHZ £109.25 i indicating hi 150mHZ 0-1000 watts  £13.95
—E 200P 0.00 2H2 5.5mHZ £253.00 ;{’a%;‘:’h‘;tt’iscg’;‘é'scac‘a'ﬂgn?ifsh/){,"wcgrectj;{ 10 SWR/Power 172-144mHZ
. 200SPC as 200P plus built-in freq. powered for all ICs ’ 0/10/100 watts £11.50
—— & l . display/100mHZ courter £437.00 | Up3'50 MM logic prob g55.95 | 171As 110 Twin meter plus E/S
5 i (eJIel [SXtelel g . £14.5
TG00t Tnction IO £90.85 | | p1 10 MHz logic probe £35.50 | pius rarge range of BNC/PL259/
. Py AUDIO (il sine/souare) LP2 12 MHz logic probe 219.95 etc Ie?ds plus atdar.;tors/connec
mm > i i 00 tors always in stock.
[} -&é_, AG202A 20HZ 28'?'(“2 259-00 tgﬂgogzgég Elcilr;lltgéic probe with c:?se }Zg HZSVgRsf'gowe:/F%I 12‘51
= LAG26 20HZ ~ 200KHZ 73.60 £51.00 m watt Plus 25
G203 10HZ— 1mHZ sine/s £126.50 i 1 40mHZ ac match 1560
LEADER @ TRIO @ NEWTRONICS @ LEVELL ’L\AmgOA Rz Rz, Sl Qr‘fdot;rne:é%%arrzgge of Protoboard kits  § KDMé Gnd Dip 1 W2SOmHZ

A range of LED and 1CD Bench and Hand DMMs battery operated with
optional Matns Adagtors, some with optional Nicads. All supplied with

DIGITAL MULTIMETERS icn = e e e e -

HAND HELD (kpostetcssp)  pmass 31 Digit LED 21 ranges, 0.5%

MULLIMETERS (L’JK C/-p 75p)

e

L

GL35C 3’ Digit LCD in AC/DC with AC/DC2A £60.38

case £3750 DM350 3% Digit LED 34 ranges AC/DC

TM352 37 Digit LCD plus 10A DC and 10A £83.38

Hfe checker £54.95 TM353 32 Digit LCD AC/DC 2 amp

ME502 32 Digit LED plus 10A DC and £96.60

Hfe checker £43.95 TM351 3%2 Digit LCD AC/DC 10 amp

LM2001 3'%2 Digit LCD 2 amp AC/DC £113.85

0.1% £51.70 LM1003%; Digit LCD AC/DC 2 amp

6200 32 Digit LCD 0.2A AC/DC. Auto £86.50

range £45.95 DMA450 4% Digit LED 34 ranges AC/DC

6220 As 6200 plus 10A AC/DC  £55.95 10amp £113.85 | \rT101 1k/volr 10 range pocket A

6100 As 6200 plus Cont. test/range (DM series options. Carry case £8.86 | ATMI/LT1 1K'Vo|0r 12“%i8e pocket £5.98

— - hold £69.95 Ni-cads £8.63 Mains adaptor £5.69} NH55 2K/Volt 10 range pocket £6.50

W e gy l O spmmnanman e l 6110 As 6100 plus 10A AC/DC  £85.95 1503 4% Digit LCD 28 range AC/DC 10 } ATi2K/Voit 12 range pocket de iuxe £7.75

TM354 3%~ Digit LCD 2A DC £45.95 amp includes mains adaptor £159.95 TMK500 30K/V 23 range - 12ADC « conts  £22.75

YN360TR 20K/Volt 19 range pocket pius hfe test
£13.50
AT1020 20K/Volt 19 range d/i plus htetest £16.95
7081 50K/Volt 36 range plus 10 amp DC £20.80
TR303TR 20K/vott plus 12A DC plus hfe test £15.95
AT20 20K/Volt 21 range de luxe plus 10A DC and
i 5KV DC £21.95

CLAMP METERS/
INSULATION TESTERS

{All multirange except K2303)

FREQUENCY
COUNTERS

Portable and Bench LCD and LED Counter}
up to 600mHZ. Prices include batteries and
leads.

HAND HELD 1 AT205 50K/Voit 21 range d/t pius 10A DC £24.95
(UK post etc 85p) 7080 20K/Volt 26 range large scale, 10A DC pius

PFM200 20HZ to 200mHZ 8 Digit LEC £57.27 aKgacDe £25.85
4 AT205050K/Volt 18 range d/! pius hfe test £28.50

MAX50 100HZ to 50mHZ 6 Digit LED £56.35 A AT210 100K /Volt 23 range d/I 12A AC/DC  £29.95

MAX550 30KHZ to 550mHZ 6 Digit LED

360TR 100K/Volt 23 range plus hfe checker and
£97.00

AC/DC 10 amps £34.95

BEN CH PORTABI_ES K2303 30 AMPS 500 VAC  £21.95 KRT 500 1 50K/V range doubler 1'VADC £16.50
T 3101 300 AMPS 600 VAC 1K OHM ETCS000 As a%o}:gsvslté\;:gg)&r&d Sé:ales £17.95
c/p £32.95 K’
MAX100 8 Digit LED 5HZ to 100mHZ £89.00 [N e e TOR T LARGEST SELECTION
TF200 8 Digit LCD 10HZ to 200mHZ £166.75 g
7010A 9 Digit LED 10HZ 10 600mHY £169.00 | K2303 900 AMPS 750 vac 2k | Ty GENERATORS
TP600 600mHZ Pre-Scaler for TF200 £43.13 K3103 Transistorised insulation/ LCG-393V PAL 8VHF 6 patts £143.75
200SPC 6 Digit 100MHZ LED built into continuity tester. 100 MEG. 600 LCG-392U
0.002HZ to 55 MHZ Pulse Generator VAC 0/272K £95.00 PAL B UHF 15 patts £228.85
£437.00 MS500 Insulation tester 100 MEG. LHM 80A 40KV '
TF040 8 Digit LCD 20MHz ................. £126.50 500 VOLT. 0/200 OHMS contingiiv HT metre £18.40
CSC @ SINCLAIR ® OPTOELECTRONICS @ NEWTRONICS Also digital and DC types in stock c/p 90p

Stockists of electronic equipment, speakers/kits, PA equipment plus huge
range of accessories @ UK carriage/packing as indicated @ Export — prices on request
@ All prices correct at 1.4.81 E & OE @ All prices include VAT

Limited

AUDIO ELECTRONIC

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2 1ED

ww
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FAST ERECTING

CIARK

MASTS

Here is the expertise |,
you can depend on -~

ars | in th
SpeClaI:St

fielg

When you choose a mast from the compre-
hensive Clark range you are assured of a high
standard of Engineering and operational relia-
bility.

Why compromise?

Extended heights 4 metres-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.

9 ‘ Clark Q.T.4M/HP mast shown on tri-
[ pod, extended to 4 metres and tripod
\ folded for transit. Available in heights
up to 12 metres.
‘ This mast is ideal for raising light-
weight antennas for fieid or vehicle
3 mounting.

CLARK MASTS LTD. N
Binstead, ‘1
Isle of Wight,

PO33 3PA,England.

Telephone: Ryde (0983) 6369l, Telex: 86686.

WW - 006 FOR FURTHER DETAILS
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SAFGAN DT'4000 SERIES

DUAL TRACE OSCILLOSCOPES
NEW BRITISH PRODUCTS

FROM £169 + VAT

ALL MODELS

@ DUAL TRACE
@® 5mv/div
@® 4" CRT

MODELS

DT-410 10MHz £169+VAT
DT-412 12MHz £175+VAT
DT-415 15MHz £188+ VAT
SPECIFICATION FOR ALL MODELS

 CH1,CH2: 5mv/div — 20V/div in 12 cal steps.
“ Bandwidth: 10MHz (DT-410), 12MHz (DT-412), 15MHz (DT-415).
w Time Base: 0.5us div — 200ms/div in 18 cal steps
x 5 expansion to 100ns/div
x 5 multiplier to 1s/div.
* XY facility: matched X=CH1, Y=CH2.
% Trigger: Level Control, + slope selection.
Bright Line Auto, Normal, TV Triggering
CH1, CH2 0.5div; 100mv External Source.
% Zmodulation.
* CAL o/p for probe compensation.
* Graticule blue ruled 8x10div (6.4x8cm?),
* Size H215mm, W 165mm, D 280mm, Weight 4.5kg.

DT400 SERIES

PROBE {X1 — REF —~ X10) £11.50+ VAT

orpers T0: SAFGAN ELECTRONICS LTD.
56 BISHOPS WOOD, ST. JOHNS, WOKING

SURREY GU21 3QB. Tel: Woking
ﬁ 69560 or Woking 66836

GOODS — p&p£3.50 or parcel service £6.50+ 15%

LONDON STOCKIST: AUDIO ELECTRONICS. TEL: 01-724 3564
DT-400s are designed and manufactured by SAFGAN in England

WW — 056 FOR FURTHER DETAILS
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TRANSDUCER and RECORDER N

AMPLIFIERS and SYST EMS

reliable high
performance &
practical controls.
individually

1 powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19’ crates
| small size—low

{ weight—realistic

prices.
Fylde
Electronic
49/51 Fylde Road Preston Lgbqratorles
PR12XQ Limited.
Telephone 0772 57560
P y

WW 039 FOR FURTHER DETAILS
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S NANAALSA XLR CONNECTORS

Line Female A3F.. Chassis Female D3F._................£1.34
Line Male A3M ... Chassis Male D3M ..~ £0.77

@

4, 5and 6 pin versions and large selection audio adaptors available

NEUTRIK XLR CONNECTORS

Latchless Chassis NC3-FZ Latchless Chassis Male NC3-M2. . £0.59
Line Female NC3-SC... g . Line Male NC3-MC £1.15
XLR LNE MAIN SERIES

XLRLNE 11C.. .£3.87 XLRLNE 12C...... o . £3.76

XLRLNE32..... .. E2.89 XLRLNE31.. e £4.14
ENG422 Ratio + 1.2 + 2. Freq. 40Hz-35KHz. PRI 150/600(). sec. 600/2.4K(}. i £3.30
ENG6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ-25KHz. PRI 150/6000 sec. 6. 25K/25K0 .£3.30
SKT-723 MuMetal Screening can, 39dB reduction 50Hz ext. field. . £1.05

Trade enquiries welcome; guantity discounts available. All prices sub|ecl to VAT CaII write or
phone. Min. order £10, Please add £1 postage. Access, Amex, Barclaycard.

N | KELSEY ACOUSTICS LTD.
28 POWIS TERRACE, LONDON W11 1JH

. 01-727 1046

— = —
WW - 071 FOR FURTHER DETAILS

Memories 8085 & Z80

BX4116,25008 -.vvnvviviiiminimiinni st e nreeenen £10.00
2708.. .
2716..

25320273200 i 8155-2
2114L, ceramic, 200ns . 8251A
2112A,450ns ... 8253-5
6116L 200ns 8255A
(2K x 8 CMOS RAM, I data hold= 8257-5
8264-20, 200ns, 64K RAM 8259-5

CRT Controller, uPD 3301 . 8279-5
Floppy disc controller, uPD7 Z80......
*Please telephone for stock situati Z80 PIO..
Crystals—5,6and I0MHz........................ each £3.00 Z80CTC..
Quality discounts available on 10+ of one device. 780 DMA

Z80S10/2 ...

We can quote for any Japanese compenent. Full range of micros available —
8021, 8022, 6800 series.
Please add P.&P 30p to orders under £25. Add VAT to total

BDS Microsystem Designs Ltd.
28 Pinewood Close, St. Albans, Herts. AL4 0DS
Telephone: St Albans (0727) 31831

8048, 8049,

excidry
The“new name

in LinearI/Cs

Analog Systems, the fast growing linear I/C company
of Arizona whose products are available from Pascall, offer a wide
range of high performance linear integrated circuits.

Second source linear IC’s

- MA 00357 equivalent to

MA 00087/8 equivalent to
LF 357 .

7L 08-087/-088

- MA 00017 equivalent to OP-17
and LF 357A

- MA 00318 equivalent to
LM 318; HA 2500;

ANALOG

eGS0 i SYSTEMS
PASes
Send for
full product O % O

listings of
Analog Systems
exciting

product range

/@ﬁs

‘;‘;'bes\ w

Pascall Electronics Limited,
Hawke House, Green Street,
Sunbury-on-Thames,
Middlesex TW16 6RA
Telephone: (09327} 87418 Telex: 8814536

e D! Stan 05-31/BS9000/CECC approved
WW —052 FOR FURTHER DETAILS
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Designed for the professional Electronics, T.V or
Instrument Technician who needs to carry a large
number of specialist tools.

The T L99 sets a standarc as a low cost alternative %
t0 Mmore expensive casses.

It offers strength with a practical use of space
and many other features.

‘4
5, (ogg
g
6p°2 2 acy, %,
*r,e/eecﬁ

Features

@ 2 sided Reversible Multi-purpose
tool pallet

@ Document area
@ 390° opening lock back stays
@ 3" deep ABS lid and base

& Twin handles with 8 fixing points
on aluminium frames

@® Moulded adjustable tray in base

@ Heat sink for hot soldering iron

7’Dimensions  TL 99 17" x 12" x 6" split {shown)
also avaitable TL100 19” x 14" x 6" split

Tools NOT included. British made.
Money back guarantee. Allow 7-21 days for delivery.

@& Burst proof toggle locks with keys

wwweamericanradiohistornv. com
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[ ] [ 5
| | | i - | ul s f
U . [J RO s ROAL DF G D4 4 8
SEMICONDUCTORS [scisa. 009 BD116 052 | 8178 0.26 | BFas9 0.36 | BUSOD 175 | 1.C.s SN7665ON 105 [ TBAB10AS 135| DIODES
1 BC184LA  0.08] BD124 0.56 | BF179 0.34 | BFT42 0.28 | MJE340 0.40 SN76660N  0.60 | TBA920 1.65
AC126 ©0.22 | BC108A 0.16 | gC208 0.13| 8D131 0.32 { 8r180 0.29 | BFT43 0.27 | MJES20 0.44 [MC1307 1.00 | SN76666N  0.70 | TBA920Q  1.65
AC127 ©.22 [ BC108C 0.101gC212 0.03 | BD132 0.35 { BF187 0.29 | BFX29 0.30{ R20088 1.70 | MC1327 1.00 | TAA550 0.28 | TBAS50 2.35| AA119 0.07
AC128 0.28 | BC1098 0.10 | gca12L 0.09 | BD133 0.40 | BF182 0.29 | BFx84 0.26 | R20108 1.70 | MC1349 130 | TAAB61B 120 | TBA9S0 1.23] BA102 0.17
AC141K 0.34]18C114 0.11 450213 0.09 | BD135 0.30 | BF183 0.29 | 8FX85 0.28 | R2540 2.48 | MC1350 1.00 | TAA700 170 [ TBA990Q  1.49 [ BA115 0.13
AC142K 0.30 | BC116A 0.12 fgC213L 0.09 | BD136 0.30 | BF184 0.28 | BFX86 0.30 | TiP29C 0.42 | MC1351 100 | TB641-B11 190 [TCA2700  1.10 | BA156 0.15
AC176 0.22 { BC140 0.3118C214 0.09 | BD137 0.28 | BF185 0.28 | BFX88 0.25 | TIP30C 0.43 |MC1352 100 | TBA120B  0.70 | TCAB0O 2.15 | BAX13 0.04
AC176K 0.31( BC141 0.25 | gC214L 0.09 { BD138 0.30 | BF194 0.11 { BFY50 0.21| TIP31C 0.42 |ML231B 210 | TBA120S 0.70 | TCA940 165 | BAX16 0.05
AC187 0.26  BC142 021]g¢237 0.09 | BD139 0.32 | BF195 0.11 | BFYS51 0.21| TIP32C 0.42 |ML2328 210 | TBAI20SA  0.70 | TDA%40 2.95 | BB105B 0.30
AC187K 0.28 | BC143 0.24 | gC238 0.09 | BD140 0.30 | BF196 0.11 | BFY52 0.25 | TIP33B 055 |SAS5505  1.60 | TBA120SB 070 | TDA1004A 1.85|BY126 0.10
AC188 0.22 | BC147 0.09 | BC251A 0.12 | BD144 1.20 | BF197 0.11 { BFY90 0.77 | TIP41C 0.45 |SAS5705 1.60 | TBA120SQ 0.70 | TDA1170 1.95 | BY127 0.11
AD149 0.70 | BC148 0.09 | gcos24 0.15 | BD182 0.70 | BF198 0.10 {BR100 0.13 | TIP42C 0.47 |sS(s018 4.45 | TBA120U 1.00 | TDA1190 2.15 | BY164 0.45
AD161 0.39 | BC149 0.09 { geoggA 0.38 | BD201 0.83 | BF199 0.14 |BR101 0.30 | TIP47 0.65 |5L9178 6.25 | TBA39S 1.60 | TDA1327 1.70 | 0A%0 0.05
AC161/2 1.04 | BC157 0.10 | BC303 0.26 | BD203 0.78 { BF200 0.30 | BRC4443 0.85 | TIP2955 0.84 |SL1310 1.80 | TBA396 0.75 | TDA1470  1.95 | IN914 0.03
AD162 0.39 | BC158 0.09 | gC307 0.09 | BD204 0.70 | BF241 0.15 |BT106 1.00 | TIP3055 0.66 |SL1327Q 110 | TBA48B0Q  1.25 | TDA2030 2.80 | IN40O1 0.04
AF124 0.34 | 8C159 0.09 | gCazy 0.10 | BD222 0.46 | BF257 0.28 |BT108 122 | TIS91 0.20 |SN76003N 165 | TBAS10 1.65 | TDA2522  2.40 | IN4002 0.04
AF125 0.32 | 8C160 0.288C337 0.10 | BD225 0.46 | BF258 0.25 |BT116 1.20 | 2N3054 059 [SN76013N  1.65 | TBA520Q  1.10 | TDA2530  1.95 | IN40O3 0.04
:E}gg ggg gg}%a g-ig BC338 0.09 ggg% ggg BF259 0.26 |BU105 1.22 | 2N3055 059 |SN76013ND 165 TBA5300 110 |TDA2532  2.40 mdggg 0.05
. 10 [ gcast 0.30 .33 | BF273 0.13 |BU108 1.69 | 2N3702 012 TBA530 110 | TDA2540  2.15 [IN4 0.05
AF139 0.42 | BC171 0.08 [gCa7a 020 | BD410 0.25 | BF336 0.34 |BU124 1.00 [ 2N3703 0.12 23383%3% :gg TBA540 125 | TDA2541  2.15 | IN40O6 0.05
::;gg g.:g gg};;A g.ag BC547 0.10 grD1x1352 ;gg gFa:w 0.29 |BU126 1.22 | 2N3704 0.12 [SN761IN  0.89 TSA5408 1.35 | TDA2560  2.15 m:?% ggs
- -09 | gC548 0.10 . F338 0.32 |BU205 1.30 | 2N3705 0.12 TBAS50 155 | TDA2581  1.25 .02
AU110 2.00 | BC172C 0.10 [ gC5s9a  0.08 | BF127 0.24 | BF355 0.37 |BU208 139 | 2N3706 0.12 SNZSS},{: :gg TBAS60CQ  1.55 |TDA2590  2.75 | IN5401 0.12
AU113 1.48 [ BC1738 0.10 | gGs50 007 | BF158 0.18 | BF363 0.31 [BU208A 152 | 2N3708 012 |SN76227N 1705 | TBAS70 1.10 TDA2600  2.95 [IN5402 014
BC107 0.10 | BC174A 0.09 | gcss57 0.07 | BF160 0.27 | BF371 0.20 |BU208-02  1.89 | 2N5294 0.38 |SN76532N 140 | TBA720AQ 245 | TDA2640 250 | IN5403 012
gg:gga g:g gg:g%m g-?g BC558 0.07 g:}% gzzg BF457 0.23 |BU326A 1.42 | 2N5296 048 [SN76533N  1.30 Igﬁgggo 140 17DA2690  1.35 mg:gg t‘0.12
10 [RD115 0.30 .22 | BF4s8 0.23 (BU407 124 SN7654aN  1.35 0.89.|TDA3950  2.50 Al
EY86/87 0.56
NEW BRANDED VALVES PCC8S 0.54 4Pvgs 079 vis631  13.00 | 6F28 150 | 924G 9.00
E E;ggOA Sig CC88 0.80" 'py500A 1.35| VR105/30  1.35 | 6F33 850 | 92AV s0 |VIDEO TAPES
22087 1150 | ECC84 0.60 |EF183 0.56 | E7g1 0ce PCCB9 0.80 | P800 0.65 | X65 0.85 | 6GHBA 0.80 | 15082 1.50 = =
72293 720 | ECC85 0.60 |EF184 0.56 | E28) og ’;&}339 pEs Pvaor 05| Xeo aes msgcT 400 | 15083 3.90 \Y:ss::azg gf:g
00 | ECC88 0.65 |EHS0 0.65 ’ b -6 1050 | YL1 15.00 | 6J5 075 | 155U 26.00 .
Bue 330 Eccs 0.65 |EKS0 065 | N3 1200 | pcre2 070 1QQv03-10 250 | 2759 9.00 | 6KD6 3.95 | 807 109 | BETALS00. 6.50
DM86/87  0.55| ECC189 0.78 [EL33 250 | Gy 1350 | REF88 118 1QQv03-20A 12.25 | 2803V 15.00 | 607 0.75 | 8114 900 | BETAL7S0. 8.35
DY802 0.60 | ECC804 0.46 |EL34 154 | Guso ] [IESE200 1.35 1QQV06-40A 13.95 | ZC1040 8.00 | 6LD20 0.60 | 813 1130 [ =
E8OCC 475 | ECC807 1.30 {EC36 1.60 [ Gxut el | e 1.35 1 0QZ06-40A 45.25 | ZM1001 5.00 | 6L6GC 175 | 833A +7.85 | DURACELL BATTERIES
EBOF 6.25 | ECF80 0.65 |EL37 4.00 g PCF801 092 105150/45  7.50 | 2D21 1.00 | 6L6GT 1.10 | 866A 2.50
- GXUSO 1250 | pCF802 0.72 MN1300 055 MN1604 1.09
E81CC 3.90 | ECF82 0.60 |EL38 450 Gysoy +3% Q51200 3.15 | 2D21W 2.00 | 65L7GT 0.90 | 20504 390 [t 02 MN2400  0.30
£82CC 150 | ECHB1 0.58 |ELa1 150 | G230 el Irgreos 1.95 1051209 150 | 2K25 10.50 | 6SN7GT 0.90 | 5636 3.00 | e 030 MNGIOO 030
EB3CC 150] ECH83 0.78 |EL81 1.09] 3737 oive sggggs $80 [asiz2 3.25 | 3aw2 335 | 6V6GT 0.90 | 5642 6.00 - :
E83F 2.00| ECHB4 0.96 |EL84 0.60| G733 My PCHzo% 148 Javoziz 350 | 3a/147) 7.50 | 6X5GT 065 | 5687 5.15 WIREWOUND
ES6C &.00 | ECLBO 0.66 |EL86 0.95 | G732 2100 | bCray oae|aves2s 175 | 4CX2508 2660 | 6XBA 1.25 | 5636 255
E88C 4.00 | ECLB2 0.58 |EL90 0.82 | Koy 350 H Ole|av3125 3050 | aCX-350A 39.00 | 11E2 1550 | 5749 3.00 ESISTO
E8BCC 2.60 | ECLB3 1.13 |EL9s 0.82 | kTe6 (USAl 499 PCL83 00 1av4.250  52.15 | 5A-170K 525 | 12AT7 0.55 | 5763 3.20 R ISTORS
EL360 9.00 G PCL84 0.76 1QY4.400  60.85 | 5B/254M  11.50 | 12AT7WA 150 [ 5814A 275
E130L 13.00{ ECLB4 0.74 KT66 (UK}  9.00 | PCLSS 0.80
E180F Fdd raped 074 |ELE0S 280 | K199 S0l [locrae o5 |RGi-125 350 | 5B/255M  15.00 | 12AU6 0.60 | 5876 825 {,oarr TR,
E182CC 450 | ECL86 0.74 |EL821 8.25| 188 (USA) 600 | PCLBOS 0.80 RGI-240A 1175 | 5U4G 0.30 | 124U7 0.60 | 5879 3.90 {0 ike 013 Ra7-2K7 0.14
E810F 825|ECLLBO0 1350 |EL822 825! KTeg(UK) 1150 | PDS00. 295 |Boc,2con, 1175 | BVAG S0 || o | 399 |2k2.6k8 016 sKe 1K 0.5
EABCB0 0.56 | EF37A 3.60 |[EM80 0.70 | MEY400 200 | PFL200 13 - - . 10K 22 15K.29K e
EAFS01 1.40f EF39 2.00 |[EMS81 070 | \E1402 Al 1o |STv280/80 23.00 | GAF4A 1.20 | 12BA6 0.80 | 6060 120
EB91 0.52| EF50 150 |EM84 0.65 PL36 05 [7y2.1258  45.00 | 6AWBA 3.25 |12BE6 1.05 | 6067 3.00
.52 E MU14 140 | PLBIA 074 11 WATT 17 WATT
EBCA41 0.85 | EF80 048 [EMS5 0.85 | N7g 8.90 | pLa 065 |TY4350  90.00 | 6CBE F0 ||y 0,95,[]6080 420 11R.10K 0.18 1R-10K
EBCS1 0.85 | EF85 0.48 150 | oAz 078 PL58O 55 [Tva-500a 4150 | 6BLB 0.65 { 12€1 16.50 | 6146A 445 oo 027 | {oRr2aK] g-;g
EBC89 0.85| EF86 0.70 |[EMMB03 225 Y . u19 11.95 | 6BR8 1.20 [ 12GN7A 3.25 | 61468 4.85 - A g
- h 082 0.80 { PL504 1.20 6857 33 - —
EBF80 0.55| EF89 0.65 9.50 | pCge 0.80 | PLB0S Y8 25 0.68 .30 | 12SN7GT 1.85 | 6870 11.50
EBF89 0.70{ EF91 1.22 |ENS1 1.00 | prgg, 0 . UABCSB0 0.65 | 6BS8 1.88 | 2042 4.00 | 7025 1.50 BASES B8G 0.70
ECCB1 0.55| EF93 065 [EN92 2155 | BEBS: b | 230 | yBFg9 0 | 68w 5.20 | 30FL2 035 | 7360 7.50 BIA 016
: - PC92 0.85 | PL519 2.60
R amlie  amkm RIS SE M dmles e, G EL IR IRlme ew B U2
. 4 a 4.00 d 5 n ctai ¥
Feed O (AR D! AL 599 pcces 0.48 | Py 0.65 {4CHa2 140 | 6CL6 150 | 40K06 2.80 B7G Skirted 030 Cans 030
Many other types available UCH81 0.70 | 6DC6 2.00 | 50CD6G 1.20 3
N ALL ORDERS ! ucL82 0.76 | 6F14 0.95 | B5A1 5.40
:E:ASSOEPSDD VAT° s 0| Please phone or send list for quotation UF8s 110 { 6F18 oos |eear ¥5|  24-HOUR ANSAFONE. CALLERS WELCOME
@ °| Export & Trade Enquiries Welcome uLB4a g.n 233 0.60 gogé 1;.39 MON.-FRI. 9.30-5. SAT. 9.30-12
: U85 .70 4 1.25 |90 85
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METER PROBLEMS? C A

I ) | [ ! |
\
'_ﬁ \ - Trio R1000 — The ultimate H.F. §X200 - the ultimate fully
Receiver. 200KHz-30MHz. PLL synthesised scanner + digital

l
5 synthesiser. Digital readout plus | clock. Covers 26-88, 108-180,
3 analog display for easy accurate [l 380-514MHz AM AND FM: ie.

g tuning. 240 Vac/12Vdc supply. just about everything
7 £285. for only £237.
S \\4\/ Both the above receivers are currently available from stock. Prices
\ y & INCLUDE VAT but please add £5.50 for Express delivery

| v ATR( JR THE FINES]
AIMAIEUR RADID EQUIF

A

Trio TR2400 2m FM synthesised hand-held transceiver with 10
memories, PlUS SCANNING ... £198
Trio TR3200 70cm FM handy transceiver, fitted 3 channels ..£164
AR 245 2m 5w synthesised FM hand-held T/ceiver in 5KHz chan. ...... £478

) AMATEUR EQUIP

S

Catronics always have a good selection of reliable used and second-
hand equipment — all with three months’ GUARANTEE, including
TR2200G: £100-£120 and Yaesu FT7 £290, etc., etc.

137 Standard Ranges in a variety of .
| | J | 'D| { 10\/ 14 Catronics stock the full range of Converters and transverters for
sizes and stylings avattable tor VHF and UHF amateur aerials — 2m and 70cm — send SAE for
days’ delivery Other Ranges and / send SAE for list and special illustrated leaflet and price list.
prices.

special scales can be made to order
ALL ABOVE PRICES INCLUDE VAT
EASY TERMS available. Written quotations on request.

Full Information from: Access and Barclaycards welcome
HARRIS ELECTRONICS (London) i 3 (e ; ATIONS HO

; A 8 AR
138 GRAY'S INN ROAD, W.C.1 e . PPN, ke

0 4 boY 414 D S D p D

WW 030 FOR DETAILS .
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AMCron

INDUSTRIAL
MUSGLE

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 060 FOR FURTHER DETAILS
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INSIST ON
VERSATOWER

BY PROFESSIONALS —
FOR PROFESSIONALS

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

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

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

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

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

VERSATOWER

THE PROFESSIONALS’
CHOICE

STRUMVMECH

VERSAIOVVER
OYSIEME

'PORTLAND HOUSE, COPPICE SIDE

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

MW\M\M\INE\&%NMI/I\RIM P00 P N Pt o S P R 95 | P N et |
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Gel a greal deal from

arshall’s

The new Marshall’s 80/81 catalogue is now
available. A veritable treasure house of
components, test gear, tools, etc.

Specially interesting to the radio amateur are
the following Leader instruments available

from stock:
Antenna Coupler LAC895

3.5 to 28 MHz Price: £88.00
Antenna Coupler LAC896
50MHz Price: £44 00

Antenna Coupler LAC897
144--148 MHz Price: £44.00
TROIP Meter LDM 815
1.5 MHz to 250 MH2z Price: £45.00
Antenna Impedance Meter
LDM 870A 1.8 MHz 10 s
150 MHz price. £44.00 [l =
RF Power R
Meter LPM 880 0.5 10 120w
Price: £73.00
SHR/Watt- meter LPM 885 1.0W to
100w Price. £47.00

Send SAE for details or phone Richard Kaiser
02407 3568 for specialist advice.

Send fur vur latest A. Marshall {London} Ltd.,

catuloyue Free to mdustrial Kingsgate House,
customers, 75p post paid ¢ Kingsgate Place,
wvate indhviduals London NW6 4TA.

Industrial Sales: 01-328 1009
Mail Order: 01-624 8582 24hr service
Retail branches: London; Glasgow; Bristol.

Sowter
Transformers

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

AUDIO FREQUENCY
"TRANSFORMERS OF EVERY TYPE
YOUNAMEIT!  WE MAKE IT!
OUR RANGE INCLUDES

Microphone transformers {all types), Microphone Splitter/Combiner transfor-
mers. Input and Output transformers. Direct Injection transformers for Guitars,
Muiti-Secondary output transformers, Bridging transformers, Line transformers,
Line transformers to G.P.O. Isolating Test Specification, Tapped impedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers (all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimental transformers, Ultra low frequency transformers,
Ultra linear and other transformers for Transistor and Valve Amptifiers up to 500
watts, [nductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line transformers (from a few watts up to 1,000 watts), 100 volt line
transformers to speakers, Speaker matching transformers {all powers), Column
Loudspeaker transformers up to 300 watts or more.

We can designTor RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR
P.A.QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard
types are in stock and normal dispatch times are short and sensible

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc.
Send for our questionnaire which, when compieted, enables us to post quota-
tions by return,

E. A. Sowter Ltd.

Manufacturers and Designers
E. A. SOWTERLTD. (Established 1941), Reg. No. England 303990

The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk
P.O.Box 36, Ipswich IP1 2EL, England

Phone: 0473 52794 & 0473 219390
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The New Scopex 1aD-10
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' An Independent Brihsh Company
A dual trace I0MHz high sensitivity oscilloscope At a price of £240.00 + VAT
incorporating all the latest high technology Ensures British leadership in the low cost high
developments to bring you all these performance oscilloscope market.
outstanding fe((];urels as standard. Distributors required in cartain countries
® 10cm x 8cm display.
. va Sensiﬁvify on bth Chonnels. o c 0 pEx Please send me full details of the 14D10.
- i ixmore Avenue, Letchworth.
® Add and invert facility. Herts SG6 1JJ. Tel: (04626) 72771 | Nome
@ Probe compensation. Company
@ Push button X-Y. — |
. Iwish to pay by Barclaycard/Trust Card. Address.
TfOCG |ocote. Please charge to my account.
@ I0MHZ (-3dB) over full display. My Barclaycard/Trust Card No.is
® Complete with probes. CIIITTTTITTITT] - I
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EVERYTHING IN STOCK

FOR THE SPEAKER

CONSTRUCTOR!
i BAF, LONG FIBRE WOOL. FOAM,
CROSSOVERS, FELT PANELS, COM-
gy PONENTS, SPEAKER STANDS,

BRACKETS, ETC
LARGE SELECTION OF GRILLE
L _ FABRICS

LY
.8
S

. {Send 22p in stamps for grille fabric
The firmfor Speakers | [~
HI-FI
DRIVE PA GROUP & SPEAKER
UNITS DISCO UNITS KITS
1
AUDAX HD12.9D25 €8.75 | CELESTION G12/50TC £19.50 . PRICES PER PAIR
AUDAX HD11P25EBC €7.50 | CELESTION G12/80CE £24.50 KITS FOR MAGAZINE DESIGNS CARRIAGE £3.85
AUDAX HD20825H4 €14.95 | CELESTION G12/80TC €23.75 o . . UNLESS OTHERWISE STATED
AUDAX HD 13D34H £12.95 | CELESTION G12/125CE £42.00 Kits include drive units, crossovers,
AUDAX HD24S45C £21.95 | CELESTIONG15/100CE £37.95 BAF/long fibire wool, stc, forapairof | . .o\ vBUS KT £69.00
AUDAX WFR15% £23.95 CELESTION G15/100TC £38.50 spoakers Conri 3.9 {mounted on baffle}
CHARTWELL CEA205 pair £61.25 | CELESTION G18/200 £64.75 ringelf oS DALESFORD SYSTEM 1 £54.00
COLES 4001 £7.65 CELESTION Powercel 12/150  £66.00 | uniessiothenwiselststed DALESFORD SYSTEM 2 £57.00
COLES 3000 £7.65 | CELESTION Powercel 15/250  £88.00 DALESFORD SYSTEM 3 £104.00
COLES 3100 £7.95 | FANE CLASSIC 45 12" £13.95 R DALESFORD SYSTEM 4 €110.00
COLES CE2000 6% £14.95 | FANE CLASSIC 55 12" £15.50 Practical Hi Fi & Audio PRO9-TL DALESFORD SYSTEM 5 £142.00
CELESTION HF1300 I £12.50 | FANE CLASSIC 80 12" £19.75 including felt panels and level controls DALESFORD SYSTEM 6 £95.00
CELESTION HF2000 £13.60 FANE CLASSIC 85 15" £26.00 £152.75 DALESFORD "D’ KIT (including cabinet)
DALESFORD D10 tweeter €8.45 | FANE CLASSIC 150 15" £37.95 ‘ carriage £5 £79.95
DALESFORD D10 ferrofluid €8.95 | FANECLASSIC 125 18" £43.95 Hi Fi Answers Monitor £146.00 KEF Reference 104aB kit
DALESFORD D30/ 110 £11.25 | FANECLASSIC 175 18" £47.95 Hi Fi News State of the Ant £189.00 £133.00 plus £5 carriage
DALESFORD D50/ 153 £12.25 | FANEGUITAR 80L 12" £26.25 Hi Fi News Midiline €911225 KEF Cantata kit £199.00 plus £5 carriage
DALESFORD D50/200 £12.25 | FANEGUITARB0B/2 12" £27.25 Hi Fi News Miniline. £49.00 LS3 Micro Monitor kit £76.00
DALESFORD D100/ 250 £29.95 | FANEDISCO 100 12 £28.75 Hi Fi News Tabor with J4 bass units LOWTHER PMB kit £132.75
DALESFORD D300 £€35.75 FANE PABS 12" £26.75 . ) £66.00 LOWTHER PM6 Mk 1 kit £139.95
DECCA London Horn £79.95 | FANEBASS 100 15" €39.00 | HiFiNews Taborwith H4 bass units LOWTHER PM7 kit £199.00
ELAC 6NC204 64" €7.50" | FANE CRESCENDO 12E 12" £57.50 ) _ £70.00 RADFORD Studio 90 £181.00
ELAC 8NC298 8" €8.95 | FANECRESCENDO 15E 15 £74.50 Hi Fifor Pleasure Compact Monitor RADFORD Monitor 180 £243.00
EMI type 350, 13" x 8. 4ohm  £9.45 | FANE CRESCENDO 18E 18" £94.75 o ~ £116.00 RADFORD Studio 270 £309.00
EMI 14A/770. 14" x 9 Bohm €18.50 | FANE COLOSSUS 15E 15" £99.95 Hi Fi for Pleasure EC.M (includng felt RADFORD Studio 360 £450.00
ISOPHON KK8/8 £8.15 FANE COLOSSUS 18E 18 £107.00 panels, foam etc) £77.50 RICHARD ALLAN Tango Twin £55.50
1SOPHON KK 10/8 £8.45 | FANEJ44 €6.90 | | carriage £5 RICHARD ALLAN: Maramba £77.50
JORDAN WATTS Module €24.95 | FANEJ73 £10.90 Popular Hi Fi Jordan System 1 £125.00 RICHARD ALLAN Charisma £111.00
JORDAN WATTS Module Mk Il £28.50 | FANEJ104 £15.95 Popular Hi Fi Mini Monitor £77.00 RICHARD ALLAN Super Triple  £102.50
JORDAN WATTS HF kit £10.50 FANE J105 £23.95 Popular Hi Fi Round Sound RICHARD ALLAN Super Saraband 1
JORDAN 50mm Unit £31.50 | GAUSS3181A 10" 150 watts £115.00 including complete cabinet kit~ £74.00 £159.95
JORDAN crossover each £1595 | GAUSS4281 12" 300 watts  £146.00 Practical Hi Fi and Audio BSC3  £65.00 RICHARD ALLAN RAS kit £62.75
KEET27 T £9.45 GAUSS 4581 15 300 watts £162.00 Practical Hi Fi and Audio Monitor RICHARD ALLAN RAS2 kit £98.75
KEFB110 £12.25 | GAUSS 4583A 15" 400 watts  £162.00 — : £180.00 RICHARD ALLAN RA82L kit £108.00
KEF 8200 £13.50 GAUSS 4882 18 400 watts £220.00 Practical Hi Fi and Audio Triangle SEAS 223 £42.50
KEFB139 €27.75 | GOODMANS 8PA £5.05 ™ ) £120:00 SEAS 253 £67.00
KEF DN12 £9.40 GOODMANS PP12 £22.50 Practical Hi Fi & Audio DBS4 §85.00 SEAS 403 £79.95
KEFDN13 £6.75 GOODMANS D112 £25.50 carriage £5 SEAS 603 £134.95
LOWTHER PM6 £63.00 | GOODMANSGR12 £24.95 |  Everyday Electronics EE20 £29.50 WHARFEDALE DENTON XP2 kit £31.45
LOWTHER PM6 Mk | £67.75 | GOODMANS 18P £48.45 | Everyday Electronics EE70  £150.00 WHARFEDALE SHELTON XP2 kit £40.40
LOWTHER PM7 £99.00 GOODMANS HIFAX 50HX £21.85 carriage £5 WHARFEDALE LINTON XP2 kit £56.20
PEERLESS KO 10DT €10.85 | GOODMANS HIFAX 100HX €24.50 | Wireless World T.L. KEF £1/25°00 WHARFEDALE L60 kit £52.50
PEERLESS DT10HEC £€10.50 McKENZIE C12100GP £24.45 Wireless World T.L. RADFORD £190.00 WHARFEDALE 180 kit £72.00
PEERLESS KO4OMRF £13.60 | MCKENZIE C12100TC £24.45 WHARFEDALE L100 kit £€87.00
RICHARD ALLAN CG8T £13.50 MCKENZIE C12100 bass £24.45 FREE wi  WHARFEDALE E50 kit £129.00
RICHARD ALLAN CG12T Super ~ £29.50 | McKENZIE C12125GP €39.95 | Smart badges. with all the ||\ ARFEDALE €70 kit £160.00
RICHARD ALLAN HP88 £20.75 McKENZIE C121258TC £39.95 above kits (to give that professional WHARFEDALE EQO kit £249.50
RICHARD ALLAN LP88 £14.50 MCKENZIE GP15 £35.10 touch to your DIY speakers)
RICHARD ALLAN HP128 £33.50 McKENZIETC15 £35.10 Reprints/ construction details of the
RICHARD ALLAN DT20 £9.95 | MCKENZIE C15 bass £59.60 above designs 10p each CARRIAGE & INSURANCE
RICHARD ALLAN DT30 £10.75 MOTOROLA PIEZO HORN 3" £8.50 Tweeters / Crossovers 70p each
SEAS H107 £9.95 | MOTOROLA PIEZO HORN 2" x 6" £12.25 Speakers
SEAS H211 ferrotluid €10.95 | RICHARD ALLAN HD8T £20.25 WILMSLOW AUDIO BA1 4" 106%" 90p each
SHACKMAN ES units £136 pair | RICHARD ALLAN HD10T £21.75 sub bass amplifier / 810 10" £1.10 each
SHACKMAN ES units with cabs. €170 pair | RICHARD ALLAN HD127 £29.75 crossover kit £37.95 12,13 x8”. 14" x 9" £2.00 each
RICHARD ALLAN HD15 £62.75 plus £1 carriage 15" £3.00 sach
RICHARD ALLAN HD15P £52.75 | 18" £5.00 each
RICHARD ALLAN 15" £77.00 Speaker Kits £3.95 pair
RICHARD ALLAN 18" £96.00 Mag Design Kits £3.95 pair
unless otherwise stated
ALL PRICES INCLUDE VAT @ 15%
and are correct at 1/2/81
SEND 50p FOR 56-PAGE CATALOGUE
f r
CHOOSING A SPEAKER
(or price list only free of charge)
Export Catalogue £1 or $3 U.S.
Tel. 0625 529599 for speaker drive units, kits, PA equip- (£ "ll“smw
ment, mail order enquiries, and all export
OF WILMSLOW eranme AUDI0 |
The firm for Hi-Fi Tel: 0625 526213 for Hi-Fi equipment and complete L The firm for Speakers
speaker enquiries
5 Swan Street P q f 35739 Church Street
Wilmslow, Cheshire @ Lightning service ontelephoned credit card orders! | Wilmslow. Cheshire
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S$-2020TA STEREO
l'l;lIJTNER /AMPLIFIER

NEW HIGH PERFORMANCE TUNER

A high-quality push-button

FM Varicap Stereo Tuner with pilot
cancel decoder combined

with a 24W r.m.s. per channel Stereo
Amplifier, using Bifet op. amps.

Brief Spec. Amplifier Low tield Yoioidal transtormer. Mag input. Tape In/ Out tacility (for noise re-*uction unit, etc )} THD less than O-1% at 20W into 8 chms High Slew Rate. Low noise op amps
used throughout. Power on/off FET transient protection Al sockets. tuses. 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 pitot cancel. stereo decoder. LED tuning and stereo indicators Tuning range 88-108MHz 30dB mono S/N@ O 7.V THDO 3

~,

& B
TR 10 ML

»,
Pogmmns

PRICE. £69.95 . va1
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, ) g o’#’@@ @ Biors Tune
linear phase I.F. and 3 state MPX de- : —— e e

coder. - 4

PRICE: £74.95 - var

NRDC-AMEBISONIC

UHJ 3 S s NRDC —AMBISON(C

Sumrpund Sound Dscoder
3 | [ { B aewe 2 - " -
SURROUND SOUND | b S
DECODER = DOOEDENES
.. ; i s g i S
The first ever kit specially produced by Integrex for this British NRDC backed surround sound system which is the resuit of 7 years' research by the Ambiconic team W W July Aug 77
The unit s designed to decode not only UHJ but virtually all other quadrophonic systems (Not CD4}. including the new BBC HJ. 10 input selections
The decoder s linear throughout and does not rely on listener fatiguing logic enhancement techniques Both 2 or 2 input signals and 4 or & cutput als are provided in this most versatile unit

Complete with mains power supply. weoden cabinet. panel, knobs. etc
Compiete kit including licence fee £57.70 + VAT or ready built and tested £76.95 + VAT

s

35

S5050A STEREO AMP Vo rish

performance kit

50 watts rms-channel 0.015% THD SN 30 dB. Mags/n BO dB Output device
rating 360w per channel

Tone cancel switch 2 tape monitor switches. Metal case — comprehensive
heatsinks
Complete kit only £69.95 + VAT gt 2l

(Also availabie our 20w /ch BIFET $2020 Amp)

INTRUDER 1 Mk. 2 RADAR ALARM

With Home Office Type approval

The onginal 'Wireless World  published Intruder 1 has been te-designed by Integrex to incorporate several new features along with improved

performance The kitis even easier to build The intainal audible alarm turns oft ipproximately 4() seconds and the « mit re-arms 2.0V ac mains
or 12V battery operated Disguised as a hard-backed book Detection range uj 45 teet Internal mains ated voltage rree contacts for externat bells
etc

Complete kit £52.50 plus VAT or ready built and tested £68.50 plus VAT

Wireless World Dolby noise reducer

! Typical perfonmance
Trademark of DOIDy Laporatories inc Noise reduction better than 9d¢B weighted

Chipping level 16 5dB above Dolby fevel (measured at third
harmonic content}

INTEGLES

PRacocd Dutput
Lovat Lover Harmonic distortion O 1 at Dolby leve! typicalty Q 057 aver
wWow e ’v\ x  Shredcu r0st of band rising to a maximum of 0 1

o Werw &

é@“ - . g - Signal to-noise rano  75dB (20Hz 10 20kHz signal at Dolby level)
. ‘)"}r } W at Monitar output
o = £ % & 3 = 2
vy sogen i0d 1

Dynamic range - 90dB

Corplete Kit PRICE: £49.95 VAT (3 head model available) 30mV sensitivity

Also avallable ready ouilt and l'esled | Price £67.60 - VA

Calibration tapes are avadable for open reel use and for cassette (specity which) Price £2.75 + VA1
Single channei plug-in Dolby 3 PROCESSOR BOARDS (92 x 87mm) with gold plated contacts and all components Price £10.50 + VAT

‘ We guarantee full after-sales technical and servicing facilities on all our kits. have you checked that |
these services are available from other suppliers? I Wit

- : (i

All kits are carriage free Please send SAE for complete lists and specitications
Portwood Industrial Estate, Church Gresley,

InTE E H E “ ll m I'E“ Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432 Telex 377106
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you can choose your
microphone to enhance
your sound system.

Shure makes microphones for every imaginable use.

Like musical instruments, each different type of Shure microphone has a
distinctive “sound,” or physical characteristic that optimizes it for
particular applications, voices, or effects.

Take, for example, the Shure SM58 and SM59 microphones:

SM59 SM58

Mellow, smooth, Crisp, bright

silent... ‘““abuse proof”
The SM59 is a relatively new, Probably the most widely used
dynamic cardioid microphone. Yet on-stage, hand-held cardioid
it is already widely accepted for dynamic microphone. The
critical studio productions. SM58 dynamic microphone is
In fact, you'll see it most often preferred for its punchin live
where accurate, natural sound vocal applications. . . espe-
quality is a major consideration. cially where close-up miking is
This revolutionary cardioid micro- important. It is THE world-
phone has an exceptionally flat standard professional stage mi-
frequency response and neutral crophone with the distinctive Shure
sound that reproduces exactly upper mid-range presence peak for
what it hears. It's designed to give good an intelligible, lively sound. World-
bass response when miking at a dis- renowned for its ability to withstand
tance. Remarkably rugged—it's built to the kind of abuse that would destroy
shrug off rough handiing. And, it is su- many other microphones. Designed
perb in rejecting mechanical stand noise to minimize the boominess you'd ex-
such as floor and desk vibrations be- pect from close miking. Rugged, effi-
cause of a unique, patented built-in cient spherical windscreen eliminates
shock mount. It also features a special pops. The first choice among
hum-bucking coil for superior noise rock, pop, R & B, country, gospel,
= reduction! and jazz vocalists.
: Some like it essentially flat... ...some like a ‘“‘presence” peak.

T T T T

] k

o Lo TTHIE P

|

N 1
RELATIVE RESPONSE IN &b

FREQUENCY IN HERTZ

FREQUENCY IN HEATZ

professional microphones...by
A SHURE §

Shure Electronics Limited, Eccleston Road, Maidstone ME 15 6AU—Telephone: Maidstone (0622) 59881
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wireless
world

Band pass

Most readers will be aware that the Home
Secretary has given his assent to the use of
personal radio (c.b.) equipment in the
UK. The bands to be allotted in the
Autumn are around 27MHz and 930MHz,
frequency modulation to be used in both.

We congratulate all those concerned
with this decision for recognizing that the
public has a right to the private use of
radio communication, and for choosing a
specification that will afford users a
tractable frequency (27MHz) while
keeping potential interference to a
minimum by the use of f.m. It is probably
the best that could be hoped for by any
thinking person: while 930MHz
transceivers would probably be even better
from the interference point of view, there
has been enough adverse comment on this
suggested band to reduce its chances of
large-scale adoption. Its possible dangers
to health, despondent guesses at the short
range to be expected and some wild
estimates of high prices may be
exaggerated, but some of the mud will
doubtless stick, at least until the rest of the
world adopts this u.h.f. band, as is
possible.

The choice of modulation is a blow in
the face for the very large number of users
of illicit 27MHz, amplitude-modulated
sets in the UK. These people have
operated their ‘rigs’ for several years now,
and have conducted a campaign to have an
a.m., 27MHz band legalized. They have
shown themselves to be nor in the least
concerned with the effects of their
activities on the community and will
probably continue to use their illegal
equipment: the cachet of respectability
and social responsibility is unlikely to be
worth the cost of a new transceiver and a
licence to operate.

Sooner or later they will begin to change

to f.m. sets, and as soon as this happens,
the rest will have to conform or face the
danger of being left high and dry, talking
to themselves. The Home Office choice of
f.m. is a good one: not only will it lead to
much less interference than a.m., butitis
a rap across the knuckles for the pirates.
They have deliberately broken the law and
cannot grumble when they are put to some
expense and inconvenience.

Amateur radio could well find itself the
slightly surprised beneficiary of any surge
of enthusiasm for ¢.b. radio. Throughout
the campaign for c.b., amateurs have
presented a fairly equable face to the c.b.
fraternity: relatively few condemnatory
remarks have been published — fewer
than might have been expected. It may be
that, attracted by the temperate attitude of
the amateurs and limited by the inflexibility
of ¢.b. equipment, c.b. enthusiasts will
‘graduate’ to full amateur status and
worldwide, rather than local
communication.

The protracted lobbying for a personal
radio band ought to have its effect on the
Home Office, too. Its job is to ensure that
the radio spectrum is properly used, not to
assume ownership. This decision could
have been taken many months ago, long
before the number of a.m. sets constituted
a problem. There was no constitutional
reason not to take it: nothing has changed
— if 27ZMHz f.m. is available now, it could
also have been made available then. If it
was considered that such an allocation
would cause interference then, it will do so
now, and the public interest is being
compromised.

If a similar demand for an allocation
occurs in the future, let us have a little
more open discussion and less concealment
or exaggeration of selected facts, on both
sides.
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Digital capacitance meter

A four-digit meter with input circuit protection for measuring values from

1pF to 1000uF

by I. H. Ibrahim, Ph. D., Cairo University

Input protection circuits on wide-
range, low-cost, capacitance meters
are often a source of non-linearity
errors. This article describes the
theory of operation and construction
of a four-digit capacitance meter
which can be used to measure
capacitors from 1pF to 1000uF in six
ranges. Emphasis has been placed on
the design of the input protection
circuit and other parts of the circuit
where errors could possibly be
introduced. A null adjustor allows
compensation for stray capacitance, .
and a polarizing voltage can be used
for electrolytics.

The different techniques used for mea-
suring the value of a capacitor at low fre-
quencies can be divided into three general
groups: reactance compensation, im-
pedance comparison and charge injection.
When low frequncies are used, the effects
of lead inductance and high-frequency die-
lectric losses may be neglected. In the first
technique, reactance compensation, the
capacitor to be measured is connected to
the input of the meter and the impedance
of the input adjusted until its reactance at
the fixed operating frequency is equal to
that of the capacitor, but with opposite
sign. The capacitor and the impedance of
the input form a resonant network and the
value of the capacitor can be obtained from
the impedance value of the input at the
point at which the peak voltage or current

is obtained. This method, although accu-
rate, is difficult to apply when high-value
and electrolytic capacitors are to be mea-
sured.

In the second method, impedance com-
parison, the capacitor under test is connec-
ted as part of a bridge circuit. When bal-
ance conditions are obtained the value of
the capacitor can be calculated from the
known values of the other components of
the bridge and the operating frequency.
This method is suitable for high-accuracy
measurements, but it has the disadvantage
that the balancing procedure in manually
balanced bridges is tedious. On the other
hand, automatic and self-balancing bridges
are very expensive,

The third technique is the charge-injec-
tion method in which an electrical charge
of Q coulombs # injected into the capaci-
tor during a charging period of T seconds.
This will cause a change of V volts in the
capacitor voltage. The value of the capaci-
tor is then obtained as the ratio Q/V farads.
In some meter circuits Q is a constant
value while V is inversely proportional to
the value of the capacitor. In other meter
circuits the change in voltage over the ca-
pacitor is constant, while Q is directly
proportional to the value of the capacitor.
But as the charge Q is the integration of
current with time it is possible to design
meter circuits so that the charging period
T is directly proportional to the measured
capacitor. The latter method is used in this
design and is the most convenient for digi-
tal capacitance meters, in which the charg-
ing period is measured by counting the

number of clock pulses that occur during
that period. These clock pulses are usually
obtained from a stable crystal oscillator.

Input protection

Most low-cost meter circuits do not in-
clude a means of protecting the meter
against any initial charge stored in the ca-
pacitor under test. The need for protection
becomes greater when the meter is de-
signed for measuring large and electrolytic
capacitors, which are capable of storing
large electrical charges over long periods.
In this case, it is vital to insert a suitable
protection network between the capacitor
under test and the input port of the meter.’
The insertion of such a network usually
causes a non-linear relation between the
value of the capacitance and the charging
period T and this in turn causes non-
linearity errors in the readings. Fortuna-
tely, with optimum design of the protec-
tion network, it is possible to reduce these
errors to negligible proportions — much
smaller than the errors caused by the
tolerances of the values of the circuit com-
ponents. The various sources of error will
be discussed in more detail later in this
article.

Charge-injection technique

Although this technique is well known, a
quick review will help to show the effect of
inserting the protection network. Figure |
shows the basic idea of the charge-injection
method. The capacitor C, is charged from

Ve =

Comparator

Lompararor

Trigger

s
Unknown

capacitor J_

Control
logic Output
—

T | Wl
vd

|

7

used to measure capacitors.

Fig. 1. Simplified diagram of the charge-injection technique

Trigger

Control
logic Output
p— B

Fig. 2. The simplified charge-injection circuit with input
circuit protection consisting of Ry, D; and D,. An initial

charge in C, is discharged through R, and the switch S.
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V.. through R; until the voltage across it
reaches the value of the reference voltage
V,. The output voltage from the compara-
tor will then go positive. This will be
sensed by the logic-control circuit, which
will then close the switch S, discharging
the capacitor to a voltage V,, which is less
than V,.

In digital capacitance meters, the data is
updated every T, seconds by triggering of
the control-logic circuit, which opens
switch S and starts the capacitor charging.
During the charging period T, the voltage
across the capacitor will rise from V, 10 V,
in a time T, given by:

VCC

T=R,C,log. V= Vr )

and is directly proportional to C,. The
period during which the capacitor is being
discharged (switch S closed) will be termed
the relaxation period, and is equal to T,-T.
In Fig 1, the relaxation period has no effect
on the charging period, assuming that
switch S is ideal.

A similar situation will arise if V. and
R, are replaced by a current source 1. The
charging period then becomes:

=C,. (V,~Vl @

and is still directly proportional to Cj.

The circuit of Fig 2 is similar to that of
Fig. 1, apart from the addition of the pro-
tection circuit R, D; and D;. When a
capacitor with an initial charge voltage
greater than V., is connected as shown in
Fig. 2, it will be discharged through R;
and the closed switch S. When the voltage
across the series combination of C, and R;
is less than the reference voltage V,, the
logic circuit will trigger, open the switch,
and start the capacitor charging up again.
The two diodes are used to keep the input
voltage of the comparator between -Vp;
and+ (Vp;+V,), where D is the forward
voltage-drop of the diode used.

The following formula shows that for
steady-state conditions, the period [ can be
obtained:

V,;C—Vd+
R 2 (a D _
(V“R V.(1+ -l)) exp( RZ_C )_
R, T
1422 | (V= V). ———
R, W, ) exp(Cx(R1+Rz) (3)

The solution of this formula is a non-linear
relation between the value of the capacitor
and the charging period. Before consid-
ering this relationship, take the limiting
case where the updating period T, and the
relaxation period T,-T, are very long com-
pared with the time constant R;C,. Equa-
tion 3 can then be simplified and the fol-
lowing expression applied:

T= (R1+Ry)C\log.

(R 1 +R2)(Vcc Vr)

mmcw>)

€y
Note that T has been changed to T, in

1-00 4
EZN N 2
e & for Vo= 3%
S Q'E'_ AS V4 = zero
095
=
0-90

T /G Ry+Ry)

Fig. 3. The errorin the charging period T
caused by the protection network.

equation 4. Ideally, the charging period T
needs to be directly proportional to C, so
we investigated practical circuit modifica-
tion which would make T of equation 3
approach the limiting solution given in
equation 4.

Because the analytical solution of equa-
tion 3 is difficult to obtain we solved it
numerically for a specific case where we

2 3 &4 5 6 7

_ Vee
A
. 01 1 o1
1 A R
2
I
02
DZ -~ Ex
A
[
{a) 77

[
02 01

[v +R(I l

(c)

Fig. 4. Charging circuit of the capacitor
under test. The practical circuit is shown in
a, an equivalent linear circuit in b, and an
equivalent Thévenin circuitinc.
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assumed that V;,=0and V,= 2V,/3. These
figures were chosen so that the results can
be directly applied to circuits using the 555
timer. The results are shown in Fig. 3
where T/T; is plotted againt T,/C,(R;+R;)
with R/R; as a parameter. T is obtained
from equation 3 and T; is as given by
equation 4. The results show that T be-
comes very close to T if T, is a few times
greater than C, (R1+R3), if R} is much
greater than R; or if both conditions ap-
ply. Calculations have shown that if R) is
greater than 0.6 R; and if T, is greater than
6C.(R1+R;), the difference between T
and T is less than 0.01%.

Other sources of error

When the circuit of Fig. 2 is designed so
that the above requirements are satisfied,
the charging period will be given by equa-
tion 4 only if the two diodes are identical
and if the input impedance of the compara-
tor is equal to infinity. From a practical
point of view those additional require-
ments are impossible, so it is worth while
investigating their influence on the meter
accuracy.

Let us first consider the effect of the
protection diodes D; and Dj, assuming
that they carry the reverse saturation cur-
rents I,; and I, respectively. The two
diodes, together with R; and V., are re-
placed by an equivalent Thévenin circuit
with an output resistance of R; and an
open-circuit voltage of V .+l ,;—1,2)R; as
shown in Fig. 4. The charging period
given by equation 4 should then be mod-
ified to:

T=C(R1+R2)x
lOg l(vcc Vd_+_(_]_01 aZ)Rl)
R1+RYV o=V +Ua—1R) O

Equation 5 indicates that T is still propor-
tional to C,, but now a new problem
arises, due to the dependence of the
proportionality constant on the reverse sa-
turation currents, which are temperature
dependent. If the two diodes are identical,
the effect of the reverse saturation currents
will be cancelled out. It is advisable to
select the diodes so that the error in T
caused by the drift in the circuit compo-
nents is compensated tor by the ettect ot
the drift in I,; and [,;. The second source
of error that should be investigated is the
input capacitance of the comparator. lts
effect is considered in the following sec-
tion.

Input capacitance effects

In the circuit of Fig. 1, the comparator
input capacitance Cj, is in parallel with the
capacitor C, and the charging period is
given by:

V=V
T=(C,+C;y).lo G ]

(Cx+Cin).loge VoV, (6)
For the circuit of Fig. 2, it is difficult to
find an exact expression for the charging
period, so an approximate expression is
given.

For sake of simplicity the analysis be-
gins with the assumption that T, is greater
than 6(C,+C;,). (R;+R3), and V;=0. The
Laplace transform of the voltage input to
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the comparator during the charging period
will be equal to:

Vinls)=—2% x @

1+R,Cs
PRIRC:Cint (R \Cin+ R1C+R,C)+1

where s is the complex frequency. The
frequency domain expression for V,(s) has
two real poles, and a third pole located at
the origin of the complex frequency-plane.
The locations of the two poles can be ob-
tained from equation 7.

It is interesting to consider the
relationships between the values of the
components R), R;, C,, and C;, of a
practical meter circuit under these three
conditions:

(a) When the meter is set to measure
small capacitances. In this case the resis-
tance R;, which is the range setting resis-
tor, will have a very large value compared
with R;.

(b) When the meter is used to measure
medium value capacitors, usually where
R,C,>> R,C,,.

(c) When the capacitor to be measured,
Cy>> Ciy.

In any of the above cases it could easily
be shown that the two real poles of equa-
tion 7 are located near s; and s; by:

S 1\
\Rlcm R;C;, chx}
- -1 (8
R](C,',,+Cx)+R2Cx

fHi=—

Under the conditions stated in (a), (b) and
(c) above we find the pole at s5; is located
much further to the left of the pole at s; in
the complex frequency plane. This means

+5V
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Table 1

Range 1 2 3 4 5 6

Cx (minimum) 1 pf 10 pf 100 pf 1 nf 10 nf 0.1 uf
Cyx (maximum) 10 nf 0.1 pf 1 uf 10 pf 100 pf 1000 pf
Tmax {seconds) 0.01 0.1 1.0
Clock frequency 1MHz 100 kHz 10 kHz
Ry (ohms) 910149 | 910149 | 90939 | 9061.1 | 1137.5 | 1137.5
R1.Cy (min.) 20.22 202.2 2527

Rz. Cin
T; (seconds) 0.1 1.0 10.0

“that in the time-domain, the first pole will

produce rapidly decaying exponential
components that will decay down to a neg-
ligible value before the charging period is
reached. To a good degree of approxima-
tion, the time-domain expression for Vi,
will be:

Vil = Vo + Viyexp (s2)

The charging period after which the
voltage V;, reaches the reference voltage V,
will then be inversely proportional to s; as
is shown by:

T=((R1+R)C+R|Ciy) x

R l(Vcc)

9
R+ RV V) &

log.

This shows that the indicated value for the
capacitance will be greater than the true
value by an amount proportional to C,.
That error can be easily compensated for

Fig. 5. Circuit diagram of the charge-
injector, input protection, null adjustment,
range-selectors and counter-drive sections.

| -
N\ml!
&
_.:u
[=)
_.:u
o
~N
__:u
w (al
£~
__:u
Qa

INGLLB

nl o.

L

[a)
j’; x§
-
)
- |
~3 O~

L INGLLLS

MHz
670k S47k Lk7

by inhibiting the clock pulses to the coun-
ter for a short period.

The meter was built around a four-digit
counter and an NES555 timer operating in
the monostable mode so that the duration
of the output pulse is a linear function of
the measured capacitance. The design was
optimized according to the above theoreti-
cal analyses, so that the accuracy of the
meter is maintained throughout all the
ranges.

Figure S shows the monostable configu-
ration and the protection circuit. To start
with, a reasonable value for the current-
limiting resistor R, must be found, so that
the discharge current through pin seven of
the ic does not exceed 200mA. We chose
:R; as1k{),to allow measurement of capaci-
tors that are initially charged up to 200
volts without causing damage to the
NESSS.

The second step is calculating the value
of the charging-up resistor, R; (one of the
range selection resistors R, to R}4), using
equation 4 with V,;=0, V,=23V_, and
the charging period T (which is arbitrary)
chosen from Table 1.

Clock pulses from the crystal oscillator

100kHz  10kHz 10Hz Hz 0-1Hz

EAREY

1b "*[
e . Y S
Latch
r—’\/\/\Ar_l (a)
-L 560 150p
;;0041 ) 1" P
3
b “ 6
NES55 I 7 NESS5
33p J 3
Output
! +5V ) I
b k2 k2 150p
= 150p = 150p :
i 2k2 560
: Reset
2k2 Delay > {b)
- Counter
input

7
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Note: The decoder outputs are connected to the display via

current limiting resistors of 3905 each
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The third step is to calculate the data-
updating period T, to be greater than or
equal to 6(R;+R;). Cymax) for each
range. Table 1 shows that T, was chosen
slightly greater than 10(R;+R;)C,(max)
and therefore the error caused by the pro-
tection network will always be less than
0.01% of the indicated value.

If a polarizing voltage is required, the
circuit of Fig. 5 can be easily modified.
The negative terminal of C, could be con-
nected to an adjustable negative voltage-
source of voltage V,. The polarizing
voltage applied to the capacitor is then
equal to V,+Y2V and can be adjusted to
the desired value. The timer is protected
against the polarizing voltage and the
operation of the circuit remains un-
changed.

A second timer circuit, also operating in
the monostable mode, provides the null

Fig. 6. Counter circuit (above) with crystal-
oscillator and frequency-divider circuits
{below)

adjustment circuit, as shown in Fig. 5. On
the application of the trigger pulse to both
monostable circuits, the voltages of the
two outputs will rise to V. shortly after the
application of the trigger pulse. The out-
put voltage of the second monostable will
fall after a time T, which depends on the
value of the trimmer capacitor, but the
output of the first monostable circuit will
fall to zero after a time T, as given by
equation 4. The four NAND gates will
then allow the clock pulses to pass to the
counter during a time period T—7,. The
value of the trimmer capacitor can then be
adjusted until the effect of the input capa-
citance C;, is compensated for and T—T,
becomes directly proportional to the mea-

Masan aaaricanradighistonszcam

sured capacitor C,. Setting up is achieved
by setting the meter to range 1, removing
C,, and adjusting the trimmer capacitor
until the meter reading is zero.

Figure 6 shows the circuit of the four-
digit counter and the clock circuit.

The use of an Ls.i. chip for the counter circuit
of Figure 6 will save space, power and could,
especially if i.c. sockets are to be used, save
money. (Ed.)
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Data store by running average

Processor-based measuring system for long term readinus

by J. L. Gordon

In monitoring systems which
measure variables, periodic readings
over many days are often required for
a data base. For some applications,
such as recording the light level
during a season, an average reading is
needed rather than individual items of
data.

This system can be used in
applications where individual
readings are not required and the
variable changes value at a rate which
allows processing between readings.

Table 1. Monitor
Main program

0200 AS 5 .

0202 84 @ 23 08 i

0205 A9 00

0207 8d 22 09

020A A2 80

020C 95 1F clear part

020€E CA 2ero page

02DF d6 Fb

0211 85 QE

0213 A3 02

0215 85 d N.M.L

0217 A9 7b address

0219 85 1C

021b A2 07 &

021d A3 00

021F 9% 10 % dfs':‘;‘;v

0221 CA

0222 10 Fb _J

0224 AS 77 N

0226 85 10 e

0228 A9 ic

ogvf\. 5 11 > AVE=

e .C A3 72 1op

JIZE 8 12 display

0230 AS 48 |

0232 85 13 ;

0234 * A9 00

0236 85 OF

0238 AQ 06 display

023A A2 20 ? decimal

023C 20 66 FE running

023F 20 oC FE average

0242 ac 24 02

NMi

027b 48

027¢c 8A save

027d 48 A

027 a8 j X

027F 48 y

0280 Ag 40 reset

0282 8d 21 08 counter

0285 AS 00 blank

0287 8d 21 OE display

028A A9 20

028C 8d 21 08

028F A2 80

0281 20 cd FE

0294 CA

0295 10 FA take in

0297 EA count
7 0298 EA

In digital systems, data is sampled at
regular intervals with a sampling fre-
quency greater than twice the highest fre-
quency of the variable being monitored.
For the example above, the period of
change may be minutes rather than
scconds, so sampling at five-second in-
tervals is more than adequate. However,
sampling everv five seconds requires a con-
siderable number of readings over a year if
the data is held as individual totals. An
alternative scheme, which gives a running
average of the sampled data, can often

0289 EA e
028A A3 - 00 :
029C 8¢ 21 . 0%
029F Ad © 20 09
. 02A2 85 22
02A4 Ad 21 09 | store
02A7 85 23 . ? new
02A9 A9 03 data
D2Ab 25 23
02Ad 85 23
02AF EA
02b0 EA
02b1 EA
02b2 EA
02b3 20 80 03 mulitiply oid
02b6 A2 OF av. by number
02b8 AS 00 of reading
02bA a5 50 clear
02bc - CA 0050
02bd 10 Fb 005F
020F A5 22 N
02C1 85 58 add
v, Joic] A5 23 > new
02C5 85 59 data
02C7 20 43 03 J
02CA E6 28
g;gg gg gg increment
number of
0240 do 07 oavime
02d2 E6 2A
02d4 a0 03 :
02d6 20 b8 00 alarm
02d9 A2 20 3N
02db A9 00
02dd g5 70 ’} C:;‘;sf;;"
024F CA
02E0 10 Fb
02€2 A2 02
02E4 65 28 transfer
026 95 74 "{‘;’;‘d‘;:;g'
bars b1 ey 10747576
02Eb A2 OF S
02Ed b5 40 { totaifrom
02EF 35 60 > muitiply to
02F1 CA 0060-006F
02F2 10 F9 J
Q2F4 A2 80 load divide
02F6 86 26 time
02F8 A2 EC
02FA 18 2 shift m.sb. of
02Fb 36 7 data into
02Fd £8 > 70-73

provide all of the necessarv information.
Data available in this form is accessible
immediately as an average of the individual
samples taken and, by multiplying this
average by the number of readings, a
figure representing the total units read can
be obtained. Furthermore, predictions for
the completed total can be made if the
running average is multiplied by a constant
which represents a period of time.

An instrument for producing a running
average has been conveniently constructed
using a 6502 based Acorn microcomputer.

02FE d0 Fb )
0300 38
0301 ds L
0302 A2 FC

subtract
LAV B 72 1 number of
0306 F5 D { readings
0308 85 7C | from 7073
030A E8 J
030b do F7
030d 80 1d
030F A2 03 branch if
0311 b5 78 rest:!t negative

ransfer

S ol
0316 10 Fo i
0318 A2 FO
031A 38 \
03tbh 36 90 shift 1
031d E8 f into answer
031 do Fb
0320 30 03 <
0322 20 b8 00 alarm
0326 Ccé 26 back if not
0327 d0 CF smpiete
0329 18
032A 90 5.6 jump on to
032C 18 end divide
032d A2 FO Shifto
032F 36 30 into answer
0331 ES
0332 do Fb
0334 (W1 26 jump back if
0336 d0 Co not complete
0338 A2 OF
033A b5 80 put new
033C 95 36 average back
033€ ca L in30.3F
033F 10 F9 4
0341 AS 38
0343 85 90
0345 Ab 39
0347 85 81
0349 EA
034A EA
034b AOQ 00
034d EA
034E EA
034F F8
0350 A2 a0
0352 86 92
0354 A5 90
0356 do 06
0358 A5 N
035A FO 13
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Fig. 1. Simplified block diagram of the
prototype instrument.

This prototype samples data every five
seconds and reads it in via a 10-bit bus.
Data is presented as d.c. levels from 0 to
10V, and the system can take continuous
readings for 2.66 years without losg of ac-
curacy. An additional 8154 i.c. is provided
in a spare socket on the Acorn controller
board to interface between the micropro-
cessor and external circuits. Thisfdevice
provides two 8-bit /o ports which can be
used as separate lines, Normally, port A
and two bits of port B are used to read data
from a binary counter, but two additional
bits can be used for greater accuracy.
Three lines of port B are used to control
the sampling circuit and the remaining line
is available for expansion as shown in Fig.

1.

The five-second interrupts are initialized
by the program so that the necessary con-
ditions can be set by the processoti before
an interrupt is received. When 'an in-
terrupt signal arrives, the measuring cir-
cuit is controlled by the program. Anal-
ogue-to-digital conversion is achiedpd by a
9400 voltage-to-frequency converter, and
the optimum digital value for an analogue
input can be adjusted by modifying the
program listing, 1.e., the time that the
count takes.

The main program displays the sta pre-

sent in two bytes of memory. When an
interrupt command is received lby the
NMI, new data is read. Initially the 6502
registers and accumulator are saved and
then the binary counter is reset to/zero to

ov

15V regulator
2 4 2 ¢ —+15V
: l S |
1
[}
)
Loy ‘ Bridge
1
20 i rectifier
:
0-10vdc from l
transducer 100Hz putses
™
100Hz 9400
—_— 100 +5 VioF
converter
RO RO
JIVP—
Reset Binary counfer

80 |40 20 10 | o8] 0u | 92| o1

80| 40] 20[ 1008 ]0s] 02| 0t

Port B

Port A

J— Acorn 6502 based microcomputer

" ameﬂean.r' adiehisternscom
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Fig. 2. Data flow within memory
during executing program. The
numbers refer to zero page locations.

clear the previous reading. The counter
gate is then opened for a specific period
which 1s controlled by a delay subroutine
in the Acorn monitor. The gate is then
closed and new data is read into two bvtes
in zero page memory. When this operation
is complete, the existing running average
from a 16-bvte register in zero page is
multiplied by the number of readings
taken, which is contained in three bvtes of
zero page. New data is then added to this
total and the number-of-readings register
is incremented. To complete the averaging
procedure, the total from the multiplica-
tion plus the new data is divided by the
incremented number of readings and then
returned as a new figure to the 16-byte
register reserved for the running average.
The new data is added to the multiplica-
tion so that it has 64 trailing zeros, which
provides a fixed decimal point for division.
The two least significant byvtes, which
form whole numbers, from the running
average are converted to decimal for
display by the main program. These bytes
correspond in significance with the data
read in, so the running average total will
never exceed the two bvtes which are
dlsplawd The event. that 1ake pface dur-
ing the processing of new Jata are shown
in Fig. 2

As the 3-byte register conw.ining the
numberof readings can cater for 22! events
before overflow. a reading every Ss can be
stored for over 2.5 vears before data is lost.
Because the register containing the run-
ning average has, in effect. 2°* decimal
places, after 2.5 years new data can still

significantly alter the running average. If

only two bytes of data are displaved, small
variations in totals will not be seen im-
mediately although the information will be
stored in memory.

A sample program listing used with the
prototype instrument is shown in Table 1.

WIRELESS WORLD MAY 1981

22 23 } 30 38 High 3F
Data Running average
read in
28 2A Number of
readings
+1
Multiply
|
Add
40 Low 48 High 4F
T al from muttiply ]
20 21
Displayed
Divide data
Hex
to Dec
80 Low 88 High 8F

However, both the hardware and software
can be modified to suit specialized applica-
tions.

One practical use for a modified instru-
ment is the calculation of a domestic
electricity bill. A current transformer
with an accurate resistor across it can
be used as a transducer to provide a voltage
proportional to the current. This output is
rectified by a single germanium diode so
that the voltage drop across the device is
small. Peak voltage can be measured by
choosing a suitable smoothing capacitor
and using the correct frequency of read-
ings for the time constant of the cixcuit.

IN OUR NEXT ISSUE

Audm miﬁwmtnmter

| | [ ] -

Temporary running average

The data can be multiplied by a constant
which includes an adjustment to give the
r.m.s. values and a conversion to kW.
With this arrangement the maximum de-
sired bill can be selected and, if the run-
ning average is such that the bill will be
drastically exceeded, an alarm can be trig-
gered or non-essential equipment can be
disconnected until the average is reduced.

If faster operation is needed, the
program can be speeded up by changing
from hex-to-decimal conversion to a dif-
ferent type, and increasing the frequency
of the v-to-f converter so that the counter
gate-time can be reduced.

uﬁar }:trgd Qﬂc&fﬂt‘éﬂ aﬂ ekacmc Iock when.

A simple instrument which uses 2{} Le. ds"

‘to give a fast-response, peak reading indi-

_cation, It can be used for audio frequencies

anddc. and is battery-powered. The meter
offers many of the advantages of a pointer
‘meter without ttie ?hartia of the move-

_ment,

Morse cude im:ﬁ
An 8748 mmmaﬂﬁ‘%mter recognizes Six-
teen rnﬂrs’e tharaﬂtms keyed-in by the

. He‘rhate ksvbﬁard

the input code corresponds with that held

~in memory. The lock uses only two mta—_
‘grated circuits, and the gtandbs; current is
.armmd ‘r ﬂ‘jlﬁrﬁﬁmn

- Uﬁ:rjg ars RS232 sertai link, this damgn
allows a remote ke§board to be connected

to a computer and used simultaneously
with the existing keyboard, without com-
plex software. The circuit can easily be

_ ada;pied to suit ind twdua! circumstances.
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Measuring transient intermodula-
tion in audio amplifiers

The ‘inverting-sawtooth’ method for low t.i.d. measurements

by P. Antoniazzi, C. Buongiovanni and S. Tintori, SGS-Ates, Milan.

Over the last ten years transtent
intermodulation distortion (t.i.d.} has
attracted considerable interest in
audio engineering circles, as a glance
at the bibliography shows. Among
the many published papers on the
subject a number deal with the
measurement of t.i.d.

The best known method consists of
feeding sine waves, superimposed
onto square waves, into the amplifier
under test. The output spectrum is
then examined using a spectrum
analyser and compared to the input.
This method suffers from serious
disadvantages: the accuracy is
limited, the measurement is a rather
delicate operation and an expensive
spectrum analyser is essential.

Recently, a new approach has been
described by S. Takahashi and S.
Tanaka which is, in their own words,
simple yet precise. This method,
which we will refer to as the
“inverting sawtooth’’ method, is also
fast, cheap — it requires nothing more
sophisticated than an oscilloscope —
and sensitive — and it can be used
down to t.i.d. values as low as 0.002%
in high power amplifiers.

Transient intermodulation distortion is an
unfortunate phenomenon associated with
negative-feedback amplifiers. When a
feedback amplifier receives an input signal
which rises very steeply, l.e., it contains
high-frequency components, the feedback
can arrive too late so that the amplifier
overloads and a burst of intermodulation
distortion will be produced, as in Fig. 1.

Since transients occur frequently in
music this is obviously a problem for the
designers of audio amplifiers. Unfortuna-
telv, heavy negative feedback is frequently
used to reduce the t.h.d. (total harmonic
distortion) of an amplifier, which tends to
aggravate the transient intermodulation
(1.1.m.) situation.

Method of measurement

The ‘inverting-sawtooth’ method of mea-
surement is based on the response of an
amplifier to a sawtooth waveform. The
amplifier has no difficulty following the
slow ramp but it cannot follow the fast
edge. The output will follow the upper line
in Fig. 2, cutting off the shaded area and
thus increasing the mean level. It this out-
put signal is filtered to remove the saw-
tooth, a direct voltage remains which indi-

cates the amount of t.i.m. distortion,
although it is difficult to measure because
it is indistinguishable from the d.c. offset
of the amplifier. This problem is neatly
avoided in the i.s.-t.i.m. method by
periodically inverting the sawtooth wave-
form at a low audio frequency as shown in
Fig. 3. In the case of the sawtooth in Fig.
2, the mean level was increased by the
t.im. distortion; for a sawtooth in the
other direction the opposite is true.

The result is an a.c. signal at the output
whose peak-to-peak value is the t.1.m.
voltage, which can be measured easily with
an oscilloscope.

Practical measurements

The equipment needed for 1.s.-t.i.m. mea-
surement is shown in Fig.4.A 20kHz saw-
tooth generator, its output inverted every
256 cycles, is followed by a high pass filter
which attenuates the 78 Hz switching com-
ponent by more than 100dB. A suitable
circuit, shown in Fig. 5, is a straightfor-
ward, 36 dB/oct. Butterworth filter, with a
cutoff at around 1 kHz. The circuit con-
tains a simple RC network to limit the
maximum signal slope to a reasonable
value. It can be switched to supply signals
of varying severity to the test amplifier: for
most purposes the f. = 30kHz position
gives realistic results but for ‘“‘super-fi”
amplifiers the 100 kHz position can be
used. An intermediate position, not nor-
mallv used, is provided.

After leaving the amplifier under test,
the 20 kHz sawtooth must be filtered out
so that the t.i.m.-induced voltage can be
measured. The passive low-pass network
in Fig. 6 gives the desired response.

Finally, the filtered output signal is
displayed on an ordinary oscilloscope. If
the peak-to-peak value of this signal and
the peak-to-peak value of the inverting
sawtooth are measured, the t.i.d. can be
found very simply from:

. !
Lim.=,, ™ x100
‘/auwmulh

The two oscilloscope photographs show
the wavetorms actually observed. The top
one shows part of the 20kHz inverting-

Feedback
path
BV,

OYl Pre- V2 yV3| pg wer Vi

Inpat amplifier amplitier Output
T T

. | |

1 A | 1
v2 — :

o4

v, ke 1 |

0 (t)

Fig. 1. Response of negative-feedback
amplifier to very steep input slope

SR{V/ps)

Fig. 2. Input sawtooth and response of
amplifier

Input
signal

Filtered

output I | I
signal

Fig. 3. Inverting sawtooth and filtered
output of amplifier under test

Fig. 4. Biock diagram of measurement
setup

Inverting High pass Amplitier
sawtooth fitter A\ tilter Oscilloscope
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sawtooth waveform at the output of the
generator, while the second shows a typical
filtered output waveform (20kHz/256 =
78Hz) which is used to measure the peak-
to-peak amplitude of the t.i.m.-induced
voltage.

Inverting sawtooth
generator

To generate the special inverting-sawtooth
waveform we designed the simple circuit
shown in Fig. 7. An ordinary sawtooth
signal is generated by a relaxation oscilla-
tor consisting of the constant current gen-
erator Try, a capacitor Cl, inverting trig-
gers ICy; and ICp, and an analogue switch,
I3a. Capacitor C is charged by the constant
current generator until the voltage across it
reaches the upper threshold of the trigger
ICib, which is about 6.5V. This closes the
analogue switch and discharges C,.
Discharging continues until the voltage
across C falls to the lower threshold of the
trigger, about 3V, when the analogue
switch opens and C| charges again. The
frequency of the resulting sawtooth wave-
form is adjusted to 20kHz by the trimmer
in Tr| emitter.

The buffer, Tr;, minimizes the loading
on C; and attenuates the signal to avoid
saturating the phase-splitter that fol-
lows. The phase-splitter, Tr3, provides
two out-of-phase sawtooth waveforms, the
trimmer in the collector of Tr; adjusting
the symmetry of these waveforms.
Another trimmer in the inverted signal
decoupling network, adjusts the relative
offset of the two waveforms.

The analogue switches ICy, and IC,
select either the direct or the inverted saw-
tooth under control of the counter, which
divides the discharge pulses from the re-
laxation oscillator by 256, so that the out-

Inverting sawtooth is shown in top trace;
bottom picture is t.i.m.-induced voltage
after filter.
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Fig. 6. Low-pass filter characteristic

put sawtooth signal changes phase every
256 cycles. The inverting sawtooth is buf-
fered by Try.

The output of the counter also serves to
synchronize the oscilloscope used in the
measurements. Without this sync., it
would be virtually impossible to observe
the inverting sawtooth waveform.

Some results

TO see how the inverting sawtooth
method works in practice, we have tested a
variety of audio integrated circuits — stan-
dard operational amplifiers, monolithic
power amplifiers and an RIAA preampli-
fier based on a new high-quality preampli-
fier i.c. For the t.i.d. measurements on the
operational amplifier, a unity-gain buffer,
shown in Fig. 8, was used to match the low

www._americanradiohistorv.com
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impedance filter to the op-amp. input.
Figure. 9 shows the results obtained from
an LS148 op-amp. with three different
values of compensation capacitors.

These results show t.i.d. values higher
than those obtained using other methods
— a result of the greater sensitivity of the
Ls.-t.i.m. technique. Extensive compari-
son of t.i.d. measurements using various
methods have been published elsewhere
and confirm the validity of the inverting-
sawtooth method. Although it is possible
to measure t.i.d. as low as 0.002% this
only applies to high-power amplifiers
when the t.i.m. voltage can be measured
more easily.

Figure 10 shows typical t.i.d. values for
a 15W monolithic amplifier, the TDA
2030, in the test circuit, Fig 11. As in the
case of the operational amplifier the mea-
surements were carried out at the three
different settings of the signal slope

continued on page 53
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Television for no-signal areas

An “active deflector” for re-directing broadcast signals

by J. M. Osborne, G3HMO

In the last decade u.h.f. colour television
broadcasting has, for all practical pur-
poses, replaced black-and-white at v.h.f.
-The use of the higher frequencies sharpens
‘the “no-go” areas where no signal or no
usable signal exists; rectilinear propagation
rules. However many relay stations are
erected, inevitably there will be isolated
sites for which this solution must be un-
economic. From many of these isolated
sites, perhaps for most, it is possible to see

a point on local high ground from which in
turn a television broadcast mast is visible;
visible in theory, that is, or with a teles-
cope on a clear day. An active deflector
becomes a plausible possibility.

If the signal at the top of the hill is
received in the conventional way and re-
directed towards the ‘no-signal’ site, nor-
mal reception there can be achieved. The
description that follows is a case history of
how a single installation provided six

General arrangement of
equipment for the active
deflector. The receiving aerial is
installed at a vantage point
where it will pick up a good
signal from the tv broadcasting
station. The transmitting aerial
is a little way down the hill.

Normal receiving aerial

20m of low-loss, low rf.leakage
coaxial cable

Deflector output aerial
(vertical polarization)

Inexpensive low voltage line
24Vdc, 8W supply for rf amplifier

TV broadcast
. —— station
Receiving aerigl ———a. _

{horizontal polarization)

 Head amplifier

R.f amplifier {1Voutput)

o

WA amaricanradighictan,cam

households in three neighbouring ‘no-sig-
nal’ sites with normal signals. Conven-
tional aerials with and without masthead
amplifiers at these sites give performance
not significantly different from that re-
ceived by those at the top.

The situation is a classic one; the houses
are on the coast with high ground inland.
The problem: all broadcast tv stations,
high power and relay, within range are
screened by this high ground. The solu-
tion: a signal (of a few millivolts) received
up top, amplified as necessary, is re-
directed to give a comparable signal down
below perhaps 500 to 1000m away.

The hardware is basically very simple.
The main aerial, about 3m high, is connec-
ted to a head amplifier and then by 20m or
s0 of low-loss, low-leakage coaxial cable to
another r.f. amplifier. This wideband am-
plifier is crucial to the project and jts speci-
fication is quoted later. The output is con-
nected via a further short length of low-
leakage coax to three aerials on an adjacent
mast about 2m high. A specially made
harness using quarter wave 50-ohm sec-
tions matches the amplifier (75 ohms) to
the aerials (each also 75 ohms). These
aerials, pointing at the respective sites, are
vertically polarised to minimise the pos-
sibility of oscillation or instability through
coupling to the main horizontally polarised
aerial.

Coax with low r.f. leakage is used
throughout to avoid feedback problems.
These cables also run at ground level ex-
cept where running vertically up the
earthed aluminium masts, for the same
reason. It is comforting that at no time has
r.f. feedback occurred with these simple
precautions. How far these precautions
can be relaxed before running into trouble
has not been investigated.

At the three receiving sites, normal tv
aerials (vertically polarised and pointing
up the hill) with and without head ampli-
fiers result in good quality colour pictures
on all three channels. In fact, the aerials
need only have a clear line of sight to the
top of the hill and need not, in general, be
above the roof. Fixing to a wall makes a
cheap, tidy installation. On one site a
black-and-white portable gives a usable
(though admittedly slightly noisy) picture

Nature of the terrain can be seen from this
view with the three transmitting aerials in
the foreground.
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Main items of equipment

Main amplifier:

Amethyst (u.h.f. only). Wolsey
Electronics, Cymmer Road, Porth, Mid
Glamorgan CF39 9BT. (Trade price
£77.48 plus VAT.)

Aerials:
Antiference TC18 (one) and TC10
(three).

Masthead amplifier:
CM7025/CD. Labgear Ltd, Abbey Walk,

Cambridge CB1 2RQ.

using its built-in halo aerial, if the set is
placed in the window on the right side of
the house.

The amplifier that made this project
possible is the Amethyst supplied by Wol-
sey Electronics. The u.h.f. version cost
less than £100, including the mains power
supply. This unit is designed as a distribu-
tion amplifier, e.g. providing a large
number of outlets in blocks of flats from a
communal aerial on the roof. It is ideal for
the present application: broad band, ultra
linear, 75-ohm coax input and output, up
to 1V r.f. output and an integral d.c.
supply up the input coax for the head
amplifier.

A mains supply up the hill is out of the
question. The power unit was therefore
removed from the Amethyst. The ampli-
fier draws an economical 240mA at 24V.
This is supplied by a pair of p.v.c. 24-
s.w.g. wires run up the hill for the most
part through the uncultivated un-
dergrowth under an old dry wall. It is
fairly unlikely to be disturbed. At the
lower end this pair of wires is run into an
outhouse along the posts of a chicken run.
At the top, where it connects to the ampli-
fier, a series diode provides polarity pro-
tection. The resistance of the wire (25
ohm) at 240mA and the diode drop re-
quires that a 30V supply be provided. This
is left on permanently in the outhouse.

The weather protection of the amplifier
is taken care of by standing it clear of the
ground on an inverted tray as used for
market garden produce. It is covered with
plastic sheets (ventilated, not sealed). Over
the whole is placed a large heavy-gauge
plastic box, upside down to keep out the
wind and rain.

The aerials are standard yagis made by
Antiference Ltd. Their disposition is clear
from the photographs. The excellent direc-
tional and gain properties make them a
good choice in this application. Their abil-
ity to take the weather, including gales and
storms, is implicit. The head amplifier,
replacing the first one of Continental
origin which proved to have inadequate
gain, was a Labgear CM7025 compatible
with the Amethyst coax supply. Its ability
to stand the weather is likewise implicit.

The masts have to be guyed to withstand
gale and storm on such an exposed site.
They are guyed with stainless steel
stranded wire to heavy iron staves driven
deep into the ground with a sledge
hammer. The staves are made from
fencing angle iron, cut and sharpened. The
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i base of each mast has been set in concrete.

! Now that the project has been brought
to a successful conclusion — for the time
being anyhow, since nothing lasts forever
— it is interesting to reflect on the variety
of problems and solutions engendered by
it

The only instruments used were an Avo
multimeter and a Ferguson black-and-
white portable which would operate for a
short time for test purposes on 12V from
heavy duty dry celis. As one was unwilling
to lay out cash on an unproved project, the
proving of the signal up top was done with
redundant aerials. (These became redun-
dant when a local relay was established
elsewhere in the West country.) The coax
was salvaged from a previous highly satis-
factory project — an amateur radio teles-
cope of 1959 — being low-loss cable
supplied by J. Beam Ltd to connect the
arms of an interferometer made with J.
Beam skeleton slot 1.5m aerials.

Before any stage of this project was im-
plemented it was proved. Everything up
top was carried up a tortuous path 350ft
a.s.l. taking 25 minutes by the easiest
route (and 15 minutes down). Weather was
relevant to what could be done and how

The three transmitting aerials mounted on
a mast a little way down the hill. In the
foreground is the r.f. amplifier box (with
rock on top of it!)

50a 1/1, wave coax

Vs power aut towards
the mosi distant receiver

Mid - channel frequency
Rf . .
| amplifier allowing for velocity ratio
75} coax [0-66 typical) of S0

except where stated

Method of matchi.n.g three transmitting aerials (each 75 ohm} to the coaxial cable
from the r.f. amplifier. 75-ohm inners and outers connect to respective 50-ohm
inner and outer

An imaginary panoramic view, illustrating
the need for and the implementation
of the active deflector.
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A plot of contour heights along the path from the broadcast transmitting aerial. Height
of the aerial and grid reference are obtained from the BBC Engineering Information
Department. The contours are from the Ordnance Survey.

long it took. To test the effect of a single
change (2 minutes in a lab) might take half
the morning. The justification of the work
and the expense of the amplifier was con-
firmed when good pictures were received
down below on a battery operated ampli-
fier (four EverReady 6V type PJ996 bat-
teries ran for two days, the voltage falling
to 16V before signals became significantly
weak). The laying of the 24V line fol-
lowed. This involved cutting through un-
dergrowth which must compare with the
Burmese jungle. Certainly I wore top boots
in view of frequent sightings of adders!

A paradoxical situation arose as a result
of the installation of the Labgear head
amplifier. That, together with the 18-
element Antiference yagi, overloaded the
amplifier, causing cross-modulation. A
faint interference band across the screen
moved slowly up or down. Blank parts of
the screen when the set was tuned to one
channel revealed faint ghosting from
another. All that was needed was to turn

the attenuator on the input of the amplifier
— but by how much? A system of flag
signalling was devised using red (up) blue
(down) and white (OK) items of clothing.
This, together with executive signals from
the top, enabled a good setting of the atte-
nuator to be found. (Citizens’ band walkie-
talkies will come in handy for this kind of
work.)

A non-problem was permission from a
neighbouring landowner to park an aerial
on his territory. No loss to him but equally
no gain — and it’s always easier to say no.
The greatest reward is the pleasure
brought to neighbours by television in
dark winter evenings. Cynics may dispute
the programme value even in such isolated
surroundings. Is a good book a better op-
tion, once the novelty wears off? I think
not. We shall soon have four channels to
choose from. They surely cannot always be
simultaneously an American detective/po-
lice/car chase or world news or home poli-
tical broadcast.

www americanradiohistorv com
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I very much hope the active deflector
will keep us going for a decade, by which
time a dustbin lid on the roof will provide a
plethora of satellite relayed programmes.

Footnote on interference

An active deflector of this kind, if set up in
a populated area, could cause interference.
Television receivers already gertting a sig-
nal direct and in line of fire of a deflected
signal would suffer interference from this
delayed signal. It is therefore necessary to
consider this possibility where there are
dwellings already receiving tv in sight of
the proposed deflector. If the distance
from the deflector is large, the direct signal
strong and the directivity of the receiving
aerial adequate, no problem need arise.
If the direct signal is weak and interference
is shown to arise, using the signal from the
deflector, picked up by an aerial blind to
the direct signal, may prove to be the solu-
tion. Television engineers and their aerial
fitters, using knowhow and tact, might
well extend the number of dwellings get-
ting good colour using this technique. As
405-line tv comes up to retirement it might.
be the only solution in some places.

Licences

To operate an active deflector of this
" kind you are legally required to obtain
a licence (£100 valid for 5 years). To
obtain a licence you must first have
your scheme technically approved by
the broadcasting authorities {Home
Office and either BBC or IBA). Proce-
dure is as follows:

Contact the Home Office, BBC or IBA
requesting a licence to operate a "self-
help” scheme. Either the BBC or the
IBA, depending on your area, will send
you an enquiry form and an explana-
tory booklet “Self-help television re-
ception”. On receiving your com-
pleted form the broadcaster will plan
the scheme for aerial radiation pat-
tern, power and coverage to ensure
that the active deflector will not cause
interference to existing viewers or
other services. When details have
been agreed at a joint BBC/IBA Home
Office television planning group you
will be given permission by provisio-
nal licence to install the equipment.
When the installation is working, in-
form the broadcaster concerned, who
will check it for interference. If then it
is approved, the Home Office will is-
sue the full ticence.

It is your own responsibility to
procure the site and obtain planning
permission. Nor do the broadcasters
take responsibility for the picture qual-
ity obtained.

Addresses: Home Office, Broad-
casting Department (Room 668), 50
Queen Anne’s Gate, London SW1H
9AT. BBC, Engineering Information
Department, Broadcasting House,
London W1A 1AA. IBA, Engineering
Information Service, Crawley Court,
Winchester, Hants S021 2QA.
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Wien-bridge oscillator with low
harmonic distortion
New way of using Wien network to give 0.001% t.h.d.
by J. L. Linsley Hood, Robins (Electronics)
The Wien-bridge network can be 1kHz of some 0.003%, which tended to ——— —
connected in a different way in an increase with frequency above this point, c ?
oscillator circuit to give a sine wave as the effectiveness of the common-mode —
with very low total harmonic isolation dereriorated.
distortion. An l.e.d/photocell However, it is not implicit, in the use of )
amplitude control is external to the a Wien network as the frequency-control b Output
circuit. method, that the configuration shown in' ———>
Fig. 1, in which the output of the network
is taken to the non-inverting input of the
The Wien-bridge network remains the amplifier and the amplitude controlling R C Thermistor
most popular method of construction of negative-feedback signal is taken to the J
variable-frequency sine-wave oscillators, Othra is the only circuit configuration I Reg
since the basic circuit can be very simple in which can be employed. In particular, con- o
form. It is a fairly straightforward matter sideration of the phase and transmission . B
to design oscillators of this type in which characteristics gf such a network, shown in
the harmonic distortion is only of the order "ﬁl"able 1 and Fig. 2 for equal values of C ‘ Fig. 1. Basic Wien-bridge oscillator circuit
of 0.01-0.02%, and which allow frequency
control by means of a simple 2-gang poten- Fig. 2. Gain and phase characteristics of
tiometer. Wien network 10 (3)
The basic circuit for an oscillator of this 09
form, using a single operational amplifier z
. . . . X 08 uJ'C_)'
as the gain block, is shown in Fig. 1, and Lo
the author has shown a practical design of L 07 ST
oscillator, based on this, for a use as a So6 Q% +90°
simple, general-purpose warkshop tool.! ‘ go-‘ —] &
However, in the form shown in Fig. |, a E VB (260) 20 4 —
S : : n x {F LRy < ~
significant problem exists in that the trans- -—J N ks e (1) »
mission of a normal Wien network, at the :, 2 // < ul
operating frequency, is only 1/3, which R ) = 02 P SSio, T0 S
means that an inconveniently large propor- J_ J_ 01 ‘%
tion of the output signal voltage appears at ¢ T (= 0 e
the inputs of the amplifier, and will lead to £ i 01 02 0406 O A 0 I
non-linearities in the transfer characteris- p— g‘.’t "x_’(;”*) OSCILLATION FREQUENCY Lo
tics of the amplifier due to ‘common mode’ (= att) =o \
defects. An oscillator design, which em- Lj_
ployed an input device operated in a cas- C Fig. 3. Rearrangement of Wien network
code configuration with a junction f.e.t. to R ¢ R between signal sources gives small in-
minimize this type of defect, was shown by - phase signal at point X
the author in 1977,% and allowed a t.h.d. at ov i
(a)
© Fig. 4. Use of arrangement of Fig. 3in
TABLE 1. Phase and transmission charac- oscillator circuit
teristics of simple Wien network. ‘
F/Fq phase transmission
0.1 73.14° 0.10
0.2 57.99° 0.18
0.3 45.32° 0.23 |
0.4 34.99° 0.27 |
0.5 26.57° 0.30 I
0.6 19.57° 0.31
07 13.65° 0.32 |
0.8 8.53° 0.33 l
09 4.03° 0.33
1.0 0° 0.33
1.2 —6.97° 0.33
1.5 —15.52° 0.32
2 —-26.57° 0.30 — 0V
3 —-41.63° 0.25 Figures in brackets Rp.Rs and Rin chasen to
5 —57.99° 0.18 refer to diagram 3b suit individual thermistor
8 -69.15° 0.12 employed
10. -73.14° 0.10
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and R, implies that if, instead of the net-
work of Fig. 3(a) being connected between
a signal source Ej, and the OV line, it was
connected between two signal sources +E,
and —E,, where these are sinusoidal and
“identical in frequency and the negative
sign implies phase opposition, as shown in
Fig. 3(b), then a small, in-phase signal
would exist at the point ‘X’, at the fre-
quency of maximum transmission, (f,), if
+E, was slightly greater than —2E,.

This could then be used as a positive-
feedback signal in a circuit such as that
shown in Fig. 4, to sustain oscillation at
the frequency f,. Indeed, such a circuit
will work quite well, and will sustain a
constant output magnitude of oscillation if
a thermistor is employed, as shown, to
make the gain of the second, inverting,
amplifier stage dependent on the ampli-
tude of the input signal. However, there is,
in practice, a small snag with such an
arrangement, and that is that the inverted
negative-feedback signal applied to the in-
put of Ay will suffer an additional phase
error due to the internal time lag within
A3, and this will cause unwanted h.f. insta-
bility if ‘3rd generation’ high speed op.-
amps. such as the CA 3140, or the 1741 S,
are used in the realisation of this circuit.

It is, fortunately, an easy matter to re-
solve this difficulty if the circuit is recast in
the form shown in Fig. 5, in which the
negative-feedback signal, equivalent to
—E, in Fig. 3(b), is derived from fhe am-
plifier A, and the positive-feedback signal
is obtained from the output of the second
inverting amplifier A;.

This configuration offers several signifi-
cant advantages.

e The input signal to A; is extremely
small, since it is only required to be
Eou/2M, where M is the open-loop gain of
A — typically 100dB for a good modern
op.amp. i.c. — and, as pointed out by the
author in an earlier article?, with semi-
conductor amplifiers the non-linearity of
such devices is essentially an input charac-
teristic, dependent on the magnitude of
the input signal.

@ The second-stage amplifier is operated as
a shunt-feedback element, and the non-
linearities of such a stage can be shown to

be significantly lower, because of the very
small input-signal amplitude and the ab-
sence of any internal transfer errors be-
tween the inverting and non-inverting in-
puts, than is the case for an identical
amplifying element in a series-feedback
configuration. 3+

® The time-delay errors in the second am-
plifying stage (A;) no longer contribute to
loss of stablility in the system, but only to a
very small compensatory shift in the
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operating frequency of the oscillator. Fast
response-speed, high h.f. gain op.-amps.
can therefore be used without problems.

For these reasons, it can be expected
that the residual harmonic distortion of
this oscillator design will be exceedingly
small, and measurements on two proto-
types have indeed shown this to be the
case. So far as can be determined, the
residual distortion — almost exclusively
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Figures in brackets
refer to diagram 3b

Fig. 5. Final form of new configuration in low-distortion oscillator
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Fig. 6. Measured total harmonic distortion of improved oscillator of Fig. 5

Fig. 7. New oscillator with external optoelectronic amplitude-control circuit. Silonex
(formerly National Semiconductors) cell, Type NSL395, is obtainable from Cheston
Electronics Ltd., Vanguard House, 56 Oughton Street, Ormskirk, Lancs. Tel: 0695 72456
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third harmonic — is that due to the de-
pendence of the resistance of the thermis-
tors used to control the amplitude of the
oscillation on the instantaneous value of
the signal potential applied to them. This
characteristic of oscillators with averaging
control sgrstems has been analysed by
Robinson® who suggests that the distortion
of such a system, which is shown to be
mainly third harmonic, will be

x3_1 A 1
x; 8y " 2nfT

where (Ag—n)/Mm is the fraction by which
the low-level loop gain exceeds the gain
required to initiate oscillation, and T is the
time constant of the control system (ther-
mistor or similar). In the case of a Wien-
bridge oscillator, n=3.

This equation indicates that if the feed-
back amplitude is very little above that
required to sustain oscillation — which is
implicit in the design — the residual
distortion will be dependent on the time
constant of the control mechanism. By the
use of series and parallel resistors of appro-
priate values with the thermistor, this can
be made to control the amplitude of the
oscillation at a resistance value which is
only a little less than its room-temperature
value. Under these circumstances, the
settling time of the amplitude is long —
perhaps 3-4 seconds at l1kHz, but the
t.h.d. will be very low. The penaity in-
curred in this type of adjustment, apart
from the obvious inconvenience of a relati-
vely long settling time following any dis-
turbance, is that the two gangs of the po-
tentiometer used to control the operating
frequency of the oscillator must be
reasonably well matched in resistance
value across the adjustment range, and
also, if switched capacitors are used to
provide step changes in frequency sweep,
the ratios of their values must remain the
same.

However, this is merely a statement of
the obvious, that it is a pointless exercise to
try to design high-performance equipment
using low-performance components.
Nevertheless, within the limitations im-
posed by the use of a thermistor as the
stabilizing element, the performance of a
very simple oscillator, built around a dual
operational amplifier (a Texas Instruments
TL072), is very good, as is shown in Fig.
6. The total harmonic distortion from this
arrangment, in which the resistors asso-
ciated with the thermistor were adjusted to
give a settling time of 5 seconds at | kHz,
and an output voltage of 2 volts r.m.s., is
lower than that obtainable from any other
simple Wien-bridge oscillator (that is to
say with the exception of systems with low-
pass output filtering) known to the author.
This distortion is almost exclusively third
harmonic — decreasing with frequency —
which implies that the source of this wave-
form distortion is the instantaneous change
in. gain of the system, during the excursion
of each half sinusoid, due to the limited
thermal inertia of the thermistor.

The verv high performance obtainable
from such a circuit encourages the consid-
eration of alternative methods of ampli-
tude control such as that employving a

photo-conductive cell and the light-emit-
ting diode combination shown in Fig. 7, in
which the time constant and other dy-
namic characteristics of the control circuit
can be optimized by a suitable combina-
tion of proportional, integral and differen-
tial (p.i.d.) adjustment to the gain of the
control circuit (A;). Needless to say, the
photoresistive element should be chosen to
have a very low voltage coefficient of resis-
tance and an adequate response speed to
avoid the introduction of a further signifi-
cant time delay into the control loop.

Leaving aside the question of the means
employed to control the amplitude of the
output signal (which imposes limitations of
an identical kind on any oscillator system,
in terms of the settling time, and the in-
fluence of the control time constant on the
harmonic distortion at any given fre-
quency) the improvement in performance
given by the circuit design shown in Fig. 5
over that obtainable from the more con-
ventional arrangement shown in Fig. 1,
suggests that it would be sensible to regard
the improved circuit as a general replace-
iment for the earlier system in all future
designs.
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The impact of new

technology at work

More than £90,000 is being made available over
three years by two research councils for studies
into the shop-floor impact of the introduction of
new technology.

Three studies are planned: on telephone ex-
change modernisation; on the adoption of a
computer-based freight information system in
British Rail; and on the introduction of
electronic news gathering (ENG) equipment in
television.

The Science and Social Science Research
Councils are sponsoring the work which will be
carried out by the New Technology Research
Group of Southampton University. The Group
has been formed by engineers and social scient-
ists committed to interdisciplinary research “‘on
the introduction of new electronic and computer
technologies at the level of the individual
workplace”.

The two main objectives of the work will be
to explore the process of technological change
and to develop interdisciplinary research
methods for the problems that arise. The team
will be investigating the nature of technological
innovation and engineering decision-making in
the economic and social context of business or-
ganisations; the bearing of organisational
structures on the capacity of managers to gener-
ate methods and mechanisms for the introduc-
tion and control of new technology; the de-
velopment of union strategies towards new
technology; the consequences of technological
change for the nature of work and occupations;
and the effectiveness of industrial relations
procedures in handling new technology issues.
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Measuring transient
intermodulation

continued from page 47

limiting filter.

The authors are interested in measuring
t.i.m. principally to test the effectiveness
of anti-t.i.m. measures such as input filt-
ers, and to design low-t.i.m. monolithic
amplifiers. The availability of a simple and
accurate measuring system has already
provided useful results, exemplified by the
R.I.A.A. preamplifier shown in Fig. 12; a
circuit designed around the TDA3210 ste-
reo preamplifier i.c. The filter on the out-
put is intended to minimize t.i.m. in the
next stage. This circuit, in terms of tradi-
tional parameters, represents the current
state-of-the-art in i.c. R.I.A.A. preamps in
which the total harmonic distortion is
0.02% at 20kHz. The frequency response
is 20Hz to 20kHz *0.5dB and the dy-
namic range 100dB.
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WORILD OF AFLATTEUR RADIO

RAE: useful or lottery?

Some 2100 candidates are reported to have
successfully passed the Radio Amateurs’
Examination held last December. But des-
pite this, this particular examination, more
than any other that I can recall, has raised
serious doubts about the overall fairness,
effectiveness and true purpose of the RAE
in its present form. Has it, people are
asking, since the adoption in 1979 of the
multichoice form, become little more than
a lottery conducted in secret? Are those
now holding the prized RAE “Pass” cer-
tificate, with or without “credit’’ endorse-
ments, really so much better qualified 1o
operate a radio transmitter than those who
were unlucky enough to fail? Amateurs
have not been slow to point out that RAE-
alone restricts operation to 144MHz and
above — the new c.b. permits, without
examination, will provide speech on
27MHez.

The City and Guilds of London Insti-
tute, responsible for RAE, appears to have
established a “pool” of questions from
which papers for the twice yearly exams
are composed; they therefore attempt 1o
restrict circulation of genuine papers. It is
only by good fortune that the December
set has come my way, all 35 questions of
Part 1 (mainly on licence conditions) and
the 60 more general questions of Part 2. I
am not impressed.

As noted in the February WoAR, C and
GI recognised that one question could not
be answered correctly; but it is now clear
that this was not the only mistake. Among
several extremely dubious and ambiguous
questions there was yet another (Part 2,
question 14) in which all the four “an-
swers” are unquestionably wrong due to
the printer having made capacitive re-
actance equal to IfC/(2n) instead of
1/(2nfC)! Several questions on radio
propagation are confused, while what does
one make of Question 58: “A standing
wave meter is used to check: (a) stability of
the oscillator; (b) efficiency of a transmit-
ter; (c) resonant frequency of an aerial; and
(d) operation of the aerial feeder’’? That
appears (at least to me) also virtually
unanswerable.

One finds two questions (Part 2, No 6
and 11) devoted to calculations involving
coulombs and microcoulombs. Yet how
many amateurs ever find it necessary, or
even useful, to be able to do this? In 45
years (without the benefit of an RAE) I
have not needed to worry about such quan-
tities of electricity.

Agreed that one purpose of RAE is to
check that candidates are likely to benefit
from the “‘self-training” of amateur radio:
but surely not by erecting such dubious
barriers? Yet the current syllabus requires
no knowledge of the valves still used in the
vast majoritv of amateur h.f. transmitters

which, with high voltages, call for an ap-
preciation of suitable safety precautions.

Again, with mistakes and ambiguities in
the papers who can be sure that the “mark-
ing” may not be suspect? What are the
pass marks? And how do these compare to
the average probability of a candidate pick-
ing up 25 per cent by picking answers with
a pin — while a “lucky” candidate, by the
laws of probability, could end up with an
appreciably higher “pin-score”? To try to
counter this, the examiners appear to have
tried to make at least some questions un-
duly difficult or obscure or (for Part 1) to
expect candidates to commit to memory
every minor detail of the licence condi-
tions, rather than to show sufficient
knowledge of needing to refer to the
licence itself before attempting such modes
as slow-scan tv, etc.

In 1946 the licensing authority (then the
Post Office) handed responsibility for
RAE to C and GI, with its long-established
reputation for conducting examinations,
aided by liaison with the RSGB. The Insti-
tute should examine seriously the present
state of this multichoice examination, if
only for the good of its own reputation,
and even if 2100 people had the good
“luck” to pass.

Long-path
“transequatorial’’?

A new twist to the unfolding story of
transequatorial and chordal hop propaga-
tion has been given by the Greek amateur
SVIDH. On February 16, signals were
received in Athens from Zimbabwe on
both 50 and 144MHz, and from South
Africa on SOMHz. But he found these sig-
nals were audible only when his beam was
pointing northwards. This makes it look as
though they were arriving via the “long
path” round the other side of the world
and passing close to both Poles, and pre-
sumably involving some form of layer en-
trapment even at the very high frequency
of 144MHz. On the same day, ZD8TC in
Ascension Island and KP4EOR in Puerto
Rico are reported to have made contact
across the South Atlantic on 144MHz, vet
another curious example of East/West
transequatorial v.h.f. propagation.

Up the Amazon

A recent BBC2 series “Travellers in Time”
featured original film of famous expedi-
tions of the 1920s and 1930s. One pro-
gramme was on the Hamilton-Rice expedi-
tion to the Upper Amazon, one of the first
expeditions ever to take along an h.f.
transmitter (shown in several sequences of
the original film) and run from a 100-watt
petrol-electric generator.

Turning to Wireless World of February

11, 1925 one discovers that the first British
amateur to make contact with this station
(SA-WJS) was "the famous Gerald Mar-
cuse, GZNM. Expedition operator J.
Swanson was using a one-valve transmitter
with an output at the time of only 13 watts
to a “T” aerial. G2ZNM was told: “Your
signals come in very strong on detector
alone using counterpoise as receiving an-
tenna”. It is doubtful whether it would be
possible to repeat this today, with so much
more interference!

A few days before, on February 1, 1925,
another pioneer South American amateur,
Carlos Braggio, CB8, Argentina had made
the first contact with a British amateur:
this time E. J. Simmonds, G20D. During
this contact official messages were sent
from CB8 to the RSGB and also to The
Times — something that today would be
much frowned upon as representing third-
party traffic.

Here and there

The first British-built amateur radio satel-
lite — the UOSAT project at the Univer-
sity of Surrey — is nearing completion and
is scheduled to be launched from Califor-
nia into a polar earth orbit at a height of
530km on or about September 15, 1981. A
report from Dr M. N. Sweeting, G3Y]JO,
the project manager, indicates that there
should be few major difficulties in clearing'
the final hurdles.

The RSGB are continuing to view the
Home -Secretary’s decision to legalise
27MHz CB operation “with deep concern’”
although recognising that frequency-mod.--
ulation will “to some extent help reduce
interference problems”, ’

The JARU Region 1 Triennial Confer-
ence is being held at Brighton from April
27 1o May 1 with a crowded agenda includ-
ing many band-planning and other operat--
ing recommendations to discuss. A statior:
will operate with the callsign GBITARU.

Mobile rallies include Midland & Stoke--
on-Trent at Drayton Manor Park near
Tamworth on April 26; Southend Airport
Exhibition Centre on April 26; Maidstone
Y. Sports Centre, Cripple Street, on May
3; Northern Mobile Rally, Victoria Hall,
Victoria Park, Keighley on May 17; and
East Suffolk Wireless Revival, Ipswich cn
May 24.

Hull University is to bestow an honorary
MA degree on Brian Rix, G2DQU . . .
Trisha Day, G4KYY in Saltash, Cornwall
is the first “XYL” to be appointed a
GB2RS newsreader ... The French
society REF has run into severe financial
problems A Californian amateur,
K6RO, is reported to have contacted (and
received confirmation of) 200 different
countries in 200 days.

PAT HAWKER, G3VA
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LETTERS TOTHE EDITOR

ENGINEERING
EDUCATION

Professor Bell raises again the question of ‘fun-
damentals’ in an engineering education (January
issue). In the particular case of electronics engi-
neers, the almost universal academic assump-
tion is that the fundamentals of the subject are
essentially physics and maths. Before abolishing
engineering schools, however, should we not
observe that almost the only constant factor
(since the 1930s anyway) has been circuit engi-
neering and circuit design principles? The cir-
cuit ‘greats’ of that era would adapt quite
quickly to, say, m.o.s. dynamic logic. My own
basic education over 20 years ago at Newcastle-
upon-Tyne is still relevant in this area. The
physics and maths of the subject have, of
course, changed completely!

Incidentally, another good case can be made
for teaching engineers basic sales techniques.
Even the pure researcher is stymied if he or she
cannot sell the idea to be worked on.

R.C. Foss
Mosaid Incorporated
Ottawa, Canada

I am not surprised that Professor Bell is con-
cerned about the education of electronic engi-
neers (January issue).

Since the great expansion of higher education
in the 1960s was not of course matched by a
corresponding increase in the number of ‘high-
fliers’ seeking engineering qualifications a large
number of school leavers of limited academic
potential and with indifferent A-level results
has been admitted to honours degree engi-
neering courses: entrance requirements simply
had to be reduced to fill the increased number of
places made available.

Having struggled through the course with
limited benefit and obtained a pass or poor
honours degree these graduates have neither the
potential to become innovative leaders in their
profession nor the practical training to become
good technician engineers, which in any case
many might feel would be ‘beneath’ them.
Meanwhile the HND courses have been de-
prived of many suitable applicants.

Currently industry requires a small number
of highly innovative professional engineers, to-
gether with a large number of technician engi-
neers to support them. What it is presented with
is a lot of people who have been exposed to
enough education to imagine they are truly pro-
fessional engineers and unwilling to think of
themselves and unable to perform well as
technician engineers, while the supply of good
technician engineers from HND courses has
been severely curtailed.

This in turn might lead to a more serious
social problem. If universities and polytechnics
continue to turn out greatly increased numbers
of engineering graduates with high expectations
into an industry which cannot absorb them into
constructive employment then the graduates
may- coalesce into an indigestible lump of
discontent in the heart of the profession — some
will say this has already happened. Arts grad-
uates at least have the advantage of knowing
that their qualifications are generally non-voca-
tional and do not have such high expectations of
related employment and job satisfaction.

The solution must be to reverse the expansion

in higher education and curtail the number of
places on hanours degree engineering courses to
match the limited number of opportunities in
industry for engineers of this calibre. Keen
competition for places will ensure entrance re-
quirements are raised to the level required for
entry into other professions, such as law and
medicine, and contribute to enhancing the sta-
tus of the profession. Courses for technician
engineers could then be expanded to meet de-
mand, confident of a supply of suitable applica-
nts.

Me? Well, I left school with a ‘D’ and ‘E’ at
A-level and much to my surprise was offered a
place on an hounours degree electrical engi-
neering course. Qualified, and equipped at least
with Professor Bell’s “enthusiasm for getting
things done properly” I have spent the last eight
years drifting from employer to employer
looking for the one that was interested in *‘doing
things properly”. All they seem to want to do is
to make money — strange, isn’t it?

Fohn Harvey
Darlingion
Co. Durham

The author replies

The difference between Dr Foss and me lies in
the assumption of what constitutes “fundamen-
tals”. Surely circuit design principles are funda-
mental? It is not a topic in which I have
specialised, but I suppose that circuit design
consists of two parts: the first step, to obtain the
desired frequency (or time) response and gain,
is abstract and mathematical (one is even
allowed to introduce things like ideal gyrators);
but the second, which may be briefly described
as “tolerancing”’, is to see whether the abstract
design can be adequately approximated with
available components. The first step is funda-
mental but the second is technological, since the
tolerance on initial values, possibilities of ad-
justment and stability of the components will
depend on whether one is working with discrete
components, thick film circuits, integrated cir-
cuits or whatever the future may bring forth.
Yet the general idea of tolerancing is a funda-
mental principle.

As regards changes in physics, I can only say
that over the past 20 years [ have been very
grateful that [ was introduced to the rudiments
of wave mechanics before the transistor was
invented. ‘“‘Mathematics” covers such a vast
range of topics that not even professional mathe-
maticians cover all of them: on one occasion a
mathematician whom I asked for help replied
“There is onlv one man in the country who can

-help vou with that problem.” (The one man in

question did get the problem solved.) All the
engineer can hope to learn is a few currently
useful techniques and enough basic principles
and notation to enable him to seek specialist
advice when needed.

Engineers recoil from the idea of ‘“‘sales
techniques”, thinking it means persuading a
customer against his better judgment. If instead
it means presenting one’s case in a readily un-
derstood form, it is part of the art of commu-
nicating which everyone belicves in: but does it
need a university course to teach that a case to
be presented to higher management for the
support of a project should not be written in the
same form as a scientific paper recording the
theory and past experimental results?

On the whole I agree with Mr Harvey. But
who encourages school leavers of limited aca-
demic potential to apply for university places?
The schools? The Government, in implement-
ing the Robbins recommendation of giving a
grant at a level of two Es? Each university or
polytechnic department makes its own choice of
the level between four As and two Es which is
prima facie evidence of acceptability. As I am
not now responsible for such a decision I do not
want to comment on what is a suitable level,
bevond saying that I do not think any depart-
ment with which I have ever been associated has
accepted D,E as a prima facie acceptable qualifi-
cation. (One must make occasional exceptions
for illness etc.)

For remedial action, adaptibility may be bet-
ter than determination to stick to engineering.
Some firms advertise appointments for which
the qualification is “‘a degree in any subject’’: an
engineering graduate should be just as cligible
as an arts graduate.

As regards the need of industry for a small
number of highly innovative professional engi-
neers, see the Finniston report and the current
action of the IEE in accrediting university
courses of high standard.

D.A. Bell

BATTERY MARKINGS

In the article ‘Battery powered instruments’ in
the February issue, the author remarks that “we
can expect UK manufacturers to follow suit (in
adopting IEC designation) in the next year or
two”.

I would like to point out that Berec (Ever
Ready), the largest manufacturer of Leclan-
ché (zinc-carbon) batteries in the UK, have
been producing batteries in the most popular
sizes with dual nomenclature (Ever Ready/IEC)
since July 1979. New battery types introduced
since then use the IEC designation only and,
obviously, it is our future object to label all
batteries in this manner.

We too regard the ending of company and
national size coding as most desirable.

D. H. Spencer
Berec Group Limited
London N15

DIGITAL ELECTRONICS
TEACHING

In a letter published last November I charged
colleges and faculties with refusing to teach the
rudiments of digital electronic design. In
March, Dr F. D. Cocks asked me to reveal all
about these rudiments.

Although it is difficult to publish material
which is not already part of college courses be-

_cause the text book publishers rightly fear they

might make a loss on the project, my colleagues
in CAM Consultants and I have succeeded in
publishing much of the material in question. No
college or faculty I know of teaches any of the
very important content of our book Digital
Hardware Design, pub. Macmillan 1979. For
our other books, see the list of books in print at
any library and look under my name.

Tvor Catt

St Albans

Herts

—unann amaricanradiohicstary cam
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| TELEVISION SETS
FOR THE DEAF

" The recent correspondence on tv sets for the.
deaf could lead many hearing impaired people
to believe that the problem of hearing the tv
sound can be overcome by the acquisition of a
television set with headphone facilities. This
sadly is not the case.

The headphone facilities provided on most tv
sets do not give sufficient output to benefit
many hard of hearing people, let alone those
with a more severe hearing loss. The relatively
high values of resistance wired in series with
these sockets would indicate that the output is
intended to give a comfortable listening level
through headphones for those with normal hear-
ing, making them useless for many hearing im-
paired people.

In order to hear tv sound it is very often
necessary for those with hearing difficulties to
have the audio output of the set taken from

| across the loudspeaker terminals through an
isclating/matching transformer to an output
socket, thus enabling them to use headphone, tv
listening aid or audio frequency induction loop
system. This modification has to be carried out
at considerable expense to those who sometimes
can least afford to pay.

Surely it is no more expensive to provide a
high level of headphone output. The value of
series resistance need only be sufficient to
protect the audio output stage against short cir-
cuit.

l Apart from the benefits to deaf people, others
mav wish to connect a higher qualift loud-

speaker to improve the tv sound and those wish-

ing to use headphones could use a headset which
incorporates volume controls.

R. F. Power (Technical Officer)

Roval National Institute for the Deaf

London WC|

SCIENCE AND
SOCIETY

I would like to support strongly the basic tenor
of your editorial in the November 1980 issue
entitled “Microchips and megadeaths” which
stresses the position of electronics engineers as a
part of weapons production. However it is not

just within the field of arms development that
the scientist plays a crucial role. An under-
standing of the position of science and scientists
within society is vital for all people as science
now permeates the lives of evervone. Given a
realisation that science is inextricably linked to
the society within which it exists then we must

|
|

I_ of working people, to demonstrating the politi-

act to ensure that science serves the people as a
whole. Evervone should be involved in deciding
what science should be pursued by society and
how. This means that society itself will have to
be changed.

I would like to bring it to the attention of vour
readers that there already exists an organisation-
that is concerned with these kinds of questions:
the British Society For Social Responsibility in
Science. To quote from the BSSRS policy state-
ment: “Science is not neutral. It cannot be
separated from politics. It both reflects and
helps to determine the values of society . . . . .
The claim that science is neutral is itself a
weapon of mystification and domination. The
hierarchical nature of science together with the
jargon of science ensure that scientific
knowledge remains accessible only to a small
minority. Social and political decisions are taken
behind a smokescreen of scientific ‘objectivity’
..... We are committed to fighting for the use
of science and technology by and for the benefit

cal content of existing science, and to furthering
links between scientific workers and the rest of
the labour movement.”

As part of this BSSRS publishes a quarterly
magazine called Science for People and has a
network of local groups, of which Edinburgh
Science for People Group is one. Further, there
is a number of ‘work hazards groups’ and a
Hazards Bulletin is published every two months
as well as occasional booklets being produced.
There are also several groups concerned with
particular areas including, among others: agri-
culture, microprocessors, energy, sociobiology,
hospital hazards, radiation hazards, women and
work hazards, science teachers, health, statis-
tics.

BSSRS may be contacted at 9 Poland Street,
London W1; all will be verv welcome, whether
scientist or non-scientist. If vou are really con-
cerned about the role of science and technology
within society then join us. As the November
editorial indicated, the future existence of
humankind is at stake.

Alan Beard
Edinburgh Science for People Group
University of Edinburgh

BATTERY COMPARI-
SONS WANTED

I am writing to say how helpful and informative
I found Ian Hickman’s article on battery
powered instruments in the February issue. The
information given in the tables showing esti-
mated service life of various layer type batteries
was especially useful and I wonder if you could
supplement this article by persuading one of
your contributors to compile a survey of the
various different types of cell now available.

For instance, my camera and digital watch
both use silver oxide cells. But it is possible to
buy mercury hearing aid cells of the same size
for a fraction of the cost. There are also alkaline
and rechargeable silver/zinc cells. What are the
comparative merits of these various types?

In the conventional zinc/carbon types there
are Super cells, High Power cells, battery clock
cells, and Power Plus cells. A comparison of
these types with alkaline and nickel cadmium
rechargeable cells would be useful.

If vou could arrange to publish an article
along these lines I am sure that manv other
readers who are as confused as I am about the
choice of battery type would find it of great
benefit.

W.A. Klos
Harrow
Middlesex

'JUST DETECTABLE’
DISTORTION

As a sound recordist in the largest film unit in
the world, I have listened to a lot of distortion ig
the last twentv vears, most of it self-generated,
so I was very interested to read James Moir’s
article on ‘just detectable’ distortion in the Feb-
ruary issue.

I was pleased 1o see “‘continuous sine waves”
discarded early in the article, onlv to be
dismayed by their resurrection on the last page.
There is no such thing as a continuous sine
wave, but we can fool ourselves into believing in
them as our brains can forget what happened
when we switched on. Substituting a sine wave
of an arbitrary frequency in order to measure,
approximately, the equivalent harmonic distor-
tion of a music signal is like taking out a loan of
£100 then working out the interest in Altarian
Dollars without knowing what the exchange

‘rate is. Any attempt to deduce one from the

experiment is sitting on the tree branch one is
sawing off.

The actual total harmonic and intermodula-
tion and other distortions (see below) can of
course be measured by subtracting input from
output and dividing by input, but here we start
revealing the mathematical snags; do we use the
peak levels, an average level, or a continuously
variable level and extract the peak value of
distortion as the most significant? All of these
approaches are valid in differing circumstances;
for instance, with crossover distortion at an
inaudible 0.1% at peak level, this becomes 3.2%
at —30dB, where the ear can be extraordinarily
sensitive in the gaps between words etc. It is at
these levels that reverberation and so on colours
the whole acoustic image.

It is comfortable to think that an “exchange
rate” exists between ‘‘continuous” sine wave
distortion and reality, and this is good for hi-fi
salesmen, but can I just list some factors not
covered by this and the other parameters usually
quoted such as noise and frequency response:
transient intermodulation; transient clipping
(undetectable as t.h.d. but removing a lot of the
energy from the transient, softening it); com-
pression, often deliberate but also inherent in
the magnetic recording process; modulation
distortion, often classed as noise but not mea-
surable as such; loudspeaker Doppler distor-
tion; and phase distortion.

This latter one is usually regarded as inaudi-,
ble from tests done with (not again!) sine waves,
and, up to 90 degrees, probably is. But it is
cumulative, and by the time a signal has been
analogue recorded twice (with tv film this can be
up to eight times), some frequencies can be
shifted more than 360 degrees, causing ringing
on transients. This is nothing to do with fre-
quency response, and is, I believe, the source of
the “Rice Kellogg sound” of flapping paper
inherent in even the best of moving-coil loud-
speakers, which all sound quite different.

Mr Moir was trving to find what levels of
distortion were just detectable with an already
distorted signal, and I suppose this is valid with
all commercially produced analogue recordings
containing many percents of harmonic distor-
tion, but it does introduce yet another impon-
derable, and is probably why figures for JDD
varied from 0.01% to 5%, rather a large spread.

If one is 1o be indissolubly wedded to t.h.d.
measurcments, to ensure standardisation,
maybe the answer is to substitute a different
signal for measuring purposes. Now the most
critical source to record is not music — as the
most diabolical liberties are taken with the fidel-
itv of reproduction of most music, making it
sound better — but the human voice, which
cannot be undetectably reproduced, compared
with the original. (Try it, behind a curtain, with
the best of equipment.)

If the one is too critical. and the other not
enough, and neither steady enough for easy
measurement, some synthetic signal is called
for, and white noise, generated by a pseudo
random binary sequence mav prove 2 basis for
this. It contains all components of interest, in-
cluding transients, can be split into frequency
bands for harmonic and enharmonic distortion
measurement, and can be made cyclic so the
same sequence can be used for all tests. I have
experimented with top quality tape recorders
and found p.r.b.s. white noise alwavs sounds
different on replay when A-B checked with the
incoming. I then went on to try verv short sequ-
ences, finishing up with a twentv pulse digital
train . 11100010101010101010 . . . which
contains more harmonics than one would ever
need, based on a musical major chord. The
transients in it show up rhe inadequacies of the
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best tape recorders on a ’'scope, which also
reveals shocking phase responses. Harmonic
distortion can be measured using a low pass
filter first, then a high pass, and intermod
distortion can be measured by removing one or
more of the fundamental or low harmonics, and
measuring what comes back. As an audible
check, it is very critical and gives a good stereo
image, lacking with sine waves. My fundamen-
tal was at 87.3Hz.

If one takes, as a criterion for assessing ‘just
detectable’ distortion, the human voice beside a
loudspeaker behind a curtain, it may prove just
too critical a test, and my guess is, even with the
best electrostatic speakers and a steady state
system distortion of less than 1%, various forms
of compression distortion are going to be the
bugbear. If one thinks of varying levels as hav-
ing the effect of changing the acoustic image
distance, which is how it sounds, then clipped
transients, for instance, may make rks and s
come from the back of the head, and a loud
word audibly propel the speaker’s image back a
metre or so, instantly. If this is not distortion,
then what is it, as it is generated by non-linear-
ity in the overall transfer characteristic?

I’ll bet you any number of Altarian Dollars, at
the usual exchange rate, that Mr Moir has not
found the ultimate answer to distortion levels.
(Nor even the ultimate question?)

Dave Brinicombe
Stanmore
Middlesex

The author replies:

Mr Brinicombe rightly raises objection to the
use of total harmonic distortion as an indication
of all the subjectively judged distortions, and I
would join him in this, but the contribution did
not suggest that t.h.d. should be so used.
Nevertheless all the international standards use
this criterion as the best single measure of
‘distortion’ and as these standards are the result
of the deliberations of hundreds of eminent en-
gineers their views must be given due weight in
coming to any decision on what criteria should
be used.

My contribution was aimed at co-ordinating
the previous data on ‘just detectable’ distortion
with the more recent findings, including those
of our own investigations. As the majority of the
earlier data was in the form of harmonic distor-
tion quotations I had to conform in order to
make comparison possible. I doubt whether any
professional engineer believes that t.h.d. figures
are an accurate indication of the total distortion
when this is subjectively judged, but I know of
no evidence that t.h.d. is not the best indication
currently in use to express the distortion per-
formance of professional amplifiers.

Considerable experience appears to show that
the 2nd and 3rd harmonics comprise almost all
the distortion components in professional qual-
ity amplifiers. It is very easy to find signal wave-
forms that sound different at the input and
output of even very good amplifiers, but to the
best of my knowledge there have been no at-
tempts to co-ordinate the objectively estimated
distortion using these waveforms with the qual-
ity deterioration when the amplifier is used for
reproducing music and speech. White noise,
pink noise, tone burstsand d.c. pulses are a few
of the test waveforms that have been used, but
few supporters of these have taken the precau-
tion of limiting the test signal bandwidth to the
audio band. The use of test signals that overload
the amplifier at frequencies well above the audio
range produces audible effects inside the band
but this is no indication that these effects are
present when the test signal bandwidth is
limited to that characteristic of speech and
music.

The relatively simple and well understood
harmonic distortion measurement techniques
have almost all the advantages, except where the
assessment must be made at frequencies near
the upper limit of the system bandwidth. Two-
frequency intermodulation tests have many ad-
vantages when working near the upper fre-
quency limit but are of little value for tests near
the lower frequency bandwidth limit. It seems
unlikely that any single test will ever be pro-
duced that will assess all the distortions that
occur in a svstem. Distortion measuring techni-
ques have to be selected to be the most effective
when used to measure the particular distortion
being investigated.

Mr Brinicombe’s comments about the audible
effects of phase distortion are grossly exag-
gerated. Could I suggest that he re-reads the
contribution on this subject in Wireless World
dated March 19762 Similarly I do not think that
there is any evidence that continuous sine wave
test techniques and the amplifier design proce-
dures b