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IN OUR NEXT ISSUE . ) \ 36 Programmable power supply

Microprocessor trainer. : by J. Summers
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complete beginner with 1 .
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board and six-digit display

has enough facilities to 42 Intermodulation at the amplifier- Ioudspeaker interface — 2
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The world over-
You get the
best service
from Haltron

e

Haltron
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For high quality electronic valves.
semiconductors and integrated
circuits — and the speediest service
specify Haltron. It’s the first choice of
Governments and many other users
throughout the world. Haltron products
quality and reliability are clearly
confirmed. The productrange is very.
very wide. And Haltron export
expertise will surely meet your
requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited.
Electron House,
Cray Avenue, St. Mary Cray,

- Orpington, Kent BR5 3QJ.

Telephone: Orpington 27099
Telex: 896141

WW — 069 FOR FURTHER DETAILS
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- - TRAMISIOR TEWER Yer iy
‘e»‘o“’ &

Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains are
checked from 1pA to 100mA. Breakdown voltages up to

100V are measured at 10pA, 100pA and 1mA. Collector to-

‘emitter saturation voltage is measured at 1mA, 10mA, 30mA
and 100mA for I -/l g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

 TRANSISTOR RANGES (PNP OR NPN)

Icso &'EBO 10nA, 100nA, 1pA, 10pA and 100pA f.s.d.
acc. £2%f.s.d. £1% at voltages of 2V, 5V,
10V, 20V, 30V, 40V, 50V, 60V, 80V, 100V,
120V, and 150V acc. 3% +100mV up to
10pA with fall at 100puA < 5%+250mV.

BVeho 10Vor100Vfs.d.acc +2%f.s.d. £1% at
currents of 10pA, 100pA and 1mA +20%.

Ig: 10nA, 100nA, 1pA. .. 10mAf.s.d. acc. +2%

: f.s.d. :i:1%atf|xed|Eof1pA10pA100pA

1mA, 10mA, 30mA, and 100mA acc. +1%.

heg: 3iinverse scales of 2000 to 100, 400 to 30 and
100to 10 convert | g into h readings.

VgE: 1V{.s.d.acc. £20mV measured at conditions
on hpp test,

VcE (sat)’ 1Vf.s.d. acc. £20mV at collector currents of

1TmA, 10mA, 30mA and 100mA with Ic/lg
selected at10, 20 or 30 acc. +20%.

' DIODE & ZENER DIODE RANGES

Ipr! . Aslgggtransistor ranges.
V! . Breakdown ranges as BV ¢ g o for transistors.
VpE! 1Vf.s.d. acc. +20mV atl e of 1uA, 10pA,

100pA TmA, 10mA, 30mA and 100maA.

¥m£160

DON'T GAMBLE
WITH PERFORMANCE
BUY 1

LEVELL TESTERS

3} wsmaviane TR
¥ T

ane

A logarithmic scale covering 6 decades is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The cufrent available is limited to a
maximum . value of 3mA for safety and capacnors are
automatically discharged when the instrument is switched
off or to the CAL condition. The instrument operates from a
9V internal battery.

RESISTANCE RANGES
10M Q10 10T Q (103 Q) at 250V, 500V, 750V and 1kV.
1M Qto1T Qat 25V, 50V and 100V.
100k Q10 100G Qat 2.5V, 5V and 10V.
10k Qt010G Qat1V. ¥ <
Accuracy +15% +800 Q on 6 decade fogarithmiic scale.
Accuracy of test voltages +3% +50mV at scale centre.
Fall of test voltages <2%at 1 Opff\ and < 20% at 100pA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE !
100pA to 100uA on 6 decade logarithmic scale.
Accuracy of current measuremerit 4-15% of indicated value.
Input voltage drop is approximatfely 20mV at 100pA, 200mV
at100nA and 400mV at 100pA.

> Maximum safe continuous overload is 50mA.
MEASUREMENT TIME :
< 3sforresistance on all ranges relative to CAL position.
< 10sfor resistance of 10G Q across 1 uF on 50V to 500V.
Discharge time to 1% is 0.1s per tF on CAL position.
RECORDER OUTPUT i
1V perdecade +2% with zero output at scale centre.
Maximum output £3V. Outputresistance 1k Q.

%w.£170

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

LEVE LL ITEEN

MOXON STREET, BARNET HERTS EN55$D.

TEL:01-449 5028/440 8686

WW — 035 FOR FURTHER DETAILS
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If everything were perfect...

...acontrol unit would consistof ~ The rate of attenuation can be set
an on/off switch, a volume control ~ anywhere between 0 and 25dB per
and a programme selector switch. octave starting at one of three

In practice, correctly designed frequencies 5k, 7k, or 10kHzand an
‘tone controls can make a significant  appropriate setting can be found for
contribution. . ., r e each record to provide more of the
For a constant sound level, replay music and less of the distortion.

from a gramophone record produces To learn all about the Quad 44

distortion which mncreases very write or telephone for a leaflet.
rapidly athigh frequencies—doubling - The Acoustical Manufacturing
in fact for every major third increase ~ Co. Ltd,, Huntingdon PE18 7DB.
in pitch. "Telephone: (0480) 52561.

There comes a point when the ,
contribution of this distortion is - :
increasing at a greater rate than the QU n D
musical content and this 1s what

decides the optiimum settingof the  for the ClOSGSt appr()ach

comprehensive Quad filter system, Pl L 4
an essential and integral part of every tothe Orlglnal sound g

Quad pre-amplifier. QUAD isaregistered trademark. %M

WW — 084 FOR FURTHER DETAILS
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‘Get 24 DMMs
off the shelf.

Turn to page 3 of your ITT Instrument
Services catalogue for a list of top names
Thandar (Sinclair), Fluke, Avo, Keithley
and Norma. Compare performance and
specification then phone or telex Harlow
or any local ITT office and we’ll deliver off
the shelf.

The ITT Instrument Services
catalogue is your key to fast delivery and
technical back-up for a vast range of
quality instruments. Get it off the shelf.

“ITT Instrument
Services y
Edinburgh Way,
Harlow, Essex
CM202DF
Tel: (0279)
29522.
Telex: 81525. g

ITT

the only way to buy.

e —
- LARGEST DISTRIBUTORS OF ~
CB ACCESSORIES IN THE U.K. comeandseethe

iggest and best selection of CB Radio Accessories from alt the leading manufacturers,including:

COMMUNICATION/ *

ANTENNAS 3 LY A\

e =l
@ SIRTEL' [TURNER < B

< | =
TELEX

Sole UK. agents for:-

Nv. RAMA pecimmate o
specialists ca.
SWRMETERS
m I I IIlI'EURP“RAIIHN SA = B
]

Mura Electronics (UK) Ltd.,79 Church Rd, Hendon, London NW4 Tel: 01 203 527718 (4F°
WW — 058 FOR FURTHER DETAILS
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Bridges
GENRAD

GR1657 Digibridge LCR,
auto, LED display

CINTEL

277 Measures iron care inductances
0,01H-1000H {with a Q value not
tess than 2)

HEWLETT PACKARD
4342A 'Q° Meter QLC compiete

MARCONI
TF1245 ‘Q° meter. Freq range 1kHz-
300MHz using external osc.
TFB68A Universal Bridge

. TF1313A Universal LCR Bridge 0.1%
WAYNE KERR
B224 Wide range LCR Bridge
B500 Log LCR Bridge
B601 RF LCR Bridge
{Detector and Oscillatar not incl}.
B641. Measures L/C/R/G Accuracy
of 0.1%
Q801. Y paramater test set. Plus
transistor adaptor unit

Cable Test EGuipment

MARCONI
TF2333 Transmission Test set

HEWLETT PACKARD
3556A Far psophometric
measurements from 20 Hz-20kHz.
0.1mV-30V iriput level
NEC
TTS-37B. Noise, level and VU
measurement. Sensitivity -80dBm
up to +20dBm
STC
74216A Naise Generator CCITT
74261A Psophometer CCITT
WANDEL u, GOLTERMANN
DLM-1. Send/receive system
LDS-2. 200Hz-600kHz sender for
measuring group delay and
attenuation variations
LDEF-2. Filters for DLM unit
Counter Timers
HEWLETT PACKARD
5300A /53038 DC-520 MHz 6 digits
' 53004, Display Madule. 6 Digits.
3x10
5300B Display Madule. 8 Digits.
2x1 3
5302A DC-50 MHz. 100mV sens.
Time interval. Period. Ratio,
Totalise.
5303B DC-520 MHz, (Plug-on}
125mV sens. 509
5308A 0-75 MHz. Universal Madule.
60mV sens. 1MQ
5267A Time Interval Plug-in 10ns
5345 DC-500 MHz Time Int. Ave.
Burst Total Ratio
 10890A Adaptar canverts 5245
Plug-ins 105345
RACAL
835. DC-15 MHz 6 digits
Time interval /Period/Ratio
9024 10 Hz-600 MHz 7 + 1 digits
9835 6 Digit DC-20 MHz 10mV

7 % g

’/////,) / / /
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Prices
from £

1250

350
250
378

475

225
125

450
220

475

275

240
475

1500

3250
250

100
120

1225

225

100

100
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Prices
from £
9837 DC-80 MHz 6 digits 130
SYSTRON DONNER
B053 9 Digit 20 Hz-3 GHz BCD O/P 850
6054A/04 11 Digit 20 kHz-18 GHz
BCD O/P 2800

Function Generators

HEWLETT PACKARD

3310 0.0005 Hz-5 MHz. Multi-Mode.

10V/50Q sine, square, triangular %0
INTER-STATE

ELECTRONICS

FB1A Muiti-Mode. + and - offset:

0.0005 Hz to 10 MHz. 10/15V/509 250
FE5A Multi-Maode\ 0.0025:Hz-10

MHz. 10v/509. Ext. VGC. Burst

O/P up to 100k bursts/sec 350

PHILIPS

PM5127. 0.1 Hz-1 MHz. Sine/
‘Square/Triangular/Pulse outputs.

External sweep facility 30Vp. p max

output 325
Logic Analysers

HEWLETT PACKARD

1601L Logic state analyser

12 channel dispiay 250
1600A 16 channel 20 MHz clock
MAP A & B store 1850
1607 16 channel 20 MHz clock
{Display scope required) 1500
TEKTRONIX
7D01F 16 channel up to 50 MHz
clock MAP 2650
Mains Monitors
COLE
T1007 200-260V. 35-65 Hz
Thresholds 10V, 50V, 100V, 200V 75
-DATALAB
. DLO19 Power fine interface for
transient recarding 350
DL905 Digital Starage Unit DC-3
MHz 10mV 1055
DRANETZ
606-3 Disturbance Analyser Avg,
Sag/Surge 2625
GAY

* LDM Recards + ve/ —ve transients

of 60ns on AC or DC Lines 1250

it
-

e - v////,. M //

T s i
ML T equipment for
sale is fully refurbished

to manufacturers’ original specifications

L)
7

”

), /.
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Prices

from £
Modulation Meters
AIRMEC
409 3-1500 MHz. AM/FM 295
MARCONI
TF2300A 1-1000 MHz. AM/FM 450
Oscilloscopes
ADVANCE
0S1000A DC-20 MHz. dual trace 310
33008 Dual Trace DC-50 MHz
&mV/div. Dual Timebase 600
COSSOR
3100 Dual Trace DC-40 MHz 400
DYNAMCO
7210. DC-15 MHz. Dual Trace 1 mV
sensitivity on CHI. Delayed
Timebase 300
GOULD ADVANCE
0S1000B DC-20 MHz Dual Trace
X-Y TV Sync 400
HEWLETT PACKARD ‘
1703A Storage 1000Div/ms.
DC-35 MHz. Dual trace Mains/Ext
DC ) 1200
17078/020 DC-75 MHz. Duai trace.
Dual Time Base. 700
17078/012 As 1707B /020 with
Internal Battery fitted 750
181A Storage 1000Div/ms :
DC-100 MHz Main frame only 650
182C DC-100 MHz Mainframe, large
screen 526
MEDELEC 2
M-scope 4 channel DC-100 kHz U/V
Chart 1650
PHILIPS
PM 3211 DC-15 MHz Dual Trace 2mV 425
PM3233 Dual Beam DC-10 MHz
2mV/div. 400
SCOPEX
40-10B Dual Trace DC-10 MHz 180
TEKTRONIX
475 Dual Trace DC-200 MHz 2mV 1125
485 Dual Trace DC-350 MHz 5052
1 MQ 250 MHz 2100
545B/1A1. DC-30 MHz. dual trace.
Delayed timebase 325
561A/3A6/381. DC-10 MHz. Dual
Trace. High persistence tube.
Delayed Timebase 275

OSCILLOSCOPES

(A TEKTRONIX 465 DC-100 MHz Dual Trace
A1) 5mV-5v/Div 0.05us-0.5s/ Div Delayed

# T/BXYDC4MHz £1260

TEKTRONIX 475A DC-250 MHz Dual Trace
5mV-5V/Div 0.01us-0.5s/Div Delayed
T/B XY DC 3 MHz £1950

These instruments sold with

ONE YEAR FULL GUARANTEE

//////////// LTI 1 17
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Prices

from £
G85A/82. DC-80 MHz. dual trace
10 mV sensitivity 526
547/1A1. DC-50 MHz. dual trace
DTB 525
547/1A4. DC-50 MHz. four trac
DTB 2 625
7403N DC-60 MHz 3 Plug-in
Mainframe 450
7704A DC-200 MHz. CRT Readout.
Mainframe for 4 Plug-in 1200
TELEQUIPMENT
D63/V1/V3 DC-35 MHz. Depending
on sensitivity. 50uV or 1 mV
Sensitivity 675
D34 Dual Trace Dq15 MHz 2mV
Mains/Batt 525
D75 Dual Trace DC-50 MHz Duat
Timebase 600
D83 DC-50 MHz, Dual trace. Large
6%" CRT. Dual Time Base 650
Oscilloscope Plug-ins
HEWLETT PACKARD
18D4A DC-50 MHz Four channel
20 mV-10V/div. 575
1826A Dual Timebasa 50ns-1s/div. 6525
1805A Dual Trace DC-100 MHz 5mV.
1MQ/509 550
TEKTRONIX
Type R. Transistar R.T. tester. Pulse
rate 120 puises/sec. R.T. Less than
6 mus 0 100
Type G. Differential amplifier. 1001
CMR DC-20 MHz. 50 mV sensitivity 50
Plug-ins for 500 series
1A1 dual trace Plug-in DC-50 MHz 225
1A2 dual trace Plug-in DC-50 MHz 180
1A4 four trace Plug-in DC-50 MHz 375
1AS Differential Plug-in 175
Z Differential Plug-in 140
81 Adaptor Plug-in 1A Series to 580
Series 5
7A12 Dual Trace DC-105 MHz
smV/div. 410
7A18 Dual Trace DC-75 MHz
smV/div 370
7A22 High gain diff. amp.
0.1 Hz-1 MHz 10uV 450
7A26 Duat Trace DC-150 MHz
&mV-6V/div. 525
7B53A Dual Timebase 6ns-5s/div. 650
Oscilloscopes (storage)
TEKTRONIX

549/1A1. DC-30 MHz. 5mVv

sensitivity. Dual trace. Storage

scope, Writing speed: 5¢m/pus with
enhancement. Includes trolley 675
564/3A74/3B4. DC-2MHz, four

channel. 20 mV sensitivity. Writing

speed up to 500cm/ms 650
564B/3A6/2B67. DC-10 MHz. Dual

trace 10mV sensitivity, split screen

storage oscilloscope 750
466 Storage 1350 cm/us Variable

Persist DC-100 MHz 2228 -

7313 Split screen 4.9 cm/us. DC-

25 MHz (M/F for 3 Plug-ins) 1650
TELEQUIPMENT

DM64 Storage 250 Divs/ms.

DC-10 MHz Dual trace. 400
Phase Meter

DRANETZ

301A 5 Hz-500 kHz. Z in 100kQ2.

Accuracy *1° 1o £2°. Analogue

o/p 400
Power Meters

DYMAR

2081/100 True RMS. DC-500 MHz.
30mwW-100W 425
HEWLETT PACKARD

432A 10uW-10mW, 10 MHz-10GHz 196
478A Thermistar Mount for 432A 90
435A 0.3uW 1o 100mW 5 MHz-

18GHz 475
8481A Power Sensor for 435A 200

MARCONI SANDERS
6460 10 MHz-40 GHz (Depending on

Head) 300
6420 10 MHz-12.4 GHz 10mw 110
6422 10 MHz-12.4 GHz Ymw 85
6428 26.5-40 GHz 10mw 150
MARCONI

TF2612 DC-500 MHz 0.5-30w 500 130
TF 893A 10 Hz-20 kHz. 20uW-10W. 120
Power Supplies

ADVANCE

1V1 12V DC to 240V 50 Hz, 150w

Inverter . 125
BRANDENBURG

476R 10-2100V 5mA DC Stab. 150
FARNELL :
L30B 0-30V 1A DC Stab. ; 55

FLUKE .
4168 0+3100V 30mA 0.005% reg.
Protected 350

WMWY americaneac
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] [ ] A
rices 3 Prices
Bigger stock investment P L e
: 608E. 10-480 MHz AM 410 HEWLETT PACKARD
u . g(])gga;ofﬂm 5gg FM/PM Tmw 1100 8690B Mainframe. Int/Ext AM. Ext
Hz-2.4 GHz + 10dBm FM : 600
rea er e UI m e n ra n e 10 — 127 dBm 500 AM/FM 1950 8693B8/100 3.7-8.3 GHz.6mW. PIN
' . B8616A 1.8-4.5 GHz Ext AM/FM/PM levelied "N’ connectors 600
‘ 5 - ll:K;CONI 925 8699B/100 0.1-4 GHz 6mW. {20mW
{ 10 2 GHz). PIN levelled. ‘N’ )
Mmeans wider choice At s o
g Z 550 TEXSCAN
Prices oy ea TF791. FM Deviation Meter
fome  BRYANS SOUTHERN fome 41024z W B e TRl
ITT 29000 X-Y Recorder A40.25mV- TFB01/D1. 10-470 MHz AM. FM. 268 ' isplay 525
Power Lab. up to 30V Dual Supply %0 .‘;"s‘éﬁi"i | Sy §26 TF995A/2. 1.5-220 MHz AM. FM. 50 Xas‘iosgv:‘iep Generator 5-100 MHz L
. “ channe -10V igi i
4‘5'2‘1\5'3/9?}% 1A. 0+15V 2A 16 speeds i 1650 Tragys O Synehveniserfor gzn M, LN 404 Zoo Amelticy 2
.0+ BS316 6 channel TmV-10V i
0+7.5V 4A SR e ; TF2002/AS 10 kHz-72 MHz FM/AM T.V. Test Equipment
peeds 2350
. SMITHS 29300 X-Y Single pen A4 0.25mV- SO 625  PHILIPS
47015-7V o/ p Power Pack 32 10V/cm 0.15-50s/ cm 545 e M 400-520 MHz, PME508B Pattern Generator. 625
ATy HEWLETT PACKARD .03uV. Counter o/p 650 lines PAL UK Systems 225
DCR300-250300V2.5A DC Stab, 375 coom: Sinch. Stripchart Single Pen Al i Vo Rmet e el oaus
Btosale . 5mV-120V I/P 20cm/min 2.6 cm/Hr . 275 9081 5-520 MHz LED Display O/P — AVO
5B EaL g g{‘;&aN?ég 7046A Two pen A3 0.25mV-5W/ cm 995 ;%GSBQ%FQCHWARZ 875 8MKIV'AC/DC V.AC/DC Amps i 70
KUDELSKI |
150. I.C. pulse generator 50 Nagra 4.2 LSP Professional Audio SWOB 11. 0.5:1200 MH.. 60! &S0 98298'(\)]1702% kHz-1.2 GHz 1999
EH RESEARCH Recorder (Batt optd) 1215 SCHAFFNER FSD 104V Res < 525
+122. 1 KHz-200 MHz 5V/5002 NAGRA NSG101 Mains Interference 92C 10 kHz-1.2 GHz 500uV-3V. 1%
RT 12ns 220 Mains Unit for 4.2 LSP 95 Stmutator. Superimposes Pulses on of FS 350
139(L}. 10Hz-50 MHz 10V /509 PHILIPS mains for testing immurnuty of HEWLETT PACKARD
RT S5ns 175 PM 8251 Single pen 10in chart equipment to interference. Puise 400E Millivol
1221. Timing Unit 6 Channe! Tomv- Fg P @ amplitude: +800V. Rise Time 0.26us. Vo rsate
¢ V-50V FS 450 10 Hz-10 MHz B/W 1mV FSS 99
0-10 MHz 5V/50Q RT 8ns 50 RACAL Width 50 & 200us 300 427A. AC,DC /{2 mult
G710. 5V/509 30 Hz-50 MHz RT 6n# 100 y 4 NSG330 fgnition Interference 3406A_ 10 kHs 12 G e e
132AL. 50V/500 § Hz.3 MHz Storevdh%}ses D/::;ch magnetic Attachment 150 BdOSA. B 2@k LEH
RT 1 tape. Will record 4 F.M. channels. i Vector Voltmeter
T 12ns 175 Operates at 7 different speeds. 1675 N'SGZOOB Muu_-\s e ) C00INIZE
HEWLETT PACKARD ! S E LABORATORIES Simulator {Mainframe) 250 Auto Phase Lock 850
214A 100V/50Q. ; : )
W5Ons-10ms. 10 3«:}11b53;1|s1e5(::!;.r 50 6150/6151 12 channel UV 784;1(6: Noise Generator 20 Hz-4 kHz %400/?"&0st-10 g T
MARCONI > 1250 mm/s-25 mm/min 6 in chart 1400 Flat/CCITT Wtg 315 KréleTH ey
994 6 Channel Pre-Amp + 1% + 1V LEY 17
TF2025.0.2 He-25 MHe 10V/50V i o0 ;EOX%%QONMH A 610C Electrometer DC 1mV-100V,
350 6008 25 Channel uV 8 in 4m/sec to e - W 0 TR Amps 10°' ¢ Recorder o/p - 350
PM5776 3V/500. 1 Hz-100 Mz, 26mm/min 895 i Sy el 52 LEVELL
; v M :
Rise/fall Times less than 1ns. 275 SMITHS INDUSTRIES B anemeatol 53] b Al 55 195  TMIBS5:V-E00VACT Hz3MHz +
gacorders and Signal RE541.20 Single Pen. 0.5mV-100V Sbactrﬁm Analysers 501010048 80
onditioning Equipment FSD. 3-60cm/min and hour 350 0 |
AMPEX YOKOGAWA 8H|E3WLETT PACKARD bz?iso];fﬁ(!)w Ho 500 kH, 25
PR2200 Instrumentation Recorder 3046. 10 inch Chart Single Pen. 0.5 100 k/LTrf;:(l)ungHGene/counter MARCONI i
up to 16 channels. FM/DR. Record mV-100 VI/P2.60cm /min and/hr 50 Zell oMz 850 . .
raplay all spoeds, 1" tape FMI DR D ST o oy ?gd,aﬁ A;jéog\:nc pre-selector TE2603 AC valtmeter to 15 GHy 300
LR.LG. DC-40kHz FM. 100 Hz- - iar RF Plug i e PHILIPS
300 kM2 DR z o 2'9:8' fourcas and i R ARRSERAE S o0 PM24508 1mV 300V 10 Hy 12 MH,
BRUNO WOELKE Bneratons 85588 For 180 Mainframe 100 gy 1 28O £4
ME102B. Wow and flutter meter 7 %%Q‘N}TS%#AH ez e kHz:1.5 GHz 1 kHz-res ) 1780 ?391%&‘5 Millivottmeter
o t 1
thR1l0JZé:.LVgov.v(3r::£uRller meter 90 0.94V-1V 500 a0t 1725 %ELDSC%\J ROSS 10 kHz- 1.5 GHz with carry case 475
. . DC-20 kHz. 80dB dynamic Voltmeters-Digi
23058 Bench type. Mains operated. . P52Y&':'\‘IA£I(RH 184 MHz Int/ range. Dispersion: 100 Hz-6 kHz 350 oigal
Log recording of AC: 2 Hz-200 kHz AM/EM Baé}M  MHz Int/Ext 022. DT-100 kHz. Dynamic range ADVANCE
and DC.50 or 100mm paper width. ** 750 SIS 525 60dB fits into various 500 series OMM 7A/01 1999 FSD
ZRO00] Linear PatDC: 1035 mv 59 99WLD ADVANCE CRO's ) Pl 43
~ ZR0002 Linear Pat DC: 10-110V e SN TG (TR iy 8  TEKTRONIX FLUKE
ZR0004 25 dB Potentiometer 52 HEWLETT PACKARD 3L5. Plug-in unit fits into various PN 0lES TS
ZRO00S 50 dB Potentiometer 59 204D 5 Hz 1.2 MHz. 6000. 80dB att. 5008 series CRO's. 50 Hz-1 MH2. AC/DC/OHMS/Current 115
ZRO006 75 dB Potentiometer . 89 O/PSVAMS 150 Greater than 60dB dynamic range a7 HEWLETT PACKARD
34740A/34702A 9939
FSD AC/DC/OHMS 180
SOLARTRON
LM1420.2. 2300 FSD DC only 0 05% 75
LM1420.2BA. 2300 FSD AC
True RMS/DC 110
A200.19999 FSD DC only 160
A203.19999 FSD AC/DC/52.
Sensitwvity: (1uV DC, 10uV AC,
1976 100m{! resistance) 300
or 130 dBm AM(FM A205.19999 FSD AC/DC/S2 300
& oD a08} 5520 MHz Gener? A243. 119999 FSD AC/ DC /5.
HEWLET.TOP:L\M £M Signal Generator 2532?) TEKTRON‘X 50 MHz Osciloscope o 183:1?;‘::;(5‘(;11‘::\;)0& e 325
ae:oTBSP':CC"Z‘m Anayzer  Manframe. £2200 485 Dual T'T“:C: Storage Osciloscope £699 7050.99999 Auto AC/DC/{ 350
Afle] T K
;:5523 gpecuum Analyzar |:FS;:c(ion £1650 TDSSZ‘(? uMal"h 250 cm/ ms wn:;.;:::f“e I Voltmeters Vector/Phase
85538 Specrum Anﬂ‘(l:; RF Section [44605‘; 7313 Storage QSCiQ:Z%D\;C'25 MHz ¢ DRANETZ
gEBGA Spectium Aﬂacfler LF Section €0 = 4.9 cmips W"“-H?P\ug-'\n. As new DC-1MHZ £670 3058 9999 FSD Mainframe for PA
g556A Spectrum Ag?s\/\av Logic Analvzer 2 1822 og\(/er;?:l(an e guarantee! 3001 module 575
1600A 16 Channel D' 100 B . £780 HEWLETT PACKARD
PHILIPS somr2my O P , g\c 0 MHz V-5V E‘J;ss o CRT Readout £650 (3)‘_‘3?92 100000 FSD 14V-1000V DC
oM 3212 Dual Trace __— 7B53A Dual Timebase 10uV-1000V AC & 625
Qsciloscope 1 Trace OC- 25
Timebase Dual {6 L e 4
| e 32\‘12“:‘ e : T "””/////{///////%//////,/ e I .
7 i ! Lk | PLEASENOTE: .
4//M%//M/y//////////////// 1 Carston Prime Equipment LISTED HERE IS ONLY A
Ui brings you recent “‘State-of-the-Art” instruments SELECTION OF QUR WIDE
‘ at competlgve p"ces' 7W th fast delivery (2_4 wg.é,_k_s) Em ”Pl'ime” STOCK OF EOUlPMENT =
instrument carries the Carston 90 Day Full Guarantee covering parts and labour, FOR SPECIALIST NEEDS OR
: ; 2 FOR DETAILS OF QUR FULL
STANDARD RANGE OF
EQUIPMENTS —
RING US TODAY!
Redundant

Contact Brian Hollingsworth or Noel Jennings Test Equipment

CARSTON ELECTRONICS LTD Why not turn your under-utilized
SHIRLEY HOUSE, 27 CAMDEN RD., n test equipment into cash? Ring
LONDON NW19NR Telex 23920 us and we'll make you an offer.

WW — 046 FOR FURTHER DETAILS
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0dBm = 0775V

B& BANG 5 OLUFSEN A BY APONTMENT 10 IWE ROYSL DaNISH COURT

O] VOLTMETER RV9A

Bang & Olufsen rvoA is an automatic millivoltmeter and

The instrument switches automatically to the actual measure-
ment range securing the best possible resolution and accuracy.

Voltmeter: 100uV — 317V in 12 ranges
Ampilification: -50dB - +60dB in 12 steps
Accuracy: +0.1dB at 1 kHz
Frequency 10 Hz-1MHz £0.2dB

characteristics: 10Hz - 10 MHz +£1.0dB

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

UK agent: Danbridge (UK) Limited, Sherwood House, High Street,
Crowthorne, Berkshire RG11 7 AT
Tel: (034 46) 2369 TLX: 847782

Bang&Olufsen

DK — 7600 Struer

‘WW — 024 FOR FURTHER DETAILS
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People whollisten
foraliving...

More than 50% of professional recording engineers
choose Beyer Dynamic headphones.
Why? For the same reasons that our headphones
are ideal for home use.
For Clarity. Beyer Dynamic headphones are backed
by more than fifty years of pioneering research and
production experience to give you the purest, most
authentic sound available.

For Comfort. A recording engineer spends long
periods listening through headphones. For him,
Beyer Dynamic lightness and softness is essential.
For you, it's part of the pleasure of listening to be
able to forget you're wearing headphones at all.
For Reliability. Your private listening will not make
such demands on a pair of headphones as
recording studio work, but it's good to know that the
quality you enjoy is lasting quality.

Beyer Dynamic headphones. Prices from £20

~ listento us.

B

Xler))» ,

e
Dynamic

Beyer Dynamic (GB} Ltd, 1 Clair Road, Haywards Heath, Sussex RH16 3DP

Tel.(0444) 51003
WW — 027 FOR FURTHER DETAILS
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The alternative SOUrce that's near to hand . . .
KGM. A video production line with high volume capability,
here in Europe. Ready to meet your orders for open frame
monitor chassis that neatly replace those long-range imports
you’re using currently. Same mounting, same international -
tandard connections. But one big, competitive advantage . . .

2’re so much nearer, with the stocks, fast production
response, spares and service you could only expect from a home based source. KGM prices are

" highly competitive too, especially on big orders. We can prove that with a quote, but how about product
performance? . . . ' i

The specifications you want... bright, clear CRT data display, with superior resolution.
The quality you get from years of video experience. Your popular screen sizes, in any phosphor colour.
Latest miniaturised pcb construction of course, in an open chassis that allows screen tilt and mounting

variations to fit your package. _
“-So if you buy video display this way . . . call KGM now. See how keen we are to win your next order.

KGM ELECTRONICS LIMITED ‘ s ELECTRONICS
Clock Tower Road, Isleworth, Middlesex TW7 6DU, England. -1 ALIMITED
Telephone: 01-568 0151.  Telex: 934120 ,

WW — 068 FOR FURTHER DETAILS
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The finest amplifintion Bis from Crimeon Eleitrit

* % % % * LATEST DEVELOPMENTS * % & &

Zx % % *x * SOUND ADVICE * * % % *

CRIMSON ELEKTRIK Power amplifiers are the most sophisticated on the market:
today. Yet now with the latest Issue 5 innovations THEY ARE EVEN BETTER! We,
have included sonic improvements and developed a unique electronic protection
circuit which obviates the need for output fuses. In fact, such fuses can seriously
degrade the performance of an amplifier. They can blow under heavy drive
conditions — even with non-faulty loads (due to thermal fatigue), they can be a, |
time-consuming nuisance and even dangerous to replace, but more importantly they:
sion of the signal, even fuses in the

.are responsible for ‘envelope:
feedback ioop suffer from the first-

«distortion” i.e., dynamic compres-
wh " .
- +
W “"w_. ‘w_ two disadvantages, and the latter
A a0 =96 w10 a lesser extent. :
. T

* X K& * BEST VALUE * & k%

CRIMSON have an enviable reputation for supplying the best value amplifier kifs.
You can prove this to yourself by checking out the competition in the following
crucial areas: w professional grade phono sockets for ALL signal connections
Silver/Gold plated switch contacts  Adequate heatsinking for full-rated output *
,Available from stock  Manufactured by a specialist company with a reputation for
friendly and helpful service before and AFTER sale « Forms the basis for high quality
active loudspeaker systems. Considering the advantages of CRIMSON Kits, why
choose anything else?

E Crimsontekirik

cmy

Crimson Amplifiers are versatile and dependable. The new CP3000 will give up to
300 watts into 4 ohms at 0.03% THD and is the obvious choice for P.A. and Discos
requiring the best performance. For Hi-Fi we produce the ever-popular pre- and
power amp hardware kits which enable our advanced modules to be houses in
‘attractive metalwork and include everything down to the fast nut and bolt.

Ogr Pre-amplifier can be fitted with the moving coil module allowing it to be used
with the latest M.C, cartridge (which can now be bought for as little as £30).

"Write for details, specifications and full price list or send 50p, cheque/P.0. for our
comprehensive application /user's manual.

Space precludes us from publishing all our products and prices, below are just a few
examples: s

w Power Amp Modules (single channel)
CE 60¢ (60 WRMS/ 8 ohms)
CE 1708—(170 WRMS /8 ohms}
CP 3000 —(300 WRMS/ 4 ohms)
w 60 + 60 watt stereo pre and power amplifier complete kit
* Stereo Moving Coil Pre-Pre Ampilifier Module MC1
% 3 Way Active Crossover (single channel)

Don’t forget, Crimson modules are available throughout the country from all
branches of Marshalis and Mail Order from Badger Sound Services and, of course,
Crimson Elektrik. .

Prices include V.A.T. and post to anywhere in the U.K.

{1A STAMFORD STREET, LEICESTER LE1 6NL |
TELEPHONE: 0533 5653508 - ]

Buy it with Access

0 |
. o)

value

Germaniumland Silicon Semi-conductors - Valves « Tubes  TVtubeguns

Edicron Ltd, Redan House, Redan Place, London W2 4SA
Telephone: 01-2214717 Telex: 265531

WW — 026 FOR FURTHER DETAILS
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MULTIMETERS

The PM 3207 - Super
Scope-is a tough, general purpose
oscilloscope which offers at a low price
the quality and technology you expect
from Philips Test and Measuring
-Instruments.

The PM 2517 has set the
standard and the pace in Europe
-for hand-held digital multimeters -

and still it remains in a class of its
own. ’
Remember, its many important
features include full four digits, so
on mains voltage readings, for
example, you might get 240.3
instead of the 240, which a 32
digit metér would read.

Some other PM 2517 plus points:
@LED or LCD display

@True RMS readings of AC voltage and current
@Autoranging with manual override
@Optional accessories include temperature and data hold probes

Reader inquiry number 220
@ |5 MHz dual trace

@ Auto triggering from either channel with adjustable level between peaks and TV

triggering

@5 mV sensitivity, Y and X (via A input)

@B invert facility

r

Both these instruments are available off the shelf from the Phlllps%?gtromags.#ulXenyB‘epercn%gt (see address befow) or from the following distributors. British
Tungsram, West Road, Tottenham, London N17 ORN. Tel: 01-808-4884. Philips Service Centres (25 throughout the country). Tel: 01-686-0505 for the address of your nearest
branch. Wessex Electronics Ltd, | 14-1 16 North Street, Downend, Bristol BS16 5SE. Tel: (0272) 571404

PATTERN FOR THE FUTURE

The PM 5519 colour TV pattern generator is
already a widely used instrument. As a major
manufacturer of Video cassette recorders, and
colour television receivers - and the company
which has developed the world's most advanced
video disc system - Philips have carefully selected
the best patterns for aligning.and testing these
products. With over 20 colour and b/w test
patterns to choose from it is the most verkatile
pattern generator on the market.

® PM 5519 Ifor British system - versions
available for other TV systems

@ RF signals available in bands I, lil, 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

to the local TV standard

ber 222
?:r%‘iegtﬁ'ﬂruﬂ'ﬁuf’ psn;ue io and video
service instruments:
PM 5326 RF SIGNAL GENERATOR

® |00 kHz-125 MHz in 9 overlapping ranges

Instruments

ohistorv com

- Test & Measuring

® Built-in 5 digit counter

@® 50mV RF output at 75§ can be attenuated to
over 100dB

@ Electronically stabilised output level

® Wobbulator facility

Reader inquiry number 223

PM 6307 WOW AND FLUTTER METER

® X-tal controlled oscillator

® High aceuracy and frequency stability
@350 Hz or 3000 Hz switchable

® Separate 'Drift’ and ‘Flutter’

indication

Reader inquiry
o number

All Philips audio and video service instruments are
also available from Philips Service Centres (for details
see end of PM 3207 section).

Input advertisements are designed to meet the needs of
our professional customers. They are a shop window for
Philips Test and Measuring Instruments - and we will be
changing the display frequently because we have a lot of
products to show you.

Where you require full information about a product, tick
the coupon and attach it to your name and address, or
letterhead - or, of course, use the journal’s reader inquiry
service. You will receive in return a detailed information
pack reffecting your specific requirements.

Inquiry no.
PM 2517 multimeter 220
PM 3207 oscilloscope 221
PM 5519 colour TV pattern generator 222
PM 5326 RF signal generator 223
PM 6307 wow and flutter meter 224

Oooooo

=_ Pye Unicam Ltd
Philips Electronic Instruments Dept |
York Street. Cambndge. England CB1 2PX

Tel Cambridge (0223) 358866 Telex 817331

PHILIPS
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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 — 057 FOR FURTHER DETAILS
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Nou cant beat
The System

The Experimentor System™ —a quicker transition from imagination
through experimentation to realization.
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Experimentor solderless breadboard.
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Experimentor Scratchboard'™ workpads.

Experimentor Matchboard' pre-drilled PCBs.

When you have a circuit idea that you want to With Experimentor Matchboard you can go from
make happen, we have a system to make it happen breadboard to the finished product nonstop! We've
quicker and easier than ever before: The matched our breadboard pattern again, this time on
Experimentor System. a printed circuit board, finished and ready to build

on. Ali for about £1.32.

There’s even a letter-and-number index for each
hole, so you can move from breadboard (where
they're moulded} to Scratchboardtv (where they're

We've added Experimentor Scratchboard printed) to Matchboardmv (where they're silkscreened
workpads, with our breadboard hole-and-connection onto the component side) and always know where
pattern printed in light blue ink. To let you sketch up you are.

You already know how big a help our
Experimentor solderless breadboards can be. Now
we've taken our good idea two steps further.

a layout you already have working so you can When you want to save time and energy, you can’'t
reproduce it later. - beat The Experimentor System.
1 EXP-300PC, which includes one item 2 EXP-302. which includes three IEP;“S 3 EXP-303. which mncludes three items: EXP-304. which includes fuuv'rwr,ems
A Matchboard pre-driled PCB Thvee 50-sheet Scratchboard wor kpacb * Two Matchboards and an EXP-300 * Two Matchboards. an EXP-300
£1.32 £1.68 solderless breadboard breadboard and & Scratchboard workpad
£8.60 £9.30

‘CONTlNENTAL SPECIALTIES CORPORATION CONTINENTAL SPECIALTIES CORPORATION. DEPT. 7W2

l Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. I
I Name I
" Address
I inc P&P and 15% VAT ' I
I 1.EXP 300PC | Qnty.Reqd. 2.EXP 302 I Qnty.Reqd. | FREE Catalogue tick box[]
- £2.38 5 £2.79 | enclose cheque/ PO for l
CS'C (U K) Llr.mtEd' Dept' 7W2 - 3. EXP 303 Qnty.Reqd. 4. EXP 304 | Qnty.Reqd.
Unit 1, Shire Hill Industrial Estate, I £11.04 1 £11.85 £ I
Saffron Walden, Essex. CB11 3AO Phone your order with Access, Barclaycard or American Express
Telephone: Saffron Walden (0799) 21682 Card No. Expiry date l
Telex: 817477 -----------------

WW — 025 FOR FURTHER DETAILS
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- to a new high.

1h
N

Introduces DIRECT SELLING-
.. Discount

the Ultimate -

y/

&

j

'l CORAL CARTRIDGES
Fast becoming one of the
top names e
MOVING COIL ’
UK's No. 1 Cartridge HEAD AMP
MC 81 £48.87 H300 £51.75
X 777EX £35 T100  £24.75
peny 777E £25
3 MOVING MAGNET | HEADSHELLS
LOUDSPEAKERS 1 A/ 555X £7.28 | S100 £6
Y > e /¥/ 555E £14.22 S101 £7
The complete fully reviewed D100 - £38 N 666E £32.48 S200 £4
range of Videotone Speakers  Minimax 11 £44 *"\
which dominate within their GB3 £50 A : -
class.Now at lowest ever prices. GB2 £60 .- = ".’.!! TURNTABLES 269,00
GBS £207 Sansui SR222 Mk2 8
[EEs=S—rae— D 93 MICROPHONES JVCLA11 - £64.00
o ' S— MU 105-22 £29.30 JVCSLQ3 £140.00.
N < / MU 105-12  £22,25

MU25C

ELECTRONICS

This new range of Electronics from Videotone
redefines the words quality and value for money

30 watt amp MC input SA4130 £75.00
Stereo Tuner ST4120 - £68.00
Cassette full features SC3200 £98.00
50 Watt amplifier WA7700 £77.00
20 Watt amplifier LA2020 £58.00

the me

; PR
PRICE
53-#”\”‘

+PCY)) HEADPHONES

HP 90 Headphone £12.65
HP 80 Headphone £9.69

Superbly made with top flight
performance.

1
B IDEOTONE;

2

LAY &
mslrEMIINST

SEND FOR OUR
LATEST FREE BROCHURE

AND DETAIL LIST OF LOCAL
SALES OUTLETS IN THE U.K.

= e e e e e s e e (7
VIDEOTONE
98 CROFTON PARK ROAD, d

WIRELESS WORLD DECEMBER 1980

£17.39

products. That js

asure of our confidence.

CROFTON PARK, LONDON SE4
Tel: 01-690 8511/2

Please send me your Direct Selling Brochure and fist of sales outlets.

Name

Address

WW12/10

.ALL PRICES INCLUDE VAT

WW — 040 FOR FURTHER DETAILS
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SPECIAL PURCHASE

[kai5E]

OF TOP QUALITY
LCD MULTIMETERS

AC/DC
CURRENT

2
RANGES

20

6100

CHOOSE FROM FOUR MODELS
% 32 digit autoranging (volts/OHms)
Y 200 hours battery life (2 pencells)
% 10 amp AC/DC (6220 & 6110) % 1000v DC
6

Y 200 mA AC/DC (6200 & 6100)

% Range hold facility (6100 & 6110)
% Unit and range sign (6110 & 6220)
w Continuity buzzer (6100 & 6110)

RESOLUTION

100 pvDC. 1 ‘'mVAC
10 pA AC/DC. 0.1 oHM
10 mA on 10A. AC/DC

'OTHER _ FEATURES
(ALL MODELS)

Low power OHms Range
Zero Adjust key
. Battery Warning
In circuit resistance test
. Size 165 x 85 x 28 mm. 250 g.

5200 £39.95 6100 £64.95
6220 £4995 6110 £74.95

% All prices include batteries/leads and UK VAT (UK c/p 65p)
Y Order By Post or Telephone with Barclay or Access.

OR CALL IN AND SEE FOR YOURSELF

Prices correct at 1.11.80 E&OE

ACCURACY
6100/6110-

0.5% DC Volts
1% DC Current
1.2% AC Current
0.8% Resistance

6200/6220

0.8% DC Volts

1.3% DC Current
1.4% AC Current
0.8% Resistance

Cubegate Limited OPEN 9-6 SIX DAYS A WEEK

FREE _,
| cATARLOGUE,
S S
Send large SAE
17%p UK)

Schools, Companies
etc. free on request.

AUDIO ELECTRONICS

301 EDGWARE ROAD, LONDON, W
TELEPHONE 01-724 3564

(8lock caps please) REF. (Wwv)
I From: Mr./Mrs./Miss . ................... W PRy 4 l
l ADDRESS .. ... e e . I
| Please supply .. ..... .. QTY Model (s) - .- . |
l i/We enclose (inc. 65p post) .. ....... .. Chq/POValue ... ... .. . I

r debit Barclay / Access No.

R el ARG, IO WS ATE - T e e

WW — 039 FOR FURTHER DETAILS
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( TelequipmenT S61 0

- SINGLE TRACE LIGHTWEIGHT
- 5 MHz 0SCILLOSCOPE

LARGE
5" DISPLAY

{RECT FROM
MANUFACT

Unused, Ex-stock, |
to manufacturer’s
full specification

This offer cannot be repeated.
Available only whilst stocks last.

BANDWIDTH DC to 5MHz (—3dB)
DEFLECTION 5mV/div to 20V/div
SWEEP SPEEDS 500ms/div to 1us/div
TRIGGERING Variable control or Auto
SOURCE Internal, External or Line
C.RT. 5" tube 8 x 10 divisions {each division
nominally 1cm)

‘DIMENSIONS 280mm High, 160mm Wide,
370mm Deep, Weight 6.0kg

For complete spec. of the TelequipmenT S61, or to order direct

— complete and post coupon today. Personal callers welcome.

Oniy 5 mins from Camden Town underground. Come and see

our complete range of '‘Blue Chip’ Used Test & Measuring

Equipment. g

HOW TO ORDER To CARSTON ELECTRONICS LTD.
Shirley Houss, 27 Camden Road,
London NW1 9NR Telephone 01-267 5311

Please send me the TelequipmenT $61 scope — | enclose I

GUARANTEE

Fillin coupon and return
with your cheque made
payable to Carston
Electronics Ltd.
(Remember to include
packaging & dispatch fee.
U.K. mainland only.)
Or we can debit your
. Barclay Card or Access

I Account — tick box as
appropriate. Allow 21
days for delivery to

I your door.

my cheque for £1561.80 {(whichincludes £1@ net, packingand
dispatch + VAT on total). - D

Please charge my ready-credit card Barclay/Access,
account NO TSN a2 . 3. LYY . 5 P B Y

Please send me further information on the §61/and details
of your complete range of ‘second user’ equipment D

' Signature

Name: Mr/Mrs/Miss l

(BLOCK CAPITALS PLEASE)

Address for delivery

Post Code.
Registered No. 890082 England.

W
— — — — — — — —

WW — 032 FOR FURTHER DETAILS




if you want an
Autoranging, Auto
Unit Display,3’-digit LCD
78 DMM.For only

£39.93

We've (ggg
to hand it to you!

ZERO ADJUSTMENT * FULL AUTORANGING
314-DIGIT LCD WITH % AUTO UNIT DISPLAY
The 200 HRS CONTINUOUS % CONTINUITY TEST
Incredible ~ BATTERY LIFE (6110 and 6100 only)
AUTO ‘BATT’ 10 AMP AC/DC (6110
6200 WARNING and 6220 only)

Introducing thelatest professional state-of-the-art 3'2-digit DMM - at really old-
fashioned prices! From just an unbelievable £39.95 inc. VAT, plus £1.15 p&p!

6100 6110 6200 - 6220 . )
RESOLUTION I mV, 10uA, 0.1 sz‘ . ) mV. 100pA. 0.1 2 Wh)’ such a |OW, ey price?
FULL AUTO RANGING > > = pe
oD _ - = Because the A/D converter and -
UNITS OF MEASUREMENT DISPLAYED mV. V. mA  mV.V.mA A mV. V. mA mV.V mA A display are custom built! Thisisa -
FUN'CTIONS DISPLAYED ) KQAUTO BATT, ADJ. LO. - and AC ’ genuine top—spec DMM Check
DAVRE DY YOLTAGETO - 220 e . these features for unbeatable value
MEASURES AC VOLTAGE TO 600v 600y, 600v 600v =
MEASURES AC DC CURRENT TO 200mA J0A . 200mA 1CA — you won't find a hand-held
MEASURES RESISTANGE TO: 2 Megohms 2 Megohms 2 Megohms k 2 Megohms DMM with these features at these
ZERO ADJUSTMENT Zeros out minute rest-leﬂiﬁresnsunces for prec«se~measuremems pl’iceS again!
ACCURACY 05% 0 5% 0 8% 08::
LOW POWER OHM RANGES For in-circut resistance measurements on all models
BUZZER - Conunuity Test - “~ v b
BUZZER - Over Range Indicator : s o y x s
COMPLETE WITH- Baiteries, pair of Test Leads, Spare Fuse, six months' guarantee :
PRICE ONL Y £64.95 ONLY £74.95 ONLY £39.95 ONLY £49.95
p&p £1.15 £1.15 £1.15 €15
—————————_—h_——_
| believe you! Please send me the DMM s as marked. ACCESS orders taken. Please write card no:.and signature. |
6200 @ £41.10 each. inc. VAT, p&p. Total price £_______ ACCESS NO
: 6220 @ £51.10 each, inc. VAT, p&p. Total price £_____
| 6100 @ £66.10 each, inc. VAT, p&p. Total price £, Name. , I
6110 @ £76.10 each, inc. VAT, p&p. Total price £ . Al
I Total cash.cheque enclosed £ . I
Cheques payable to ! )
Maclin-Zand Electronics Ltd., please. M E Signed

To: Maclin-Zand Electronics Ltd., 38 Mount I

5 Pleasant, London WCIX 0AP.
38 Mount Pleasant, London WC I X 0AP. n For overseas orders, please
Tel. 01-278 7369/01-837 1165 aC l 1 I l add £5 to cost of total order package. IWW

I e EE—— e s s Making state-of-the-art affordable.  sssmemmn se————— e—— NGNS SR '
AAARAL americanrlz
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AND THERE’S MORE WHERE THIS CAME FROM

It's a long time since one of our adverts was presented in ‘list’ form - but simply because we do not try to squeeze this lot in every time
doesn‘t mean that it's not available. Our new style price list (now some 40 pages long) includes all this and more, including quantity prices
and a brief description. The kits, modules and specialized RF components - such as TOKO coils, filters etc. are covered in the general price
list - so send now for a free copy (with an SAE please). Part 4 of the catalogue is due out now (incorporating a revised version of pt.1).

LINEAR ICs - NUMERIC LISTINGS TTL Nand LSN 744 1,15  74LS112 0.38  74IS169 2.00  YARICAP TRANSISTORS  capaciTORS
TRA120S 1.00 KB4413  1.95 7444N  1.12  74LS113 0.38 74170N 2.30 TUNING DIQOES AUDIO DEVICES  All 5mm or less spacing
L200 1.95  KB44l7  1.80 7445N  0.94  74LS114 0.38  74IS170 2.00 BAI02 0.30 BC237 0.08 ™
12378 1.28  TIA4420 2.25 74LS00 0.20  7446N  0.94  74116N 0.83  74LS174 1.20 BAI2L 0.30 BC238 0.08 TEIGNE, 200
U247 1.28  kB44208 .1.09 740IN  0.13  74LS47 0.89  74120N 1.15. 74175N 0.87 ITT210 0.30 EED, (| [ S i
U257B  1.28  KB4423  2.30 741501 0.20  7448N  0.56  7412IN 0.42  74LS175 1.10 BB204B 0.36 8307 0.08 | EP2.10P,15P,18P..0.04
U267B 1.28 KB4424  1.65 7402N  0.14 740548 0.99  74122N 0.46  74176N 0.75 BBLO5B 0.36 BC308 0.08 f—,ég'ééi'éi:"l‘éﬁp 0.05
LM301H  0.67 KB4431 1.95 74LS02 0.20 740549 0.99 74123 0.73 74177N 0.78 BBl09 0.27 BC309 0.08 150P,220P,270p
IM30IN  0.30  kpd432  1.95 | 7403 0.14  745IN 0.17  74IS124 1.75  7418IN 1.65 MVML25 1.05 BC4l3 0.10 s e
IM308H  0.96  KB4433  1.52 74LS03 0.20  74LS51 0.24  74125N 0.38  74LSI8l 3.50 BB212 1.95 BC4ld 0.11 r390P ,470P...0.055
IM308N  0.65 ° KB4436 = 2.53 74048  0.14 7453 0.17  74LS125 0.44 - 7415183 2.10 KV1210 2.45 BC415 0.07 {Igg.z?g,gbll}é:;m..g.gg
IM339N  0.66 KB4437 1.75 74LS04 0.24 7454N 0,17 74126N 0.57 74184N 1.35 KV1211 1.75 BC4l6 0.08 2 'm. ek
M348N - 1.86  gp443s  2.22 7405N  0.18 740554 0.24  74LS126 0.44 741858 1.34 | Kv1226 1.95 BC546  0.12 L
LF35IN°  0.38  KB444l  1.35 741505 0.26  74LS55 0.24  74128N 0.74  74LS190 0.92 KV1225 2.75 BC556 0.12 | (oo "
LFI5N * 0.76  gke44ds  1.29 7406  0.28  7460N 0.17 74132 0.73  74192N 1.05 KV1215 BC550 0.12 14 ll'gN“m EERAMLE
IM374N  3.75  KBA4d6  2.75 7407  0.38  74LS63 1.24 7415132 0.78 ©  74LS192 1.80 KV1225 BC560 0.12 W00 g0 agoo 0.16
[M380N-14 1.00  KB4dds * 1.65 7408N 0.17  7470N 0.28  74LS136 0.40  74193N 1.05 SWITCHING AND  BC639 0.22 | FEEDTHR) :
IM380N-8 1.00  NESO44N  2.26 74LS0B 0.24 7472 U.28  74IS138 0.60  74LS193 1.80 BC640 0.23 ING SOLDER IN....0.09
IM38IN 1.8  NESS532N  1.85 7409N 0.17 747N 0.32  7414IN 0.56  74194N ' 1.05 5 2501775 0.18 | porveoren (srmmeng)
IN419CE  1.95  Spe000  3.75 74LS09 0.24  74IS73 0.38 7414 2.65  74196N 0.9 e 7eioies 2SABT2A 0.14 | [T o e
NES44N  1.80  S16270  2.03 74108 0.15° 74748  0.27 74143 3.12  74LS196 1.10 ROt 25D666A 0.30
NESSSN  0.30 516310  2.03 | 740S10 0.24  74LS74 0.28 74144y 3.12  74LS197 1.10 e 17 25B646A 0.30 | jONeZHN ST ... -0-17
NESS6N  0.50  SL6600  3.75 741N  0.20 74758 0.38 7416145 0.97  74198N 1.50 o 534 25D668A 0.40 % I 7o
NES6ON  3.50  SLe6d40  2.75 74LS11 0.24  7476N  0.37 - 741478 1.75  74199N 1.60 malosl 095 | 2sBs4ea 0.40 | 4 ]
NESEN  4.05  arge90  3.20 0017 740S7T6 038 q4lsey 1.0s 7418247 0.93 | (TMO6L 085 T 2srr60 0.4 _ 023
NES64N 4.29 SL6700 2.35 : 0.30 74LS78 0.38 7415148 1.19 7415257 1.08 S—=———es—S=  29B720 0.45 POLYESTER (GENERAL)
NE565N  1.00 1CLA038CC 4.50 741N 0.51  7480N 0.48 741508 0.99 7415260 1.53 | & RECTIFIERS 2502546 0.19 | lOmm LEAD SPACING
NES66N ~1.60  MSL9362 1.75 0.24  74BIN 0.86 74151y 0.55  74LS279 0.52 1N4148 0.06 25A1084 0.20 | 10N,15N,22N,33N..0.06
NESTON - 3.85 19363 1.7 0.30  7482N 0.69 7415151 0.84  74LS283 1.20 IN4001 0.06 25C2547 0.19 | 47N,68N,100N. ....0.08
SL624 3.28 HALI211  1.95 0.30 7485  1.04  74153N 0.64 74LS293 0.95 1N4002 0.07 25A1085 0.20 <0.11
TBA651 1.8l  pal1223  2.15 0.16 74885 0.9 7415153 0.54  74LS365 0.49 1N5402 0.15 AUDIO POWER  20mm LEAD SPACING
uA;ggPl'g g-g; HA11225 1.45 0.%; ;:.[8,;86 g.lg 74154N 0.96 7415366 0.49 QAg9l 0.07 2208,330N,470N...0.18
= G HAL2002  1.45 0. N 2.0 54 - 741S367 0.43 BALL2 0.25 | Seoii> ‘
W710HC  0.65  HAL2017  0.80 0-24 790N 0.3  Jaterss vilg  74LS36B 0.49 BRIDGES: o s als
GA7I0PC  0.59  HA12402  1.95 0.27  74LS90 0.90  74izey 0.80  74LS374 1.80 1a/50v 035 | 258723 2.3 T et LT
wA7TAIGE  0.66  pal2411  1.20 0.27 749N 0.76 74157 0.7  74LS377 1.95 6a/200v 075 | K133 3.00 TR o
wA741QN  0.27  pal2412  1.55 0.27 74091 1.10 741157 .55  74LS379 1.30 e
WA747N  0.70 LF13741  0.33 0.44 749N  0.38 7415158 0.60 74LS393 1.40 zsklgs g'l/g
uu%ggm g.ig SN76660N 0.80 g-gg ;:;-332 g-;g 741598 2.10 ZSJK 50 3.75
- ’ d 74160N 0.82 TOKOQ COILS AND FILTERS BD535 0.52
?a;gfms f'gg FREQUENCY DISPLA 97 ;ﬁf g-?: 74L5160 1.30 SEE THE EXTENSIVE SECTION BD536 0.52
S & H 74161N  0.92 IN OUR NEW PRICE LISTS AND BD377 0.33
TBAS20M  0.75 0.25  7495N  0.65  74rclel 0.78 CATALOGUE . 100p, 180P, 220P,
TCA940E  1.80 L 0.24 741895 1.14  741sl6 BD378 0.33  { >70p,330P,390P. - .0.09
4s162 1.30 LF/HF FIXED INDUCTORS BD165 0.30
TDAL028  2.11 SAAI058  3.35 0.40 7496N  0.58 741638 0.92 BOLEG 0'31 470P,680P,820P...0.10
TDALO29  2.11 SAA1059  3.35 0.33  74LS96 1.20 74LS163 0.78 —FULL E12 RANGE 2 1NO, 1N2,1N5, IN8. .0.11
TOAL054  1.45 | 11C90DC 14.00 0.2 749N 1.85  74leaN 1.04 7BA series luH-1mH 0.16 SMALL SIGNALT o2, on7,3N3,30N9. .0.12
TDA1062 1.95 LN1232 19.00 0.17 74LS107 0.38 74LS164 1.30 8RB series 4N7,5N6,6N8,10N..0.13
TDALO72  2:69 | [N1242 19.00 0.24  74109N 0.63  74le5N 1.05 L00uH-33mH - 0.19 | S
.TIAl074A 5.04 | MsL2318 3.84 | 0.74  74LS109 0.70 7415165 1.04 10RB series e A
TOA1083  1.95 MSM5523 11.30 0.70 741108 0.54 741678 2.50 33mH-120mH 0.33 ’ 0.68,1.0 K 0.18
TOAL090  3.05 | m45524 11.30 0.99  7411IN 0.68 10RBH series W i T
BALLS 120 | wewss2s 7.5 120mét-1.5H 08 22,47 0
196  2.00 3 P G oootog
i g 23‘,222? ;-E‘Ig 0.85 PIEZO SOUNDER 10v: 22,100, ... .-
2 0.80 VOLTAGE REGULATORS PB2720 0.44 .
TOAL220 1.40 | MSM55271 9.75 - ALUMIN ELECTROLYTICS
1303 0.99 | rcwT106ce 9.55 S e - RADIAL (VERT. MOUNT)
e nen igg;g;gplg-gg 0-52 J9series CRYSTAL FILTER PRODUCTS  LEDs (uF/voltage)
- Voo A o ik 5 RED 0.12 1/63,2.2/50,4.7/35

MC1330 1.20 ICM7217A 9.50 0.55 78Mseries
MC1350  1.20 SP8629  “3.85 0.65 78Lseries 10M15a 15KHZ BW  2.49 | 3MM RED CLEAR 0.15 10/16,15/16,22/10

HA1370 .1.90 | sSPe647  6.00 0.65 79105 10.7MHZ 8 POLE TYPES: 3MM RED 0.15
HAI388  2.75 95H90PC  6.00 0.65 78MGT2C 10M4B1 15kHz BW  14.50 | 2.5 X 5MM RED 0.17
. TDAL490 1.86 HDL0551  2.45 1.09 79MGT2C H4402 7.5KHZ BW. 15.50 | SMM GREEN 0.15 | 46533 0.85
MCl49ep  1.25 HD44015  4.45 0.56 723N 10M22D 2.4KHZ SSB 17.20 | 3MM QY QEAR 0.16 | oo onep
SL1610P ~ 1.60 HDL2009  6.00 0.25 1200 HF FIRST FILTER: 3MM GREEN 0.16 | — AL
SL1611P 1.60 . HD44752 B8.00 0.20 TDA1412 B34F8A 34.5MHz HF 32.00 2.5 X 5SMM @ 0.20
SL1612P  1.60 e 0.20 NE5553N  1.25 —— SMM YELLGW  0.15 (7 BoSaoooaaqaod 0.12
sLlelr 1.89 0.20 LM317MP RADIO CONTROL CRYSTALS 34 YELLOW CL 0.16 | 2N3B66 0.85 100/63,470/16,

SLl620p 2.17 . CMOS 4000 SERIES 0.20  LG3MP  1.48 : =2  3WM YELLOW  0.18 | SMALL SIGNAL 1000/10
{nofsplitsgavailabic) 2,5 X SMM YE 0.20 | RF FET/MOSFET 1000/16,470/63...0.23

SL1621P  2.17 0.20
SLl62P = 2.24 0 0.20  MICROMARKET g:d 'ig;'pr oo Les | 39 CRANGERED 0.20 | Boss g 55 | 128852?’,2200/16..8.38
SLE24C  3.28 4000  0.17 0.90 - SMM ORA (. 0.29 | 25ks5 O. 3 sasesaes ».0.6
SL1625P  2.17 4002 0.23 0.20 | 8o08oa/2 7.50 AM/FM RX:= 3MM ORANGERED 0.19 25,('(5168 g §g 1000/100.

SL1626P 2.44 4008  0.80 0.20 8212 2.30 3rd OT 30pF HC25U 1.65 2.5 %X MM ORA 0.24 | 3310 0.69 10000/70, ...«

SL1630P 1.62 | 4009  0.58 0.20 8214 3.50 M TX - 5uM INFRA RED 0-56 | 1376  0.65 AXTAL (HORIZ, MOUNT)
SLledor  1.80 | 40108 0.58 0.78 g %-gg ;‘”?d ZOFgF HESU ;gg BPWAL IR DET 1.51 | 40833 .65 | 1/25,4.7/16,6.4/25
SLle4lP 1.89 .| 4011AE 0.20 7 0.95 . BlE 7 IR GPT CPLR  1l.44 | 40673 36RS1 | 10/16e.ccececcass 0.08
TDA2002 1.25 4011B  0.20 0.69 8221 6.25 Pairs AM 3.10 5MM CLIP 0.04 35K45  0.49 4.7/63,22/10,22/16
Thasen o904 0% 50— e = 050
ULN2283B 1.00 | 4015  0.95 1.49 6800P  7.50 CRYSTALS i'gigfz”‘ 3:;? ﬁggo os 100/25+ 2 vrevernen0o1L
CA3080E 0.70 | 4016  0.52 0.98 6810 5.95 o 2.70 S 5 digit 8.95 | BF96L 0.70 S
CA3089E  1.84 4017  0.80 2.55 6820 7.45 3.85 BF960 1.24 2200/16,1000/25. .0.36
€A3090aQ 3.35 | 4019  0.60 1.03 6850 4.90 5.00 15K48  1.64 1000/35,4700/16. .0.45
CA3123E  1.40 40208 0.93 1.09 6852 4.85 . 3.00 \ 1000/50

CA3130E  0.80 4021  0.82 2.36 2.70 SCHOTIKY DIODE BAL

CA3L30T 0.90 | 4022  0.90 1.49 MC2708  7.50 4. 2.00 MIXERS (SBL1=MD108) RESISTORS

CA3140E 0.46 | 4023  0.17 1.41 2114 6.50 4.19439MHz 2.30 SBLL 1-500MHz 4.25 | LCD Module
CA3I89E  2.20 4024 0.76 1.10 4027 5.78 6.5536MHz  2.10 SBL1-8 .1-200MHz 4.55 cM

NC33STE 2,35 | 4025 0.17 350 | 2002 170 10.0Miz  2.50 S ooy oo | CAGtR | W% | 020y el HETaL EIM
IM3300N 0.60 | 4026  1.80 . 1.53 2112 3.40 10.69854Hz 2.50 SRAL .5-500MHz  8.45 | 12/24 hr, alarm, ] 1-lohm-1M........0.05
M3909N 0.68 | 4028 0.72 2.18 { 2513  7.54 10.7015Mz 2.50 SRAI-1 .1-500MHz 9.25 | day,date, | HORIZ CARBON PRESETS
IM3914N 2.80 | 4029  1.00 1.59 HM4716  4.50 10.245MHz  2.50 SRAIH .5-500MHz 13.35 | backlight. 10mm ‘TYPE

IM3915N 2.80 | 4030  0.58 2.18 811597  1.25 10.7z  3.00 SRA3 .025-200Hz 10.25 | All for.....9.95 | ]00ohmg-2M5......0.12
KB4400  0.80 4035 1.20 ;A 3.03 11.52MAz  2.50 HORIZ CERMET PRESETS
KB4406 0.60 4040 0.83 0.30 100MHz 13.00 1k, 10Kk

KB4412 - 1.95 4042  0.85 1.10 o

10p,15p,18pP,22P,"
27p,47p,56P,68P. .0.08

10/63,22/50,33/50,
47/16,100/16.....0.10
47/63,100/25,220/16

PRICES EXCLUDE VAT - PLEASE ADD 15%+ gw%PLEA?fE S gombq\ercial MAIt;r?ns on applicatt)ion.
oods are offered subject to availability, pri ject
Please send an Postage 35p per order. CWO please. (*UK only) um I to change - so pleasse phone and chez;I: l\; inréz;e:bs: & gA&T‘;LOG(?)UEas‘
SAE with all - — s ; ....752

eAnct:::;l;g;mhyed INTERNATIONAL (4 inc. rev. of

{min £5 pl ) 1)
GRt=N 200 NorthService Rood, Brentwood, Essex i

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG

WW — 080 FOR FURTHER DETAILS

ohistorvy com
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prima, full spec. end fully guaranteed!

PRIME coMPONENTS MEMORIEE 1+ 50+ 100+

Low PRICES EPROMS 14 50+ 100+ [2114L45QNS 225p 200p 175p | LINEARS 14 60+ 100+

2708450NS 395p 376p 350p | 2114 L 30QNS 250p 225p 18Bp | ICL 7106 CPL §75p 626p 475p

All our. micro chip 't be fooled by low prices, Wae do not otfer for 2716 Single 5V 4116 150 NS . 376p 350p 325p | LCD 106 3%-digit

34 ""Pm"wwx""“ e P SR I v T SR e ates desicodlinedll * 450 NS 595p 550p 495p|4116 200 WS Ceramic 275p 24Ep  195p | LCD Display 5760 §25p 476p

are --c!».--v-‘olnv:-'v :;:n::u- 2532 Single 5V 6514 (TC 8514F) 1kxd NE 555p 18p 17p . 16p |
orde 0 .

re brand new, factory

. .
450NS 1995p 1696p 1"59 CMOS Rw 450NS S550p 525p 495p | 723 33p 30p 2%
Al prices exclude p&p and VA'I1. Please refer 1o "Ordering Iinformation’ be'ore ordering.
2114L 30
21140 35822 225p 8502 795p DON'T DELAY — BUY TODA" SPECIAL OFFERS DON'T LAST FOR EVERIM!
4116 200NS ;_7,-;:!’ 6504 7::!’ e
4116 150NS e | 6505 795p \ s
4315 (@Kx1) CMOS 6300 895 STEREO! S100 SOUND COMPUTER BOARD!
450NS 3 995p | 6802 995p == -3 — =4 S RS R SRS
6514 (1Kx4) CMO 80804 825p | 4/ [ast, an S-100 Board that unleashes the full power of two unbeli General Instrumants AY-3-8910 NMOS Computer sound iCs.
RAMASONS 850p | 808sA 1 O::P “Allows you under total computer control to generate an ipfinite number of special sound effects for games or any other program. Sounds
4 can be called in BASIC, ASSEMBLY LANGUAGE etc. 7

KIT FEATURES
Two Gl Sound computer ICa {AY3-8910)
Four parallel 1/ O ports on Board
Uses on Board audio Amps,or your STEREQ .
On Board proto typing areal
All sockets, parts and hard\kare are included
PC Board is soldermasked, silk scresned with gold contacts

280 o
F:m— 280A 255
28001 00p

17024 asop | 8002 9500p

2708 450 NS 495p WDS000B 19900p
27165V 450 NS5 595p
2532 32K 450 NS 1995p

VOLYAGE
HEGULATORS

QQ’QQQ!!Q

780577812 55p ck and fun to build, with
7905/ 7%1 2 sggp EaSY. qu and fun % unr with full ;’;z:s:,f‘}?nﬁ-.-
78H055 p ] 1 i i
AR crre | | 8250 Bolh BASIC and ASSEMBLV prog g are incl *'-*
IAJ;;-&?WD 398p COMPLETE KIT . .. ONLY £59.98, inclutes 60 page data Manual 1
RSN gipoLaR PROMS BARE BOARD .. ONLY £26.00, includes 60 page dato Manual

,AY-3-8910 chip special price with purchase of BARE EOARD (2 ch:ps) Hl

CHARACTER
GENERAYOR

S .08
m I:z.l.'éu.;s :_,1 SCL is now available! Our Sound C L makes wrmng Sound Effects programs a SNAPI SCL also includes routines for
93450 Tha 8 45 NS p.oa. | Register-Exemine-Modify, Memary-Examine-Modiy ‘and Play-Memory. SCL is available on CP /M compatible diskette or 2708/2718.
93511 2xx 8 50 NS poa. Disgkette — £19.96, 2708 — £14.98, 2716 — £24.98. Diskette includes the source. EPROMs are ORG at EOCOH.

A0-3-2513 UC 450p

7475 40p 4078

e S0 EYBOARD ENCO! i .

7490 38 KEYBDAKR N DER

749>  sop | 4085 SE 01 Sound ects EXCITING, ENTERTAINING SOFTWARE FOR THE APPLE Il and
7493 s0p J 4086 0§ Av.5.2376

- APPLE I' PLUSH
Kit

24123 a5 4094 'L' PPY DISK - T '
7415 oop § 4095 CONIROLLERS The SE-07is a complete kit that As EHOIDS IN SPAGE....

contains ah
FOITT) 801 §/D laverted Bas | the parts to

29m5p | build a pro- -
FDI1791 B-01 D/D laverted Bus grammable

- - § |fyouliked you'll lovie AST 1N S8PACE by Bruce Wallace! Your spaceship is travelling in the
middie of a shower of asteroids. Blast the asteroids with lasers, but beware — BIG ASTEROIDS FRAGMENT INTO
SMALL ASTEROIDS! The Apple game: paddies allow you to rotate your spaceship, fire its laser gun. and give it

74196 100p f§ 4502 995p | sound effects F Y thrust to propel it through endless space. From time to time, too. you'li encounter an alien spaceship whase mission
74283 140p | 4503 FBI792 B-01 S/D lmvortas Bus enerator. ¢ is to DESTROY YOU, 50 you'd better destroy it first! High resolution graphics and sound effecis add to the
74290 120p |§ 4507 de-liks this o1

FB1793 B-0) D/D Trwe Bus 2
o .

RUNS ON ANY APPLE It WITH AT LEAST 32K AND ONE DiSK DRIVE!
ON DISKETTE ONLY . g

353 6809 5-100 SINGLE-BOARD COMPUTER | |

950
74,500 FDI795 8 o/ lmml Bus,
741501  12p
741304  15p
741508 20p §4518
741510 19p § 4520

5995p
1797 8 D/D Tres Bes,
i t 5995p

, op J 4521 )

;:'fg:z') go: 495p pots to pro-

740514 60p 6522 7985 | gram c;g‘e

A o532 10555 | binations of *  Meets IEEE S-100 Standard! * RS — 232 Handshake! :

741530 6810 3rsp | the F * Uses Motorola's Fowerful MCE809 CPU! &  Selectable BAUD Rates! f
741537 6820 a2sp | Oscillator. * 4K, 8K, 16K ROM * Manual includes: 11" x 7" Schematic,
741520 6821 a2sp | VCO. Nstﬂsﬁ * 2K RAM! i Parts List, User Notes, Software
741542 4 6850 4250 o * ACIA, PIA, 8080 Simulated 1/0! Listings and MORE!

741547 4560 225 || 6852 426p and Envelope Controls. A Quad Op Amp 3

741548 8212 395p ¥ (C is used to implement an Adjustabte

741549 o0 N CE N 14 450, q 49"'"

741573 4572 agp | 06 ”5: Pulse Generator, Level Comparator and Al this, yet for oniy ssams (plus p&p £1)

741574 4584 2% § 9524 395p | Multiplex Oscillator for even more ver-

741875 4585 126p § 2558 395p satility. The 3% x 3 PC Board features a

741586 8251 498p | prototype area to allow for user added |-

741890 m- 8253 1125 ¥ circuitry. Easily programmed to duplicate

R 7aC20 30 g;g‘;’ 1;;3: Explosion, Phaser Guns, Steam Trains, FROM INTERS"‘ Icl‘ 7660

7415125 LD L 8259 125 | O a"“"s.:.hae"u r"'::"r‘l';z a"r:rxﬁﬁ;le‘);{zg:)ﬁ' Voltage Converter

7415132 (2] sounds. > ¥

7415138 74C97  125p | Z80 PIO 595p { cations. The low price includes all parts,

7415151 74C98 125p § 780 CTC sa%p 5

415153 74C107 100p § 7804 PIO 6359 a5sernl:‘lyvl r2a7nua;7pr°g’amm;ﬂg _Cha"sl‘ The Intersil ICL7660 -s a monolithic MAXCOMOS power supply circuit which offers unigue performance
7418155 74C160 110p | 780ACTC 685p and detailed 76477 chip specifications. it ges over ble devices. The ICL7660 periorms the complete supply voltage conversion from

7415161 74Ct81 145p § 780 OMA 1998p | runs on a 9V battery (not mg:luded). On positive to negative for an input range of + 1.5V 1o + 10.0V, resuiting in complementary output voltages of — 1.5 to
7415163 74C162 145p § 780A DMA 2498p | board 100MW amp will drive a small —100v.
7415164 90p § 74C163 280510 0 2995p § choaler directly, or the unit can be con-

a :
;:tg}?i ;28:% %ggASISOIO‘O g,::z nected to your stereo with incredible FEAT“"ES M’PUCATIONS

Simple Conversion of +5V L Supply to +5V
74LS175 74C194 results! (Speaker nat included.) . S'L::glzs Ve reIonic] ogic Supply t© (R)xrﬁ:ard Negative Supply for up to 64 Dynamic
7415195 74C195 COMPLETE KIT ONLY £14.99 *  Simple Vohage Muttiplication (VOUT = (-InVIN) * Localized u-Processor (8080 type) Negative
e oS24 74C503 = P&P 67p + VAT * 99 9% Typical Open Circuit Voliage Conversion Supplies
e Efficiency +* Inexpensive Negative Supplies

*  98% Typical Power Efficiency * Data Acquisition Systems
*  Wide Operating Voltage Range 1.5V to 10.0V
*

7415245 UNIVERSAL SCR

7415251

7415257 : 1488 90 C106D 400V /.5A Sale 30p Easy 10 use ~ Requires only 2 External Non-Critical £l 95
7518250 : s B Pastive C oNLY £ 1.JJ EacH
Laieaes 3% s 1%3: NEW' " AY-3-8910 8
i ) ng

751 . o L A a
815375 140 P Bk : Autoranging, Auto Unit Display, 3'%-digit LCD DMM for ONLY £39.95 in.

Al 188p § ICLBO3 75324  325p t VAT! |

-7415393 135p § ICM7216A 75325 3289 wee : 1
7415490 140p § ICM721 .
74L§570 zsopp |gM 72528 75361  350p THE NEW GI The nationally advertised 6200, giving 200mA AC /DC current measurement: AC voltage

;ggg? z:g: COMPUTER SOUND CHIP to 750V (DC to 1000V), 1004 A resolution and 0.1 Ohms — 2 Megoh:\s. Accuracy is £39 95

Th AY-3-891 § i 0.8% and it displays mV, V and mA You won't find a cheaper DMM wih 1hese features
001 ;;;21 2 1;:: poz,:ﬂmuf::‘u%d and mgusg: ;seier::\;:s;:;?ecyt AND batteries. test leads. spare fuse and one year guarantee are INCLUDED in the low. inc. VAT
00 19p 8128 175p for use with any B-bit micro processor Contains price of just
1006 75p 8795 175p 3 tone channels. noise generator, 3 of
1007 19p B8T97 175p amplitude controls, 16-bit enveiope period
4008 80p N control, 2 parallel 1:0. 3D/ A converters pius MUSIC FOR YOUR EARS
jot0 s Lm'g " T e O ouper €23 10 N ¢ iar's Electranic Wasic Maker T Kithas & sisgh 20 pin Micropeocas20s CRIp wilth AOM that has ksan prograsined i piay s firl
1011 2 T"'70“ 139 Only £8.50 + VAT, inciuding FREE reprint of 610 10 notes of tha 25 popular tunes lisied beivm. Eac! € can edsily be addrazand wdividwally or g saquesiiatly a2 the puss of g bulton.
1012 %2‘; "L.Z,‘ ‘sp BYTE 79 arucle! Also. add £2.25 for 60-page The chime sequances ara sciiveied at any fime by soparale swilck chesures. so when usad as a #eeres o448 can piay seags whila two othars
4013 38 1“‘,‘ 2 12" data manual will play different chimes. The unit has a 5 watt audio Amp and will run on either 12VAC or 1290C. Caulrnﬂmn is very simpla. worky
s012 709 L 22O R<P Perhaps. e next famous composer wall not | Wih tey 8 or 16 OHM speaker, or hara apsakar faot isckuded] Tuass can be famolaly progranaet ssing o single fotary switch (vol lacluded). i
4015 75p m?‘i 13" directa 150-piece orchestra but. rather. a trio of dosired. Complete KN £3.95. 240V Transhcmar aptioaal. Tunes: Torasdor; Witlism Tall Malislujeh Chess Star Spangled Banner: Yerkes
4016 3sp 22 18P Y Crocomputers conirolling a bank of AY-3- | Diodle; America. America: Oeutschland Leid: Wedticg March; Bastaavo's 5th ang 9 Hal's Bells: La Vi sa Rogs; Star War Theske: Clemenine:
4017 8910s BYTE July 7 Marseilloise: O Scle Mio; Santa Lucia: Tha End: Bius Danuba: Brahms tullaby: Wesiminster Chime: Simpte Chime: Deacanding Dctave Chime:
Q0 &0p Os  BYTE July 79 :

1018 76p | SN76477N OISPLAYS . Augustine: Jingle Belfs: God Save The Q wel Beps.
4019 42p 153531!0%5 FNDSO0  80p
1020 8sp § TLO. 4 FND510  80p
3021 100p Tlmj FND567 125p -
TR e oot sen | Ordering information: Unless otherwise stated, for |[}ln
jors  sop JTLISO. MveT18t s, | Orders under £60 add 50p p&p. Add 15% VAT to e 1!
020 1§o: 375p total (no VAT on books). All devices are brand new, ®
T Ta - - ,_f?g;j‘T°’:§op factory prime and full spec and subject to prior “'[}ljl's
1029 80p || 6 poie wise | a7 3zsp | sales and availability. Prices subject to change
b ot e 0% Seb | without notice. Minimum telephone order using 5 B B Moo ing Siiaet.
M033  145p ACCESS is £10. If ordering by post with ACCESS, ept. ’ eeting Street,
1030 a - A
J:”G ;g:: LOW PROFILE SOCKETS BY TEXAS sate | include name, address and card no. written clearly. Appledore, Nr. Bideford, North
s037  osp | 8pe e 18pm 185 sspn 220 Please allow 4 /6 weeks delivery on books. Devon EX39 1RY. Tel. Bideford
110 4005 3 . 18p 28 pin Y
AR Lo (e b ey e T (02372) 79507. Telex: 8953084.




WIRELESS WORLD DECEMBER 1980

- THE BEST
- HOLIDAY
IN THE
-~ WORLD
- STARTS
HERE

%k FROM ALL OVER THE WORLD come the countries, the cities,
the holiday-centresand hotels which offer you your next holiday.

*k THE HOLIDAY BROCHURES COME TO LIFE at this new and exciting
exhibition, where you can find out first-hand about holiday
and travel options world-wide.

sk SEE FOR YOURSELF—meet the people, enjoy their shows,
hear about their attractions. Then discuss details with
your travelagent —to plan the best holiday in the world.

P
% | Travel Market

. TRAVEL AND HOLIDAY EXHIBITION

- Friday December5 12noonto8pm
3 ’ Saturday December 6 . 10am to 8pm
: Sunday December7 10am to 6pm
' p o Admission £2 (half price for children under 14)

ohistorv com
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The faraway countries have all come to town
so that you can see and talk to them
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Britain’s first com

computerkit. =
The Sinclair ZX80.

«\\\\\\\
Price breakdown “‘\\\\\\\\\\“\\“\\\\\\\ \“\\\\\}“‘\“““\‘\i‘\\: \\\\\\\\ \\ L
ZX80 and manual: £69.52 S e

VAT: £10.43

- £719%

Please note: many kit makers quote VAT-exclusive prices.

ment...now make the kit!

Thisisthe ZX80. ‘Personal Computer World' gave

it 5 stars for ‘excellent value.’ Benchmark tests
say it's faster than all previous personai com-
puters. And the response from kit enthusiasts
has been tremendous.

To help youappreciate its value, the price is
shown above with and without VAT. This is so
you can compare the ZX80 with competitive
kits that don't appear withinciusive prices.

‘Excellent value’ indeed!

Forjust £79.95 (including VAT and p&p) you
geteverything you need to build a personal
computerathome.. PCB, with IC sockets for
allICs; case; leads for direct connection to a
cassetterecorder and television (black and
white or colour); everything!

Yet the ZX80 really is a complete, powerful,
full-facility computer, matching or surpassing
other personal computers atseveraltimes
the price.

The ZX80 is programmed in BASIC, and you
canuseit to do quite literally anything from
playing chess to managing a business.

The ZX80is pleasantly straightforward to
assemble, using afine-tipped soldering iron.
Itimmediately proves whata good job you've
done; connectitto yourTV.. linkitto an
appropriate power source*...and you're
ready to go.

Post and packing FREE

You've seen the reviews...you've heard the excite- \&\ W

Your ZX80 kit contains...

@ Printed circuit board, with IC sockets for
alllCs.

® Complete components set, including all
ICs~all manufactured by selected world-
leading suppliers.

@ New rugged Sinclair keyboard, téuch-
sensitive, wipe-clean.

® Ready-moulded case.

@ Leadsand plugs for connection to
domestic TV and cassette recorder.
(Programs can be SAVEd and LOADed
onto a portable cassette recorder.)

® FREE course in BASIC programmlng and
user manual.

Optional extras

® Mains adaptor of 600mA at9VvDC
nominal unregulated (available
separately—see coupon).

@ Additional memory expansion boards
allowing up to 16K bytes RAM. (Extra
RAM chips also available-see coupon).

*Use a 600 mA at 9V DC nominal unregulated mains
adaptor. Available from Sinclair if desired (see coupony).

‘\\\\\\\& N \\g\

The unique and :
valuable components of the
Sinclair ZX80.

The Sinclair ZX80is not just another
personal computer. Quite apart from its
exceptionally low price, the ZX80 has two
uniquely advanced components: the Sinclair
BASIC interpreter; and the Sinclair teach-
yourself BASIC manual.
The unigue Sinclair BASIC interpreter offers

remarkable programming advantages:

® Unique ‘one-touch’ key word entry: the
ZX80 eliminates a great deal of tiresome
typing. Key words (RUN, PRINT, LIST, etc.)
have theirown single-key entry.

® Unigue syntax check. Only lineswith correct
syntax are acceptedinto programs. A cursor
identifies errorsimmediately. This prevents
entry oflong and complicated programs with
faults only discovered when you try to
run them.

® Excellent string-handling capability —takes
up to 26 string variables of any length. All
strings can undergo all relationat tests (e.g.
comparison). The ZX80 also has string input-
torequest aline of text when necessary.
Strings do not need to be dimensioned.

® Up to 26 single dimension arrays.

@® FOR/NEXT loops nested up to 26.

@ Variable names ofany length.

® BAS!Clanguage also handlesfull Boolean
arithmetic, conditional expressions, etc.

® Exceptionally powerful edit facilities, allows
modification of existing program lines.

® Randomise function, useful forgames and
secret codes, as well as more serious
applications.

® Timerunder program control.

® PEEK and POKE enable entry of machine
code instructions. USR causesjump to a
user's machine language sub-routine.

@ High-resolution graphics with 22 standard
graphic symbols’

@ Alicharacters printable in reverse under
program control.

® Lines of unlimitediength.

\\m ‘ \\\\a\x gy \\\\\\\e«\ «\\\\\&x\

F’A?//vr

‘@x\\\\\» \i

Fewer chips, compact
design, volume production-
more power per pound!

The ZX80owesitsremarkable low price to
its remarkable design: the whole system is
packed onto fewer, newer, more powerful
and advanced LSI chips. Asingle SUPER ROM,
forinstance, contains the BASIC interpreter,
the character set, operating system, and
monitor. And the ZX80's 1K byte RAM is
roughly equivalent to 4K bytesin a conven-
tional computer-typically storing 100lines of
BASIC. (Key words occupy only asingle byte.)

The display shows 32 characters by 24 lines.

And Benchmark tests show that the ZX80
isfasterthan all other personal computers.

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

- \\\\\\“%& A

Z80 A microprocessor-new,
faster version of the famous
Z-80 microprocessor chip,
widely recognised as the best
evermade.

Sockets for TV,
cassette recorder,
power supply.

SUPER ROM.
Clock.
Rugged,
flush,
Sinclair

UHF TV
modulator.

RAM chips.

keyboard.

i
«

WAWAWW americaniac
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ZX80 software —
now available!

See advertisementsin Personal
Computer World, Electronics Today
International,and other journals.

New dedicated software—developed
independently of Science of Cambridge—
reflects the enormous interestin the ZX80. More

software available soon-fromieading consult-
ancies and software houses.

IR Jo.0d 3300 B Do

1L M O o2

o ome

|

“  The Sinclair teach-yourself
BASIC manual.

If the specifications of the Sinclair ZX80
mean little to you—-don't worry. They're all
expiained in the speciaily-written 128-page
book free with every kit! The bogk makes
learning easy, exciting and enjoyable, and
represents a complete course in BASIC
programming ~from first principles to complex
programs. (Available separately—purchase
price refunded if you buy a ZX80 later.)
Ahardware manual isalso included with

every kit. b
I WCUEEE I E— —— S N

The Sinclair ZX80. Kit: £79.95. To: Science of Cambridge L td, 6 Kings Parade, Cambridge, Cambs., CB21SN.
Assembled: £99.95. Complete! ORDERS - s el prices shown include VAT, postage and packing. No hidden extras.
The ZX80 kit costs amere £79.95. Can't FORM  please send me: I
wait to have a ZX80 up and running? No
problem!it's also available, ready assembled I I
and complete with mains adaptor, for
only £99.95. . I I
Demand for the ZX80is very high: use the .
COonn toordertodgyfor the earliest POSS'.b'e I Ready-assembled Sinclair ZX80 Personal Computer(s). I
delivery. All orders will be despatched in strict Price includes ZX80 BASIC manual and mains
rotation. We'll acknowledge each order by I adaptor, £99.95 I

1////_///////////////////////////////////

/////////////////////{/////////////////////////////’ i

Quantity | Item {tem price Total
£ £

Sinclair ZX80 Personat Computerkit(s). Price includes
ZXB0OBASIC manual, excludes mains adaptor. £79.95

return, and tell you exactly when your ZX80

: . : i 1 600 mA at 9V DC nominal unregutated). 8.95
will be delivered. if you choose not to wait, you MR8 dap Or(s)( doaly LT Zlneg !
can cancel your orderimmediately, and your Memory Expansion Board(s) (eachone takesup to b
money will be refunded at once. Again, of 3K bytes). 12.00
course, you may return your ZX80 asreceived RAM Memory chips -standard 1K bytes capacity 16.00
Wlthln_14. days forafull refund. We want you to Sinclair ZX80 Manual(s) (manual free with every ZX80 kit
be satisfied beyond all doubt-and we have | orready-made computer). 5.00
no doubt that you will be.

v I NB. Your Sinclair ZX80 may qualify as a business expense. TOTAL. £

— | g [ — |
I lenclose acheque/postal order payable to Science of CambridgeLtdforg__ *
Name: Mr/Mrs/Miss p .

Science of Cambridge Lt o N, : ' |
6 Kings Parade, Cambridge, Cambs., CB2 1SN. WW 12/80

WW — 075 FOR FURTHER DETAILS

ohistorvy com
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PRODUCTION

TESTING POWER UNITS

Now available with
3 QUTPUTS

DEVELOPMENT

SERVICING

_ Type 250VRU/30/25

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

ALL
Continuously
Variable

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

WW — 065 FOR FURTHER DETAILS

Ests Freepost F M FREEPOST ON ORDERS ® e::saESS
. - - ®
M' 7 - B"'m’ngham B VAT INCLUSIVE PRICES ® CASH
/
B19 1BR M ADD 30p P&P o CHEQUE
ELECTRONICS  021-233-2400 B 24 HR PHONE ANSWERING SERVICE
ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED
C-MOS surrrio: LINEAR SEMICONDUCTORS
. 5 EF4512 13¢ CA3046 84 ING14 5 acis2L 12
- 2 L i [| e 127 | casosoe 77 | 1Na0OY 5 | scise "
HEF300} i [ e 100 | HeFas17 474 | CA3130E 99 IN4002 5 | 8cisaL 12
HEF 007 N9 | Heroee 57 | wtras)s vy | canace 48 1N4004 > | Bc212 "
b oo 2 HEF4030 5/ | HEF401¥ 69 CAJ1B9E 293 1N40O7 i | BC212L 12
HE:wDI (7] HEF4051 L2 HEF4520 Wy LM3DTAN 34 IN4148 4 B8C214 "
:Er:g?'!‘ 22 | HEFs052 90 | HEF4521 235 | LM3zgN 7B IN5402 15 | sc21aL 12
HEF4D12 22 { HeFansd 90 | HeFas2e 124 § LM3BON 104 2N2369 21 | scsar 13
HEF4N1 3 cla HEFAD&S 62 HEF4332 150 LM3B1AN 198 2N2646 46 B8CH48 n
EF4014 100 HEFa067 475 HEF4334 o34 LM3900N it 2N2926G 13 BC549 12
:lF-lOI' toy § HEF4068 22 | HEFa539 138 | MC3403P 156 2N3053 19 | BCB57 15
AP 50 | HEF4069 2 | weFasss 122 | NE531 131 2N3054 s5 | scsss 5
HEFs01 wo | wera070 22 | Hera72a 21 | NES36T 259 2N3055 55 | Bcvio 15
HEF301Y 100 HIF4071 2 HEF40097 W13 NESESN 28 2N3702 9 BCY?1 15
HEF4072 23 | Hersoo98 92 | NESSGN 66 2N3704 9 1 Boi1at 39
:gﬁz uf';’ HEF2073 23 | HEF40100 78 § NESGEN 171 2N3705 10 f BO132 a9
HEF402) 167 | HEF4O75 23 | HEF4D140 149 § NE570N 485 2N3773 297 BO139 19
HEF3022 193 | Heraoze 130 | HEF40I92 149 | NES7TIN 505 2n3819 22 | eo1ao 39
HLFa023 22 | HEFa077 2 AC4136 146 2N3820 33 | erFRgo 333
e B ] LT R e B
HEF 4025 2 fH
HEF4020 241 | HEFaos2 23 | Regulators TOA10348 239 2N5459 35 | ervsi 17
HEF3027 5/ | HEF40B5 60 | LM30SDAIKI 119 J TioBICP 84 40673 88 | srvag 50
HEF4028 89 | HEF4084 80 § UAT23CN 42 | TLgBaCN 156 ac107 14 | Bsx20 21
HEF4029 113 | HEF4093 63 | UA7805CU 78 | UA7a1CN 20 8c108 14 £LB960 285C
HEF2030 54 [ HEFA094 219 | UATBIZCU 78 | UA74ICT 47 BC108C 18 | TP 48
HEF 3031 250 HEF4104 295 UA7815CU 78 zme’ acios 14 TIP32 54
peed | M e | Avaiscy 7 | Diodes e o 7
4030 107
:2;404‘ 91 | HEF4308 230 | Ua78LO5CS 38 | 400mw cav?cad | acias 10 | Tip2ess 75
LR 3042 83 | HEFaslo . 3o | uaTeuies 38 | B2ZYas/ezx79 8c158 10 | Tieaoss 60
HLF043 100 | HEFas! 574 yarsLiscs 38 | 4 vottage 9l scir7 17 | misas 36
CAPACITORS
Electrolytic Axiel Qrder Code § Polyester Redial Leads Order Code § Electrolytic Radial Leads  QOrder Cods
¥ Y
~10% 10 +60% Tol. Cap 018+ WY 1y 754, C280/352 Styls Cap 352 | —10% 10 +50% Tol. Cap 034 + uF
uF V16 | 26 | 40 | €3 | Mouided Type, 10.2mm Prch Cap 360 #F V1018 | 25 {36 | 40|60 |83
1.0 9 + Value A7 7
1.6 S 1 ur {352 | 380 [ uF | 362 | 380 68 7
220 94 oo 7 g 7| 9 10 7
99 3 0015 7 15 8 10 1.5 7
4L Slooz |6 | 7 22 9 |1t 2.2 7
gD o $1® Y03 | 6 ! 7 33 n 33 7
o X 0047 6 I 7 47 14 4.7 | 7 8
15 o) |imen 3| ooss |6 | 68 | 17 6.8 7 8|9
F 9 o1 16 ! 8 (10 21 10 7 8 9
= o5 | 6 ! 8 |15 30 15 v 7] 8 9|n
47 LERUNIREN Rpats 6 | 8 |22 25 22 78 i1
e 3 ‘013 5 8 a 89 o
Y L 047 6 8 a7 al s ¥
120 9 34 oes |7 8 68 ain
220 13 26 36 - i 3 -
330 SR 150 1
;;g iz ;g 3] DL Sockens
1000 26 | 30 | 59 8 Pin Low Profile Socket Tin 12 DIL SKT 8
1500 35 | 39 14 Pin Low Profila Socket Tin 14 DIL SKT 14 P.C.8B. Components
2200 42 16 Pin Low Profile Sockat Tia 16 DIL SKT 1§ Daio Pen. Blus Ink, Stow Orying 89
RESISTORS Qrder Cods Skeleton Prasets, Miniature Order Coda
Carbon Film, Fixad 0.1W, E3 Vslues, 100R-IM, Lin. Vertcal Mounting 8 Min. Preset V.
0.25W, E24 Values 1RD-10M, 5% Tol. 2each Res ROY% 0.1W, EJ Values, 100R-IM, Lin. Horizontal Mount 8 4 Mn. Preser H
1001100 (Mult 10/Velue] Skalaton Prasets, Standard ey
0.5W, E12 Values IRO-AM7, 10% Tol. 3 each’ Aes AD% 0.3W, E3 Values, 100R-AM?, Lin. Vertical Mounting 11 Std. Praset vV
+ Vatue 0.3W, E3 Velues, 100R-4M?, Lin. Horizontal Mount 11 Sid. Preset H
DM;V‘V"EF;:T/ Fi":ﬂl 1M, 2% Tol. 8 h  Res MR30 Fotentiom; srilotary R
aiues, SAI- ol asch Ras
- L . 0.5W, E3 Values, 1K 2M2 Lin a9 Ro Pot Lin
2.5W. E12 Values, 10R-27K, 5% Toi, 16 Clch‘ C:U:FIS? 0.25W, E3 Valyes, 4K7-2M2 Log. 39 Ro Pot Log -
) Potentiomater, Shider 'R
Mets! Glaze, Fixed 0.5W, E3 Vatues, ZK2-47C . Lin. 45 SiPotlin
0.5W, €24 Velury, IM.33IM, 5% Tol. 16 esch Aes VAIT 0.25W, €3 Values, 1KQ - 1MO Log. 45 $! Pot Log
+ Valua + Velus
MAINS TRANSFORMERS QOrder Cods Plastic Boxss — Boss Industrial Mouldings
Secandsries may be connected wn series or Mouldec Box end Close Fitting Flanged Lid
oaralle! 10 give wide vollage range ABS Bax, C/W Brams Bushes, and Lid in Orange
Primaries 0-220, 240V Qrder Code!
M A
6VA  Clamp Typa Construction 235 anch t:;é xg gg l;’:’ g:: :w;ggg 8ﬁ
Approx 18% Reguialion F C 54, H36, W35 L180 w110 D8O 223 Case BIM2006 OR
o:ev, 0-4.5V Secondaries Trans 6VA Plastic Boxes with Metal Lids
gf?\‘/":“’zv Fiscessed Top Box
15V, 0-15v ABS Bass, C/W Brazs Bushm, In Orangs
. 1mm Al m Top Panel Finished Gray
REV0.200 o ' Order Code
20VA  Clamp Type Construction 360 each a0z :;
Approx 16% Regulation F C 70 H4B, W46 L1681 W96 053 8 208
04 5V, 0-4.5V Secondaries Trans 20VA DiscastBoxe)
0-6V, 06V
012V, 0-12Vv Diecatt Box snd Flanged L1
015V, 0- Aluminivm Box end Lid in Natural Finish
Sirev o7y Orrler Code
o FEsy i W
_ L182W113 D61 334 Cese BIM5006 NA
VERO ELECTRONICS PRODUCTS
2.5 x 5" 3" pitch Veroboard 7 200-27069) SWITCHES -
b h Veroboard 79 200-21072D rder Co
ek Verobond (5] B5/Pack  200.21076C Miniature Toggle — Honeywell
itch Plain Boerd 68 200-21078H sPOT = 67 sw gmg;‘w
orich V-Q OIP Board 135 200-210B4E SPDT C/Oftf 81 Swaat
Spat Face Cutter 107 203-210134 SPOT  Double Bras To Centre %0 SWBA1041
Pins insertion Tool for .040 typs pin 147 203-21015F DPDT 9 SWB8A2011
©S Puins .040 (100) 4a/Pack 200-210B7G DPOT CiOt m SW BA2021
S5 Pins 040 (100) 44/Pack o 200-210178
Verowrre Kit (1980, 2wire, 265comb)  454/Ku 200213410 Miniature Push ~ C & K
Verowirs Combn {25} 109/Pack 200-21339F sP Push To Make, Momentary 62 SW/ 8531
Verawire Wire 12} 108/Pack  200-21340G sP Push To Bresk Momentary 62 SW 8533
GMT ELECTRONICS PROJECTS KIT BUILT UP
FREE-STANDING COMPLETE TELETEXT UNIT - FULL SPEC  £199-90  £275-00
TELETEXT DECODER BOARD + REMOTE HAND CONTROL £135-90  £160-00
TELETEXT COMPATIBLE TUNER AND P.S. U. £ 46-90 £ 57-00
TELETEXT COMPATIBLE PAL ENCODER + MODULATOR £ 22-90 £ 35-00
F.E.T.OUTPUT 100W MONO POWER AMPLIFIER MODULE £ 27-50 £ 35-00
X-BAND DOPPLER RADAR ALARM MODULE - MARK I £ 35-90 £ 44-00
ONE AMP P.S.U. MODULE (SPECIFY 5 OR 12 VOLTS) £ 7-50 £ 10-00
< SIMULATED INERTIA MODEL TRAIN CONTROLLER £ 22-50 £ 35-00
SIMULATED INERTIA SLOT RACE'R CON‘TROLLER £ 27-50 £ 40-00
MODEL TRAIN STEAM SOUND SIMULATOR MODULE £ N/A £ 5-00

'WW — 055 FOR FURTHER DETAILS

METER PROBLEMS?

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

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

Full Information from:

HARRIS ELECTRONICS (London)

:01-837 7937
138 GRAYS INN ROAD, W.C.1 'rore:0

Telex: 892301
WW — 036 FOR FURTHER DETAILS
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DORAM
ELECTRONICS

LTD

MORE SPEC. FOR YOUR MONEY

TYPE 643 FUNCTION GENERATOR
0.01Hz to 999KHz

SINE, SQUARE and TRIANGLE

Fitzroy House, Market Place,

Swaffham, Norfolk, PE37 7QH. x L ,
“e OIGITAL SETTING .n‘ ‘ i
OC OFFSET o e .
cata‘og PROGRAMMABLE Soe . 9
New SIMULTANEOUS QUTPUTS £12250 =3
50 Q MAIN QUTPUT & £3.00 carriage, ins. etc.
40 p { IOY.' attenuable t

TYPE 643A FUNCTION GENERATOR
0.01Hz to 1AMHz

SINE, SQUARE and TRIANGLE

OIAL SETTING

Sl

R/ﬁ/ﬂff’" with first order

sREE v
competition entry 0C OFFSET _
with catalogue REF. Dept. WW PROGRAMMABLE

£106.75 SIMULTANEOUS OUTPUTS

& £3.00 carriage, ins. etc. 6000 MAIN QUTPUT
' {10V. attenuablef

Please send me a copy of your new catalogue

NAME
ADDRESS

Ienclose cheque/postal order for 40p

OMB ELECTRONICS, RIVERSICE, EYNSFORO, KENT 0A4 OAE
Tel. Farningham {0322) 863567

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

— FROM OMB ELECTRONICS
WW = 052 FOR FURTHER DETAILS WW — 097 FOR FURTHER DETAILS

BUILD YOUR OWN PROFESSIONAL QUALITY
DMI\g AS _f_\éREEADY USEE Bg HUN%REDS OF £ |P&pr| var | ToTAL
LABORATORIES, RESEARCH UNITS, -
UNIVERSITIES ETC. THE LASCAR RANGE OF LMM 200 Kit (PE DMM) 32951 1.00 | 5.09 | 39.04
MULTIMETERS IS NOW ALSO AVAII§ABLE IN LMM 100 Kit 58.95| 1.75 | 9.10 | 69.80
KIT FORM, CONTAINING ALL PARTS NEEDED mLY ASSEMBLED
TO CONSTRUCT THESE SUPERBLY STYLED (INC. LEADS) S, [T || BRT] | €3
MULTIMETERS - EVENBATTERIES AND LMM 100 FULLY ASSEMBLED o B e o
TEST LEADS. BOTH TYPES FEATURE FIVE \(INC.LEADS) : : : 4k,

FUNCTIONS (AC AND DC VOLTS, AC AND

DC CURRENT RESISTANCE) WITH ABILITY

TO CHECK DIODES. 0.5 ” LCD DISPLAY

WITH ‘BATTERY LOW’ WARNING. AUTO-POLARITY,
AUTO-ZERO. FULL PROTECTION AGAINST
-OVERLOADS AND TRANSIENTS, CAN WITHSTAND
MAINS ON ANY RANGE: RUGGED ABS CASES AND A
COMPREHENSIVE 1-YEAR WARRANTY.

The LMM 200 has beenfeatured as a projectinthe July 80 ‘ .y Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon
Practical Electronics. It is a compact handheid muitimeter with [

@< Essex. Telephone No: Basildon (0268) 727383. -
a 0.5% basic accuracy and 15 different ranges. It measures "
e RERigoa e Uil IO0REAS PC cirgntilom 0y To: Lascar Electronics, Unit 1, Thomasin Road, Basildon, Essex. *

to 2 Amps and resistance from0.1(2to2M(}. 200 hours battery life.
Please send me Data [] LMM 200 Kit £39.04 [] LMM 100 Kit £69.80 []

The LMM 100 iss suitable for field or bench use. It has a basic
accuracy of 0.1% and 25 different ranges. It measures AC/DC Assembled LMM 200 £47.09 [] Assembled LMM 100 £91.13 ]

voltage from 0.1mV to 1Kv, AC/DC current from 0.1..A to 2 Amps

L0

nt

‘i
|
|

and resistance from0.1¢) to 20M{}. Battery life is over 2,000 hours. Name
It also features a unique ‘digital hold' facility and adjustable carrying Address
handle. Tel No
We also offer a calibration service (£5.00 + VAT = £5.75)and a B e o —

trouble-shooting and calibration service (£7.50 + VAT = £8.62)
Official orders accepted.

LN N N 8 K N N N N N
WW — 059 FOR FURTHER DETAILS

Orders may be phoned quoting you—r“Access or IB‘arc;éyEa;c; No ,

ohistorv com
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Self

LEARNING st

icrocomputers are coming - ride the
wave! Learn to program. EL}\

Millions of jobs are threatened but B
millions will be created. Learn
BASIC - the language of the small com-
puter and the most easy-to-learn com-
puter language in widespread use. Teach
yourself with a course which takes you
from complete ignorance step-by-step to
real proficiency, with a unique style of ?
graded hints. In 60 straightforward e
lessons you will learn the five essentials of ++ . Computer
programming: problem definition, "'::'g‘::;zg;'g
flowcharting, coding the pror__;_/_m, * £9.00

debugging, and clear documentation

BOOK 1 Computers and what they do wel; READ, DATA, PRINT, powers, brackets,
variable names; LET; errors; coding simple programs. BOOK 2 High andlow level languages;
flowcharting; functions; REM and documentation; INPUT, {F....THEN, GO TO; limitations of
computers, problem definition. BOOK 3 Compilers and interpreters; foops, FOR....NEXT,
RESTORE; debugging; arrays; bubble sorting; TAB BOOK 4 Advanced BASIC; subroutines;
strings; files; complex programming; examples; glossary.

CAMBRIDGE

WIRELESS WORLD DECEMBER 1980

Also THE BASIC HANDBOOK (BHB) £11.50 ‘An encyclopaedic
guide to the major BASIC dialects. A must if you use other peoples’
programs

and: ALGORITHM WRITER'S GUIDE {(AWG) £4.00 Communicate
by flow chart! Learn to use Yes/No questions for: procedures, system
design, safety, legislation etc. - @

Understand Digital

Electronics

Written for the student or enthusiast, this
course is packed with infaormation,
diagrams, and questions designed to lead
you step-by-step through number
systems and Boolean algebra to
memories, counters, and simple
arithmetic circuits; and finally to an
understanding of the design and opera-

tion of calculators and computers
BOOK 1 Decimat Octal, hexadecimal, and binary number systems and conversion between
number systerns, negative numbers; complementary systems. BOOK 2 OR and AND func-
tions; multiple-input gates; truth tables; De Morgan’s Laws, canonical forms; logic conven-
tions; Karnaugh mapping; three-state and wired Jogic. BOOK 3 Half, full, serial, and parallel
adders; subtraction; processors and ALU’s; multiplication and division, BOOK 4 flip flops;
shift registers; asynchronous, synchronous, ring, Johnson, and exclusive-OR feedback
counters; ROMS and RAMS. BOOK 5 Structure of calculators; keyboard encoding;
decoding display-data; register systems; control unit; PROM; address de-coding. BOOK 6
CPU; memory organisation character representation; program storage; address modes; in-
put/output systems; program interrupts; interrupt priorities; programming, assemblers; com-
puters; executive programs; operating systems.

DIGITAL COMPUTER LOGIC & ELECTRONICS. (DCL) £7.00
A course covering the material in italics above, but at a slower pace.
{4 vols)

GUARANTEE — No risk to you. If you are not completely satisfied your money
will be refunded without question, on return of the books in good condition.

D D D D e SR SR P e e U e R P SR BB SR 5D 5D G5 En 5D En SD 5D 5 SD 5D 5D 5B s 5D 5D am aD S aB
PLEASE SEND ME: — Quantity
CPB (£9.00)
" BHB (£11.50)
AWG (£4.00)
DDS (£12.50)
DCL  (£7.00)
EQUR WAYS TO PAY:
1) A U.K. chegue or a J.K. postal order (Not Eire or overseas)
' 2} A bank draft, in sterling on a London bank (available at any major bank)
3) Please charge my Access/M.Ch{] Barclay/TrustC/Visa D Am. Exp.D Diners 1
_4) Or phone us with these credit card details - 0480 67446 (ansaphone) 24 hou7 service.

Cam WD o coc oot Aonae s a0l e B o e T o ) Signed . ......... e X .

THESE PRICES COVER THE COST OF SURFACE MAIL WORLDWIDE. AIRMAIL:
Eur, N.Af, Mid.E. add ' to price of books: Jpn, Aus, N.Z, Pcfc add %: elsewhete

add %

U.K. Delivery: up to 21 days

Cambridge Learning Limited. Unit 37, Rivermitt Si!e,l'FREEP'OST. St. ives, Humingdon.
Cambs. PE17 4BR, England
Reg. In Eng. No. 1328762

Immediate delivery of
easy to fit Display Bezels

Supplied complete with lens and all fixings.
Compatible display mounting boards .
also available.

This i1

unique design
attractively F
frames a

display %

and requires } >
only a single ]
rectangular ey
cut-out R
for fixing.

Vero bezels are
manufactured in four sizes
to accommodate 2, 4 or 6
digits. A choice of three

ty pes of lens are offered
Neutral, Red and clear to
suit LEDS AND LCDs. LED
AND LCD mounting boards
are available in seven
versions compatible with
VERO Bezels.

INSTRUMENT
PANEL

<

SPACER

LOCATION
PEGS (4)

Further information on
instant dispatch from:

LY

Eastleigh, Hants. SO5 42Y
Tel: (0703) 618525

! WW — 092 FOR FURTHER DETAILS

TELEVISION
SOUND
s
GOOD!

Yes it's true — but you'll need to listen through a Minim
Television Sound Tuner to be convinced. Music, wildlife,
everi the news suddenly comes to life when you can hear all
the detail that you expect from High Fidelity equipment. |
Connect the Minim Television Sound Tuner to the amplifier
tor music centre or listen directly on headphones so as notto
disturb others:

Further information will only cost you 12p — stamp out
poor televison sound!

€ S

Address

Minim Audio Limited, Lent Rise Road, Burnham
Slough SL1 7NY. Tel: Burnham 63724

MINIM AUDIO

make a note of our name!
0y WW12

WAAMW americanrae
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S$-2020TA STEREO
I-I;lIJTNER /AMPLIFIER

NEW HIGH PERFORMANCE TUNER

A high-quality push-button

FM Varicap Stereo Tuner with pilot
cancel decoder combined

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

Brief Spec. Ampliﬁér Low field Toroidal transformer, Mag. input. Tape In/Qut facility {for noise reduction unit, etc.) THD less than 0-1% at 20W into 8 ohms. High Slew Rate. Low noise op. amps
used throughout. Power on/off FET transieat protection. All sockets, fuses, etc., are PC mounted for ease of assembly. Tuner section uses UM 1181 FET module requiring no RF alignment. ceramic
IF, INTERSTATION MUTE, and phase-locked IC pilot cancel, stereo decoder, LED tuning and stereo indicators. Tuning range 88-108MHz 30dB mono S/N @ 0.7sV. THD 0.3%.

PRICE; £69.95 . var
NELSON-JONES '
Mk. 2 STEREO FM
TUNER KIT

A very high performance tuner with dual

L

. 2
w oo 1

: B g, w ;
gate MOSFET RF and Mixer ready built PG “
front end, triple gang varicap tuning, - ‘”5 ) «Q;’,»"," “ Peses Tune
linear phase LF. and 3 state MPX de- . = s | A [

X

3,

coder.

* 52 e

PRICE: £74.95 . var

NRDC-AMBISONIC .

UHJ | g) NROC~AMBISONC
SURROUND SOUND

DECODER

The first ever kit specially produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years’ research by the Ambisonic team. W.W._ July, Aug., ‘77.
The unit is designed to decode not only UHJ but virtually all other ‘quadrophonic’ systems (Not CD4), including the new BBC HJ. 10 input selections. ; d . : A
The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or B output swudls are provided in this most versatile unit
Complete with mains power supply, wooden cabinet, panel, knobs, etc.

Complete kit, including licence fee £67.70 + VAT or ready bullt and tested £76.95 + VAT

S5050A STEREO AMP Veytioh

performance kit
50 watts rms-channel. 0.015% THD. S/N 90 dB, Mags/n 80 dB. Output device
rating 360w per channel.
Tone cancel switch. 2 tape monitor switches. Metal case — comprehensive
heatsinks.

Complete kit only £69.95 +var

{Also available our 20w /ch BIFET S2020 Amp)

-

INTRUDER 1 Mk. 2 RADAR ALARM

With Home Office Type approval

The original ~"Wireless World".published Intruder 1 has been re-designed by Integrex to incorporate several new features, along with improved
performance. The kit is even easier to build. The internal audible alarm turns off after approximately 40 seconds and the unit re-arms. 240V ac mains
or 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells

etc. : ;
Complete kit £52.50 plus VAT, or ready built and tested -£68.50 plus VAT.

Wireless World Dolby noise reducer

ol Clipping leve! 16.5dB above Dolby level (measured at 1% third

harmonic content)

Harmonic distortion 0.1% at Dolby level typically 0.05% over

most of band. rising to a maximum of 0.12%

Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal at Dolby level)
at Monitor output

Dynamic range >>90dB

compiete kit PRICE: £49.95 + vaT (3 head model available) BOQUVSEnE VLY

Alsoavailable ready built and tested . . . ...

| Price £67.60 + VAT

Calibration tapes are available for open-reel use and for cassette (SPecify whiCh) .. .. ... ..o L T K= - Price £2.75 + VAT
Single channel plug-in Dolby (T) PROCESSOR BOARDS (92 x 87mm) with gold plated contacts and all COMPONENtS - -« -« o v v v s ... ... 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?

Lﬂuy iwwith vess

All kits are carriage free Please send SAE for complete lists and specifications

Portwood Industrial Estate, Church Gresley,

ln'E G n E “ ll m | 'E Burton-on-Trent, Staffs DE11 9PT ‘ "
. Burton-on-Trent (0283) 215432 Telex 377106

ohistorvy com
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New KONTAKT Sprays

for the Electronics &
Electrical Industries

ine for
g agaz\ne A i
. eading ™ cing @
visions e 185 L als embra KALTRON 601
Tele d finding: -
thusiasts an g ault ents. A new cleaner for Magnetic Recording Units. Kaltron 601
G cts of s€ d new develop™ has an extremely low surface tension thereby enabling the
ruction an e isSUE cleaning of magnetic sound heads leaving no deposit or
o In this month's SSY R other traces.
ad 0 It is chemically pure (99,8%) — non conductive —
X it non-flammable. .
+ design high q\_.lae‘ aYn It can be used on energised electrical installations and
Anew COff‘pa.c poth inexpensiV electronic equipment, e.g. video units, tape recorders,
monitor which ‘:‘Y 10 puild. data processing systems etc.
I ea
Also NEW
PRINTER 66

Spray cleaner for type wheel printers, matrix printers and chain printers. Can
also be used for cleaning normal typewriters.

SCREEN 99
ce use. Specially for the cleaning of all types of screens, including data terminals and
How :\Oa ?':thaa d several S T.V. Screens. -
1

features.
Plus all our reguler VASELINE SPRAY 701

For use in communications engineering and construction of antennae.
Proved successtful as corrosion inhibitor for cable clamps, connecting screw

. joints etc. Application from spray can with capillary tube is ciean and simple.
" I SIon e 5 \
Special Products Distributors Ltd. :

81 Piccadilly, London, W1V OHL

Tel: 01-629 9556 : Cables: Speciprod, London, wW.1
Telex: 265200 (answerback RACEN)

DECEMBER ISSUE ON SALE NOW 60p

WW — 091 FOR FURTHER DETAILS

* MEET THE PROBLEM SOLVER
! »

The 'S_ystem One’ series of micro computers is probably the most flexible series of micro computers available today.
Flexibility of hardware coupled with a wide range of software, allows the user to choose the most cost effective hardware/ software configuration to solve his/ her problem,

'HARDWARE CONFIGURATION

Internal storage from 32 to 64K.

1 or 2 single-sided 5"’ or 8'* floppy disks.

1 or 2 double-sided 5% or 8" floppy disks:

Support for most popular makes of printers. 1 or 2 terminals.

‘SOFTWARE FROM

FORTRAN Compiler BASIC Compiler STRUBAL Compiler LABEL BASIC
Text Editor Text Processor Assemblers PILOT
Basic interpreter both sequential and Random Access Versions. Plus full development and debugging software. .

You even have a choice of two Operating Systems. SSBDOS or FLEX.

With all this to choose from you might begin to think you could not afford it — well a 32K storage system one with dual-single sided 5%’ floppy disks, SSBDOS and a
basic interperter would cost you £1,650. g

If you require a terminal as well, the above system together with the ACT-1 keyboard and 9/’ video monitor would cost you £1,970.

Call SEED at our Brownbhills office for further details of demonstration.

000000000000000

SigEl)

STRUMECH ENGINEERING ELECTRONIC DEVELOPMENTS LTD.
Portland House, Coppice Side, Brownhills, Walsall
West Midlands. Telex 335243 SEL. Tel. No. 054-33 78151

WW — 098 FOR FURTHER DETAILS
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nnd o1

The Anders Catalogue is your This extensive range of

guide to what is probably the instruments is backed by some
most comprehensive and 30 years” experience in, and
competitive range of panel » understanding of, modern meter
mounting and portable meters technology. Recent
available from any single source developments have resulted in
in the UK. " the enlargement of our range of

Contents include dlgltal DPM's (including the advanced
moving coil, moving iron and OEM-1 miniature display module)
thermocouple meters; voltmeters,  plus the introduction of new
ammeters, motammeters, edgewise meter styles. discounts. Many products are
frequency meters (deflectional All of which explains why available rapidly from our
and resonant reed), tachometers Anders are so easily able to offer = extensive stocks. Special items
(including resonant reed), OEMs and other meter users the ‘receive the urgent attention of our
wattmeters, power factor meters, service they require. Our Sales prototype service.
maximum demand meters and Engineers are always available to Meters, as we say, means
metal relays. Ancillary products advise on the suitability of an Anders, and the proof is the -
include current transformers, instrument for your application Anders Electronics catalogue.
shunts, transducers and ~and will quote you competitive Send for your personal copy right
tachogenerators. prices with significant quantity away.

Foremost in meters

Anders Electronics Limited, 48-56 Bayham Place,
Bayham Street, London NW1 OEU. Tel: 01-387 9092. Telex: 27364.

R\

ohistorv com
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FAST ERECTING

For World-wide Telecommunications in the 1980’s

Clark Masts Ltd. are specialists in the design and
manufacture of telescopic and sectional mast
systems. With over 25 years’ experience in sup-

plying masts to meet exacting military and civil .

specifications we have the expertise you can
depend on. Y =

Extended heights 4m-30 metres capable of lifting
headload 1Kg-200Kgs, sectional or telescopic
air-operated for field or vehicle mounting. Write or
telephone us for detaiis today.

SCAM Telescopic air-
operated 12-metre mast kit
shown in radio relay role for
field or vehicle mounting 9-,
12- 16- and 21-metre ver-
sions available

Mobile air-operated 21-
metre telescopic trailer
mast. Horizontally stowed
for transit, raised to vertical
position for extension.

d

CLARK MASTS LTD.
Binstead,

Isle of Wight,

PO 33 3PA,England.

Telephone Ryde (0983) 6369I, Telex 86686

WW — 028 FOR FURTHER DETAILS
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Digitel
Video Noise Measurement System

The Digitel D4060 Noise Measurement System offers an accurate
ical hod I to noise ratio on

and of ing video sig
broadcast or industrial TV systems.

Accurate to * 1.5dBs from 20dBs to 60dBs
® Measures signal to noise ratio down to 65dBs SNR

@® Field interval SNR measurements are possible with the
D4060 option 01

@ SNR measurement is possible in the presence of sync pulses, some
test signals or free running

@ Visual display on oscilloscope ensures measurement confidence

® Full CCIR weighting filter sets are available

DIGI-TEL ELECTRONICS Crovvorausr. Suvsex
M

Tel: Crowborough 5069

WW — 079 FOR FURTHER DETAILS

L.E.D.s 125 and .2 1N4148 Diodes
RED YELLOW or GREEN ‘

1+ .08 AT .02
100+ .069 ’ 10 100+ .016
1000+ .058 .09 1000+ .013 ]

Prices per 100. Larger an

CARBON FILM

Mixed. Quantity prices avail-

RESISTORS el

E12 SERIES 100 off one fype .70p
y 500 off one type

-04p
1000 off one type .58p
.5W

100 off one type
500 off one type
- 1000 off one type 3
) 1+ 100+ 500
TL Low PROF"'E 8pin .075p .068p .06p
I.C. SOCKETS 14pin .09 .082 .073
: 16pin .10 .096 .085
18pin . 113 .10
20pin . 126
22pin . .135
24pin . .135
28pin . .145
40pin . 215

Please add £1.50 handling charge and 15% V.A.T.

We also stock transistors, diodes, TTL, CMOS, capacitors,
switches, connectors etc. Free catalogue available to trade
customers only. Enquiries welcome.

Harrison Bros.

Electronic Distributors

22 Milton Road, Westcliff-on-Sea
Essex SSO 7JX England

Tel. Southend-on-Sea (0702) 32338

WW — 056 FOR FURTHER DETAILS
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Transtel Communications Limited,
Mill Street, Slough, Berkshire SL2 5DD, England
Telephone: Slough (0753) 26955. Telex: 849384.
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sale

. NEW EQUIPMENT FROM KEITHLEY’S
130 DIGITAL MULTIMETER 3% digits, 25 Ranges, 5 Functions 100uV: 1uA: 0,10hm sens
100V DC: 750V AC. 20Mohms £77.00, Optional Case £7.00,
169 BENCH MODEL DIGITAL MULTIMETER 3% digit 25 Ranges, 5 Functions. 100uV:
1nA: 0.10hm. 1000V DC 1000V AC 2 Amps 20 Mohms £99.00.
Cash with Order unless accredited account.

NEW BRITISH OSCILLOSCOPES FROM SCOPEX

456 Single Beam DC-6MHz 10mV sens £144.00
4D10B Dual Trace DC-10MHz 10mV.50V/cm X-Y operation, Z Modulation. Acc. +3%
IR ODes ST e T o A o o B e £210.00
ns, £360.00

'ANALYSERS USED EQUIPMENT

: TEKTRONIX 1L5 50Hz-1MHz 10uV/cm-2V/ecm

| TEKTRONIX 1L10 1MHz-36MHz

BRIDGES

CROPICO RS1 10hm: 10 Ohms: 100 Ohms: 1 Kohm: 0.02 Ohm

IDANBRIDGE 5 Decade X100: X1Kolm: X10Kohm: X100Kohms: I

{HEWLETT-PACKARD 4260A Universal Bridge £450.00

J.J. LLOYD J.70 7 decade X1: X 10: X100: X1Kohm: X10Kohm: X100Kohm: X1MOhm
£50.

MARCONI 2701 Universal In Situ Bridge 80Hz & 1Khz 1% ..

WAYNE KERR B.601 R F. Bridge 15KHz-5MHz 1%

WAYNE KERR B.641 Autobalance 4 Digit 0.1%

WAYNE KERR B.224 Universal Bridge 200Hz-50KHz 0.1%. Mains/Battery

MARTIN ASSOCIATES
* 34 Crown Street

Reading

Berks. RG1 2SE

Tel. Reading (0734) 51074

WIRELESS WORLD DECEMBER 1980

COUNTERS .

MARCONI TF.2411 7 Digit DC-50MHz Counter/Timer
MARCONI TF.2416 7 Digit DC-50MHz Counter/Timer ..
MARCONI TF.2415 6 Digit DC-20MHz Counter/Timer
PHILIPS 6620 6 Digit DC-45MHz

PHILIPS 6630A 8 Digit DC-160MHz 8 wtol .
HEWLETT-PACKARD 5300A/5302A 6 Digit 10H Hz
HEWLETT-PACKARD 5245L/5252A/5260A 7 Digit 10Hz-12.5GHz.
METERS i '
HEWLETT-PACKARD 3400A RMS Voltmeter 10Hz-10MHz 1mV-300V.
MARCONI TF.1020A/1 Power Meter 0-50-100W 250MHz

RADIO METER BKF6 Distortion Meter 20Hz-20KHz.

OSCILLOSCOPES i '
TEKTRONIX 603 Storage Display Monitor DC-2MHz

POWER SUPPLY UNITS

KINGSHILL 18VS P.S.U. 0-18V 5A
KINGSHILL 501 P.S.U. 0-50V 1A

SIGNAL SOURCES 3

HEWLETT-PACKARD 8011A Pulse Generator 0.1Hz-20MHz O/P 16V 50 Ohms £400.00
HEWLETT-PACKARD 606B 50KHz-65MHz O/P 0.1uV-3V 50 Ohms. £750.00
HEWLETT-PACKARD 8443A Tracking Generator 100KHz-110MHz 7 Digit Disp}:ay o P

g - 1750.!

MARCONI 801D/8S 10MHz-485MHz Signal Generator ... £350.00
MARCONI TF:1099 Sweep Generator Variable to 24MHz O/P 0.3-3V ......... £175.00
PHILIPS PM.5168 Function Generator 0.0005 £100.00

RECORDERS
B & K 2305 Level Recorder ¢/w50dB POt. .................... ... .. .. .. . £500.00

MISCELLANEOUS : .

MONTFORD UCL/K25/A Test Chamber —70°C to +170°C % 0.1°C ~. £1000.00!

MONTFORD UP/K82/C/Mk.Il Pracess Chamber with Thermal Shack —50°C to + 133°C
................ o L ..+ 1200,

WAYNE KERR TM.60 Mk, I Testamatics

AVO TT 537 Transistor & Diode Testers

MARCONI/SAUNDERS 6458 Signal Source 4-12GHz.

SANYO VCA700 Security T.V. System, Camera Talk

WW — 073 FOR FURTHER DETAILS ' !

| < SPEECH OUTPUT
\9

— for any computer or logic system
— convert digital output to SPEECH

Modus Systems Ltd. is sole UK distributor for Telesensory Systems speech
products, and we can offer 24-word or 64-word fixed vocabulary speech
boards at prices shown below. The boards are approximately 2.6 x 2.9 x
0.5 and 1 oz. in weight. A six-bit code is sent to the board to select any
given word, and analogue speech output is sent out. The result requires a
filter and an amplifier, and these are provided by ouvj interface board which
also eontains power supply and 6-bit latch for easy interfacing. The resulting
system is fully TTL compatible, Complete technical details are sent with each
board. | :
Applications include any situation where an-operator must read a digital
display at the same time as watching and performing another activity —
speech output frees up his or her eyes.

Vocabularies and prices: % UNLIMITED SPEECH COMING SOON

S2A(£39.95 + 80p PP + VAT: SPECIAL INTRO OFFER)

24 — Calculator type words: 0-9, +, —, X etc. —

S2B (£67.5 + 80p PP + VAT) 64 words.

As for S2A plus “'ten”’, “‘twenty’’, etc., “pounds’’, “cm’’, “‘ounces'’, etc.
S2C(£67.5 + 80p PP + VAT) 64 words.

FULL ASC11 set — each ASC11 Code verbalised in sequence.

Interface Board (Kit) (£14.95 + 80p PP + VAT) 4

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

THE EDUKIT (£34.95 + 80p PP + VAT)

¥kUse it to evaiuate our speech products.

— as mentioned recently in new products section {WW) and review in
Practical Electronics (April issue). With its excellent manual, this single-
board microcomputer is specially designed to provide an introduction to
"'bits and bytes'’, machine-code programming and hardware control. NOT
THE BASIS OF A PERSONAL COMPUTER, BUT A DOWN-TQO-EARTH
TRAINING AID. A hexadecimal key pad and hex display plus 256 bytes of
memory combined, with the RCA 1802 mpu to introduce the basics of
hardware to anyone with or without a technical background, of any age. At
present the unit is in wide use in schools, colleges, industrial training units of
every kind, and sales extend world-wide. The 1802 is particularly suited to

ELECTRONIC POWER UNITS
FOR XENON ARC AND MERCURY ARC LAMPS
UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WATTS,
Lamp housings and lens systems manufactured as standard off the shelf models or'to:

specific design.
¥
%
o &
“u ...
Vs "
7 £

’_.>

[ M
u . INKEM
K. T. Manners Design Ltd.

P.0O. Box 936, London, W4 4NW Telephone: 01-994 7155, Telex: 28604

hardware control.
MS LTD.

29A EASTCHEAP, LETCHWORTH SG6 3DA

PHONE (04626) 74468/76392

WW — 033 FOR FURTHER DETAILS

'FREQUENCY COU NTERS—OFF/AIR
! RECEIVERS

250MH2z it o
801 B G - Q0I5 OFF/AIR
£250 " RECEIVER

Crystal | TYPE 103
oven et PRICE £135
3 parts 10* - -
401A 50MHz 6 Digit £130
801B/M  250MHz 8 Digit £250
901M 520MHz 8 Digit £325
1001M 1-2GHz 8 Digit £550

20 models available including LED versions

RCS ELECTRONICS
WOLSEY ROAD
ASHFORD, MIDDX.
Phone 53661

WW — 063 FOr FURTHER DETAILS

WAWW americanrJr



WIRELESS WORLD DECEMBER 1980 -

ohistorvy com

N

'

Pdwanced e NN AT
9 ratachs Mt Lwevas

3 m\\\\\\\ s W IR

e ¥ e

Guaranteed Distribution
Tradelink has a guaranteed
circulation of 11,000 copies in
China. It is published jointly by
IPC Business Press (London),
Girardet (Essen), and the China
Council for the Promotion of
International Trade, Peking.
CCPIT is responsible for trans-
lation and distribution. The
magazine is printed by the
Beijing  Printing  Industry
Company.

The Right Market

-Each issue of Tradelink is a

special issue — the 11,000
copies go only to potential
customers in the field covered.

Reader Reply Cards
Tradelink has a reader reply
card service backed by the
CCPIT.

To: Tradelink

Address

Telex .

Name(pleaseprint) ... ... ..
Company................
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Gets

sales

leads
out

The Industrial Equipment
issue of Tradelink has already
prompted more than 150
enquiries from Chinese end-
users. Every company with a
full page or half page entry.in
the magazine has received at
least one enquiry, and some as
many as 10.

We do it for you

To make it as easy as possible
for you, we write the copy,
translate it, and then lay out
your page. You simply approve
the page or tell us how to do it
better — we listen.

IPC Industrial Press Limited, Quadrant House
The Quadrant, Sutton, Surrey SM2 5AS
Telephone: 01-661 3500 Telex: 892084 BISPRS G

Please send me further information about Tradelink

...............................



WIRELESS WORLD DECEMBER 1980

‘Iaquinu anpour o) Butprosde Siv3+
92Zs Wt AreA suolsnnxy ‘AADINpPUOD [euntai I9M0[ . 89" . " . 50
10] PIsIPOUT XOE|q WEW SIe SadElMG SANROAMIOS 9°£Z3 8r001L g STiASL %100 |owumorz | 00bAH
sadudmodasyoisn sajqeus uonesip P sBuy w - 5 -
Ee%uoﬁ SopTious PeloLs “Aimqmis pue onedisstp ﬂewm_w g ” o | oozan
reut wnuwpdo apuord A8yl smoys yoresss k 9PooL e SMASL %100 [own t
- :sabejreape Auew sasanjoe s1agrndure uohon m.qw_— - e
{[e 10) uUoISNAXA NuIsieay pIepuels Jo uononponur ay, 8773+ usv
SNOISNNIXI ITLION MIAN THL . 0Z'S13 aP00L §7G STAS L %100 | owtmog | 0ZIAM
4PE - ZHN0G-ZHS [ N
S{epout re asuodsai Aousnbaxry Auigog sjopour {Te Atanisuas jnduj 60°L3+ v8v
83001 S[2pow (e adwrepadurt indu] So- 3% sfepow fre aowrepadunt peoq vz'L3 apPooL s7g $1IAGL %SL0'0 | o moe 09AH
: dgg + d
HIMOd LNdLNO ¢ o8 v
L oy i . vE'93 apooL srig sTiASL %5100 | oumsL | OEAH
s LVA oianv Nia ZHL 18 SWH
> g 8diyg oney | eunj esiy | o1y mejs jeaidA | uony 19mog wpow
3A37 3SION MOT38 St - :
IN3LNOD NOILHOLSI. z RN S S | T
T
5
%00 WJ ey 1 191
2| 340 439N00 apueossm
z [z [z 3 Mu -1y SNSauIop Wo1] ‘S[2poul Jo 83104 Ipim pue
F 3 P Y 3 MTeND 4-1y um aoueunrojred wnuwndo buturejurewr
S I8 8 U LV OOPAH 1d3DX3 & @" r.—_ﬁ:ﬁ‘a 2[4/ UONEIBPISUODSIY xe aoud pue romod a1aym
PRV 4% o dWY YIMOd YY10dIE 411 NY ISOOHD

TERUINL 804

9P¢ - ZHX001-2HS | Aw(QS sjepow

S{9poul ioq asuodsax Aouanbaly  oq Atanisuss indu] 0o- I5p aw \—‘.Sw m‘usw 2053 + ve-p o
B001 S19pow \oq eowepadun ndu]  sjapow yoq aotrepadun peo . 9v'eEed 8pPooL srig $r/A0Z %S00°0 mozi | D0Zsow
HIMOJ LNdLNO wc‘ m._S¢ 88'€3+ j gy o
00T MEDY o~ N I # © 88'523 apoot srg SADZ | - %S00°0 mo9 | 0Zisow
i A %1000
sw’am ._._ 1VA | . olanv nig IHHL 18 SWY
- 13A3N 3SION MO38 SI L CETTR oney | ewiy esiy | eley mors 1endA | uon omogd 1opow
LN3IINOD NOILHOLSIA . i _ 0810N/[SUBIg 101819 wnding

‘TYIHMISTIAIONVHD STOTHd JONOLLOYMIV X' INO TUY Ing AYOOILYD MIN ONILIOXT
SIHL NI SHILIITIWY ISIITLSOD THL Ol IONVINHOINTL NT THYOILNIQI IVY SLAISON d"T'T
~9pIsIapunay uosuld 8AY BIASTUONISUUOY) IUNOUI 0} I3ISS SIE U .m._.mum%z M3UINO WoR Adualdg)a
bunerado wnwindo ainsua a5aYy], ‘SUOISOXa ,a[jo1d maN, peyuaa-tainduwios padojaaap A[reovads
! Wila 1ayLIny eBels v uaxe) usaq sey saulsieay aenbape Afnj unpim anbuyose uone[nsdesua aAlsn[axa
S.d"T] 'UODICISIp 18A0-SSO1D JO adussqe av[duiod N
pue »::uu:u moyim speo| x3adwios M f1om o)
b:ﬁmoE.bEnﬂwﬁ.EoEvou:wsco.mw_u:os_uwbue:m_.:
A 1B UOTLIOISIP 190 ‘11 MO[S 1915¥) © 9ARY Ol SNObRIUBAPR
ulr® SLI UayuM JINY HIMOJ LAISOW 41’1 NY ISOOHD

S9I13¢ sz_ OM], -sid1JIdury 9[1Joigd M3N
19}1}9q19661q
SMo.ub abuea ay )

.QOO F%i0 0
Ty .wm.\O%

UB=avQO1 ZHMi:=4

NOILHOLSIO JINOWHVH V101

32




WwiOJ AdO]SIYOIpelUEJUIDWUE MWW

S3)/e324 P3123]3S 18I0 UILLIAD PUB SIINOHLIITI AHOALYM ‘STIVHSHVIA Uios) os(e ajgejeny
0BL596 X981 IEZLY9 (LZZO) 1e31UyD8 1 | BLLHS (£ZZ0) Suoydeje)
‘d3L 21D ey .>=_D;0~:ﬂo .GMQ_U -OQQI \Om-..QI neg weyeiry [ *WO&wam

|
|
........................ L “ SsAWAAY |n|-||- . . f
e ey m =N m,U_ZUE.._.Um.._m
| .
|
|
|

....... axmeubig

.................. ONIUNODDY pledde[areq,/ssas0y AulIqap aseald

[ 19p10 Asuoly reuonewraju] [] s19pI1Q [eisod [] anbays) asopous I -1opI0jo o=?>

5 8oud aseyomd oy, TY.LOL 0100 (3 pPe oseald 'pauem styusuried 'q Q-0 j1 ladojaaua parajsibazul
i aqisnw siuawded yse ) QYO AYTON YA 10SSIDO Y Aq Aed 10 "passol1d puepy]
n & .+ §dduns asealg sdruonda[g 471 01 a[qeAed 19p10 Asuow 10 anbayo puag mmamo O_H_ *

d3aL 21D XINEYILNYD dLTSOINONLOITIJ TI 0L A T e

. T N — A e S ——. — i — G ——— D S — G S E— — - i S m—— Il— $S21Ippe Y ul umoys apoa ayi snid ISOJdITUL i ATe adojsaua ay)

4 . . durejs 0) peau jou op no4 ‘sjonpoid 4 T Jinoqe HBUnLm 10 BUL2PIo USY AL
SYIITddNS ITNAON ONIMOND LSILSYI SNIVIINE Aynoeyisodesiy ¥
LYA €£9°€3+02°'¥23 002SOIN € 10 | Yilm 9sn 10§ GBI N1Sd
. LYA mv.mw H c0°'€cy 002AH ¢ 10 oovwﬂz— _AMB ww: uww wn:.-mm

. . - - LYA 12°23+SL°P13 002S0. it ST I0] G6N1S
K 51 51y, “9BRIS PIeOq BUTALED 156 o S (s Buntong Sr] IVA $0°Z3 + 19°E13 00ZAH [ Wis 3sn 10} 060Sd
wmmwmwﬂu _ﬁn wa ur) saurp mau Bupioxg “1eneq ol 196B1q wso.ku LYA PO CI+T9'CLS 02ISOIN € 10 | Yilm 9Sn 10§ SINSd
oL, (Ui pIInd 01 saInpoul ay) se sIo1NU0D Aq eouEidedde LYA Y0'23 +19°€13 S.021AH 2 10 | Wim 9T 10§ 0LNSd
d;
e e T S A L LYA 95 13 +5L'63 e Rl S
.m_wn_vﬂwww_u LWOW@MM M Mﬂs Lm.\_'mwu ay .vovoﬂz Alpeqsem m:ﬂs_ﬁ.zmoz LYA 9P 13+SL°63 0CLAH [ Yilm asu 10§ 09NSd
. L elod g ImiginigyBuniajdza LYA 9% 13+SL°63 S,09XH 210 [ yilm 95T 10§ 0SNSd
d )
A ke e I R PRt e R , SYAWIOISNYYL TYAIOYOL SN ONIMOTIOL FHL TV @
o LYA 22 13+01°8% . S.0EAH 2 10 | Yiim 9sn 10§ 9€NSd
SSIo0ud RSN T AR
? : AHXQIOQXH X . F

nmzzm-._—& -Ho mmmmw zm.ﬂ. -9s00ya nod sdwe ramod
o d"T'1 12A31eUM Ydjeur o) sad Ay yim sdure-axd pue sdure '] [[e yim ajqueduiod ae abuer syl
°w° ” - ” N a ” uts[apow [y bulping Ajquiasseuaym Ajsnourzous sd[ay UBIS3P [[B19A0 I12UAQ TS PUBIUIIDIYS

aIoui'buraes-adeds aresiun Addns 1emod 4’18591 SUY [, ' AI01D B UMO INO UI dPLUI SISULIOJSUET)
[epIo10) aaey autu ‘abuer juaumnd Ino asudwod yowm spun Aiddns 1omod uaas[d ay JO

SLINA XTddNS ¥IMOd MIN

| SENNOISNYEL T¥ai080] I
L0 00w 1 4p g g

Ag9+ 01 51+ LTddNS HIMO0d ‘I'd "bel

QILYIN9IYNA XINO SATIIN @ o wbzewr peoj1aA0 gp 8¢ @ ) LY A d§1 +de6 99AH auo 10} preog Sununoiy 994
INIGQ¥ QIIN SLIYJ0S/590Td (ar89—-"n'd LYA dg[ +d8L 9xH 2uo 10} preog Sununo 9g
QUNY STHOLIAS SLOd X'INO @ "begy) gPo6 - OLLYYN/S @ Papn[aul SI0109UU0) LYA 65'13+(09° (1 F 0225 99X H
SHOLIINNOI XLITHAD %S00°0 papnjoursIonsuuo) LYA divg + (09 GF cuow g X H

HOIH NOISIQ ISILYT @  ATIWJIdAL NOILNOISIA @ "gPE — ZHJ00[ 01 "D'd — @suodsaz Asuanbazg :AUIQ0S

LS A0, 70 8, 0 S Al
[qe) — OIA - Nd - — AjAgQr

MO Ik IV SN IO 1S00q PUE N0 gPZ1+ SPLA0Id SINOXD [ONUOD SUOY, FAUDY
MBI RO TEL B * o W 0pX0gX06 — 99AH WW Oy X(0ZXSy — 9XH — SIS
- ‘MO012( S A[E[IRAR STE SpIeoq Bununop
‘paplaoi1d are suonannsul Ajqurasse [[ng “Airejod buoim pue
NNDID Uoys Jsurebe pajoajold are sdure-axd ggxH pue g
Juawdmba mo4 urory uononpoidail aiqissod 1saq ayi 186 0
aoueyonod Suaib OdIg pue L3ISON Wioq sdure-romod
dT1 [ Y oquedurod bureq 1oyl amsud Burfys pue
SONSU)oereyd paaordult 11ay], ‘sa[npoul oIpne pPasueApe
10 9BueI 5, 4’| O} MAU aIe (02121S) 99X H PUe (ouour) 9XH

SdINY-Jdd MAN

LINN ATddNS
H3MOd d 11

HIA1 Y \
HIMOd 4 1

NI IO SSYE

WIRELESS WORLD DECEMBER 1980




34

fact:

this condenser microphone
sets a new standard of
technical excellence.

SMSI puts it all together!

o WIDE RANGE, 20 Hz to 20 kHz FLAT
FREQUENCY RESPONSE. .
PRECISE CARDIOQID polar pattern, uniform
with frequency and symmetrical about axis,
to provide maximum rejection and
minimum colouration of off-axis sounds.

o EXCEPTIONALLY LOW (16 dBA) NOISE
LEVEL.

120 dB DYNAMIC RANGE.

ULTRA-LOW DISTORTION (right up to the
clipping point!) over the entire audio
spectrum for a wide range of toad
impedances. MAXIMUM SPL BEFORE
CLIPPING: 135 d B; 145 dB with attenuator.
WIDE RANGE SIMPLEX POWERING
includes DIN 45 596 voltages of 12 and 48
Vdc. 3

EXTREMELY LOW RF SUSCEPTIBILITY.
SELECTABLE LOW FREQUENCY
RESPONSE: Flat, 6 or 18 ¢B/octave roiloff.
10dB CAPACITIVEATTENUATOR
accessible without disassembly and
lockable.

SM8I Cardioid Condenser Microphone
e
S SHURE

Shure Electronics Limited, Eccleston Road, Maidstone ME15 BAU—Telephone: Maidstone (0622) 59881

The Shure SM81 cardioid condenseris
a new breed of microphone. Itis a truly
high-performance studio instrument
exceptionally well-suited to the critical
requirements of professional recording,
broadcast, motion picture recording,
and highest quality sound
reinforcement—and, in addition, is
highly reliable for field use.

Shure engineers sought—and found
—ingenious new solutions to common

Outstanding Ruggedness

Conventional condenser microphones have
gained the reputation of being high quality,
but often at the expense of mechanical and
environmental ruggedness. This no longer
need be the case. The SM81 transducer and
electronics housing is of heavy-wall steel
construction, and all internal components are
rigidly supported. (Production line SM81’s
must be capabte of withstanding at least six
random drop$ from six feet onto a hardwood
floor without significant performance
degradation or structural damage.) it is
reliable over a temperature range of —20°F
to 165° F at relative humidities of 0 to 95%!

Send for a complete brochure on this
remarkable new condenser microphone!

WW — 074 FOR FURTHER DETAILS
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problems which, up to now, have
restricted the use of condenser
microphones. Years of operational tests
were conducted in an exceptionally
broad range of studio applications and
under a wide variety of field conditions.

As the following specifications indicate,
the new SM81 offers unprecedented
performance capability—making it a
new standard in high quality
professional condenser microphones.

\AAAAAl_americanrJ
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Save our public service broadcasting

“Listen to the BBC while you can, because
it is getting quieter every day and it is
going to get quieter a lot quicker than you
think”. These words from Allen Holden,
the recently retired manager of Radio
London, might be thought alarmist by
people who have not been following the
latest events in British broadcasting. They
are in fact a fair comment on a process of
attrition that has been affecting the BBC
for almost a decade. During 1980 this
process has been accelerated by the
Government’s decision to cut down the
Corporation’s resources — forcing
reductions in staff and projects and

preventing the colour tv licence fee from

being raised to the £41 that was needed.
(George Howard, the new chairman of the
BBC’s board of governers, has said he
could get no satisfactory reason from the
Government for this last refusal.) And the
process has been officially confirmed by
Ian Trethowan, the Corporation’s
director-general, in stating (what many
people have noticed anyway) that the
BBC’s services are deteriorating
absolutely.

These restrictions may be intended as a
temporary measure but they will
permanently impair public service
broadcasting relative to commercial
broadcasting in Britain. For example, on
the engineering side the BBC has had to
postpone the development of studio
centres, local radio stations, teletext and
v.h.f. sound transmitters. The damage
done on the programme side is well
known. But apart form these actions the
present government has further increased
the financial imbalance between public
service and commercial broadcasting by
handing over the fourth tv channel to the
IBA (as we write the Broadcasting Bill is
just about to be enacted). For years the
BBC has been contending with the
growing strength, professionalism and
revenues of commercial broadcasting.
_This may well be the final blow. From the
position where it now finds itself the
BBC can move in only two directions: it
can either retire into a minority service,

like public service broadcasting in the
USA — a move which the commercial
broadcasters would of course welcome
— or it can compete for large audiences
on the terms set by commercial
broadcasting — a process which has
already started — and so become
virtually indistinguishable from that
type of service.

Which of these alternatives do we, the
public, want? The answer must be a
resounding Neither! British life will be
impoverished without a good, strong-
voiced public service broadcaster,
independent of the state, creative and risk-
taking, with the kind of standards and
values which the BBC has maintained
throughout its fifty-odd years’ life. And if
we want such a public service we must be
prepared to pay for it, at the proper rate
for the job. Let us not be misled by the
polite euphemism “‘independent” used to
disguise commercial broadcasting. It is
not independent at all, but closely
interdependent with trading activity,
stimulating sales of food, drink and toilet-
rolls and drawing its revenues from the
proceeds, which come out of our pockets.
It does not even sell programmes directly
to the public, in the manner of theatres or
book publishers, but, with the money
from advertisements, produces the
programmes it calculates will get the
largest possible audiences for those
advertisements and the quickest possible
sales of the products. It is in the game for
profit, and the service it provides is
incidental, a means to that main purpose.

To achieve this purpose the output of
commercial broadcasting is designed to
insulate people from reality, to keep them
quiet, uncritical and accepting. It purveys
a synthetic cultufe in which safe routines
ensure predictable responses and the
glossy package becomes a substitute for
the real thing. If this is what is to become
the predominant “British” broadcasting,
then it will be for the BBC to change its
name and become our Independent
Broadcasting Corporation.
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Programmable power supply

Digital control via the IEEE—488 General Purpose Interface Bus

by J. Summers, B.Sc., M.Sc., M.Inst. P.

The General Purpose Interface Bus,
defined by IEEE Std 488 (1978) and IEC
652-1, provides a facility whereby
electronic instruments can
communicate using a standard for the
hardware circuits and recommended
practice for the data and software
protocol. This article describes an
interface for a programmable power
supply which can be used as a
listener/talker via the GPIB.

“The heart of the GPIB interface contains a
9615488 low-power Schottky L.s.i. device,
see Fig. 1, which is dedicated to interpret-
ing the bus commands and messages
outlined in Fig. 2. The remaining logic
decodes ASCII digits from the bus and
stores the b.c.d. numbers which are
converted to a binary format and then
passed to a d-to-a converter as shown in
Fig. 3. The d-to-a output is amplified and
current-boosted to provide the appropriate
power supply output. Additional features
“include thumbwheel-switched program-
ming for manual operation, an overload
detection circuit which signals the fault to
the bus controller, and a remote reset facil-

1
1

. Femats Audiénend  Owerland

Voite ’
Laehl

ity which allows the controller to set the
power supply voltage to zero and clear any
overload condition by a single command
message. In this design the power supply
operates in the listener/talker mode with
single-byte addressing. During the Lis-
tener Active State (LACS) the interface
automatically receives data transmitted
over the GPIB by a talker and, in particu-
lar, recognizes and stores two ASCII-
coded decimal digits. The message is ter-
minated by an ASCII carriage return
which, if the power supply manual con-
trols are disabled by the controller, passes
the received digits to the d-to-a converter.

At switch on, the interface is in the’
offline initialized state, the data registers
are cleared and the power supply is in the
manual mode. If the GPIB controller sends
a listen address which corresponds to the
d.i.p.-switch programming, the
“addressed” l.e.d. is illuminated. The “re-
mote” l.e.d. is also switched on if the front
panel “local” switch is not pushed and the
controller is continuously sending the Re-
mote Enable (REN) message. |

If the remote l.e.d. is on, the power

Fig. 1. 96L.5488 functional block diagram.

I 9xst Rx St * DRB TAD LAD D/S R/L CLR TRIG
Tx Rdy Rx Rdy rsv rti IST
| cP |8
> | Device
{ functions
Tor I e
SH AH % e SR RL DC oT PP .
\ PLaiTed " s 1Tt
‘! .
{ | i e I | 1 b |
e é
Aq- Ag f
E A
——— ASEL interface
Message coding and decoding | functions
L M-M
N—— P 3
e e ] M_R
Handshake 3 :
signais Receivers Drivers

inte r'fuceﬂbus

=
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Table 1. The programmable power
supply responds to the following
GPIB remote interface messages.

MLA My Listen Address, set by d.il.-
switch. On receipt goes into
Addressed state.

DAB Data Byte. ASCIL digits and Carriage
Return (CR).

DCL Device Clear message, may be re-
ceived at any time. Sets the remotely
programmed voltage -to zero and
clears the overload condition if ac-
tive.

SDC Selected Device Clear {only when
Addressed). Function as DCL.

LLO Local Lockout, prevents the operator
returning the supply to the local
control state. i

GTL Go to Local. The GPIB controller
allows the supply to be programmed
locally 'by the operator.

REN Remote Enable. If this message is
true, then receipt of MLA sets the
supply in the remotely controlled
state.

MTA My Talk address. Used by the
controller to set the supply interface
in the Talker mode to send a status
byte(s). Used to transmit the
overload condition.

SPE Serial Poll Enable. Used in conjunc-
tion with MTA.

SPD Serial Poll Disable.

IFC Interface Clear )

Reset the GPIB

UNT Untalk r i
UNL Unlisten interface logic.’

The supply will send the following GPIB

messages. -

SRQ Service Request, in- response to
overload condition (rsv=request ser-
vice).

RQS Requested Service, transmitted as
bit 7 (D107) of the status byte in res-
ponse to the MTA and SPE mes-
sages. RQS will be active if rsv was
active. The remaining bits of the sta-
tus byte have no meaning and are
transmitted passive false.

PPR, Parallel Poll Response n, pro-
grammed by the GPIB controller.
The local message “individual sta-
tus” (ist) is in this case hard-wired to
the overload condition signal. An ac-
tive Parallel Poll response in PPAS
therefore indicates an overload con-
dition if ist=1, or no overload if
ist=0.

GPIB interface function subsets
incorporated in the power supply.

SH1 Source Handshake.

"AH1 Acceptor Handshake.

T6  Talker.

TEQ No Extended Addressing.

L4 Listener.

LEO No Extended Addressing.

SR1 Service Request.

RL1 Complete Remote/Local.

PP1 Parallel Poll with Remote Configura-
tion.

DC1 Device Clear.

DTO No Device Trigger Capability.

CO0 No Controller Capability.

ohistorvy com
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Device A <

Able to taik,
listen,
and control

(e.g. caiculator)

Ade———— Data bus
Device B <r
Able to talk
and listen
(e g. digital
muitimeter, -
o e . Dnta byte
C |- ‘transter
-
[CES O . 1 controi
Device C <
Only able
to listen
(e.g. signal
generator}
=SS Generai
interface
N~ 1 4 management
d
Device D <
Only able
to talk

(e g. counter)

Fig. 2. General Purpose

Interface Bus structure. - NRFD
Message bytes are — - NDAC
carried on the D10Osignal .

lines asynchronously. =

The GPIB has been IFC
described more fully by Z ATN
P. R. Ellefsen in the June = SRQ
1980 issue of Wireless REN
World. Eai

supply output voltage will be zero because
the data register is empty. Pushing the
local switch restores the unit to manual
control. However, the controller may issue
a- Local Lockout (LLO) message which
prevents . the user from returning to
manual control. This facility. allows an
automated program to remotely set a

_voltage and prevent interference by acci-

dental button-pushing. The power supply
may be unaddressed by the Unlisten
(UNL) command or by the system com-
mand Interface Clear (IFC), either of
which will leave the unit in the remote
state. If the controller sends the REN mes-
sage false, the supply will revert to the
manual mode.

The programmed voltage can be altered
by the controller re-addressing the supply
and sending two digits followed by a car-
riage return. Alternatively, the voltage
may be set to zero by a Device Clear
(DCL), or Selected Device Clear (SDC)
command which is functional only on
listener-addressed instruments. The
“clear” messages also clear the overload
latch. If the supply output is overloaded,
the condition is detected and a latch is set

which illuminates a warning light, forces
the d-to-a output to 0V, activates the “re- .
quest service” (rsv) input to the bus in-
terface, and passes the overload signal to
the “individual status™ (ist) input of the
bus interface. Under manual control, the
operator can try to clear the overload by
pressing the overload reset switch. If the
fault condition disappears, the supply will
return the output to the previous pro-
grammed voltage. If the fault condition
persists, the overload latch will remain in
the set state. The 9615488 relays the rsv
input to the controller via the Service Re-
quest (SRQ) message. The SRQ line is a
wire-OR of all the service request messages
on the bus, and the controller should be
programmed to conduct a serial poll of
instruments on the bus to determine which
have requested service. To perform a serial
poll on the power supply, the controller
issues the talk address (which is in this case
the same as the listen address) and the
Serial Poll Enable (SPE) command. Dur-
ing a serial poll the 961.S488 in the power
supply outputs the Requested Service
(RQS) signal, which is bit 7 of the 8-bit
data byte. In this design the other seven
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bits are unused and will be received as

- zeros. In a more complex instrument the

seven- bits can be transmitted as useful
information in a Status Byte (STB), the
RQS message reflects the rsv input. In this
case, RQS is transmitted as a one if an
overload condition exists. The controller
should take some action to remedy the
problem, such as issuing the Clear
command and resetting the output voltage.
The ist message input to the parallel poll
function allows the controller to determine
the state of the overload latch at any time.

Logic operation

The 96L.S488 is assumed to be a black box
with only the named pins in Fig. 4 connec-
ted to the circuit — the Acceptor
Handshake RxSt (output) RxRDY (in-
put), the Listener Addressed (L_A_l_)) Re-
mote/Local (R/L), and Clear (CLR) out-
puts, and the Source Handshake pins
Status Strobe (StSt) and Ready (St RDY).
Inputs from the power supply are the Re-
turn to Local (rtl) and Request Service
(rsv) signals. Other necessary connections
are the mode pins (M0 to M3), used to
maintain the bus interface in the listener/
talker (addressable) state, and the switcha-
ble address inputs (Al to AS) which pro-
vide 3| talk and listen addresses. A reset
pin (MR) initializes the clock and the in-
terface at power-on. The i.c. can use a
crystal oscillator on the Xtal and CP pins
but, because there is no critical timing
within the power supply, a relaxation oscil-
lator running at about 10MHz is adequate.

When the 9618488 is in the Listener
Active state, the LAD output is active low
and drives the addressed l.e.d. The bus
data uses negative logic so the 741.§240
inverting buffer provides positive logic sig-

nals within the supply. The message for-
mat is <nn CR> where n is an ASCII digit
and CR is ASCII carriage return. The
strobe signal (RxST) is active high when
valid data are present. Referring to Fig. 4,
RxST is the clock input to two 4-bit
74LS173 registers (positive clock) and one
half of a 74LS73 JK flip-flop (negative
clock). Initially the JK is reset so Q is low,
which enables the clock to the units latch
(E1). Because Q is high, the clock enable
of the tens latch is high and the clock is
ineffective. If an ASCII digit is present it is
detected by the three gates connected to
the second clock enable (E2) of both
latches. The code for an ASCII digit is
011xxxx, where xxxx is the b.c.d. repre-
sentation of the number, Therefore, the
clock will only be effective when a digit is
present. This ensures that only b.c.d. di-
gits can be loaded into the registers. The
74LS73 is clocked on the trailing edge of
RxST, Q goes high which disables the
units latch and enables the tens latch. If
the second data byte received is an ASCII
digit, it is clocked into the tens latch by the
next positive edge of RxST. Therefore, the
two sequential ASCII digits are stored as
b.c.d. data in the two registers. RxST is
inverted and fed back to the RxRDY input
of the 9615488, which causes the Acceptor
Handshake function to cycle synchro-
nously with the local clock. The power
supply does not hold up the three-wire
handshake because the 9615488 is prob-
ably the fastest interface adaptor connec-
ted to the bus. The RxST signal is taken
with the buffered bus data to an ASCII
carriage return decoder comprising a
74LS27 NOR gate and a 74L.S138 eight-
way demultiplexer. Output 07 of the de-
multiplexer goes active-low when an AS-

Front panel controls

Fig. 3. Programmable power supply
block diagram.

CII CR is present and RxST is active,
denoting valid data. The detection of CR is
terminated when RxST goes inactive.

Carriage return has two functions, it sets
the J input of the 74LS73 to zero so that
the falling edge of RxST clocks the flip-
flop to the reset state. Secondly, the posi-
tive edge of 07 clocks the 741.8273 8-bit
intermediate register. The two b.c.d. digit
output of the octal register is used as the
input to the b.c.d.-to-binary and binary-
to-analogue circuits. The purpose of dual-
rank registers is-to prevent spurious varia-
tions in the power supply output before a
carriage return message delimiter has been
received from the bus.

The logic is expandable to miore digits
by replacing the JK flip-flop with a binary
counter and adding further data registers.
The flip-flop in this system operates as a
counter to identify the two ASCII digits.
By using an n-bit counter with fully-de-
coded states, 2" digits can be stored in an
equivalent number of registers.. A diagram
of this system is shown in Fig. 5. Further
possible enhancements include the
recognition of remote programming
parameters such ds V for volts preceding
the ASCII digits. Delimiting the data
string at each end has the added benefit of
increased data protection because the
supply will only respond to a remnote mes-
sage comprising <Vnn CR>. An alterna-
tive delimiter such as A for amps can be
used to load a different set of register if, for
example, a current-limit control is in-
cluded.

The two b.c.d. digits in the 7415273 are
multiplexed with the b.c.d. data on the
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Fig. 5. Modified circuit for increasing the
number of received digits.
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thumbwheel switches by two 74LS157 4-
bit two-way multiplexers. The select in-
put(s) to the multiplexer is the Remote/Lo-
cal signal from the 961.5488. When R/L is
low (Remote), data from the 7415273 are
selected, and when R/L is high (Local),
data from the front panel are selected. The
d-to-a converter uses a binary-coded digi-
tal input. The two b.c.d. digits are
converted to a binary equivalent by two
74LS181 4-bit adders. This technique,
which can be expanded for more than two
digits, allows for the binary weighting of
each bit in the b.c.d. digits. The conver-
sion takes place by adding the appropriate
weighting to each decimal line. Therefore,
the units digit contains the weighting
values 2°, 21, 22, 23,

D! 2%

and the tens digit contains weighting
values 21, 22, 23, 24, 25, 26, summed as
shown below.

Al 21 ?

BlO 22 ] 24

el z i

DIO 24 26

If more digits are required, more adders
can be included to sum the binary weight-
ings of higher order digits.

The Master Reset ( input to the

96L.5488 and data registers is active at-

power-up to initialize the bus interface and
clear the data registers. is gated with
the Clear (CLR) bus message output from
the 961.5488 so that the bus controller can
re-initialize the power supply and clear the
data registers at any time. The overload-

CLR 0o D3 CLR B 0s
O €y 1
—cp 7415173 —cp 7418173
SO
2] EZ
+V,
2 5

=L 33000
= 63V

4k7

10k f
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BC107 e 2

- 741 BC107, .
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68k
180
<10k a7y 220
ov
L ° 0%
1k
7

Overload
detect

detect signal from the analogue circuit is
fed, via an RS latch, to the bus interface as
the request service (rsv) interrupt. The
overload-detect latch also drives the
overload l.e.d., and is cleared by the
operator, by a bus Clear message or by a
Serial Poll, which causes the Source
Handshake signal Status Strobe (STST) to
pulse active high.

‘Analogue circuits

The d-to-a converter is referenced to +5V
by a simple resistive divider, which is ade-
quate unless a highly stable and accurate

—qzv_J

IN4OO1

Fig. 6. Output amplifier and current trip.
This circuit can be modified to provide
alternative outputs.

output is required. The output is buffered
and normalized to one quarter of the
supply output voltage by a 741 op-amp as
shown in Fig. 6. The output buffer pro-
vides a voltage-gain of four and a current
capacity of two amps. A current-limiting
circuit detects excessive current and sig-
nals this overload condition to the logic

Continued on page 57
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Transhorizon
microwaves

Transhorizon propagation on frequencies
above 30MHz is generally considered an
unwanted, anomalous phenomenon by
telecommunications and broadcast engi-
neers, causing interference to carefully
planned systems. But for the enthusiast
such conditions are the very essence of his
endeavours to work over ever. longer
distances with low power, no matter how
fleeting and unpredictable may be the
contacts. The results of experiments car-
ried out. over several years by British
Telecom (Post Office) are thus likely to be
more welcome to amateurs than to profes-
sionals, (papers by M. T. Hewitt and A.
“R. Adams presented at URSI Commission
F Symposium, Canada, May 1980). For
they show that measurements made over
1300 hours on 11GHz signals received at
Martlesham, Suffolk from Rockonje, Ne-
therlands, a mostly sea path of 191km,
indicate some degree of signal enhance-
ment due to ducting for no less than 10 per
cent of the total time, with a daily maxi-
mum occurrence around 1800GMT,
apparently ‘due to the presence over the
path of air originating on the miainland
during the warmest part of the day. Very
long events (over 64 hours) have been
recorded when an air flow around an
anticyclonic system produces a drift of
warm air from the mainland over the
_cooler sea air, producing ducts that can
‘extend over several hundreds of kilo-
metres. Good results have been achieved in
identifying periods of advection from tem-
perature and humidity data while subsi-
dence inversions can be identified from
radiosonde levels. British Telecom are also
carrying out research into 17GHz trans-
horizon propagation.

Martlesham and Ipswich amateurs won
the RSGB’s 1980 VHF National Field Day
with equipment that included a solid-state
120W 70MHz transmitter (two BLY90
transistors in final amplifier); 144 and
432MHz equipment based on transmitters
using 4CX250B valves; and a 1.3GHz
transmitter producing 200W output from
four 7289 valves. Their receiver front-end
devices included SD306 (70MHz), BFT66
(144MHz), NE21935 (432MHz),
NE64535 (1.3GHz).

EMC and domestic
‘equipment

The problems of operating transmitters in
close proximity to domestic electronic
equipment (i.e. electromagnetic compati-
bility or e.m.c.) continue to occupy the
thoughts of those concerned with the regu-
latory aspects of amateur radio. The IARU
Region 1 Bureau has recently released a
report covering replies to a questionnaire

| on e.m.c. matters sent to its member-
societies. This shows that attitudes towards

radlo-frequency intérference by different
licensing authorities differ considerably,
ranging from those that are sympathetic to
the amateur and recognise that the prob-
lem stems basically from the poor immu-
nity of many domestic equipments, to
those holding the amateur responsible for
any interference not only to broadcast
reception but even to non-broadcast
equipment such as electronic organs,
record-players, etc. The Sierra Leone
society was in the happy position of being
able to reply that “there has been no report
on record of interference by amateur
radio”. )

In a number of countries (Poland, Cy-
prus etc.) all cases of interference are re-
ferred to the national society. Norway in-
sists that equipment showing insufficient
immunity is modified by the manufactur-
ers or importers fitting any necessary filt-
ers. In Denmark the offical attitude is gen-
erally favourable to the amateur operator
‘but cases can involve delays during which
he has to cease operation at those times
when interference may be caused. The
Swiss authorities are very helpful to the
amateur but there is an unofficial recom-
mendation that equipment should not be
expected to provide immunity at levels
above 1V/m (which does not cover all cir-
cumstances) and efforts are being made by
the USKA society to raise the immunity
level to S or 10V/m. Dutch amateurs com-
plain that they cannot persuade their
authorities to admit that “an electronic
organ is not a radio receiver” and this
makes it difficult for the VERON society
to co-operate with the PTT licensing
authority (Dutch amateurs seem to be par-
ticularly badly placed). The Swedish
manufacturers supply, free upon request,
highpass filters and/or mains filters; radio
dealers are authorised by the Swedish
Electrical Testing Authority (SEMKO) to

make minor modifications to equipment to

increase their immunity to radio-frequency
interference.

Licence delays

The annual autumn bulge in applications
for new amateur licences has been result-
ing in delays of up to about 8 weeks. With

- over 2500 “passes” at the May Radio Ama-

teurs’ Examination, and with all signs
pointing to an unusually large number of
candidates for the December exam, the
Home Office licensing section is also hav-
ing to cope with the public response to the
invitation to comment on the “Open Chan-
nel” proposals. This may be one reason
why the Home Office is not showing any
enthusiasm towards the proposals for the
introduction of a British “novice” licence.

It is not widely know that while the
Home Office accepts RAE “pass slips”
from licence applicants, it issues an “Ama-
teur Radio Certificate” to persons who
have passed both the RAE and the Post
Office Morse Test but who do not wish to

take out thelr own station licence: this
certificate permits operation of amateur
stations under the direct supervision of the
licence holder.

Around the bands

Further experiments aimed at establishing
144MHz “‘meteor scatter” contacts across
the Atlantic during the summer came near
to success. A group of British amateurs,
using the callsign G4DGU/P, set up a tem-
porary station in North Devon with a 400-
metre-long rhombic aerial erected on four
8-metre poles. Positive identification of
signals from this station were made by
Andy McLellan, VE1AS] in St John, New
Brunswick, Canada, but no two-way
contacts proved possible. It is hoped to
hold further tests during the August 1981
Perseids meteor shower.

Stewart Perry, W1BB, long-time
1.8MHz enthusiast, is proposing a “gen-
tleman’s agreement” for 1.8MHz long-
distance operation in which 1800 to
1810kHz is reserved for c.w. only, 1810 to
1825kHz for s.s.b./c.w. and 1825 to
1830kHz (“the dx window™) for c.w. only.
Band-planning problems should be eased
when the 1979 WARC allocations come
into effect since these will include a com-
mon international allocation whereas at
present different countries impose dif-
ferent band limits.

The Radio Amateur Invalid and Blind
Club has reminded its: members that it is
possible to take an oral or written Radio
Amateur’s Examination at home, provided
that application, with a doctor’s certificate,
is made in good time to the City and Guilds
of London Institute (Mrs S. Conacher).

The Royal Signals Amateur Radio
Society now has more than a thousand
members, membership having risen to
1084 of whom 575 are life members . . .
Attempts are being made to raise £40,000,
half of the estimated cost of replacing the -
OSCAR “3A” satelitte lost last May. A
further Ariane launch opportunity may -
occur in early 1982 . . . A v.h.f. repeater
operated by the Amateur Radio Associa-
tion of Bahrain on 144MHz channel R6
enables amateurs on vessels in the Arabian
Gulf to work over distances of up to about
300 miles. Since it is regularly used by only
four local A9X amateurs, other amateurs
sailing in the Gulf are welcome to make use
of this repeater which has an output of 20
watts from an aerial height of 220 feet
above sea level . . .The death has been

.reported of Patrick Conway, EI13Z a

veteran Irish amateur and long-time reader
of the IRTS’s Sunday morning 3.5MHz
news bulletins. . West Germany has
introduced a new form of transitional
licence (prefix DH) providing limited
facilities for c.w. and rtty operation be-
tween 3520 to 3600kHz and 21090 to
21,150kHz.

PAT HAWKER, G3VA
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~ Intermodulation at the
amplifier-loudspeaker interface

Part 2: Causes/how to avoid it/measurements on four types of

amplifier circuit

by Matti Otala and Jorma Lammasneimi ATechbnica'I Research Centre of Finland

U BN SRR,

e

The effect described is but one of the
numerous phenomena affecting the
quality of low-frequency sound
reproduction. It does not seem probable

that its distortion could be dramatically’

higher than the measured SMPTE —
intermodulation distortion of the
amplifier, unless protection circuitry
malfunctions. However, the theory
presented may explain some of the subtle
differences in the sound quality between
different circuit topologies having
otherwise equal standard measurement
data. Noting that most valve amplifiers
have basically a high open-loop output
impedance and employ moderate
amounts of feedback (the situation is the
inverse for many solid state amplifiers),
the theory may also explain some of the
audible differences of these amplifiers.

The analysis of part 1 shows that the loud-
speaker reflects back to the amplifier sig-
nal which may be of the same order of
magnitude as the original drive signal. The
situation is worse when the open-loop out-
put impedance of the amplifier is compara-
ble to, or greater than, the specified load
impedance.

Inside the feedback loop, the amplifier,

must now handle two simultaneous, large
signals — the original drive signal and the
loudspeaker reaction signal. If the ampli-
fier has any internal non-linearities, these
two signals may interfere and produce in-
termodulation components with each
other. As the input signal is normally com-
posed of a full frequency spectrum, but the
loudspeaker-generated reaction consists
predominantly of frequency components
near the cone resonances and crossover
filter resonances, the nature of this distor-
tion is to add coloration to the sound. In
addition, the positive maxima shown may
cause - unwanted clipping near amplifier
maximum output power. g

The basic reasons for the distortion are
that (a) the loudspeaker does not simply
consume energys it also stores and returns
it. (b), Although the closed-loop output
impedance of the amplifier is apparently
very low, it is not a true physical im-
pedance as it has been generated by feed-
back. The feedback, in turn, forces the
loudspeaker reactive current. to cause a
corrective signal which circulates around

the feedback loop. (c) In the internal non-

linearities of the amplifier this signal will
intermodulate with the forward signal to
produce a change in the spectral composi-
tion of the distortion products.

The two basic characteristics affecting
the magnitude of this distortion are the
open-loop output impedance and the
amount of feedback. The dependence is
fundamental, i.e. if one or both of these
characteristics is brought to zero, interface
intermodulation will not occur. The effect
increases with feedback if the feedback is
small or moderate say, below 20 dB.
Above that, increasing feedback will no
longer increase distortion. Also, it is gener-
ated in the internal non-linearity of the
amplifier. As it is basically a low-frequency
effect, the stage where the non-linearity is
situated in the forward path is immaterial.

The above analysis requires sufficient
linearity from the amplifier for the
transforms to be valid. In high-quality au-
dio amplifiers this condition is usually met
in the normal operating range of the unit.
However, a large reaction signal can cause
the amplifier to enter a region - of severe
non-linearity when operated in the vicinity
of its maximum output power. The need of
a non-linear analysis is indicated in this
case. : '

_ We propose the following general defini-
tion

Interface intermodulation is a form of

distortion in a feedback two-port network,

caused by non-linear interaction between

Spectrum
analyser

1032Hz

the input signal of the two-port and a signal

externally injected o the output port propa-

gating into the input via the feedback net-
work.

This general definition is specifically
used in sound reproduction equipment to
denote the distortion caused by the energy
stored or generated in the loudspeaker
system re-entering the output of the power
amplifier.

Measurement

It is possible to measure interface intermo-
dulation by using normal distortion mea-
surement methods. In this case the stan-
dard output loading resistor is replaced.
with a simulated reactive load or with a
real loudspeaker. In many cases the mea-
sured distortion is increased and the spec-
tral composition of the distortion products
changes. However, in the real-world situa-
tion, a set of standardized loudspeaker
loads would be needed and, because of the
frequency dependencies of these loads, it
would be necessary to resort to swept
CCIF-type difference tone measurements.
This tedious procedure can be replaced by
a simpler universal method described be-
low. The loudspeaker reaction can be
simulated by letting the amplifier operate
.on a forward signal, while injecting a back-
ward signal to its output, If interface in-
termodulation is generated, it will manifest
itself through intermodulation products
between the two signals appearing at the

In

63Hz

o]
500w

Ampiifier
under test

Power
amplifier

Fig. 8. Measurement setup for interface intermodulation. Amplifier under test A, is fed by
audio frequency signal while high-quality high-power auxiliary amplifier A, delivers a
low-frequency signal. By alternately closing switches S; and S, both signals are adjusted
to have same power level in load resistance R;. After closing both switches,
intermodulation products are measured with a spectrum analyzer and referenced to the
audio frequency signal. Numerical values shown are for the tests détailed in text,
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Fig. 9. Typical measurement result from
high-quality commercial power amplifier
using the method described in text. Note
how the 63 Hz signal has been attenuated
24 dB by the feedback. Interface

intermodulation in this case was 0.038%.

Fig. 11. Compound-stage circuit (A).
Quiescent current 100 mA, open-loop
output impedance 0.9 ohm.

7

Fig. 10. Circuit used in the distortion measurements. Operational amplifiers HA2505 form
the driver stages, and diodes constitute the dominant non-linearity. Various output

sections PA are shown in Figs 11 to 14,

+15V
-0

Fig. 12. Complementary double emitter-
follower circuit configuration (B).
Quiescent current 500 mA, open-loop
output impedance 1.2 ohm.

Out

OR33

8 S—=()—15V
Fig. 13. Quasi-complementary power

amplifier circuit (C). Quiescent current 100
maA, open-loop output impedance 2.7 ohm.

output. The measuring procedure is thus a
variant of the two-tone difference-fre-
quency method. In real life there is a de-
pendence between the forward and back-
ward signals. In this method, these signals
are independent, to facilitate mea-
surement. However, as far as the genera-
tion of intermodulation in the amplifier is
concerned, this does not change the physi-
cal phenomenon considered.
A proposal for a measurement method is
depicted in Fig. 8. The procedure is
1. Switch S, is closed and S; opened. An
audio-frequency sinusoidal signal is con-
nected to the input of the amplifier un-
der test A} and is adjusted to yield a
desired output level to a specified load
resistance R;. ]
2. Amplifier A; output is disconnected
from the load R; by opening switch S;1.
A low-frequency sinusoidal power
source A; is connected to the load by
closing switch S; and is adjusted to yield
the same output level across load R than
in step 1. Note: power source A, has to
have sufficient internal resistance R; so
as not appreciably change the apparent
load of A} when switch S; is closed. This

ohistorvy com

power source must also have sufficient
power output. A safe rule is that the
rating of the power source is five to ten
times greater than that of the amplifier
under test.

3. Both switches S; and S; are closed, with
both output signals being fed simul-
taneously to the load. The intermodula-
tion products between the two signals
are measured across the load by using a
spectrum analyser or an intermodulation
distortion analyser. )

4. The r.m.s. sum of all intermodulation
products (i.e. neglecting all harmonic
<components of the primary signals) is
calculated and the distortion indicated
as a percentage, referenced to the audio-
frequency signal at the output of A;.
The test frequencies used are in most

cases not critical and can be selected to

minimize the effect of such external dis-
turbances as mains frequency hum. Their
frequency ratio may be optimized so that
the harmonic frequencies of the low-fre-
quency signal do not coincide with the
frequencies of the intermodulation pro-
ducts. Various frequencies and load resis-
tances may be used in different countries,

depending on mains frequency and stan-
dard loudspeaker impedances. The results
reported were obtained using a load resis-
tance of four ohms and frequencies of 63
Hz and 1032 Hz. A typical measurement
result is given in Fig. 9, which shows the
intermodulation spectrum generated.

Comparison of amplifier
circuit topologies

The theory developed predicts that the
amount of interface intermodulation
distortion depends primarily on three basic
power amplifier characteristics: Open-loop
output impedance, amount of feedback,
and closed-loop non-linearity of. the cir-
cuit. The first two properties especially
vary considerably among amplifier circuit
topologies. To make a valid overall com-
parison of different topologies, all the cir-

) chits should have

—the same closed-loop gain
—equal closed-loop distortion, and
—same output damping factor, i.e.
closed-loop output impedance.
These rules represent the market place
reality of various commercially competing



Q+15v
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Fig. 14. Grounded—émitter complementary .

output circuit (D). Quiescent current 100
mA, open-loop output impedance 60 ohm.

amplifier designs having similar overall
specifications, irrespective of basic topo-
logy.

The first rule is based on the assumption
that amplifiers of equal output power and
‘equal input sensitivity are compared.

-The second rule is based on the fact that’
commercial amplifier designs are limited
by a fixed budget. The number of active
devices and thus their total gain-distortion
quotient is therefore fixed in competing
designs of comparable price. Local feed-
back and overall feedback can then be used
in various proportions, but in otherwise
optimal designs the total closed-loop in-
.termodulation distortion tends to be the
same irrespective of topology, especially at
low frequencies which are of interest in the
case of interface intermodulation.

The third rule is dictated by the com-
mercial necessity of having a reasonable or
comparable damping factor specification,
irrespective of topology.

The circuit shown in Fig. 10 was used
for the comparative measurements. Diodes
‘1 and 2 create an artificial non-linearity,
the magnitude of which can be adjusted by
changing values of R;, Rs; and Rg. The
same resistors also set the open-loop gain
and thereby the amount of overall feed-
back and damping factor.

In the measurements four different out-

Summary of measurement results and conditions
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Fig. 15. Measured closed-loop
intermodulation distortion for the various
amplifier topologies after adjustment
detailed in text.

put stage configurations were used for the

section PA in Fig. 10. Circuits represent-

ing popular topologies found in commer-

cial power amplifiers are shown in Fig 11-

14. The operating characteristics of the

four circuits to be compared were set up as

follows.

—Open-loop gain was increased until the
r.m.s. closed-loop output impedance de-
creased to 0.20Q),

—Closed-loop total intermodulation
distortion was adjusted t0 0.2% r.m.s. at
an output voltage of 3V pk-pk. By in-
jecting two signals of equal amplitude
(63Hz and 1032Hz as in previous case)
to the input of the amplifier, the r.m:s.
distortion at the output was measured
using a resistive4() load and referenc-
ing the distortion to the 1032 Hgz
signal.

— These two were repeated several times

in iterative fashion, as a change in the

open-loop non-linearity affected *° -

effective amount of feedback au.

thereby the output impedance.

In all the measurements, it was made
certain that the intrinsic non-linearities of
the various output circuits were negligible,
as compared to the logarithmic non-linear-
ity of Dy, D; in Fig. 10.

Figure 15 shows the measured closed-
loop intermodulation distortion of the

A B ' B R
compound grounded quasi- grounded
> collector complementary emitter
Interface distortion: =
at 3V (%] 0.005 0.01 ) 0.1 0.2
Open-loop output.
impedance [(1] 0.9 1.2 2.7 60
Open-loop gain
[dB] 33 36 43 70
Feedback [dB] 13 16 23 50
Ry [k 1 1.5 3.2 1000
Rs [kQ] 42 36 32 13

General conditions for circuits: closed-loop gain 20dB; ciosed-loop output impedance
0.2Q; closed-loop intermodulation distortion (CCIF) 0.2%; interface intermodulation distor-

tion shown at output level of 3V pk-pk.
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Fig. 16.” Measured open-loop transfer
:characteristics of the various circuits after
adjustment discussed in text.
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Fig. 17. Measured interface
intermodulation distortion for the various
amplifier circuit topologies. Results
indicate clearly the roles of open-loop
output impedance and feedback.

var’  creuits, while Fig. 16 shows the
measured open-loop transfer characteris-
tics of the circuits. After adjustment of the
circuits, intermodulation measurements
were carried out following ti.e procedure
outlined earlier. The main results are sum-
marized in the table. Fig. 17 shows the
measured values of distortion as functions
of the output level. The results are in
agreement with the theory presented.
They also coincide accurately with earlier
results measured for the same circuits us-
ing a constant value of feedback in the
comparisons?.

The results demonstrate clearly the role
of the open-loop output impedance of a
power amplifier in the generation of in-
terface intermodulation distortion, the
various amplifier topologies differing with
each other by almost two decades.
However, you must not draw far-reaching
conclusions of the general usefulness of the
various output circuits tested. There may
exist ingenious ways to modify any of the
topologies so that they will satisfy criteria
for low interface distortion. Furthermore,

the circuits seem to differ considerably in

continued on page 55
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Japanese giants begin war for
home video standard

Early in July, Sony unveiled its Video Movie
unit, which represents the hardware end of its
professed aim to establish a home video stan-
dard format, similar in scope to the 8mm world-
wide film standard. This is based on the Sony
XCI c.c.d. camera, 13 of which were supplied to
Nippon Airways in January.

Blaupunkt, Fumig and Kodak are rumoured
to be in the act of producing similar
machines but Sony seems to have
got in first, if only with non-pro-
duction samples.

Most of the cameras will feature,
as do the Sony and Hitachi,
“dubbed sound” which can be
added during or after filming.

The challenge, according to
Sony, has been to develop a colour
video camera and video recorder in
the same box which could rival the
portability of 8mm film cameras.
Although the unit was demons-
trated at the recent Photokina Exhi-
bition in Cologne, Sony say they
“don’t want too much said about it
at the moment, because it will not
be available to the public for about
five years.” Even so, many in-
terested parties have been provided
with technical material. A

Whatever the reason for this reth
cence it seems that the Video
Movie, which uses a flat 1Xx1.2cm
charge-coupled device image sensor.
and 8mm metal particle tape as well
as featuring “‘fast search” and
“still-frame playback’, it is likely
to suffer stiff competition, espe-
cially from Hitachi, who demons-
trated the ‘“Mos Camera” in Tokyo
in September. Hitachi say their camera will be
ready for production early next year, comple-
menting the company’s “Mag Camera,” which
appeared simultaneously.

It seems that all these units will depend upon
a portable electro-optical system which replaces
the conventional vidicon-based camera and
offers advantages such as the capacity to deal
with 100 times more light than the vidicon type
without “blooming” or producing a “burn-in,”
which appears as a black spot on the face of the
tube.

However, there are some notable differences
between the Sony and Hitachi cameras includ-
ing 12.7mm wide tape in the Hitachi and a
difference in weight, with the Hitachi at 7.5lb
and the Sony at 4.41b. While the Hitachi runs
for 2 hours the Sony runs for 20 minutes, but
since no details of tape speed have been given

for the Hitachi camera (Sony unit runs at 2cmy's)

it’s difficult to. make a direct comparison.

The self-contained v.c.r. in the Sony unit
employs the helical scan, slant-azimuth techni-
que used in the company’s highly successful
Betamax video system and although it is by no
means certain that identical principles are used
in the Hitachi version, the description “Mag
Camera — portable v.c.r. camera combjnation”
suggests a common circuit approach. Power
consumption of the Sony unit is 4W, with

energy supplied by rechargeable cells (replay,
editing and/or format transfer units are mains
powered) and the camera slots into the replay
unit where it is wound back before being viewed
on the user’s TV receiver. During filming, ex-
posure control is automatic.

Sony’s apparent hurry to get the public in-
terested in the Video Moviec is presumably an

microphone

video circuit. board

caméra circuit
board

view«findar

1 chip ¢ccd.

head drum

videocassette

attempt -to bring commercially advantageous
order to the currently chaotic state of the home
video market place, where three incompatible
systems are fighting for ascendancy, each with
fittle chance of breaking through to be come an
accepted world standard system. Clearly, the
companies in the field, including Sony and
Hitachi at the front line, are preparing to exploit
to the full potential of new
devices, without threatening (if
possible) the conventional home
video range of products — this
. could account for Sony’s apparent
ambivalence in not wanting too
much said. The public reaction to
the sudden partial redundancy of
several relatively bulky units al-

ready purchased (the hardware of |-

the VHS, Betamax and V2000
systems) may well be a matter of
acute .concern to the home video
marketing men.

Matsushita has also demons-

trated a prototype machine, using
what it calls “charge priming trans-
fer,” reputed to combine the dy-
namic range of m.o.s. devices with
the very low noise of c.c.d. devices
and this unit is expected to go into
production within two years.
" The price of all such video cam-
era units is likely to be close to
£700, which is the figure predicted
for the Hitachi machine at its intro-
duction to the Japanese market in
Spring 1981.

According to Howard Steele, managing direc-
tor of Sony Broadcast Ltd, it is only a matter of
time before a domestic c.c.d. camera/recorder is
developed for ENG (electronic news gathering)
in television broadcasting.

Computer servicing course

at Slough College

A unique course designed to educate and train
people with backgrounds in engineering,
science, or computing, and to fit them for em-

ployment as customer service engineers in the

computer industry, began this year in Slough.

The first meeting to discuss the proposed.

course was held at Slough College of Higher
Education in March 1978 and was attended by
several computer manufacturers, representa-
tives of the Manpower Services Commission and
college lecturers. A working party including
manufacturers and lecturers was set up and the
result was a completely new course, which duly
received approval by the Technician Education
Council (TEC) as being suitable for the award of
a Higher Technician Certificate in Computer
Technology. At the same time a moderator was
appointed, who visits the college at regular in-
tervals to check progress.

In February 1980 the first full-time one-year
course began for students who had been
carefully selected by the three manufacturers
responsible for their periods of industrial
training (Data General, Digital Equipment and
Hewlett Packard), also by the Manpower Ser-

vices Commission (offering support under the
TOPS scheme) and by computing and engi-
neering lecturers at Slough.

The industrial training slot (ten weeks duting
the Easter and summer vacations) ensures that
students will be skilled in aspects additional to
those presented at the college. Hewlett Packard
‘has lent a HP 2100 computer to the college to
provide training in the use of disc systems and
programming techniques and they, along with
the other companies involved, have given lec-
tures on specialist subjects.

Recruitment for the sixteen TOPS-supported
places for the next course, which runs from
January 1981 to December 1981, has begun.
Some previous work experience is essential, the
course having been intended for people who
want to be re-trained for the computer industry,
and initial qualifications can be wide-ranging.

Further details of entry requirements and the
course structure are available from Dr E. Hu-
zan, Head of Computing Division, Slough Col-
lege of Higher Education, Wellington Street,
Slough SL1 1YG, Berks. Telephone Slough

34585, ext. 37.
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European drive on

microelectronics

Because individual European electronics com-
panies, left to themselves, are obviously unwil-
ling to compete with the Americans and Japa-
nese in integrated circuits, the European
Communities Commission says there is now an
urgent need for concerted action within the
Common Market group of countries. If one of
the Commission’s proposals goes through this
could mean that, from January 1981, up to fifty
per cent of the cost of R&D in the manufacture
of devices using sub-micron technology could
be paid for directly out of public funds. This aid
would include the development of prototype
equipment intended to come on the market by
1985. It would also include up to 50 per cent of
the cost of the lease or purchase of the proto-
types by users, as well as engineering work to be
carried out by them and by the equipment
suppliers to bring the equipment to the required
performance.

Conditions for aid, however, would require.
commitment from a number of Community
companies to use the prototypes from a pamcu-
lar manufacturer and to invest their resources in
the necessary engineering work. The number of
compames would vary according to the type of
equipment concerned and would be settled type
by type. The Commission suggests that ap-
proved projects should be nationally financed
within a co-ordinated framework of commit-
ment and that, where at least three Community
countries are participating, governments of mem-
ber countries could be reimbursed by the Com-
munity up to half the cost of the support they
are providing. Such a financial method would
be a compromise designed to combine the ad-
vantages of using national resources and mech-
anisms quickly, with the Community providing
a coherent framework and incentive subsidies
when the project had a true Community dimen-
sion.

The ECC is worried by the fact that the Com-
munity lags behind the USA and Japan in both
the production and the application of microelec-
tronic devices. It notes that it is 65 per cent
dependent on imports of integrated circuits and
has a far higher dependence on the most ad-
vanced digital i.cs. The weakness of European
production (under 10 per cent of the total today)
is the more unfortunate because this is a grow-
ing world market, expected to reach some $70
billion in 1980-84, and the USA and Japan are
the only major competitors. They, however,
have invested millions in well planned strate-
gies, while The Community market remains
fragmented.

To try and change this situation the Council
of Ministers in September 1979 asked the Com-
mission to submit proposals for specific joint
projects at Community level with a view to en-
couraging the Community to take a leading role
in developing this technology. The Commission
has now produced its proposals for a Commu-
nity strategy for 1985, based on discussions with’
governments and industry and unanimous
agreement on technical objectives that need to
be achieved if European industry is to be com-
petitive with the USA and Japan in 1985.

The strategy includes a co-ordination of
national programmes. The Commission is
proposing to set up a data bank and arrange for
systematic distribution of information (taking
confidentiality into account) to interested gov-
ernments of the member countries. In addition
research into new concepts is thought to be
needed, and a committee has identified four
major areas of work covering chip architecture,
device modelling, language and ‘data structure,

and testing. This could be undertaken by uni-
versities and research institutes in close co--
operation with industry.

The strategy also identifies the need to
promote a European equipment industry. The
Commission sees this as the weakest Commu-
nity sector. Production knowledge and equip-
ment has generally been licensed or purchased
from the USA, when it is usually already out of
date. There is need for investment and close
collaboration between prospective European us-
ers of the equipment and the equipment manu-
facturers if the Community is to make headway
in this field, but national markets alone are too
small and resources inadequate for development
on the scale needed.

The proposals to help European microelec-
tronics are in fact part of a much larger initiative
n “telematics” (a word derived from “telecom-

munications” and “informatics”) —the combi-
nation of telecommunications and computers
which is becoming known as information tech-
nology. The ECC says that Europe is losing out
in the “telematics revolution” to its competitors
in the USA and Japan. Even though today,
within the European Community, national gov-
ernments are spending millions of pounds to
support the new technology, the fragmentation
and lack of standardisation in the Community
market hinders development. If the Community
is not increasingly to rely on external suppliers
for the most dynamic growth industries of the
latter part of the century, says the ECC, there
must be greater co-ordination of national plans
and cross-frontier co-operation in research, de-
velopment and marketing of products. Given a
jetermined strategy, thinks the Commission,
with its population of 260m the Community can
:atch up where it is now lagging seriously be-
1ind. “But it will have to act fast.”

A strategy to deal with information tech-
aology has been decided and the principles were
approved by heads of government at their
European Council summit in November 1979.

Communications and
controlled under one

The main recommendation of a report pub-
lished in September by ACARD, the Advisory
Council for Applied Research and De-
velopment, is that one minister and one govern-
ment department should be responsible for or-
ganising what it calls information technology
7).

These initials have been coined to cover the
wide range of technical activities which fall un-
der the headings of communications and com-
puting, covering conventional radio commu-
nication, the use of word processors, digital
telephone exchanges, electronic mail, viewdata
systems azrd'o’tgg‘g aspects of digital information
propagation and processing including optical
fibre networks.

The report surveys the developments which
are likely in IT, the possible applications in
different sectors of the economy and contrasts
(as does the Labour Party’s report entitled
Microelectronics, also reviewed in this issue) the
absence of coherent government policies in the
UK with the developed and developing French
strategy for exploitation of the technology.

A further important recommendation is that
the Post Office (or its successor) should “have
the mandate to provide a world-competitive UK
communications network and should have suffi-
cient finance for procurement and installation,
whether from private or public sources.”

Further recommendations include modifica-
tion of the copyright laws to cover information’
held in forms other than paper, thus giving
protection to users of IT. Perhaps more impor-
tant, they urge the government to bring forward
proposals for data protection legislation im-
mediately, i.e. to implement the recommenda-
tions of the Lindop Committee.

The failure of the government to act upon
such recommendations, taken with strident
criticism in the technical press New Scientist
equates the work of a commission with “wise
monkeys”, playing on the keys of a typewriter
long enough to write all of Shakespeare’s plays)
must give pause for thought about the useful-
ness of numerous reports which are seldom, if
ever, acted upon by government.

Sir Monty Finniston, whose report on the
engineering profession was published in April
and which has largely been ignored by the pre-
sent government, said last year that in the
course of his work he had read upwards of 30
such reports produced since 1852 — none had

computing should be

roof, says ACARD

been acted upon! The Finniston Report cost
£401,000 and, as reported in Wireless World
(October 1980), although not completely ig-
nored by the government, it has not been imple-
mented in the way Finniston recommended.

@ It seems very odd that British taxpayers
and engineers continue to tolerate this gigantic
waste. Quite as serious is the fact that little is
done to point out to the non-technical decision-
makers in government that, for example, the
electronics industry and its offshoots are least
likely of all western industrial processes to fall
apart. After most of the UK’s heavy industry
has disappeared, the electronics/communi-
cations industries will be thriving and yet the
British government and people do not see it (i.e.
the need to invest both cash and initiative) and
the British engineer does not shout loud enough
about it.

The most extraordinary aspect of the subject
is the utter docility of those who are both British
tax-payers and engineers — to deny status
simultaneously with ignoring the economic im-

portance of the industry and the engineer’s per- |

sonal contribution would probably result in con-
tinuous lobbying of M.P.s in many Continental
countries, but in the UK it is left to the press
and dedicated people like Finniston to harangue
impotently an apathetic and ignorant legis-
lature.

Even when fundamental financial action is
clearly imperative, as in the case of Inmos,
where the government stalled over providing
the . essential second payment, the obsession
‘with saving cash holds sway over more intelli-
gent acts of enterprise.

It is amazing that the frustration of engineers
has not turned into an angry demand reverbe-
rating through the institutions.

Informarion Technology is available from.
HMSO or on order from booksellers, price
£3.30.

News in brief

Creative Strategies International, a California-
based market research firm, predicts that the
world-wide market for teleprinters in 1985 will
exceed $1 billion, reflecting a compound annual
growth rate of 21%. Most of the increase is
likely to be due to the extension of business-
based data communications networks and auto-
matic mail systems.
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The BBC’s money

Background to this month’s editorial: According to
a participant in a “Man Alive” BBC television
‘programme last May the independent television
companies had a total income of £385 million in
the year 1978/79 to run their one television net-
work, whereas in the same year the BBC re-
ceived £315 million to run its two television
networks and the whole of its sound broad-
casting services. In 1980 both of these figures
can be expected to be higher, in excess of £400
million. The Home Secretary, William- White-
law, stated in a Radio Ttmes interview (4 Octo-
ber, 1980) that the BBC’s “net income for this
financial year and the next one together should
be about £1000 million.” For ITV, the new
| franchises for programme companies, due to be
announced on 28 December, have been re-
ported to be worth about £560 million p.a.
It is well known that a large number of engi-
neers in the IBA and the ITV programme com-
panies have been recruited from the BBC.
Another participant in the “Man Alive” pro-
gramme mentioned that about 70% of applica-
tions for engineering jobs in ITV were received
from BBC staff. The salary differences that
could account for much of this drift have been
substantial. For a particular senior engineering
job in ITV the maximum salary in 1979 was
£8,600, whereas the BBC maximum for the
equivalent job was £6,480. In general the salary
differences at that time ranged from 25% to
33%. At present the BBC is not losing many
engineers to ITV. They say they are having no
difficulty in recruiting staff now that they are
reducing the number of available jobs and there
is much unemployment anyway. :
The engineering economies which the BBC
has made in response to Government pressure
have been in both jobs and capital spending.
General policy has been to arrange the cuts to
have the least possible effect on programme
production. Consequently the Corporation has
not done anything to impair the operation of its
transmitters and communications systems. Staff

levels in engineering training have also been
maintained since this training has to continue to
keep the programmes going out.

On capital projects (studios, transmitters,
buildings etc) staffs are being kept at a level
matching the capital spending which the rele-
vision, radio and external broadcasting . .rec-
torates are able to budget for. Without the pre-
sent restrictions staffs in these departments
would have had to be increased.

Other engineering departments have in gen-
eral suffered a 15% cut in permitted expendi-
ture. Very largely this has meant a 15% cut in
jobs, amounting to about 130 in the whole of the
Engineering Division. This is being achieved by
natural wastage rather than by redundancies. In

research and design work this has meant a
corresponding reduction in the range of projects
which can be pursued. In engineering informa-
tion there is a slowing in rate of response to
demand for transmitter surveys and investiga-
tion of reception problems, and also a reduction
in the range and amount of published technical
information and participation in exhibitions.
Fewer technical manuals are being produced for

‘maintenance engineers and others.

In capital spending there has been a defer-

ment of new developments, such as studio

centres in the regions, additional local radio
stations, regional extension of Ceefax services
and a new radio production centre in Central
London. There has also been a slowing down in
the re-development of the radio v.h.f. transmit-
ter network. Capital spending is being concen-
trated on the replacement of worn-out plant,

G.l. to expand its Scottish base ¥

A new plant, fully supported by government
grants and costing £8.5 million, is to be built by
General Instrument Microelectronics (a sub-
sidiary of the US General Instrument Cor-
poration) at its establishment in Glenrothes,
Scotland.

This expansion, due for completion in 1985,
follows a previous grant to the company by the
Department of Industry to aid the completion of
a non-volatile memory production unit on the

same site under the Microelectronics Industry
Support Scheme.

G.I. is the only company manufacturing |

r.o.m. chips in Europe at present and in addi-

tion produces a wide range of devices for opera-

tion in microcomputer systems, telecommuni-

cations equipment and entertainment systems |

and games. When complete, the workforce at
Glenrothes is expected to be twice its present
size.

News in brief

The ubiquitous microprocessor finds yet
another (general) application with the introduc-
tion by the National Physical Laboratory of a
counselling service for manufacturers of mea-
suring equipment, gauges, and other forms of
measuring tools, generally grouped under the
heading of “metrology.” The NPL can provide
teams which specialise in measurement techni-
ques and combine this expertise with a

The BBC'’s tape reclamation equipment which was recently brought into service for radio
and external services in London, is being used here to make tapes suitable for re-use, no
matter what their previous recording function. The service is expected to be extended to
regional departments fairly soon.

knowledge of computing methods to produce

simplified measurement practice, giving faster |

and more accurate methods to those small firms

which constitute the major company element in |

the measurement -and scientific instrument in-

dustries. Full details of the service can be ob- |

tained from Mr A. Williams, Division of
Mechanical and Optical Metrology, National
Physical Laboratory, Teddington, Middlesex

- TW11 OLW, telephone 01-977 3222, ext. 3031.

New regulations governing the control of
human exposure to lead come into force on 18
August 1981, It has been estimated that 10,000
people in the UK are “significantly’’ exposed to
lead and the new requirements will extend the
scope of the 1961 Factories Act, which was
largely industry-based. Copies of The Control of
Lead at Work Regulations 1980 are available
from HM Stationery Office, price £1.40.

A plague of fleas at Plessey’s telephone equip-
ment factory in Beeston, Nottingham, led to a
walk-out of more than 100 shop floor workers
early in October. They returned to work a few
days later after the factory had been fumigated.

After holding meetings throughout the UK to
test public opinion of current IBA day-time TV
programmes, the corporation is to interview 43
contenders for the 15 commercial TV franchises
which come up for renewal by Christmas 1981.

A microprocessor-controlled fuel injection
system for diesel engines is to be developed
jointly by Lucas and TRW, the American con-
glomerate with interests in optics and semicon-
ductors. The sensors, actuators and other
hardware will be manufactured by Lucas and
the system is expected to be ready for produc-
tion by mid-1983. Oddly enough, economy of
fuel use is not a major objective and a
spokesman for Lucas points to the US Environ-
mental Protection Agency’s exhaust emission
requirements as the main purpose of the unit’s
use.

ohistorvy com



48

WIRELESS WORLD DECEMBER 1980

Microelectronics and Labour

The Labour Party’s discussion document en-
titled Microelectronics, published in Sep-
tember, apart from one or two howlers such as
that on page |, where we learn that ‘“‘semicon-
ductors are popularly known as “chips” (!) con-
tains a wealth of depressing conclusions about
the state of the British microelectronics indus-
try, as well as some worrying international com-
parisons in technical education and manage-'
ment.

At the same time it emphasises (predictably)
the need for far more national involvement and
ownership of companies in the field, with
special reference to GEC, which it describes as
playing “a particularly malign role in British
microelectronics.” The need for more national
investment is stressed by quoting Sir Arthur
Knight’s conclusion (as the new chairman of the

NEB) that the private market does not provide -
enough capital for the sector and that even un--

der the last labour government, it was not
enough to ensure success.”

The document refers to what it sees as Sir
Keith Joseph’s “political attack” upon the Post
Office, through the break-up of the monopoly,

at least where the supply of terminal equipment

is concerned and comments that “The com-
bined effect of these measures will certainly be
to reduce the profitability of the new Telecom-
- munications Authority by allowing private com-
panies to cream off the most lucrative business
and so put their major investment programme at
risk.” At the end of this section, the point is
made that such action could lead to increased
imports of telecommunications equipment, to
the detriment of the major UK suppliers and the
workers employed by them. . . . “In accordance
with party policy these powers and activities will
be restored to public ownership and control by
the next Labour government.”

The comparisons between, for example, the
French and British telecommunications pro-
grammes are in some aspects startling, by
mentioning that the French are committed to
increasing the number of telephone subscribers
from 14 million to 34 million by 1992, the provi-
sion of a free viewdata terminal to each subs-
criber (to permit the eventual replacement of
telephone directories) and the introduction of a
direct broadcast telecommunications satellite
for business use.

Comparisons are also made between the level
of state aid in the two countries, the example of
Inmos being used, where the amount of aid is
less than the total provided by the French gov-
ernment to three small-company projects in

France. The conclusion is drawn that large’

sums of money must be spent if progress is to be
made — “where private industry does not or
cannot spend, government must — a point
accepted by the government of every advanced
economy but our own.”

The discussion document refers to research
policy in a manner which suggests that bodies
such as ACARD (see news report in this issue)
are little more than toothless bulldogs. “The
new microtechnology clearly throws up a need
to fill (the) gap which ACARD (attached to the
cabinet office and composed largely of em-
ployers’ representatives and academics) does not
meet.” Apart from these criticisms, the docu-
ment notes the need for legislation to protect
personal privacy, in the face of the power pro-
vided to organisations such as the police by
computers and other interconnected data
systems.

In a section called “Wider Horizons,” the
idea of a better use for “‘own time” is mooted

but not developed. The possibiloities offered by

technological change in the development of lei-
sure activities seem to emerge as a pretext for a
puffing piece of political dogma, uncharacteris-
tic of the document as a whole.

The matn recommendations, however, are
linked with the main areas of criticism, covering
research and development, where private indus-
try funds only about 30% (this, the document
says, should be extended by harnessing the ex-
pertise of public corporations, universities and
government laboratories), public purchasing,
telecommunications and public investment.

In the two latter subject areas, the report says
that the development of optical fibre transmis-
sion systems and the extension of System X
must not be restricted by the imposition of strict
cash limits. “Britain needs to match the political
and financial commitment that the French have
shown towards their telecommunications
system.” In the section on public investment,
the activities of the NRDC and NEB are pro-
vided as examples of methods of filling the
“equity gap.”

The final points concern Labour’s objectives
for the application of new technology, where the
point is made that this necessarily differs from
the approach of private enterprise in that the
profit motive should not be the major consider-
ation, where at present resources are put into
entertainment systems rather than medical
electronics, into broadcasting rather than per-
ssonal communications and into missiles rather
than computer aids for education.

Perhaps the most damning comment, which
occurs earlier in the document, is in the section
dealing with education, science and research,
where Britain’s failure to respond properly to
the challenge of the chip is emphasised and one
important factor isolated — that we have ‘“‘con-
sistently undervalued practical technological
understanding and this in turn has produced
generation after generation of decision-makers
in our society who do not have it.”

More jobs lost to recession

Within the next 18 months, another 3,800 jobs
will be lost in the radio and tv manufacturing
industry. The £10 million Rank-Toshiba link-
up, formed two years ago and crowned by a £3
million modernization programme as well as
saving many jobs in Rank’s Plymouth and Re-
druth factories, has fallen foul of the strong
pound and the cheap goods challenge from the
Far East, according to Rank.

About 2,700 jobs, many of them re-deployed
after the closure of the Stoke plant by Rank, are
currently in danger. Meanwhile, Philips has
announced the closure of its tv manufacturing
plant in Lowestoft, with the loss of 1100 jobs,
the actual closure being. planned for mid-1982.
This factory has been making domestic radio
and tv sets for 30 years and all future production
will be transferred to the company’s remaining
factory in Croydon. . 1

Another British-Japanese consumer electron- -
ics business in trouble is the GEC-Hitachi joint
venture colour tv plant at Aberdare, Wales. A
GEC spokesman told the Observer (19 October):
“There is a lack of consumer demand and the
pressure on margins is continuing . . . if there is
no improvement in the future then its lack of
viability will have to be faced.”

Data Recording Heads at Egham, Surrey, has
had to lay off 97 of its 295 employees because of
“crippling recession”. The managing director _
has said: “We have no choice . . . the cutbacks
are to ensure the survival of the company.”

News in brief

The prizes offered by the Department of Indus-,
‘try to secondary schools participating in a com-
petition launched in April and reported in our
June/July 1980 issue, have now been awarded.
Schoolchildren were asked how a microcom-
puter would benefit their school and the range
of suggestions included the development of a
school teletext system, programming of new
dance movements(?) and the running of the
school’s administration. Winners were selected
from 650 entries and 117 microcomputers were
eventually awarded (100 planned) with six
““star” prizes being awarded by Sir Keith Joseph
to schools in Renfrewshire, C. Armagh, Uttox-
eter, Mid-Glamorgan, Ewell and Camberley.
The idea behind the competition was to act as a
catalyst in a national effort to spread com-
puting experience quickly into education. Sev-
eral companies and organisations, including
Shell, GEC, Plessey and the Post Office have
made major financial contributions and are
offering individual schools continuing help.

On the heels of Teac and Marantz, who recently
introduced cassette recorders using DBX noise
reduction circuits, Matsushita has now made an
agreement with DBX, a wholly-owned sub-
sidiary of the UK company BSR, to market
cassette recorders using the system under its
Technics brand name. DBX claims that its
noise reduction technique offers the best signal
to noise ratio available and that it “virtually
eliminates tape hiss.” Distribution will begin in
Japan at first, followed by world-wide distribu-
tion,

The 7th European Conference on Optical Com-
munication will be held in Copenhagen from
September 8 to 11 1981. A call for papers has
been issued in relation to the conference and
further details are available from the Secretary
of 7th ECOC, M. Danielsen, Electromagnetics
Institute, Technical University of Denmark,
DK-2800 Lyngby, Denmark.

Zaerix Electronics has acquired the Rochester- |

based Mazda radio valves and tubes marketing

business from Thorn Brimar Ltd. The complete |

valve stock, as well as the testing facilities, have
been taken over by Zaerix and customer service
and quality control procedures will be main-
tained at the company’s headquarters at 46
Westbourne Grove, London, W2.

Background information on legislation and cur-
rent safety standards relating to electrical equip-
ment exported to the US has been published by
the British Standards Institution. The docu-
ment surveys the most widely used certification
schemes and details are give of organisations
which test and certify electrical products. The
survey, called Electrical Equipment Certification
m the USA has been prepared by the BSI’s
Technical Help to Exporters service and costs
£24 to THE members or £30 to non-members.
It is available from THE Sales Office, British
Standards Institution, Maylands Avenue,
Hemel Hempstead, Herts HP2 4SQ.

Inmos will be opening its first large-scale pro-
duction factory in Newport, Gwent during the
summer of 1982. The factory will manufacture
v.l.s.i. products. Production samples of 16k
static r.a.m. devices are now available from the
company’s Colorado Springs unit.
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Darkroom exposure meter
and enlarger timer

Measures print exposure time and controls enlarger

by G. G. R Rutter

The unit described will measure the
required exposure for a black and
white print, giving a digital readout in
seconds and tenths; it will then time
this exposure. The meter may also be
used as a ten minute process timer to
count minutes and seconds. Two such
meters have now been in use for over
a year, and have proved to be
accurate, stable, and convenient to
use.

The circuitry is constructed from
easily available components, largely
using ¢.m.o.s. logic, at a cost of about
£30, which is less than commercial
units offering much inferior
performance.

Most of the circuitry of the meter/timer is
in one box, which provides control of
manual exposure setting, ‘on’ and ‘off’,
‘expose’ and ‘tme’, together with a paper-
speed adjustment. The sensor is contained
in a separate small box, with the ‘measure’
switch, used for the meter-set exposure
ame.

Circuit operation

The circuit diagram of the sensor is shown
in Fig. 1. Dy is the sensing photodiode, a
Siemens LD57C, which is intended by the
makers for use as a l.e.d., but which is
used here as a blue-green sensitive photo-
diode because of its ready availability. Its
sensitivity to orange safelight is very low,
probably roughly equivalent to printing
paper. The ‘C’ suffix denotes the high-out-
put type.

The current from D; and D; is inte-
grated by IC;, Tr;, the output of which
feeds a Schmitt trigger (Tr;,3,4). Feedback
to the integrator is via D; and D3, both
small, red l.e.ds, D; being used as a
photodiode — an arrangement which pro-
vides excellent isolation of the sensitive
input of the integrator. The output of the
Schmitt trigger is in the form of negative
pulses, whose length is inversely propor-
tional to the current through D;, or the
incident light, and directly proportional to
the required exposure.

The specified input leakage current for
the CA3140 (IC)) is 10pA, but this seems
to be much reduced by operating the in-
puts at earth potential, and nine out of ten
samples leaked considerably less than this.
It is thus possible; with selected devices, to
resolve currents of 107'°A. In normal
operation, D, gives a current of at least
1pA, and although this sounds an excess-
ively small current for accurate mea-

v
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surement, it does not give rise to problems
if the circuit is constructed on good-qual-
ity, glass-fibre p.c. board. The integrating
capacitor is very small (about 1pF), and
must have a very low leakage; I found that
two lengths of 1-2cm 30s.w.g. enamelled
wire, twisted together, perform better in
this application than commercial capaci-
tors, and, furthermore, can be trimmed to
size.

The Schmitt trigger, Tr; 3 4, has a tem-
perature-sensitive hysteresis, to compen-
sate for the increased sensitivity of D; with
temperature rise.

The output of the Schmitt is taken to the

‘logic circuit which is given in Fig. 2. When

measuring exposures, IC; 34 are used to
count pulses from a v.c.o., which is
controlled by the paper speed potentio-
meter, during the negative periods of the
output of the sensor circuit. At the com-
pletion of each count, the measured expo-
sure is transferred to ICs g7 and displayed.
If the count runs overrange, the ‘carry’
output triggers ICy4, and the count stops at
000.

Manual setting of exposure time can be
accomplished using four buttons, provid-
ing fast and slow, up and down counting.
The frequencies (10 and 100Hz) are de-
rived from the rectified 50Hz mains wave-
form via Schmitt trigger ICsq. Switching is
by two latches (ICg, 5:) to abolish contact
bounce. Each pulse, in addition to clock-
ing ICz 34 also sets ICs 7.

After either manual or sensor-deter-
mined setting, the exposure time is left in
1C; 3,4 ICs 6,7 may then be used as a timer
without losing this information. In this
mode, after initial setting to.zero, ICs is

clocked by 1Hz pulses from ICj3. ICq is -

reset at a count of 6, so that IC; counts
minutes.

For timing exposures, IC;34 count
10Hz pulses down to zero, the exposure
time being set into ICs ¢ 7 before counting

“starts. On reaching zero, the carry output
goes high, terminating the exposure, and
setting the counters again for repeat expo-
sures. An exposure may be terminated -
early by pressing the “Off” button.

The display circuit in Fig. 3 includes a
separate voltage regulator (D4 and Trg).
This is because the LM723 (IC;;) was
found to give inadequate regulation for the
v.c.0. when loaded by the display 1.e.ds.
Also included in the display circuit is the
variable mark-space ratio strobe oscillator
ICy3, which may be omitted if a variable
brightness display is not needed. p

The voltage-controlled oscillator in Fig.
4 deserves special mention. For conve-
nience, the paper speed control is logarith-
mic: a linear potentiometer is used, to

"control a log. v.c.0. ICg is a CA3046 tran-

sistor array, used as a temperature-
controlled log. voltage-to-current
converter. This i.c. consists of five n-p-n
transistors on a single chip, the transistors
therefore being accurately matched, and
having close thermal coupling. Four are
used as a thermostat: set to about 40°C, the
oscillator is stable to better than 2%, and
settles in 15 seconds. The reference voltage
for thermostat and log. converter is de-
rived from the 7.15V reference of the 723
regulator. IC;s, an NES555, is the oscilla-
tor, whose capacitor is charged rapidly by
the 1k resistor, and discharged relatively
slowly by the log. converter; thus, the
frequency is closely proportional to the.
discharge current.

As shown, the adjustment range on the
speed control is approximately Xx10, a
further preset adjustment of x10 being
provided by the 1kQ preset. The range

- < +7V
§10k
S
1
"ﬂ.._.¢.
~ —\\V\ 5
See text’ 33k
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Guard | ot 2 e SW
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Fig. 1. Photoelectric sensor unit. Width of negative-going pulses at output depends on
amount of light from enlarger — the brighter the light, the narrower the pulse.
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fig. 2. Control logic circuit. Display is
driven by counters ICs to IC,. Omitted from
the diagram are the connexions of the
carry pins: ICs carry in (pin 5} is connected
to earth; ICs carry out (7) is connected to
ICg carry in (5); and IC; carry in (5) to earth.”

may be widened by increasing the 6k8
resistor.

The isolated mains switch is shown in
Fig. 5. The power supply is derived from
the mains, using the transformer primary
as a current limiter. Some triacs require a
trigger current of S0mA, and in this cir-
cuit, narrow, high-current pulses are pro-
vided by the NE555 oscillator. A current
of 0.5mA through the optical isolator l.e.d.
will stop the -oscillator and turn the en-
larger off.

' Construction

I constructed the meter on four printed
circuit boards: one double-sided, with the
main logic circuitry, power supply stabi-
lizer, and log. v.c.0., a separate, single-
sided board for the display circuit and two
small boards for the sensor circuit and
isolated triac switch.

All except the sensor circuit were
housed in a “BIMBOX” 6006 (Boss In-
dustrial Mouldings): the sensor was fitted
into a home-made metal and plastic box,
which must be electrostatically screened
by a layer of aluminium cooking foil.

Layout of the majority of the circuit is
not at all critical. The isolated triac circuit,
since it is at mains potential, should be
suitably shielded. The sensor circuit
should be arranged to minimize leakage

current to the input of the integrator. IC;

Unregulated
supply

P— +7V 1o IC51g -2

300k
"Brightness”
pre-set

‘ ~ ::)>o~ 680
go——«' '/v\,—« '—“N\«—q>o_—' - - Cred
by by :>CH

is mounted in a socket made of Soldercon
pins, which provide no additional leakage
path. Pin 1 has no connexion, and no
socket to allow a complete earthed guard
ring to be put around pins 2 and 3, and D;
and D;. The use of an i.c. socket allows
the CA3140 to be changed, to select one
with a low leakage. Dj, as supplied, has a
domed encapsulation, to provide focus-
ing, which makes it highly directional, so
that it is necessary to grind this off, leaving
a flat top. Emery paper is suitable for this,
finishing on fine grit (600), then metal
polish: some care is necessary to avoid -
straining the leadouts. D; should, ob-
viously, be under a transparent window in
the box. D, and D; face each other, and
should be shielded from the light illurni-
nating D;. All components at the input of
the integrator, including IC;, should be
clean:. fingerprints could cause leakage
currents.
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Fig. 3. Display, with strobed brightness control on

blanking inputs of decoder.

ohistorvy com

Ic‘lec
g I o ' 680
e AVAVAV ¢ Ll |
1N914
dp dp
€
™ DL704 7 A
e ke fitia DL704 DL704
~8b
€ d
& Nora d ».
1T HHT [T
All
10k resistors
© 680
v (210tf) l i
T
—— S [ LLL]] LU
10n ICg pin1 abcdetg abcdetfyg abcdetg
ICg 1S54 iChy
o [ :
Bl LE ABCD BI LE ABCD Bl LE ABCD
- J

£ (Eaap i\, et

BCD
inputs




WIRELESS WORLD DECEMBER 1980

52
- 100H2Z 10 ICqq p———>p> 47V LogiC Supply
Unregulated o~ )
) supply to display
] 2 .
13 !
20 G ¢ IC5 o] ar7 Paper '
g L’Z LM723 3 o -
220) i ] 10k 100k >1M  Z3k9 M
& . o 560K %
4 o ‘4
Z el 1K 8
/ >—}_‘ Temp., 14
: ToIC,,
NE555N{ Pint
! G
’ 3
3
; To IC10
pins
e H
== 470u =—=100n == 10M
N
Yo
3k3 10 560
N
%[ 914
E & > < E
5 transistors
" IC1 CA3046
Setting up pulses should be at least 10 times longer; if Fig. 4. Voltage-controlled oscillator and

After checking the circuit and supply
voltages, the first thing to set up is the log.
converter, whose temperature should be
set to about 40°C: this is not, however,
critical. Assuming an ambient temperature
of 20°C, one method is as follows: set the
1kQ) “temp” preset to minimum resis-
tance, and check that no current flows in
the 10 ohm resistor of the heater transistor.
Connect a 56k{) resistor across the 3k9
resistor, and the 1kQ preset, raising the
base voltage of the temperature-sensing
transistor by about 40mV. The 1k} preset
can now be adjusted until current just be-
gins to flow in the 10 ohm resistor. Remov-
ing the 56k(} resistor now reduces the base
voltage by 40mV; a rise in heating current
should now be seen which reduces over
about 30 seconds to a value sufficient to
maintain the temperature. A

The sensor circuit should now be
checked. In light corresponding to a long
exposure of about 100 seconds, the nega-
tive output pulses should be approximately
2 seconds long. In total darkness, these

L

not, try another 3140. Adjustment of the
output pulses is by trimming the 1pF capa-
citor (made of twisted wire). The paper
speed preset is adjusted to give a suitable
span on the panel mounted control, cali-
bration being by trial and error, with test
strips. Paper manufacturers do not usually
quote a speed, so each box needs to be
tried, and the appropriate speed setting
noted down.

Using the instrument

In measuring exposures, a piece of ground
glass, or other diffuser is placed under the
lens, and the sensor placed on the printing
frame directly under the lens, before
pressing the “‘measure” button on the sen-
sor box. The display should now show a
stable reading, and the enlarger should be
on. Moving the iris should alter the expo-
sure reading accordingly. Upon releasing
the button, the enlarger will turn off, and
‘the exposure will be held on the display.
Pressing the “expose” button will turn the
enlarger on for the displayed time. The

L

; _
r :' To
1
: enlarger
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1N4001 ==1330p
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ICyg 2
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N—Y - &
Sr Liwbi s Fig 5. Triac mains switch. Mains transformer primary
. ol _ . J
%/ 2107L3 winding acts as dropper for NE555 supply. IC ;3 provides
Z

isolation.

p.s.u. Four transistors of CA3046 on left
form thermostat. 5

“on” and “off” buttons are to control the
enlarger for focussing, etc.

The manual setting buttons should
cause the display to count up or down, fast
or slow. Pressing “time” causes the deci-
mal point to move one digit left (to be-
tween the left and middle digits), sets the
display to 0.00, and starts it counting
seconds and minutes. This is cancelled by
any other function except “‘on” and “off”’,
and the previous exposure time is re-
covered.

Component list

Integrated circuits

1 CA3140 1

2-7 4510 (b.c.d. up/down counter)

8 4043 (quad. 3-state Nor R/S latch)
9 4081 (quad. 2-input And gate)
10 4011 (quad. 2-input Nand gate)
11 4001 (quad. 2-input Nor gate)
12 4012 (dual, 4-input Nand gate)
13 4518 (dual, b.c.d. up counter)
14 4013 (dual, D flip-flop with R/S)
15 NE555

16 CA3406

17 LM723 :

18 4001 (quad. 2-input Nor gate)
19-21 4511 (b.c.d.-to-7-segment latched

encoder/driver)

23 TiL111

Transistors Triac 3A, 400V

1-3 ZTX109

4 BC214 Zener diodes

5 BC107 4 BZY88 C8V2

6 BFYb52 5 BZY88 C6V2

L.eds

1 LD57C (Marshall’s, Kingsgate
House, Kingsgate Pl., London NW6
4TA)

2,3 TIL209, DL 704

Passive components as in circuit diagrams.
Resistors W, carbon film, presets minia-
ture carbon

Transformer 9V, 150mA Kl
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Orbit predictions from
satellite images

Calculating orbit predictions using scanning-radiometer pictures

by M. L. Christieson

Images from polar orbiting satellites,
such as those from TIROS-N and
NOAA-6, can be used by the amateur
to make reasonably accurate orbit
predictions. This article describes a
method which has enabled a.o.s.
{acquisition of signal) time to be
predicted to within a half a minute for
up to a fortnight. After this period,
some updating of data is required if
the accuracy is to be maintained.

A significant problem encountered by
amateurs receiving images from polar or-
biting satellites such as TIROS-N and
NOAA-6 is the need to maintain
reasonably accurate orbit predictions. The
degree of accuracy needed depends on the
level of automation, and if the station is
fully automatic it is often necessary to keep
errors to less than half a minute in time
and one degree of equator crossing longi-
tude.

The simplest solution is to obtain a re-
ference orbit from an outside source, and,
using the orbital period, calculate succes-
sive orbits either manually or by using a
simple computer program. It soon be-
comes apparent that without- occasional
updates the drift of the prediction is intol-
erable. Further data can be obtained from
outside, but this is not always easy to ob-
tain, and sometimes can be quite inaccu-
rate because of the long term nature of
their production. It is very difficult even
using large professional computer systems
to produce accurate long-term predictions
because the magnitude of the drag on a
satellite in a low-orbit depends on the
outer atmosphere, which is affected to .a

large extent by solar activity. The level of

solar activity is difficult to predict and
hence errors can reach tens of minutes over
a period of months.

It is therefore necessary to update both
reference orbits and orbital parameters re-
gularly; say every two weeks or so. Assum-
ing that the amateur wishes to be indepen-
dent, some direct observational method

must be used. The most obvious is to use

an’ astronomical telescope to observe the
satellite, and provided it is well calibrated,
these observations will give the required
data. There are several disadvantages to
this method: :
—the capital outlay in equipment is large.
~It requires some expertise to use it.
—Observations are restricted to a time
when the sky is dark but the satellite is

ohistorvy com

i | TIROS-N and NOAA-6.

Fig. 1. Representation of the
type of scanning used by

not in the earth’s shadow.
~It must be known approximately where

to look and when.
~It is dependent on the weather.

In most cases this method would, apart
from radar observation, be the only avail-
able solution, but the earth imaging satel-
lites are sending pictures looking down at
the Earth, and it is possible to use these to
find out where the satellite is at a given
time. The scanning-radiometer pictures
from TIROS-N and NOAA-6 lend them-
selves easily to this. Fig. 1 shows this type
of scanning. It can be seen that as the
imaging is sent in real-time, the pixels
(picture elements) representing the point
directly below the satellite (the sub-satel-
lite point) are sent at the time the satellite
was directly over this point.

Fig. 2. represents the satellite image
from the v.h.f. scanning radiometer signal
and the line ab is the satellite track. The
satellite passes directly overhead all points
on the line ab at different times during the
pass. The exact latitude and longitude of
one point on the line must be measured
and this is obtained from the physical de-
tail on the image. It is-also necessa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>