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Introduces DIRECT SELLING-
the Ultimate 5. Discount!!:

RAL CARTRIDGES
Fast becoming one of the
top names

MOVING COIL

| CO

UK's No. 1 Cartridge | HEAD AMP ]
MC 81 £48.81 H300  £51.75
777EX £35 T100 £24.75
777E £25
g ‘ @S MOVING MAGNET | HEADSHELLS
LOUDSPEAKERS S -} / 555SX £7.28 | S100 £6
) i~ F. 555E £14.22 S101 £7
The complete fully reviewed D 100 £38 666E £32.48 200 £4
range of Videotone Speakers ~ Minimax 11 £44 .L S :
which dominate within their GB3 £50 ' o
class. Now at lowest ever prices. GB2 £60 | - m”f”‘ TURNTABLES
GBS £207 Sansul SR222 Mk2 £69.00
D93 ga0| MICROPHONES JVC LA 11 £64.00
. ; MU 105-22 £29.30 JvcsLas £140.00.

MU 105-12 £22.25
MU 25C £17.39

A MESSAGE FROM VIDE
OTONE
U;ﬂ%{n <o ou willfind that the products

d !
value for money. Th on this page are the best possible

ey are oply low in price because we

ELECTRONICS

This new range of Electronics from Videotone
redefines the words quality and value for money
to a new high.

30 watt amp MC input SA4130 £75.00

Stereo Tuner ST4120 £68.00 Dulrchase with confidence b :

Cassette full features SC3200 £98.00 selected them from ¢ iti gineers have speciall

50 Watt amplifier WA7700 £77.00 ;":n"';‘g‘(l’)';'thy%r: girec(tz;‘gﬁtrl;zls::umes throughout the world a‘;\d
¥ a H

20 Watt amplifier LA2020 £58.00 period on all products Thaats /2!

the measure of our confidence.

SEND FOR OUF
LATEST FREE BROCHURE

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

VIDEOTONE

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

HEADPHONES

HP 90 Headphone £12.65
HP 80 Headphone £9.69

Superbly made with top flight
performance.

WVIDEOTONE,

g

ALL PRICES INCLUDE VAT

Please send me your Direct Selling Brochure and.list of sales outiets.

Name . — — .

L——-—---J

Address — — —

wWw 11/80

WW — 008 FOR FURTHER DETAILS
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TWO NEW THANDAR
LCD MULTIMETERS

OVER

3000 hrs

BATTERY LIFE

TM351 & TM353 LCD
3’2 DIGIT MULTIMETERS

Two new laboratory quality portable multimeters using
LCDs and low power LSI clrcuitry to give exceptionally
long battery life.

Both have a full measurement capability of AC and DC
volts, AC and DC current, resistance and diode check,
permitting measurement of voltages from 100uV to 1000V
{750V AC), current from 100nA to 10A (to 2A on TM353)
and resistance from 100m Q to 20MQ (from 1Q on
TM353). Basic accuracy on the TM351 is 0.1% and on the
TM353 0.25%.

As with all Thandar products the TM351 and TM353 offer
exceptional specification for money.

TM351 only £99 + £14.85 VAT

TM353 only £84 + £12.60 VAT

Both are supplied complete with long life alkaline batteries,
and test leads.

thandar

™ 353

UPTO

4000 hrs

BATTERY LIFE

TF200 LCD
FREQUENCY METERl  OTHER PORTABLE TEST INSTRUMENTS

Combines professional specification, I N TH E TH A N D A R RA N G E

- portability and value for money.
*Wide frequency range — 10Hz to 200MHz {with TP600 to 600MHz}

oHi G — . ; 3 SC110 Single-Trace Portable Oscilloscope
T kT, e e e 10MHz band width 10mV/div sensitivity £139.00 + £20.85 VAT
Only £145 + £21.75 VAT lincluding batteries) DMA450 4%, Digit Multimeter

TP600 600MHz Prescaler £37.50 + £5.63 VAT 34 ranges; 0.05% basic accuracy £99.00 + £14.85 VAT

DM350 3% Digit Multimeter

34 ranges; 0.1% basic accuracy £72.50 + £10.88 VAT
DM235 3% Digit Multimeter

21 ranges; 0.5% basic accuracy £62.50 + £7.88 VAT
PFM200 Pocket Frequency Meter
20Hz-200MHz; 10mV sensitivity £49.80 + £7.47 VAT
PDM35 Pocket Digital Multimeter

16 ranges; 1% basic accuracy £34.50 + £5.18 VAT

For full technical details together with price list and stockist list please contact:

TG105
PULSE GENERATOR
“Wide frequency range — 5Hz to 5MHz

*independent, fully variable period and pulse control

g TR T SINCLAIR ELECTRONICS LTD

N T cratibues London Road, St. Ives, Huntingdon, Cambs. PE17 4HJ,
Only £85 + £12.75 VAT lincluding mains lead) Tel:St. Ives (0480) 64646. Telex: 32250

Sinclair Electronics L1d. reserve the right 1o alter prices ang speciteations on Thandar equipment witholt priar notice.

WW—011 FOR FURTHER DETAILS
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Prices
from £

585A/82. DC-80 MHz. dual trace
10 mV sensitivity

547/1A1. DC-50 MHz. dual trace
DTB

547/1A4. DC-50 MHa. four trace
DTB

7403N DC-60 MHz 3 Plug-in
Mainframe

7704A DC-200 MHz. CRT Readout.
Mainframe for 4 Plug-in

TELEQUIPMENT

D63/V1/V3 DC-35 MHz. Depending
on sensitivity. 504V or 1 mV
Sensitivity

D34 Dual Trace DC-15 MHz 2mV
Mains/Batt

D75 Dual Trace DC-50 MHz Dual
Timebase

D83 DC-50 MHz. Dual trace. Large
6% CRT. Dual Time Base

Oscilloscope Plug-ins
HEWLETT PACKARD

& 8 &

1200

675
525
600
660
7
T
e |
‘ 7

)
L //A .7
9 WY
4
7 %

y 1804A DC-50 MHz Four channel
y }// - ) 20 mV-10V/div. 575.
‘ e 4 ///, / 1825A Dual Timebase 50ns-1s/div. 525
J 7 W/ " 1805A Dual Trace DC-100 MHzSmv. |
7 / / . MQ/509 550
7 / A
///////////////////////// _ All equipment for TEKTRONIX
sa | eis fu ] y refu rb is hed Type R. Transistor R.T. tester. Pulse
B NN o . rate 120 pulses/sec. R.T. Less than
to manufacturers’ original specifications Sws 100
Type G. Differential amplifier. 100:1
- . . CMR DC-20 MHz. 50 mV sensitivity 50
Prices Prices Prices Plug-ins for 500 series
Bridges from £ from £ from £ 1A1 dual trace Plug-in DC-50 MHz 225
GENRAD 1A2 dual trace Plug-in DC-50 MHz 180
GR1657 Digibridge LCR 9837 DC-80 MHz 6 digits 130 Modulation Meters 1A4 four trace Plug-in DC-50 MHz 3rs
gibridg . AIRMEC 1A5 Ditferential Plug-in 175
auto, LED display i SYSTRON DONNER | 2 Differential Plug-in 140
CINTEL 6053 9 Digit 20 H2-3 GHz BCD O/P 860 409 3-1500 MHz. AM/FM 296 81 Adaptor Plug-in 1A Series 1o 580
. 6054A/04 11 Digit 20 kHz-18 GHz MARCONI 5 2
277 Measures iron core inductances BCD O/P - Series ™
0,01H-1000H twith a Q value not ’ TF2300A 1-1000 MHz. AM/FM 450 7A12 Dual Trace DC-105 MHz
less than 2) 130 Function Generators Oscilloscopes 5mV/div. 410
7A18 Dual Trace DC-75 MHz
HEWLETT PACKARD HEWLETT PACKARD ADVANCE 5mV/div 370
4342A 'Q’ Meter QLC complete 1260 3310 0.0005 Hi-5 MHz. Multi-Mode. 0S1000A DC-20 MHz. dual trace 310 7A22 High gain diff. amp.
MARCONI 10V/502 sine, square, triangular 250 33008 Dual Trace DC-50 MHz 0.1 Hz-t MHz 10,V 450
TF1245.Q' moter. Froa.range TkHE. INTER-STATE Smy/di. Dual Timebase 80 7A25 Dua Trace DC-150 MiHz
300MHz usi | ®  ELECTRONICS COSSOR s =
2[Usglextaslesch ) 3100 Dual Trace DC-40 MHz 400 7B53A Dual Timebase 5ns-5s/div. 560
TF868A Universal Bridge 250 F51A Multi-Mode. + and - offset: )
TF1313A Universal LCR Bridge 0.1% 375 0.0005 Hz to 10 MHz. 10/15V/500 250 DYNAMCO Oscilloscopes {storage)
: FS5A Muiti-Modey 0.0025'Hz-10 7210. DC-15 MHz. Dual Trace 1 mv
WAYNE KERR e TEKTRONIX
P . MHz. 10V /500. Ext. VGC. Burst sensitivity on CHI. Delayed
B224 Wide range LCR Bridge 478 O/P up to 100k bursts/sec 350 Timebase 300 549/1A1. DC-30 MHz. SmV
B500 Log LCR Bridge 22% P GOULD ADVANCE sensitivity. Dual trace. Storage
B601 RF LCR Bridge 125 PHILIPS scope, Writing speed: 5cm/us with
9
{Detector and Oscillator not incl). PM5127. 0.1 Hz-1 MHz. Sine/ 0512009 DC-20 MHz Dual Trace enhancement. Includes trolley 875
B641. Measures L/C/R/G Accuracy Square/ Triangular/ Pulse outputs. X-Y TV Sync gL 564/3A74/3B4. DC-2MHz, four
of 0.1% 50 External sweep facifity 30Vp. p max HEWLETT PACKARD channel. 20 mV sensitivity. Writing
Q801. Y parameter test set. Plus output 25 1703A Storage 1000Div/ms. speed up 1o 500cm/ms 650
transistor adaptor unit 30 Logic Analysers DC-35 MHz. Dual trace Mains/Ext 564B/3A6/2867. DC-10 MHz. Dual
A DC 1200 trace 10mV sensitivity, split screen
::AOAthCTONS( Equipment :LEX‘Q‘ETK Tf;sa'l(ARD 17078/020 DC-75 MHz. Dual trace. storage oscilloscope 750
) I 12 changg;‘;issala e 250 Dual Time Base. . 700 466 Storage 1350 cm/us Variable
TF2333 Transmission Test set 578 play 170787012 As 17078/020 with Persist DC-100 MHz 2226
HEWLETT PACKARD 0 U el ABlalh el internal Battery fitted 750 7313 Splitscreen 4.9 cm/us. DC-
4 MAP A & B store 1850 1000Div/ .
3566A For psophometric 1607 16 channel 20 MMz clock 181A Storage iv/ims 25 MHz (M/F for 3 Plug-ins) 1650
measurements from 20 Hz-20kHz. {Display scope required) 1500 DXL (Al (T Gy g5 TELEQUIPMENT
0.1mV-30V input level 475 182C DC-100 MHz Mainframs, large j
NEC TEKTRONIX screen 525 DM64 Storage 250 Divs/ms.
¥ . 7DO01F 16 channel up to 50 MHz DC-10 MHz Dual trace. 400
TYS-378. Noise, level and VU clock MAP 2650 MEDELEC ] Ph M
measurement. Sensitivity -80dBm N M-scope 4 channel DC-100 kHz U/V ase eter
up 1o +20dBm 27 Mains Monitors Chart 1650 DRANETZ
STC COLE PHILIPS 301A 5 Hz-500 kHz. Z in 100k82.
74216A Noise Generator CCITT 240 T1007 200-260V. 35-65 Hz PM 3211 DC-15 MHz Dual Trace 2mV 425 Accuracy £1° to +2°. Analogue
74261A Psophometer CCITT ars Thresholds 10V, 50V, 100V, 200V 75 ;Maﬁii Dual Beam DC-10 MHz & U 400
WANDEL u, GOLTERMANN DATALAB SCOPEX Power Meters
DLM-1. Send/receive system 1500 DLO19 Power line interface for 40-108 Dual Trace DC-10 MHz 180 DYMAR
LDS-2. 200Hz-600kHz sender for transient recording 350 RONIX 2081/100 True RMS. DC-500 MHz.
measuring group delay and DL905 Digital Storage Unit DC-3 TEKT! 30mW-100W 425
attenuation variations 3250 MHz 10mV 1055 475 Dual Trace DC-200 MHz 2mV 12 HEWLETT PACKA
l for DLM uni 250 485 Duat Trace DC-350 MHz 509 RD
CDERAE arsiogDENIURIL DRANETZ 1 M2 250 MHz 2100  432A 10,W-10mW, 10 MHz-10GHz 195
Counter Timers 606-3 Disturbance Analyser Avg, 545B/1A1. DC-30 MHz. dual trace. 478A Thermistor Mount for 432A 90
HEWLETT PACKARD Sag/Surge 2625  Delayed timebase 25 435A0.3uW 10 100mW 5 MHz-
5300A /53038 DC-520 MHz 6 digits 210 GAY 561A/3A6/381. DC-10 MHz. Dual 18GHz 475
SJDOAVDisolay Module. 6 Digits. LDM Records + ve/ —ve transients Trace. High persistence tube. 8481A Power Sensor for 4354 200
3% 10 90 of 50ns on AC or DC Lines 1250 Detayed Timebase s MARCONI SANDERS
53008 _Display Module. 8 Digits. —— 8460 10 MHz-40 GHz (Depending on
2x1 140 F o Head) 300
5302A DC-50 MHz. 100mV sens. ——— ——N R e - 6420 10 MHz-12.4 GHz 10mw 110
Time interval. Period. Ratio. i 6422 10 MHz-12.4 GHz 1mw 86
Totalise. ™ g’ W 6 f k ] / ’ 6428 26.5-40 GHz 10mw 150
53038 DC-520 MHz. {Plug-on)
125mV sens. 502 120 S QZU X OC Q IUQ/y Mgf‘z%(g% e |
) - 20.
5308A 0-75 MHz. Universal Module. TF 893A 10 Hz-20 kHz. 204W-10W. 120
e et o OSCILLOSCOPES :
5267A Time Interval Plug-in 10ns 120 Power Supplies
5345 DC-500 MHz Time Int. Ave. ‘ TEKTRONIX-465 DC-100 MHz Oual Trace TEKTRONIX 475A DC-250 MHz Dual Trace ADVANCE
Burst Total Ratio 1225 5mV-5V/Div 0.0545-0.5s/ Div Delayed 5mV-5V/Div 0.01us-0.5s/Div Detayed 1VI 12V DC to 240V 50 Hz, 150w
;OSSOA Adasr;t‘%' converts 5245 s T/B XY DC 4 MHz £1250 T/B XY DC 3 MHz £1950 Inverter 125
lug-ins to . .
RACAL These instruments sold with SR 102100V A OF Stab. 150
835. DC-15 MHz 6 digits
Time interval/Period Ratio 100 ONE YEAR FULL GUARANTEE FARNELL b
9024 10 Hz-600 MHz 7.+ 1 digits 250 y LUKE .
S35 C IR Ry Bl ey 100 / 4158 023100V 30mA 0.005% reg.

Protected
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Sweep Generators

Prices
from £

- L Prices
Igger stock investment
608E. 10-480 MHz AM 410
] 6208 7-11 GHz 500 FM/PM 1mw 1100
8614A 800 MHz-2.4 GHz + 10dBm
to — 127 dBm 500 AM/FM 1950
B8616A 1.8-4.5 GHz Ext AM/FM/PM
a ] 10 mw 925
MARCONI
TF144 H/4S HF Generator
10 kHz-72 MHz AM 550
Prices Prices TF791. FM Deviation Meter
from £ BRYANS SOUTHERN from £ 4-1024 MH; %5
ITT 29000 X-Y Recorder A4 0.25mV- TFB01/D1. 10-470 MHz AM. FM. 256
Power Lab. up to 30V Dual Supply 90 10V/icm 526 TFI95A /2. 1.5220 MHz AM. FM. I50
MARCONI 18653“ 4dchannel ImV-10v TF2171 Digital Synchroniser for
1
TF2154/1 0-30V 1A, 015V 2A H68516 8 ennal rayAlov i R ) 525
0+7.5V 4A 60 16 speeds 2350 gl;Z?(\)IZI/AS 10 kHz-72 MHz FM/AM o
1-1V o/p
SMITHS = TF2012 UHF, FM 400-520 MHz,
47015-7V o/p Power Pack 2 V/em Q. 1s- cm 545 /
HEWLETT PACKARD i -
SORENSEN 680M. § inch. Stripchart Single Pen RACAL
DCR 300-2.5 0-300V 2.5A DC Stab. 1 R el sl o ] e 9081 5-520 MHz LED Display O/P —
Pulse Generators 7046A Two pen A3 0.25mV-5W/cm 995 JEDoBERAMYEM 1875
DB ELECTRONICS KUDELSKI ROHDE & SCHWARZ
150. I.C. pulse generator 50 Nagra 4.2 LSP Professlonal Audio S ENR 0Te ol Ot 850
EH RESEARCH Recorder {Batt optd) 1215 SGHAFFNER
122. 1 KHz-200 MHz 5V /509 NAGRA NSG1Q1 Mamns Interference
RT 12ns 220 Mains Unit for 4.2 LSP 95 Slmulq::r. Supenmposes Pulses on
133(L}. 10Hz-50 MHz 10V/509 PHILIPS mains for testing immunity of
RT 5ns 75 pm 8251 Single pen 10in chart caue 'fa'(;‘o‘j";'e"c{’.mp“(')s;s“
1221. Timing Unit 6 Channel 10mV-50V FS 450 ?N glih e _2(X) ise Time 0.25us .
0-10 MHz 5V/502 RT 8ns 0 pACAL 'dth 500 200us
G710. 5V/509 30 Hz-50 MHz RT 5ns 100 . NSG330 Igpition Interference
Store 4. Uses D/4 inch magnetic Attachment 150
132AL. 50V/509 5 Hz-3 MHz Will 4FM
RT 12ns 175 gpe-m i ’:;Odr":' - .cha:ncls. v NSG200B Mains Interference -
perates a ifferent speeds. i Mainf
HEWLETT PACKARD S E LABORATORIES g;tém" Chife)
214A 100V/5092. Double pulse O/P. .
W50ns-10ms. 10 Hz-1 MHz. 15ns AT %0 6150/6151 12 channel UV 74216 Noise Generator 20 Hz-4 kHz
N LA G U5 1250 mm/s-25 mm/min 6 in chart 1400 Flat/CCITT Wig 315
MARCONI 994 6 Channel Pre-Amp + 1% £ 1V TEXSCAN
TF2025 0.2 Hz-26 MHz £10V/50V e 450 A
RT 7ns 350 6008 25 Channel uV 8 in 4m/sec to PO SOUISERS SRspjienatatar
3 u with CRT display 52%
PMS776 3V/509. 1 Hz-100 Mz. 25mm/ min 895 TV Marke tof§: 31.5,32.5, 35
Rise/fall Times less than 1ns. s SMITHS INDUSTRIES NG ';::Hl § UL < 2 dng 196
Recorders and Signal RE541.20 Single Pen. 0.6mV-100V : )
o nibninalEadi FSD. 3.60cm/min and hour 350 Spectrum Analysers
onditioning Equipment HEW PACKA
YOKOGAWA LETT PACKARD
AMPEX B443A Tracking Gene/ counter
i 3046. 10 inch Chart Single Pen. 0.5 s e geeey
PR2200 Instrumentation Recorder . Winc art ol gieligen:i0: 100 kHz-110 MHz 850
up to 16 channels. FM/DR. Record mv-100 V”PZ-GQC"‘/""“ and/hr 350 B445A Automatic pre-selector
replay all speeds. 1°" tape FM/DR 3047. 2 Pen Version of 3046 425 10 MHz-18 GHz 1300
1.R.1.G. DC-40 kHz FM. 100 Hz- Signal Sources and 8555A RF Plug-in 10 MHz-18 GHz
300 kHz DR 6500 Generators 1 kHz Res 3000
BRUNO WOELKE 85588 For 180 Mainframe 100
ME1028. Wow and flutter meter 5 9020804“;-15:200';&?" TR i/ AW kHz-1.5 GHz 1 kHz-res 1750
ME102C. Wow and flutter meter 30 0 1pV-;IV 500 1726 NELSON ROSS
BRUEL & KJAER bYMAR 011. DC-20 kHz. 8008 dynamic
23058 Bench type. Mains operated. 1525 100 kHz-184 MHz Int/ Ext range. D"Snevs'oﬂi 100 Hz-6 kHz »0
Log recording of AC: 2 Hz-200 kHz AM/FM Batt/ Mains 526 (gec:c 100 kHz. DV"&'C range
.and DC.50 or 100mm paper width. 750 GOULD ADVANCE CRO's“s into various series .
ZR00O1 Linear Pat DC: 10-35 mV 59 SG70 5 Hz-125 kHz 6005 4w 85
ZR0002 Linear Pat DC: 10-110V 79 H TEKTRONIX )
ZR0004 25 dB Potentiometer 52 EWLETT PACKARD 3LS. Plug-in unit tits into various
ZR0005 50 dB Potentiometer 59 204D 5 Hz-1.2 MHz. 60012. B0dB att. 5008 series CRO’s. 50 Hz-1 MHz.
ZR0006 75 dB Potentiometer 69 0Q/P 5V RMS 150 Greater than 60dB dynamic range 475

ALL PRICES LISTED ARE EXCLUSIVE OF VAT (Standard Rate).

PM 3212 pual Trace
OscilioscoPe

pM 3214
Oscilloscope

R
///////

Duat Timeba

e
////////////////////'//,/ /1177

se Dual Tr

ace DC-26 M2

/117

7853A Dual Timeba

..
/ B

.. g

v pmerl

I OPyime ©quip™
/ r l £1975
= RACAL Generator 13048™ AM/EM
15 g081 5-520 MHZ
HEWLETT PACK::A Gignat Generato! i:mo TEKTRONIX MHz Oscilloscope
; ™M

86408 Precision :“a‘ yzer  Mantrame 200 485 Dual 1':'::;5:‘0.@ Oscilloscope €699

1417 Spectiv? Anatyzal ¥ sec\'l?" £1650 oL D:::u'zso cm/ms wr'mng, =N e

@528 Spectu™ * Tl o RF Section o) DO MR 2% T oscope M;;‘&:‘I‘ £1900

Storage v ne-
85538 Spectrum RF Secuon 650 7313 iting 5P NMH2
m Analyzet € a.9cm/us W ; new DC £670
BEHHA Spectiu LF Section 150 g ¢ (iah Plug-in y
g656A Spectiu™ Agél:::; Logic Analvze! a 7|:2\2/ ?S:f:';?v {12 month guarantee b
| Dhs uv-
1600A 16 Channe \ Trace Plugi?
7426 Duad 6N/ Div. . £650 1
PHILIPS 26 MHz2mV: D 525 DC-150 MHz 5mV e 55/ 0 CRY Readou /
1

#7117 /UL

T
brings you recent 'State-of-the-Art

TN L

Carston Prime Equipment

rr .

instruments

at competitive prices, with fast delivery (2-4 weeks). Every “"Prime”’
instrument carries the Carston 90 Day Full Guarantee covering parts and labour.

01267 3311

WW — 042 FOR FURTHER DETAILS

Garston Electronics

Contact Brian Hollingsworth or Noel Jennings
CARSTON ELECTRONICS LTD
SHIRLEY HOUSE, 27 CAMDEN RD.,
LONDON NW1 3NR Telex 23920

HEWLETT PACKARD
86908 Mainframe. Int/Ext AM. Ext
FM

86938/100 3.7-8.3 GHz.5mW. PIN
levelled ‘N’ connectors

86998/100 0.1-4 GHz.6mW. {20mW
to 2 GHz}. PIN levelled. 'N*
connectors

TEXSCAN

9900 Sweep Generator 10-30 MHz
CRAT Display

VS60 Sweep Generator 5-100 MHz
Rate 60 Hz

LN40A Log Amplifier

T.V. Test Equipment
PHILIPS

PM55088 Pattern Generator. 625
fines PAL. UK Systems
Voltmeters-Analogue

AVO
8 Mk IV'AC/DC V.AC/DC Amps.k2

BOONTON

92AD/01/09 10 kHz-1.2 GHz 1939
FSD 10uV Res

92C 10 kHz-1.2 GHz 5004 V-3V. 1%
of FS

HEWLETT PACKARD
400E Millivoitmeter

10 Hz-10 MHz B/W 1mV FSS
427A. AC/DC/§2 multimeter 2
3406A. 10 kHz1.2 GHz

8405A Vector Voltmeter

1-1000 MHz B/W

Auto Phase Lock

3400A 10 Hz-10 MHz 1mV-300V
True RMS

KEITHLEY

610C Electrometer DC ImV-100V,
Amps 107'* Recorder o/p
LEVELL

TM3B 5uV-500VAC 1 Hz-3MHz +
50 to 100 8 80

LINSTEAD
M2B DC/AC 10 Hy 500 kH/ b3

MARCONI

TF2603 AC voltmater to 1% GHy
PHILIPS

PM24548B 1mV 300V 10 Hz 12 M,
Zn 19M DCO/P

RACAL

3301 RMS Miltivoltmeter

10 kHz-1.5 GHz with carry case
Voltmeters-Digital

ADVANCE
DMM 7A/01 1999 FSD
AC/DC/§/Current

FLUKE
8000A 1999 FSD
AC/DC/OHMS /Current

HEWLETT PACKARD
34740A/34702A 9999
FSD.AC/DC/OHMS

SOLARTRON
LM1420.2. 2300 FSD DC only 0.05% 75
LM1420.28A. 2300 FSD AC

True RMS/DC

A200.19993 FSD OC only
A203.19993 FSD AC/DC/q1.
Sensitivity: (1uV DC, 10uV AC,
100m resistance)

A205.19393 FSD AC/DC/Q

A243. 119999 FSD AC/DC/Q.
Sensitivity: {1xV DC, 10uV AC.
10mQ resistance)

7050.99993 Auto AC/DC/f2
Voltmeters Vector/Phase
DRANETZ

3058 9398 FSD Mainframe for PA
3001 module

HEWLETT PACKARD
3490A 100000 FSD 14V-1000V DC
0.01%

10uV-1000V AC &

525

108

70

850

350

360

475

118

115

110
160

575

625

PLEASE NOTE:

LISTED HERE IS ONLY A
SELECTION OF OUR WIDE
STOCK OF EQUIPMENT —
FOR SPECIALIST NEEDS OR
FOR DETAILS OF OUR FULL
STANDARD RANGE OF
EQUIPMENTS —

RING US TODAY!

Redundant

Test EQuipment

Why not turn your under-utilized
test equipment into cash? Ring
us and we’ll make you an offer.
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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 — 020 FOR FURTHER DETAILS
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@ VOICE MICROSYSTEM

SPEECH PROCESSING FOR VOICE COMMUNICATION SYSTEMS

inouT Ovesroan READ INPUY

CUYPPFUY LEVEL

£ VOICE MICROBYSBTEM LTD

BPEECH LEVEL CONTROLLER FFLC-R -

Precision control of speech amplitude,

Patent Application No. 12050/77;.

: signal to noise ratio and waveform characteristics using a
feedforward control process developed at University College, Swansea with NRDC backing

{British

High speed digital processing techniques are employed using a

Zilog Z80OA microprocessor to sample and process the speech waveform.

The processor is a single self-contained unit which may be placed at any audio point wifhin a voice
communication system between the microphone at the sending end and the loudspeaker at the

receiving end.

APPLICATIONS

Mobile radio
H.F. point-to-point radio
Inter-comm systems

Inductive loop paging systems
Loudhailers

Public address

PERFORMANCE

# CONSTANT OUTPUT AMPLITUDE Peak output

is constant within £ 0.5 dB over an input
variation of 24dB

* SIGNAL TO NOISE RATIO IMPROVEMENT The
maximum SNR improvement of15dB effectively
removes ambience at thetalking location.
Speech degraded to zero dB SNR is improved
to an SNR of 5 dB

» INHERENTLY LOUDER SPEECH Processed
speech is approximately 8 dB louder than natural
speech of the same peak amplitude. The SNR at
the output of a noisy channel will be approx
imately 8 dB higher in addition to the benefits

resulting directly from the use of speech level
control

Available in a 2U high standard 19’ rack-mounting
for 240V or 110V, 50 Hz or 60Hz operation.

Price: £424, case £26, excluding carriage and

V.A.T. Manual available separately.

Installation, maintenance and contract R & D
facilities available.

Export enquiries welcomed.

# HIGHER ACCOUSTIC OUTPUT Loudspeaker or
earphone output is approximately 8 dB higher
with no increase in peak output or distortion
from peak limiting

* NORMAL SPEECH QUALITY Processed speech
has the quality of normal telephony speech

* HIGHER INTELLIGIBILITY All speech sounds are
raised to the same loudness level and thus
processed speech retains high intelligibility when

listening under conditions of ambient accoustic
noise

# INSTANTANEOUS RESPONSE The response is

synchronised to the zero crossings of the input
waveform and no instrumental effects are
noticeable

VOICE MICROSYSTEM LTD

UNIT F; CARDIFF WORKSHOPS
EAST MOORS
CARDIFF GF*t" 'EH

UNITED KINGDOM.

Tel: CARDIFF (02227 33409

WW — 005 FOR FURTHER DETAILS



WIRELESS WORLD NOVEMBER 1980

Advertisement produced co-operatively by: Akai, Fergusc

RECORDING — Playback of material may require consent, Copyright Act 1956. Also the performers Protection Act 1958-19




WIRELESS WORLD NOVEMBER 1980 9

@ Thank you.

B YougaveVHS
| 0% of the
market.

Last year, nearly three out of every four home video
recorders bought or rented in Britain used the VHS format.
You, as a VHS dealer, have been instrumental in helping
VHS build its dominant market position. And now we would
like to say thank you.
Thank you for recognizing the concrete qualities of
leadership in tlZe system: the superb picture and sound
reproduction, the reliability and the high level
o Of compatibility.
‘ Thank you too for backing the judgement
of such respected VHS manufacturers and
video companies as Akai, Ferguson, Hitachj,
JVC, Panasonic and Sharp.
And finally, thank you for continuing to
stock VHS. Last year you were responsible for
giving VHS 70% of the market. This year you
look setto do even better.

TheWorlds No.1

Hitachi, JVC, Panasonic, Sharp.

WW — 0'2. FOR FURTHER DETAILS
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® ORDER BY POST OR TELEPHONE
WITH BARCLAYCARD/ACCESS

©® ELECTRONIC TEST

EQUIPMENT
SPECIALISTS

'® ALL PRICES INCLUDE VAT

SINGLE TRACE {UK cip etc £2.50)

Hm 307-3 10mHZ, 5mV, 6 x 7cm display plus
component test £170.00
C01303D 5mHZ, 10mH2Z, 7 x 7cm display £109.25°
§C110 10mHZ Battery portable, 10mV 3.2 X
2.6cm display (Optional case £8.80, Nicads

£7.95, Mains unit £4.00) £149.95
LBO512A 10mHZ, 10mV, 5’ display (plus

FREE probe) £195.50
CS$1559A 10mHZ, 10mV, 5 display £198.50

HAMEG® TRIO @ SINCLAIR @ LEADER
OPTIONAL PROBES (ALL MODELS)
X1 £8.50, X10 £8.50, X100 £12.95, X1-X10 £10.95

—

o6l UH)

a

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

WIRELESS WORLD NOVEMBER 1980.

@ ALL MODELS ON

DISPLAY'

@® RETAIL — MAIL ORDER -
EXPORT — INDUSTRIAL

@® OPEN SIX DAYS A WEEK

® CALL IN

AND SEE

FOR YOURSELF

DUAL TRACE (ux ep e £3.50)

CHOOSE FROM
UK's LARGEST
IN STOCK RANGE

CS1562A 10mHZ, 1omV, 5" display” £244.95
C€S$1575 5mHZ 1mV 5" display €270.00
Hm312-8 20mHZ, 5mV, 8 x 10cm displtay £287.50.
CS1566A 20mHZ, 5mV, 5 display £323.15°
€S1352 15mHZ, 2mV, 7.5cm display, bat-
tery/mains portable (Nicads pack £29.90) £3486.15
Hm412-4 20mHZ, 5mV, 8 X 10cm display plus

Sweep Delay £399.50"
CS1577A 30mHZ, 2mV, 5’ display £455.40
€S1830 30mHZ, 2mv, 5'* display plus sweep

delay £507.15
Hm512-8 50mHZ, 5mV, 10x 8cm display, De-

lay Sweep £667.00
LB0514 10mHZ, 1mV (5mV) 5 display (plus 2

FREE probes) £294.00

DIGITAL MULTI

adaptor £4.00).

RF AUDIO . SWH/FS AND
E N E RAT (All sine/square)
$G402 100KHZ - 30mHZ AG202A 20HZ-200kHZ ~ £65.55 | POWER METERS
with AM modulation £64.40 LAG26 20HZ—-200KHZ £69.00 =
(UK c/p £1.75) LSG16 100KHZ (300mHZ on AG203 10HZ—-1mHZ sine/square
Harmonics) £56.50 %120.75
LSG231 100m HZ+ 1mHZ (adjustable) LAG120A 10HZ-1mHZ £137.00 : .
FM stereo generator and pilot and mod. Range in stock covering up to
T £195.00 i 150mHZ and up to 1K watt power.
{Battery Portables) PL259 sockets. Also 250 UHZ
PULSE LEVELL M’ with Meter) g\(lyng‘gr\;‘ver:e/rs 3.150mHZ €9.50
(B E IR Y 2001 1HZ—100KHZ £86.00 152 SERIES 3HZ -.300KHZ Sine/ SWR50 SWR/Power meter, 3%-
TG1055HZ-5mHZ £92.50- Square 150mHZ 0-1000 watts  £13.95
@ 4001 0.5HZ—5mHZ £105.00 _f_go SERIES 1HZ—1mHZ Sine/Square (1)}?03%%/%\'«” 1%-1::.1.\:5
200P 0.002H2-5.5mHZ £253.00 TG152D £92. walts 3
200SPC as 200P plus built in freq. YG152DM £113165 | TR
display/100mH2 counter £437.00 ;g%gggm g:iggg Plus large range of BNC/PL259/
~ A range of Signal Generators to TG200DMP £155.25 & "’adf/p“’.s“dap'°’5/
‘m cover Audio, RF and Pulsing. . ey e TacK 4
Mains operated (TG series Bat- TV GENERATORS - R oery R bt
¢ o LCG-393V PAL B VHF 6 patts. £137.00 He I, S0 oo U B
ery). LCG-782U 40mHZ ac match £16.60
LEADER @ TRIO @ NEWTRONICS @ LEVELL PAL B UHF 15 patts. £217.00 | KOMECridDip 1Va-250mHZ
A range of LED and LCD Bonch sad Hand DMM's battery opersiad with
METERS il ey oo R it LOGIC PROBES/MONITORS

= HAND HELD wx post etc. spi BENCH PORTABLES wx ci c1o0
TM352 3'; Digit LCD plus 10 DM235 3% Digit LED 21 Logic. probes -
ADC and Hfe checker £54.95 ranges, 05% AC/DC 2A £56.50 i dicating high/low
PDM35 34 Digit 16 range LED DM350 3'2 Digit LED 34 ranges l etc slates that
(no AC current) £3295 AC/DC 10A scopes can miss.
MES02 3% Digit LED plus 10A TM353 3% Digit LCD AC/DC 2 it | M ;';“'I'I "
DC and Hfe checker £4395 amp | UCH Gl
LM2001 3%; Digit LCD 2 amp TM351 3% Digit LCD AC/DC 10 [
AC/DC 0:1% £51.70  amp £107.95
6200 3% Digit LCD 0.2A AC/DC, LM100 3'%% Digit LCD AC/DC 2
Auto range £39.95 amp I LP3 50MH: logit probe (§V]]
6220 As 6200 plus 10A AC/DC  £49.95° DMA450 4'; Digit LED 34 ranges ' £55.95
100 As 8200 plus Cont . AG/OC10amp £107.95 | P IMEIRERI e i sack rang of Prae
test/range ho .95 (DM series options. Carry case y i
6110 As 6100 plus 10A AC/DC £7495. £8.50, Ni-cads £7.95. Mains Bl iy

CLAMP METERS/
INSULATION TEST

[AH muttirange except K2303)

FREQUENCY COUNTERS

Portable and Bench LCD and LED Counters up to
600mH2. Prices include batteries and leads.

I(

MAX550 30KHZ to 550mHZ & Digit LED £106.00 OHM

———
284158 49 I Ol
1

BENCH PORTABLES wx ce c1on

E" » 2 p
CSC @ SINCLAIR @ OPTOELEC TRONICS @ NEWTRONICS

3101 300 AMPS 600 VAC 1K
K2803 300 AMPS 600 VAC 2K
K2903 900 AMPS 750 VAC 2K
OHM £77.

3 MAX100 8 Digit LED 5HZ to 100mHZ  £89.00 MIn0a e ensistols
! TF200 8 Digit LCD 10HZ to 200mHz  £158.95 | hoplantinuity tester, 109 MEG
i ' ’ 7010A 9 Digit LED 10HZ to 600mHZ £184.00 M500 Insulation tester 100 MEG.

500 VOLT, 0/200 OHMS continuity

Also digital and DC types in stock

ERS

€32.95

‘PRO’ MULTIMETERS

=

£53.95

77.95
insula-

£95.00 UK e/

K1400 20K /Volt 23 range large scale
M 1500 20K/ Vot 42 range plus AC/DC

£67.50

Stockists of electronic equipment, speakers/kits, PA equipment plus huge

range of accessoties ® UK carriage/packing as indicated @ Export — prices on request

@ All prices correctat 1.10.80 E & OE @ All prices include VAT.

AUDIO ELECTRONIC

Cubegate
Limited

WW — 013 FOR FURTHER DETAILS

OPEN SIX DAYS
A WEEK

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564

Sch

UKc/p £1.50

K200 38 range FET 10m OHM input 20Hz to 30MH2z

— multimeter £95.00
HAND HELD K post o ik TM11 120 range multimeter 3Hz to 200KHz £172,50

PFM200 20HZ to 200mHZ 8 Digit LED £54.50 = TM3A Multirange AC micro voltmeter £149.50

MAX50 100HZ to 50mHZ 6 Digit LED £61.00 - K2303 30 AMPS 500 VAC £21.95 TM3B As TM3A larger size meter €166.75

P €1.2
M 1200 100K/Volt 30 ranges plus AC/DC 15 amp

£67.00

£79.95
10 amp
£53.50

Send large SA
E
(17%p UK}
ools, Companie
etc. free on requests.'
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“l NEVER KNEW COLOUR VIDEd

1

COULD COST SO LITTLE”

Don't be put off by what you may have heard - or imagined
- about the cost of colour video.
Talk to Bell & Howell or one of our Video Centres and
get the current facts.
The fact,for example,that a portable JVC colour camera
costs little more than an ordinary black-and-white camera.
And the further fact that by adding a JVC VHS you
have a complete colour recording system for as little as
£1,300 plus VAT. For playback,a standard TV receiver is
all you need.

At these prices every user can benefit from colour.
Training will be easier to understand; publicity more
compelling; management communications more
interesting; role-playing more effective. After all, we live in
a coloured world.

PUSH-BUTTON FEATURES

Don't think for one minute that the low price has been
achieved at the expense of useful features. Among other
things the camera has an iris control which automatically
adjusts lens aperture to match lighting conditions;a 6:1
power or manual zoom, giving close-ups as close as 50 mm;
TTL indicators which automatically show exposure level,
auto-white balance, operating mode and power level.

BETTER STILL

Or, if you feel inclined to make even fuller use of the
camera's capabilities, couple it to a JVC %-inch Uformat
recorder.

The picture will be improved. You'll have another

Let Bell & Howell show you the answer.

To Pieter Glas, Bell & Howell AV Ltd,, Freepost, Wembley, Middlesex HAO 1BR.
Please send me more information about video equipment and a list of your Video Centres.

Name
Organisation
. Address

JVC CAMERAS. JVC RECORDERS. JVC STUDIO EQUIPMENT. JVC MONITORS. ELECTROHOME MONITORS. FUJI VIDEO TAPES.

sound track to use for foreign-language commentaries or
question-and-answer training routines.

On %-inch, moreover, you'll be in the right format to
edit and duplicate - or add in library material. And still

the cost of the system needn't exceed £2,700 plus VAT,
Alternatively at very attractive rates, it can be leased.
SEE FIRST, THEN DECIDE

You can, of course, spend more. At any Bell & Howell
Video Centre you'll see more expensive cameras, video
recorders and electronic editing equipment that wouldn't
be out of place in a national netwcrk.

But do you need them?

Let the Video Centre,or Bell & Howell, help you decide.

Whatever your decision, two things are certain.

One, colour video now costs a lot less than it used to
(as well as being highly dependable and very easy to use).

Two, every unit in the system you choose qualifies for
the Supershield warranty unique to Bell & Howell.

Under Supershield, all adjustments, repairs and
replacements (except for tubes and tapes) are free for
two years after purchase. And if a job can't be done on
the spot we also provide free transport anywhere in
mainland Great Britain to and from a fully equipped
Supershield video workshop.

Convert to (or start with) colour. With JVC video
equipment. And the Bell & Howell Supershield guarantee.

BELLs HOWELL

BELLs HOWELL

BELLs HOWELL

WW6/11
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get your hands on|
a signal success.

320 pages worth of the latest & best
in signal processing components.

Write to Pascall for this new M80 catalogue which covers the
complete Merrimac range of signal processing components'and )
integrated networks from DC to 4GHz. It also provides reliability data in
the form of MTBF caiculations for each product area.

Merrimac is one of the World’s most technically advanced
companies specialising in fow frequency lumped element components
and integrated networks; microwave stripline components,
subsystems, high power ferite isolators and circulators.

So write to Pascall today for your copy of the M80 on your

company’s notepaper (or phone . lMerrich

if you prefer) indicating
your area of inferest - we N ot lone.
guarantee you'll find it one of the best. . in signal processing

Def Stan 05-31/BS9000/ CECC approved

WIRELESS WORLD NOVEMBER 1980

You could do
with a Helper

on your
test bench.

Helper low cost instruments are
specially designed for ‘fiddle-free’,
instant bench testing or mobile
servicing of two-way radio
equipment.

They’ll make life easier for the
busy technician whilst giving
extremely reliable, lasting service.

The Autopeak Modulation Monitor..

For reading peak modulation
and modulation density on any FM
receiver whose 2nd |.F. is 400, 450
or 455KHz. Other frequencies may
be accommodated on special
order.

€280

Jexc. VAT&P & P

The Sinadder3...

Ideal for bench or mobile
service van use, with 3 functions
in one. Automatic SINAD meter
with audio monitoring plus a
1000Hz tone generator. Sensitive
AC voltmeter, IMQ input
impedance, with audio monitor
for tracking down distortion and
locating defective stages.

These are just two of
our Helper range.

Write now for a
product guide
and free copy
of the mobile
radio desk
reference.

HELPER

Pascall Electronics Limited
Hawke House, Green Street,
Sunbury-on-Thames,

Middlesex TW16 6RA
Telephone: (09327) 87418 Telex: 8814536

WW — 034 FOR FURTHER DETAILS

L § | vons INsTRUMENTS

Lyons Instruments Limited, Hoddesdon, Herts, EN11 9DX, England
Telephone 67161 Telex 22724 A Claude Lyons Company

WW — 043 FOR FURTHER DETAILS
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I_\__:r BILEY| 169 MULT METER

200y 2m 20m 200m 2000m
@ 200 2k 20k 200k 2000k 20M

D P
St T s e TLC s e N
Keithley D.M.M. Test Equipment: Choice. The Keithley range spans Pocket,
Quality. With machines like the 169 shown 32, 42, 5'2 digit D.M.M.’s; many with |. E.E.E.
above. 3% digits; .25% accuracy. A no- options. So we can be sure of having exactly
nonsense five function D.M.M. at a the right product for your own requirements.
no-nonsense price. Built to a standard that very few people can
equal.
- /‘ | y o
/
\_/ 1Sy ____‘/ 7 : _ " il |
Cost. And at a price even fewer can match. [EETEEEEENE} iy

From £79 + V.A.T., Keithley D.M.M. test
equipment is backed by the resources of a
specialist company with a formidable
reputation. To find out more, just fill in the
coupon, and get your free literature today.

KEITHLEY

Keithley Instruments Ltd
1Boulton Road Reading Berkshire RG2 ONL
Telephone (0734) 861287

ww 019 FOR FURTTHT R DE LALLS

Good & plenty



Think of KGM

See

aisp

how big
~names pass
their w/deo

a
heagaches
tous!

your monitor
production line...

WIRELESS WORLD NOVEMBER 1980

Use CRT displays in your systems or equipment? Then
it's well worth getting to know the KGM resources. We

) 4
m
WW — 021 FOR FURTHER DETAILS

can take both design and production problems onto our
own experienced shoulders. Far better than struggling
with complex video concepts yourself '

For a quick scan of KGM capability, look through our
new colour folder — featuring some of the units we have
produced for major customers. Some are based

on our standard monitor range — but even these come
with a choice of thick film modules or discrete com-
ponents, for maximum ‘tailor-made’ flexibility. And
today our technology extends to complete keyboard and
micro-processor units, If you're ready to talk monitors
now, ring our Sales Applications Engineer. Or start with
one of those folders.
KGM Electronics Limited
Clock Tower Road, Isleworth, Middlesex TW7 6DU.

Tel: 01-568 0151. Telex: 934 120

ELECTRONICS

LIMITED

PRODUCTION

TESTING POWER UNITS

Now available with
3 OUTPUTS

-

Type 250VRU/30/25

DEVELOPMENT

SERVICING.

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

ALL
Continuously
Variable

Volnadio

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

WW — 039 FOR FURTHER DETAILS

TRANSDUCER and RECORDER

AMPLIFIERS and SYSTEMS

=

i standard 19" crates

~ Electronic

49/51 Fylde Road Preston

PR1 2XQ

Celephone 0772 57560

R

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in

small size—low
weight—realistic
prices.

Fylde

Laboratories
Limited.

_/

—

WW — 046 FOR FURTHER DETAILS



WIRELESS WORLD NOVEMBER 1980

CAMBRIDGE LEARNING

SELF-INSTRUCTION COURSES

It’s faster and more thorough than classroom learning: you pace yourself and answer questions on each new aspect as
yougo. This gives rare satisfaction— you know that you are really learning and without mindless drudgery. With a good

self-instruction course you become your own best teacher.

Understand Duputal Electronics

In the years ahead digital electronics will play an mcreasmg part in
your life. Calculators and digital watches mushroomed in the 1970's
-soon we will have digital car instrumentation, cash cards, TV
messages from friends and electronic mait.

After completing these books you will have broadened your career
prospects and increased your knowledge of the fast-changing worid
around you.

DIGITAL COMPUTER LOGIC AND
ELECTRONICS £7.00 :

This course is designed as an
introduction to digital electronics and
is written at a pace that suits the raw
beginner. No mathematical
knowledge is assumed other than the
use of simple arithmetic and decimals
and no electronic knowledge is
expected at all. The course moves
painstakingly through aill the basic
concepts of digital electronics in a
simple and concise fashion: questions
and answers on every page make sure
that the points are understood.

‘Everyone can learn from it - students, engineers,

housewives, scientists. Its four A4 volumes consist of:

Book 1 Binary, octal and decimal number systems; conversion between number systems;
.conversion of fractions; octal-decimal conversion tables.

Book 2 AND, OR gates; inverters; NOR and NAND gates; truth tables; introduction to
Boolean algebra.

Book 3 Positive ECL; De Morgans Laws; designing togic circuits using NOR gates; dual-input
gates.

Book 4 Introduction to pulse driven circuits; R-S and J-K flip flops; binary counters; shift
registers; half-adders.

DESIGN OF DIGITAL SYSTEMS £12.50

This course takes the reader to real
proficiency. Written in a similar
question and answer. style to Digital
Computer Logic and Electronics, this
course moves at a much faster pace
and goes into the subject in greater
depth. Ideally suited for scientists or
engineers wanting to know more
about digital electronics, its six A4
volumes lead step by step through
number systems and Boolean algebra
to memories, counters and arithmetic
circuits and finally to an
understanding of calculator and

computer design.
Book 1 Octal, hexadecimal and binary number systems; conversion between number
systems; representation of negative numbers; complementary systems; binary muttiplication
and division,

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND, NOR and exclusive-
NOR functions; multiple input gates; truth tables; De Morgans Laws; canonical forms; logic
conventions; karnaugh mapping; three state and wired logic.

Book 3 Half adders and full adders; subtractors; serial and parallel adders; processors and
arithmetic logic units (ALUs}; multiplication and division systems.

Book 4 Flip flops; shift registers; asynchronous and synchronous counters; ring, Johnson
and exclusive— OR feedback counters; random access memories (RAMs) and read only
memories (ROMs).

Book 6 Structure of calculators; keyboard encoding; decoding display data; register
systems; control unit; program ROM; address decoding; instruction sets; instruction
decoding; control programme structure.

Book 6 Central processing unit (CPU); memory organization; character representation;
program storage; address modes; input/output systems; program interrupts; interrupt
priorities; programming; assemblers; computers; executive programs; operating systems and
time sharing.

Flow Charts and Algorithms

are the essential logical procedures used in all computer programming
and mastering them is the key to success here as well as being a
priceless tool in all administrative areas -presenting safety regulations,
government legislation, office procedures etc.

THE ALGORITHM WRITER’'S GUIDE £4.00

explains how to define questions, put them in the best order and draw
the flow chart, with numerous examples.

Logic and
Electronics

hobbyists,

Dtgnal Computer lte, ey

GUARANTEE No risk to you.

If .you are not completely satisfied, your money will be refunded upon
return of the books in good condition.

CAMBRIDGE LEARNING LIMITED, UNIT 36

RIVERMILL SITE, FREEPOST, ST. IVES, HUNTINGDON,

CAMBS., PE17 4BR, ENGLAND.

TELEPHONE: ST. IVES (0480) 67446

All prices include worldwide postage {airmail is extra - please ask for
prepayment invoice).
Please allow 28 days for delivery in U.K.

LY ¥ T Y T P L Ty Y T Ty

Microcomputers are coming - ride

the wave! Learn to program.

Miflions of jobs are threatened but
millions more will be created. Learn
BASIC - the language, of the smali
computer and the most easy-to-learn
computer 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. tn 60 straightforward
lessons you will learn the five
essentials of programming: problem
definition, flowcharting, coding the
program, debugging, clear
documentation. Harder problems are
provided with a series of hints so you
never sit glassy-eyed with your mind a blank. You soon learn to tackle
really tough tasks such as programs for graphs, cost estimates,
compound interest and computer games.

COMPUTER PROGRAMMING IN BASIC
£9.00

Book1 Computers and what they do well; READ, DATA, PRINT, powers, brackets, variable
names; LET; errors; coding simple programs.

Book 2 High and low level languages; flowcharting; functions; REM and documentation;
INPUT, IF....THEN, GO TO; limitations of computers, problem definition.

Book 3 Compilers and interpreters; loops, FOR....NEXT, RESTORE; debugging; arrays:
bubble sorting; TAB.

Book 4 Advanced BASIC; subfoutines; string variables; files; complex programming:
examples; glossary.

THE BASIC HANDBOOK £11.50

This best-selling American title usefully supplements our BASIC
course with an alphabetical guide to the many variations that occur in
BASIC terminology. The dozens of BASIC ‘dialects’ in use today
mean programmers often need to translate instructions so that they
can be RUN on their system. The BASIC Handbook is clear, easy to
use and should save hours of your time and computer time. A must
for all users of BASIC throughout the world.

A.N.S. COBOL £4.40

The indispensable guide to the world’s No. 1 business language. After
25 hours with this course, one beginner took a consuiting job,
documenting oil company programs and did invaluable work from the
first day. Need we say more?

ORDER FORM

Please send me the following books:-

Digital Computer Logic & Electronics @ £7.00

Design of Digital Systems @ £12.50

Algorithm Writer's Guide @ £4.00

Computer Programming in BASIC @ £9.00

BASIC Handbook @ £11.50

ANS COBOL @ £4.40

............ Your Booklist {Free)

| enclose a cheque/PO payable to Cambndge Learning Ltd.

(*delete where applicable}

Piease charge my:

* Access/American Express/Barclaycard/Diners Club/Eurocard/Visa/
Mastercharge/Trustcard

Credit Card No..

Signature
Telephone orders from credit card holders accepted on 0480 67446
{Ansafone).

Overseas customers {incl. Eire) should send a bank draft in sterling drawn
on a London bank, or‘quote credit card number.

Name .
Address

Cambridge Learning Limited, Unit 36. Rivermill Site,
FREEPOST, St. Ives, Huntingdon, Cambs PE17 48R, England.
{Registered in England, No. 1328762)

15
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Hybrid Circuit
Module Kits
for CRT displays

L SYNCH. PROCESSOR
composite video or
separate synch.

L FIELD DEFLECTION AMPLIFIER
L VIDEO AMPLIFIER

Brimar kits save you -
* Design Time
* Component Purchasing Costs
* Component Stock Control
* Staff Training Time
* Production Costs
* Test Time
* Rejects

Write for information on the benefits
Brimar hybrid circuit modules can bring you.

Thorn Brimar Limited

Mollison Avenue, Brimsdown, Enfield, Y
Middlesex EN3 7NS f*
Telephone: 01-804 1201 )

WW — 009 FOR FURTHER DETAILS
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SPECIAL PURCHASE

[KAISE]]

OF TOP QUALITY
LCD MULTIMETERS

AC/DC
CURRENT
2

CHOOSE FROM FOUR MODELS
% 3 digit autoranging (volts/OHms)
% 200 hours battery life (2 pencells)
Y% 10 amp AC/DC (6220 & 6110)
600v AC
% 200 mA AC/DC (6200 & 6100)

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

1000v DC

RESOLUTION

100 uvDC. 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 155 x 85 x 28 mm. 250 g.

5200 £39.95 £64.95
6220 £49.95 £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

ACCURACY
6100/6110

0.5% DC Voits
1% DC Current
1.2% AC Current
0.5% Resistance

6200/6220

0.8% DC Volts

1.3% DC Current
1.4% AC Current
0.8% Resistance

6100
6110

Cubegate Limited ‘OPEN 9-6 SiX DAYS A WEEK

AUDIO ELECTRONICS

301 EDGWARE ROAD, LONDON, W2 1BN

TELEPHONE 01.724 3563 @ @

FREE

CATA Lo(rUEo/
————

Send latge SAE
17%p UK)
Schools, Companies,
etc. free on request,

(Block caps please)

l From: Mr./Mrs. / Miss . ! l
| SRR ) | L e [
| |
l Please supply Qry Model (s} R

l 1/We enclose (inc. 65p post) Chq/PO Value

|
|
|
i e, e s i e i s i i - iy )

LOr debit Barclay / Access No.

WW — 014 FOR FURTHER DETAILS
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If everything were perfect...

...a control unit would consist of
an on/off switch, a volume control
and a programme selector switch.

Unfortunately this is not the
case as any prospective high
fidelity buyer, be he neophyte
or hardened campaigner, quickly
discovers.

He is faced with a choice.

He can attempt to sift the vast
quantities of contlicting infor-
mation gathered from high fidelity
magazines, retalers and “my
friend who is an electronics
engineer and knows quite a bit
about high fidelity,’

—or he can buy a Quad 44.

In the latter case he can be
confident that whatever the pro-
gramme sources, he will be able to

match them correctly and apply
tonal correcion when necessary
to obtain optimum results.

Moreover he can be confident
that he need not change his pre-
amplifier to meet future deveﬁjop-
ments.

To learn all about the Quad
44 he only has to wrte or tele-
phone for a leaflet.

"The Acoustical Manufacturing

Co. Ltd., Huntingdon, PE18 7DB.
Tel: (0480) 52561

QUAD

for the closest approach

to the original sound g

QUAD is aregistered trade mark.

WW — 018 FOR FURTHER DETAILS
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BISIQIS\V(®) ¢

OANAVOX (GT. BRITAIN) LTD.
1 CHEYNE WALK,
NORTHAMPTON NN15PT

TEL. NORTHAMPTON (0604) 36351

Of reseaI'Ch..- ”on components and accessories for dictating

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

18

!¢?€i
¥ ¢

\

[ ,

STETQEeL P
JUNIOR 60
HEADSET

STANDARD &

SUB-MINOR PLASTIC
EARP'HOSES EARHANGERS

2,5mm and 3,5mm
JACK PLUGS &

NASON
DANAS@UND - CrEl SHDIO SUBMINIATURE
HEADSET et SWITCHES

WW — 045 FOR FURTHER DETAILS
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SPECIAL OFFER
/@78 TYPE | SOLDERING IRON

EXCLUSIVE OFFER TO “WIRELESS WORLD” READERS

ILLUSTRATION
FULL SIZE!

19

INC. V.A.T. P.P.

NORMAL PRICE £5.23

- z IDEALLY SUITED FORALL
ANEEENEEEEEEEE e Iy MODERNELECTRONIC
lenclose Cheque/P.O. for £ or debit my . - AND GENERAL

ACCESS/ 3
BARCLAYCARDNo. LI T TTTTTTTT 1] Bl 16-18 WATTS o PU::ISI).?SATIONS

;Il'to£%c.>:\3/8reg1:hcostof Soldering Irons . 220-240 VOLTS 4 -
' SUPPLIED WITH 3mm »

TIP. OTHER TIPS ARE
AVAILABLE AND EASILY

To: WIRELESS WORLD SOLDERING IRON OFFER REPLACED
86-88 UNION STREET,

gLFpéSLA{\T/m'LF;‘LgLSEHﬁ'THE U.K. ONLY MADE IN BRITAIN

(Excluding the Irish Republic)

r-l N 1l (0 1 1 1 1 1 1 | | | [ | |

SPECIAL OFFER

exclusive to Wireless World readers . . .
“Since it’s recent introduction the Keithley 130 has established itself as one
of the finest Handheld D.M.M.’s available.

And through Wireless World it can be yours for only £73.60 including
V.A.T. package and postage — a saving of £17.25 on the recommended
retail price.

Features include:

* Full 10 amp range * Only one calibration adjustment required per annum
* 25 ranges and five functions; ohms DC and AC volts and amps

* 1001V, 1A, 0.1€) Sensitivity * 20,000 hour M.T.B.F.

* One year guarantee on specification

To take advantage of this unique offer, simply fill in the coupon, and send it to
Wireless World with a cheque or Postal Order, allowing 21 days for delivery.
Note: Offer closes on December 10th. This offer applies to readers in the U K. only.

To: Wireless World Offer, Keithley Instruments Ltd, 1 Boulton Road, Reading, Berks.

Please send me a Keithley 130 at £73.60 including V.A.T., package and postage. | enclose a
cheque/postal order made payable to Keithley Instruments Ltd.

Name __ e Jolh s,

Address _ |

WW — 058 FOR FURTHER DETAILS
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ALL PRICES ARE EXCLUSIVE DF VAT

74175 ... 63p] 4022.....
REGULATORSY 2SI N ..aas 023.....
4025

74181 ...
2505 81...151p

- .. 80p
74192 ... 80p
74193 ...... 80p

74194
74LS00.
74LS01 ... 11p
74LS02 .... 12p
74LS03 ... 12p

U SP 741504 ... 12p
LM309K.... 105p 74L§10 " 19p

LM320T5..105p { 741811 .. . 20

LM320T12 105%41@2&5 ﬂzs?rm
LM320T15 105p | 741 530 ... 18p
LMB320T18 105p | 741832 ... 24p
LM323K....450p | 741542 ... 89p
LM340T5....80p | 741 851 .. . 24p
LM340T12..80p | 741555 ... 28p
LM340T15..80p | 741874 . .. 39p
LM340T18..80P | 74LS75 ... 46p

. 80p
. 11p

74LS151 ..
74LS155 .. 91p| 4162.......
74LS156 .. 89p| 4163 ...
. 17p | 2415157 _69p| 4402....
12p | 74LS165 .. 69p | 4404,
17p | 74LS168 .139p | 4412.
... 25p | 7415174 .. 99p | 4445.
... 45p (7418175 ..
... 25p | 7415190 .
... 25p |74LS192 .
... 14p 17415194 .
. 28p | 74L8195 .
14p {74LS196 ..
22p74L5197 .
. 26p [74LS257 .
. 48p |74L5260 ..
. 50p [74LS273 .
. 15p [74LS367 ..
. 15p {74LS378 .

..8p
..... 99p | 2N3866 ... 35p
..... 99p | 2N3906 ... 10p
229p | 2N4058 ... 12p
..... 16p | 2N4427 ... 60p
..... AddVAT

AA119 ... 10p [4A 400V ... 54p
BA154 . 9p |4A 600V ... 60p
BA156 . 9p | 6A 400V ... 60p

iN40Q01 ... 4p | 6A 600V ... 66p
IN4002 . 4p | 8A 400V ... 66p
IN4003 . 5p|8A 600V ... 72p
IN4005 ... .. 5p| 10A 400V 72p
IN40Q06 ... 6p | 10A 600V . 84p
IN40Q7 ... .. 6p | 15A 400V . 108p
IN4148 . . 5p | 15A 600V . 126p
1544 . 3p| withinternal

trigger chac.
4A 400V ... 66p

21L0

OPTO 4A 600V ... 75p . 80p | 4019 45p 2,%4?

6A 400V ... 75p - 60p | 4020. 89p| 5027

Leds 6A 600V ... 90p . 85p | 4021 83p{ 4116
125Red . 8p| BA 400V ... 90p 4118

125 Green 12p| BA 600V ... 95p |
125 Yellow 12p| 10A 400V . 95p BRIDGE RECTIFIERS
2Red ... 10p| 10A 600V . 100p

2 Green 10p; 15A 400V . 120p 50v 100V 200V 400V 600V

i A ooov 1360|154 34p 36p 38p 40p 54p|2708 7508
fimeg Dl e 3P| A 40p 42p 44p 48p 64p|2716  1500p
o 1600 | Presscorrect |62 48p S0p 54p 60p  74p|2732  4850p
247 1600 ot e oing [ 254 1309 140p 150p 170p 220p

750 160p! to press {already modified) m

Mk 3880 950p
Mk 3881 625p
Mk 3882 625p

RETAIL SHOP AND MAIL ORDER

WE STOCK A WIDE RANGE OF

* Semiconductors # Resistors- Capacitors # Soldering
Irons & tools # VERO products # OK Machine Tool Co. | All advertised
Products # Microcomputers & Peripherals including ','oe'"l‘r::“’:éﬁ?e'e
Nascom, PET, Sharp. 35p P & P. VAT [ despatch while
# Large range of Microcomputer books

additional | stockslast

INTERFACE COMPONENTS LIMITED,
OAKFIELD CORNER, SYCAMORE ROAD AMERSHAM ,BUCKS HP6 6SU
TELEPHONE:02403 22307. TELEX:837788

Write.telephone or call. Access or Barclaycard accepted J

WW — 016 FOR FURTHER DETAILS
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clﬁﬂg
The new name

in LinearI/Cs

Analog Systems, the fest growing linear 1/C company
of Arizona whose products are available from Pascall, offer a wide
range of mghurformuncejineauntegrm

‘Audio Amplifiers and pre-amplifiers

. MA 700 Hi Voltage Op Amp . MA 332 Audio Operational

+ 13V/uS slew rate for O/P Amplifier 0.0002 % THD,
swings fo + 40V 4nV/\/Hz input noise voltage,
2 MHz GBW product, audio + 20V/uS slew rate and 20V
S/N ratio 140 dB 0/P swing into 600 ohms

. MA 60391-80391 equivalent
to LM 391N-60/80

. MQ 328 Voltage Variable Gain
Block. 100 dB dynamic range,
2MHz B/W and 800 uS

settling time

ANMALOG
SYSTEMS

D AT m
Pascall Electronics Limited, m
Hawke House, Green Street, W0 -
e B

Sunbury-on-Thames,
Middiesex TW16 6RA
Telephone: (09327} 87418 Telex: 8814536

s Dcf Stan 05-31/BS9000/CECC approved

WW — 033 FOR FURTHER DETAILS

Send for

full product
listings of
Analog Systems
exciting
product range

SONICOR
w _ b

ULTRASONIC

;ﬂ CLEANERS

® CLEANS ELECTRONIC COMPONENTS FAST.

® P.C.Bs, WIREWOUND POTS, SWITCHES
RELAYS ETC.

® RUGGED 55KHz GENERATORS AND LEAD
ZIRCONATE TRANSDUCER.

® SOLVENT CLEANING FLUIDS AVAILABLE,

® UNIT ILLUSTRATED IS 2 LTR. CAPACITY
(APPROX.}) AND COSTS £87.

® FULL RANGE OF SIZES AVAILABLE
INCLUDING INDUSTRIAL UNITS.

DETAILS FROM:

Orme Scientificll.imited

P.O. Box 3

Stakehill Industrial Estate
Middleton,

Manchester M24 2RH
Tel: 061-643 9134/5/6
Telex: 669846

\
= |
_".J_JIIHL

WW — 053 FOR FURTHER DETAILS
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TELEVISION
SOUND
1S
GOOD!

Yes it's true — but you’ll need to listen through a Minim
Television Sound Tuner to be convinced. Music, wildlife,
even 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

Jor music centre or listen directly on headphones so as not to
disturb others.

MAIL ORDER PROTECTION

SCHEME
(Limited Liability)

It you order from mail order advertisers in this magazine, except for
classified advertisements, and pay by post in advance of delivery,
Wireless World will consider you for compensation if the advertiser
should become insolvent or bankrupt, provided

1. You have not received the goods or had your money returned;
and

2. You write to the publisher of Wireless World explaining the
position not earlier than 28 days from the day you sent your
order and not later than 2 months from that day.

Please do not wait until the last moment to inform us. When you
write, we will tell you how to make your cliam and what evidence of
payment is required.

Further information will only cost you 12p — stamp out

el m We guarantee to meet claims from readers made in accordante
poor televison sound!

with the above procedure as soon as possible after the advertiser:
has been declared bankrupt or insolvent up to a limit of £3,550 per

Name ... ... . . annum for any one advertiser so affected and up to £10,000 per
annum in respect of all insolvent advertisers. Claims may be paid
Address I T for higher amounts, or when the above procedure has not been

complied with, at the discretion of Wireless World; but we do not
guarantee to do so in view of the need to set some limit to this
commitment and to learn quickly of readers’ difficulties.

WWi11 . - . . c
. ¢ This guarantee covers only advanced payments sent in direct

response to an advertisement in this magazine (not, for example,
payments made in response to catalogues, etc., received as a result
of answering such advertisements). Personal advertisements are
excluded.

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

MINIM AUDIO

make a note of our name!

S L L O O O T O T O e
R O T L O O L L T LTt

b UK101
BaseQ vobeL s0oMST 80 COLUMN HIGH PERFORMANCE » comPUI‘“ DISC DRIVES
IMPACT PRINTER ¢ with up to 32k RAM expansion
- suitable for most Micros.
JUST LOOK AT THESE STANDARD FEATURES:-

*RS—232, 20mA, |EEE 488 and Centronics 1/0
= - *15 Baud rates to 9,600 * 100 Chrs, per second —
FREE J ¥ Bidirectional * 6 print densities 60, 72, 80, 96, Y -

INTERFACE 120 or 132 Chr/line * Self test switch * 96 Chrs. * 9 Digit extended Basic

CABLE § ASC Il Standard * Auxilliary User Defined Ch. * Plugs straight into 8k Compukit requires

WORTH ONLY set * Tractor and fast paper feed/graphics no hardware mods. (5v.5A required for 610)

£25 £359 i * 2k Buffe’r ”' Accepts 8%’ max. paper pressure 610 Expansion (8k) ONLY £159+ VAT

+V feed and 9% max. paper tractor feed. Disc Drive with DOS ONLY £285 + VAT

VERBATIM 5% DISCS £1.85 each (min. 10) + VAT  STATIC RAM 2114 1-12 £3 each + VAT 13+ £2.50 each + VAT

Ohio Superboard Il & Challenger IP ... eree ran

- the no fuss start to Micro’s.  * geady Built *8k Microsoft in ROM, 6 digit floating
COMBINES ECONOMY OF CASSETTE —— point basic plus full features. 4k RAM - expandable to 32k

WITH SPEED & RELIABILITY OF DISC

exatron Stringy Floppy

. G I SUPERBOARD Il (24x24 format) £159 + VAT
R e e d . SUPERBOARD Il (48x32 format) £199 + VAT
POWER SUPPLY 5u.3A. . . . £27 +VAT

CASE, . LR £29 + VAT,

CHALLENGER 1P (24x24 format} £219 + vaf

Stringy Floppy with 10 Wafers {Tapes) “ All50Hz CHALLENGER 1P (48x32 format) £259+ VAT
BUS EX. 2 for 1. Machine Lang. Monitor operation (Superboard is used in Challenger)

mi ht Please add V.A T.at 15%. Carriage extra, will advise at time of order. Official orders welcome.
9 g 61 NEWMARKET SQUARE, BASINGSTOKE, HAMPSHIRE. RG21 THWD

° Telephone: Basingstoke (0256) 56468 and 56417
lc'a Buy in confidence. If on receipt of your order the goods do not meet with your satisfaction, [7
return within 7 days for full refund. Credit facilities arranged.

for a Mighty good deal !!!

WW — 076 FOR FURTHER DETAILS
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Newport Range- -

Sound reinforcement and public address
amplifiers; 30, 60, 120 or 200 watts ~
with a range of 10 modeis for free

standing and rack mounting use -
engineered for reliability

EN=]P
Audix Limited, Station Road, Wenden, Saffron Walden, Essex CB11 aLG
Tel: Saffron Walden (0799) 40888; Tel >x: 817444

S

QUALITY REEL TO
REEL & CASSETTE TAPE HEADS + MECHANISMS

REMOTE OPERATION TAPE
TRANSPORT MECHANISM
FOR DIGITAL OR AUDIO.

. O THIS BRITISH MADE CASSETTE
TRANSPORT HAS GIVEN
INDUSTRY A GREAT COST
SAVINGS OVER
COMPARABLE FOREIGN
IMPORTS AND IS NOW BEING
MADE GENERALLY AVAILABLE.

FULLY REMOTE OPERATION.

WRITE NOW FOR FULL DETAILS
BASIC PRICE £86.25 INC. VAT

POPULAR UNIVERSAL CASSETTE TAPE HEADS

C42RPHO4 Stereo GLASS FERRITE R/P....£11.60
C42RPS18 Stereo TWIN GAP R+P ..............£25.21
E12-09 Mono/: erase £ 1.85
822-02 Twin Y% track R/P ... £ 5.97
C44RPHO3 Quad Y% track R/P. ... £13.17

B$2-01 Mono Playback...

812-02 Mono HecnvleIavback

824-01 Stereo Playb

B24-02 Stereo Record/Pibk.....

B24-07 Stereo R/P, {Dolby Stsm

C42RPH20 Stereo SENDUST R, L C44RP2ESO1 Quad % track ¢

C42RP1ESO1 Stereo combined R/P + Erase £26.45
R/P + Erase............£10.93  C22ES02 Twin haHf track erase ..........cooo.. £ 4.72

SEND FOR OUR FULL CATALOGUE 50p

PLEASE ENCLOSE
30p PAP WITH
ORDER

THE MONDLITH ELECTRONICB CO.LTD. . raices
5/7 CHURCH ST., CREWKERNE, SOMERSET, ENGLAND. {0460} 74321 mcwue VAT

WW — 047 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 inade to order

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1

Phone: 01/837/7937

WW — 054 FOR FURTHER DETAILS
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SINE WAVE INVERTERS

— FROM CARACAL

8 200 to 1000VA

DC input:
12,24 0r48V

AC Output:
220/240 V or
110/120 V
50/60 Hz

Caracal sine wave inverters are designed to replace older tuned-type
inverters in fixed, mot a1 manne .~ They are also used for
standby AC power for auters, comnzunications and many other
applications.

Our technical specification and competitive pricing offer without
doubt the best value or: the market.

@ Very stable output voltage (*2% ) and frequency (30.3 Hz)
under all load/battery conditions.

High efficiency throughout the load range, not just at full
load — resulting in lower battery size and cost.

Very low distortion sine wave — only 3% T.H.D.
Low idling/no-load input current.

Automatic ‘‘standby’’ operation available.
Comparatively low weight.

CARALAL

CARACAL POWER PRODUCTS LTD.
42-44 SHORTMEAD ST., BIGGLESWADE
BEDFORDSHIRE. TEL: 0767-81361.

LEADERS IN LOW-POWER
INVERTER TECHNOLOGY

DC to 150MHz 8 DIGITS, 3 CHANNELS

MEASURES — = .
FREQUENCY Ch A and Ch C —
PERIODD  ChA L N
TIME tChAtotCh 2 A& ¢
PULSE WIDTH Ch A + or — e
COUNT Ch A {may be gated £175

AVERAGES 1 to 1000 events

MORE SPEC. FOR YOUR MONEY =

TYPE 747 UNIVERSAL COUNTER TIMER

and reset by B & C)
& 3.50 carriage, ins, etc.

: . e FREQUENCY
=
I\ M PERIOD
o -
- . : @ TIVE
| AN

TYPE 745 COUNTER TIMER

DC to 32MHz 5DIGITS
MEASURES ~

o COUNT
] £116.38 6 GATE TIMES/ TIME UNITS

& £3 carriage, ins. etc. 10 1S to 1S

TYPE 746 AUTORANGING FREQUENCY METER £84.88
1Hz to 99.9KHz

TYPE 615 OFF-AIR STANDARD £97.13
10MHz, 1MHz and 1001KHz

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

Prices, which are CWO0 and ex- VAT, are correct at the time of going
to press and are subject to change withaut notice

FROM OMB ELECTRONICS
WW — 031 FOR FURTHER DETAILS

COMPUTERS AUDIO RADIO MUSIC LOGIC TESTGEAR CB GAMES KITS

26th Nov — WEDNESDAY — 10am-6pm
27th Nov — THURSDAY — 10am-8pm
28th Nov — FRIDAY — 10am-6pm

29th Nov — SATURDAY — 10am-6pm
30th Nov — SUNDAY — 10am-4pm

COMPONENTS DEMONSTRATIONS SPECIAL OFFERS MAGAZINES BOOKS

Royal Horticultural Halls Elverton Street

Westminster London SW1

November 26-30 1980

r---_-----—--

AVOID QUEUES — GET ADVANCE TICKETS

I Send to: Advance Tickets, Modmags Ltd,
I 145 Charing Cross Rd, London WC2H OEE

l Pleasesend:............... PR tickets @ £1.50
It’S a]_]_ at Breadboard ,80 : ............ tickets @ £1.00 {Student/Child/OAP)
This is the exhibition for the electronics enthusiast. From -
November 26 -30 there is only one place in the universe for the [EOns - - e | e
electronics enthusiast to be — Breadboard ‘80, at the Royal |

Horticultural Hall in London. The majority of leading companies will |
be exhibiting, including all the top monthly magazines in the field.
There will be demonstrations on most stands and many feature
special offers that are EXCLUSIVE to Breadboard! !

All aspects of this fascinating field are catered for, from CB to 1
home computing, so whether you want to buy a soldering iron or a R - ol = o S | 3
synthesiser — or just keep up to date with your hobby — don’t 1

miss Breadboard ‘80.

I lenclose P.O./Chequeforf .....................
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PREGISICN PETITE
MINIATURE DRILLS AND ACCESSORIES

HAMELI=

| OSCILLOSCOPES

TOP PERFORMANCE,
QUALITY AND VALUE

HM 307 ..... £149
Single Trace DC-10MHz
Plus Built-in Component
Tester

Dual Trace as per HM 512 plus

for all your modelling needs

A choice of three power drills
that fit snugly in the hand, so
light they enable you to carry out
the most intricate tasks —
drilling, shaping, cutting, polish-
ing etc in the minimum of time.
There are two types of drill stand,
S1 for P1 drill, S2 for all drills,
plus all the necessary acces-
sories in a remarkable range
that fills every need. Fully illus-

4
[Z trated literature is available and
will be

gladly sent upon receipt of s2

9” x 4" stamped addressed
envelope.

See them on STAND No. 87
MODEL ENGINEER EXHIBITIOM
Wembley Jan.1 to 10, 1981

Sole UK Distributors PRECISION PETITE LTD
119a HIGH ST. TEDDINGTON, MDX.Tel: 01-977 0878

Prices U.K.
Storage, Automatic Storage and .
' Variable Persistence List Ex. VAT
For HAMEG LTD.

FULL DETAILS and
DISTRIBUTOR LIST

74-78 Collingdon St.
contact:

Luton, Beds LU1 1RX
Tel: (0582) 413174

the indispensable
[ ]

0.45-2300 MHz / 0.1-10,000 watts

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

Exclusive UK representative

aspen electronics limited

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 SUR
TELEPHONE: 01-868 1188 — TELEX 8812727

WW — 050 FOR FURTHER DETAILS
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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 7443 7415112 0.38 7415169 2.00  YARICAP TRANSISTORS  capaciTORS
TBA1205 1.00 KB4413  1.95 7444N 745113 0.38 741708 2.30 TUNING DIODES All 5mm or less spacing
1200 1.95 KB4417 1.80 7445N 74LS114 0.38 7415170 2.00 BAl02 0.30
U2378 1.28 TOA4420 2.25 T446N 74118N 0.83 7415174 1.20 BAl2l 0.30
U2478 1.28 KB4420B d 74L547 741208 1.15 74175N 0.87 ITT210 0.30
U2578 1.28 KB4423 7448N 7412IN  0.42 74LS175 1.10 BB204B 0.36
u2678 1.28 KB4424 74L548 74122 0.46 74176N 0.75 BB105B 0.36
M30lH  0.67 KB4431 741549 74123 0.73 741779 0.78 BBL09 0.27
LM30IN KB4432 745IN 7415124 1.75 7418IN 1.65 MVM125 1.05
LM308H KB4433 74LS51 741258 0.38 74LS181 3.50 BB212 1.95
LM308N KB4436 T453N 74LS125 0.44 74LS183 2.10 Kv1210 2.45
LM339N KB4437 7454N 74126N 74184N 1.35 Kv1211 1.75
LM348N KB4438 741554 74LS126 74185 1.34 KV1226 1.95
LF351N KB4 441 74LS55 74128N 74L5190 0.92 KV1225 2.75
LE353N KB4445 7460N 7413 74192N 1.05 Kv1215 2.55
LM374N KB4446 741563 74LS132 74LS192 1.80 Kv1225 2.75
IM3B80N-14 KB4448 7470N 74LS136 741938 1.05
IM380N-8 NES 044N 74728 74Ls138 7415193 1.80
LM3B1IN NES53N T4IN 74141N 74194N  1.05
ZN419CE SD6000 741573 T4L4N 74196N 0.99
NE544N SL6270 T474N 741438 74LS196 1.10
NESS55N SL6310 741574 741448 74L5197 1.10
NE5S56N SL6600 7475N 7415145 74198N 1.50
NES560N SL6640 7476N 74147N 74199N 1.60
NE562N SL6690 74LS76 74148N 74LS247 0.93
NES64N 516700 74LS78 7415148 7415257 1.08
NES65N 1CL8038CC 7480N 74150N 7415260 1.53
NES66N MSL9362 748IN 7415IN 7415279 0.52
NES 70N MSL9363 7482N 74LS151 7415283 1.20
SL624 HAL1211 74858 7415 7415293 0.95
TBA651 HAL1223 74LS85 7415153 7415365 0.49
UATO9HC HA11225 741586 741548 74L5366 0.49
UA709PC HAL2002 7489N 741558 74L5367 0.43
UA710HC HAL2017 7490N 2415155 7415368 0.49
uAT10PC HAL2402 74LS90 74156N 74LS374 1.80
uAT41CH HAL2411 7491N 24157 7415377 1.95
UAT4ICN HA12412 74LS91 7415157 74LS379 1.30
uwA747QN LF13741 7492N 7415158 74LS393 1.40
:;;gm SN76660N ;:g-ggf 74159N
uA7S58 741593 ;:!.1;?;0
TBABLOAS 7494N 741618
TBAB20M T495N 74LS161
TCA940E 74L595 7415162
TDAL028 T496N 7416 3N
TDA1029 741596 7415163
TDA1054 749N 7416 4N
TDAL062 7415107 7415164
TOA1072 741098 74165N
TOR1074A 74LS109 74LS165
TDAL083 74110N 741678
TDA1090 74111N
HAL1137
HAL1196
HAL1197
TDAL220
1M1303
1M1307
MC1310pP
MC1330
MC1350
HA1370
HA1388
TDAL490
MC1496P
sLl6lop
SLl6llp
SL1612p
SL1613P
SLl620p 4072 0.20
4073 0.20
:ﬁggg 4075 0.20 MICROMARKET
SL624C 4000  0.17 4076  0.90

BC237
BC238
BC239
BC307
BC308
BC309
BC413
BC414
BC415
BC416
BC546
BC556
BCS50
BC560

BC639 0.22
PIN DIODES BC640_ 0.23

SHOTTKY DIODES 25€1775 0.18
————————— 52 25AB72A 0.14
IN6263 0-62
2SD666A 0.30
BAIB2 0.19
BA244 0.17 e (B0
25D668A 0.40

BA379 0.35
25B648A 0.40
TDA1061 0.95 250760 0.45

SIGNAL DIODES 258720 0.45

2502546 0.19
2SA1084 0.20
2502547 0.19
2SA1085 0.20
AUDIO POWER

0.08
0.08
0.08
0.08
0.08
0.08
0.10
0.11
0.07
0.08
0.12
0.12
0.12
0.12

0.13
0.20
0.13
0.20
0.14
0.20
0.14
0.20
0.14
0.24
0.18
0.26
0.28
0.38
0.17
0.24
0.17
0.24
0.15
0.24
0.20
0.24
0.17
0.30
0.51
0.24
0.30
0.30
0.16
0.24
0.29
0.24
0.27
0.27
0.27
0.44
0.35
0.32
0.17
0.24
0.25
0.24
0.40
0.33
0.24
0.17
0.24
0.74
0.70
0.99

74008
74LS00
7401N
741501
740N
741502
7403
74L503
7404N
741504
7405N
741505
7406N
7407
7408N
741508
7409N
741509
74108
74LS10
741N
741511
741N
7410
7414N
74LS15
7416N
741N
7420N
741520
7421N
741521
7423
7425N
74278
741527
7428N
—_— 741528
FREQUENCY DISPLAY 7430N
SILSNNTIHESISERYIGS

SAAL056 3.75
SAAL058  3.35
SAAI059  3.35
11C90DC  14.00
LNL232 19.00
LNL242 19.00
MSL2318  3.84
MSM5523 11.30
MSM5524 11.30
M3M5525  7.85
MSM5526  7.85
MSM5527  9.75
MSM55271 9.75
ICM7106CP 9.55
ICM7107CP 9.55
ICM7216B 19.25
ICM7217A  9.50
SP8629 3.85
SPB647 6.00
95H90PC  6.00
HD10551  2.45
HD44015  4.45
HD12009 6€.00
HD44752 8.00

CERMMIC SOv
2P2,3¥3,4P7, 618
8p2,10pP,15¢,18P. .0.04
22pP,27P,33p,47P
S6P,68P,82P,100P.0.05
150p,220pP,270P
330p,390P,470pP. . .0.055
1NO, 2N2,3N3,4N7, .0.06
10N  (0.0luF)....0.05
.0.06
100N ,220N. ... 00s s 0.09
MONOLITHIC CERAMIC
1O0N,100N. .o sevves 0.16

FEEDTHRU
INO SOLDER IN....0.09

POLYESTER (SIEMENS)
10mm LEAD SPACING
10N,22N,33N...... 0.17
47N,68N,100N. . ... 0.19
220N,470N. e vevvne 0.22
JUF eeiennnrnnnes 0.29

POLYESTER (GENERAL)
10mm LEAD SPACING
10N,15N,22N,33N. .0.06
47N,68N,100N, .... 0.08
220NN P 0.11
20mm LEAD SPACING
220N,330N,470N. ..0.18
MYLAR

Smm LEAD SPACING

1IN0, 10N,22N,33N. .0.08
100N eeeeueornsas 0.09
20mm LEAD SPACING
220N,470N

POLYSTYRENE
10p,15p,18P,22P,
27p,47pP,56P ,68P. .
100p,180P,220P,
270p,330P,390P. . .
470p,680p,820P. .
1NO,1N2,INS, IN8. .
2N2,2N7,3N3,3N9, .
4N7,5N6,6N8,10N, .

TANTALUM BEAD CAPS
16v: 0.22,0.33,
0.68,1.0..c00000 0.18
16v: 2.2,4.7,10..0.19
6v3: 22,47.

10v: 22,100.

)
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1IN4148 0.06
1N4001 0.06
1N4002 0.07
IN5402 0.15
Qa9 0.07
AA112 0.25
BRIDGES :

1a/50v  0.35
6A/200V 0.75

Ll e N R R O N L L S N Y e

COQOMIOWWNO
DU O ~J D O
- i -Sr i Rl R R 3

I
O~
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2.15
1.45
1.45
0.80
1.95
1.20
1.55
0.33
0.80

by
o
o

TOKO COILS AND FILTERS
SEE THE EXTENSIVE SECTION
IN OUR NEW PRICE LISTS AND
CATALOGUE
LF/HF FIXED INDUCTORS
—FULL £12 RANGE
7BA series luH-lmH 0.16
8RB series
100uH~-3 3mH
10RB series
33mH-120mH
10RBH series
120mH-1 . 5H

PIEZO SOUNDER
PB2720

O W~ O W
NO®NON®

0.78
1.04
1.30
1.05

0.19
BF195
BF224
BF241
BF274
BF440Q
BF441
BF362
BF395
BF479
BF6795
BFR91
BEW92
BFT95
BFY90
40238
RF POWER

1.04
2.50

0.33

74LS42
0.55

4043
4044
4046
4047
4049
4050
4051
4052
4053
4063
4066
4068
4069
4070
4071

0.85
0.80
1.30
0.99
0.52
0.55
0.65
0.65
0.65
1.09
0.56
0.25
0.20
0.20
0.20

0.44
ALUMIN ELECTROLYTICS
RADIAL (VERT, MOUNT}
(uF/voltage)
1/63,2.2/50,4.7/35
10/16,15/16,22/10
33/6.3. . 0.ceennnn 0.08
22/16,33/10,

47/10 0.09

/1 a a
10/63,22/50,33/50,
47/16,100/16. . ... 0.10
47/63,100/25,220/16
VNE6AF 0.95 7515y (58: 8600800k bo 0.12
243866 0.85 100/63,470/16,
SMALL SIGNAL  1000/10
1000/16,470/63. ..
1000/63,2200/16.
3300/25. 000t

0.95
1.00
0.65
0.35
0.85
1.75
1.75
0.65
1.95
0.75
1.25
1.48
1.48

T8series
79series
78Mseries
78Lseries
T9LOS
78MGT2C
TIMGT2C
723N
L200
TDAL412
NES553N
LM317MP
IM337MP

LED:
5MM RED 0.12
3MM RED CLEAR 0.15
3MM RED 0.15
2.5 X 5MM RED 0.17
SMM GREEN 0.15
3MM GN CLEAR 0.16
3MM GREEN 0.16
2.5 X SMM N 0.20
SMM YELLOW 0.15
3MM YELLOW CL 0.16
3MM YELLOWN 0.18
2.5 X 5SMM YE 0.20
SMM ORANGERED 0.20
S5MM ORA CL 0.29

10.7MHZ 2 POLE TYPES:
10MI5A 15KHZ BW  2.49
10.7MHZ 8 FOLE TYPES:
10M4Bl 1SkHz BW  14.50
H4402 7.5KkHZ BW 15.50
10M22D 2.4KHZ SSB 17.20
HF FIRST FILTER?
B34F8A 34.5MHz HF 32.00

CMOS 4000 SERIES (No splits available)

AM TX:-
3rd OT 30pF HC25U 1.65

SL1625P
SL1626P
SL1630P
SL1640P
SL1641P
TDA2002
TDA2020
ULN2242A
uLN22838
CA3080E
CA3089E
CA3090AQ
CA3123E
CA3130E
CA3130T
CA3140E
CA3189E
MC3357p
LM3900N
LM3909N
LM3914N
LM3915N
KB4400
KB4406
KB4412

Please send an
SAE with all
enquiries.
Access/Barclaycd
{min £5 please)
Callers welcome

4002
4008
4009
40108
4011AF
4011B
4012
4013
4015
4016
4017
4019
40208
4021
4022
4023
4024
4025
4026
4028
4029
4030
4035

0.23
0.80
0.58
0.58
0.20
0.20
0.55
0.55
0.95
0.52
0.80
0.60
0.93
0.82
0.90
0.17
0.76
0.17
1.80
0.72
1.00
0.58
1.20

4040
4042

0.83
0.85

PRICES EXCLUDE VAT - PLEASE ADD 15%¢°
CWO pleas:

Postage 35p per ord

200 NorthServi

4077
4078
4082
4093
4175
4503
4506
4510
4511
4512
4514
4518
4520
4521
4522
4529
4539
4549
4554
4560
4566
4568
4569
4572
4585

0.20
0.20
0.20
0.78
0.95
0.69
0.51
0.99
1.49
0.98
2.55
1.03
1.09
2.36
1.49
1.41
1.10
3.50
1.53
2.18
1.59
2.18
3.03
0.30
1.10

7.50 RX:=

2.30

8080A/2
8212
8214
8216
8224
8251
8255

M TX @

Fund 20pF HC25U
Pairs FM

Pairs AM

CRYSTALS
32.768 kHz 2.70
100kHZ 3.85
455kHZ 5.00
1.0Miz 3.00
3.2768MHz "2.70
4.000MHz  2.00
4.19439MHz 2.30
6.5536MHz  2.10
10.0MHz 2.50
10.6985MHz 2.50
10.7015MHz 2.50
10.245MHz  2.50
10. Mz 3.00
11.5241z 2.50
100MH2 *3.00

amhit

INTERNATIONAL

6800P
6810
6820
6850
6852

MC2708
2114
4027
2102
2112
2513
HM4716
81LS97

(*UK only)

AM/FM
3pd OT 30pF HC25U 1.65

1.85
3.25
3.10

3MM QRANGERED 0.19

2.5 X 5MM ORA 0.24

5MM INFRA RED 0.56

BPW4l IR DET 1.51

IR OPT CPLR 1.44

SMM CLIP 0.04
LcDs

3.5 digit

4 digit

5 digit

SCHOTIKY DIODE BAL

MIXERS (SBL1=MD108)

SBL1 1-500MHz 4.25
SBL1-8 .1-2000MHz 4.55
SBL1-X 10-1000MHZ 5.75
SRAL .5-500MHz 8.45
SRAL-1 .1-500MHz  9.25
SRALH .5-500MHz 13.35
SRA3 .025-200M1z 10.25

LCD Module

CM161.
Miniature clock,
12/24 hr., alarm,
day, date
backlight,

All for...,..9.95

te Road, Brentwood, Essex

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

WW—063 FOR FURTHER DETAILS

1000/100.
10000/70.cc0vtuns 3.00

AXIAL (HORIZ. MOUNT)
1/25,4.7/16,6.4/25
10/16. . unvennnans 0.08
4.7/63,22/10,22/16

1000/35,4700/16. .0.45
1000/50. . ccconene 0.58

RESISTORS
0.25W, 5% E12 CARBON
lohm-10M.ec0evnee 0.02

0.25W 1% EL2 METAL FTIM

1.lohm=1M.......0 0.05

HORIZ CARBON PRESETS
10mm TYPE

1000hms=2M5. .. e. o 0.12
HORIZ CERMET PRESETS
lk, 10K, eecacrnea 0.27

CWO PLEASE : Commercial MA terms on application.
Goods are offered subject to availability, prices subject
to change - s0 please phone and check if in doubt.

CATALOGUES

2 & 3...60p ea

{4 inc. rev. of
part 1)

ALL PARTS :
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. 1 quality”
nghdc\'(alue

Edicron Ltd, Redan House, Redan Place, London W2 4SA
Telephone:01-221 4717 Telex: 265531

TVtubeguns - Valves - Tubes . Germanium and Silicon Semi-conductors

WW—060 FOR FURTHER DETAILS

When will the
oil run out?

Practical Computing

tells you how to find out . . .

The November issue, available from leading newsagents, contains a
program based on the computer model which gave rise to the Club of
Rome’s famous “Limits to Growth" report in the early 70s. So if you
want to model the world economy on a microcomputer and find out

when the oil will run out, buy Practical Computing. b o - L o
_ \v_n f

Also in this issue:

Reviews of the 5120, IBM's bid for the microcomputer
market, and the Acorn Atom, a £150 micro with high
resolution colour graphics facilities.

And on the software side, a review of muSimp — a

package that does algebra trigonometry and calculus, and a
description of a program for controlling model trains.

jEEEEEEN B ]
To: Marketing Services Department, Room 316, l
IPC Electrical Electronic Press Ltd., Quadrant House,
The Quadrant, Sutton, Surrey SM2 5AS. Please post me I
a copy of Practical Computing every month for a year. l
| enclose cheque/p.o. for £8 (inc) payable to
. ) ; IPC Business Press Ltd. .
All this, plus a Software Buyers Guide and our regular NAME
advice columns for users of Pet, Apple and Tandy micros for N - l
[
[

only 60p.-From your newsagents or post this coupon now.

Out October 22nd.

ADDRESS. T
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Verowrap snew
msermisH AND... ITS CHEAPER

Vero Systems have developed two new British made wire
wrapping tools for the electronics industry.

The ‘Hobby’ is designed to offer the newcomer wire
wrapping at a reasonable price. Complete with wire
wrapping bit suitable for 30AWG wire and any mini-wrap
terminal. Ideal for low volume users,
The ‘Verowrap’ is fitted with a chuck which will accept any
wrapping bits and sleeves, making it adaptable for different
terminal sizes where 30AWG and 26AWG wire is in use,
Both tools incorporate
a power unwrap
facility operated
by the flick of a switch.
The high capacity nickel cadmium
batteries are charged in situ by use

of a plug-in
charger. \

VERO SYSTEMS (ELECTRONIC) LIMITED
362 Spring Rd, Sholing, Southampton, Hants. SO9 5QJ
Telephone: (0703) 440611 Telex: 477164

WW — 072 FOR FURTHER DETAILS

Kego Bse
londucts CLEAW

BY USING A

DIACROM
SPATULA

Manufactured in France
8British Patents applied for

No other cleaner has all these advantages:—
1. Only 100% pure. natural diamond grains are utilised.

-2. Blades are treated with hard chrome to relnforce the setting of the diamond grains. to
obviate loosening or breakaway during use. This process also prevents clogging of the
di ded surface by resid rasulting from use.

w

. All diamonded blades are rectified to ensure an absolutely smooth surface by eliminating
diamond grains which may rise above the surface. This eliminates all excessive
scratching during use.

4. All diamond grains are rigidly calibrated to ensure a perfectly uniform grain size of either
200. 300 or 400.

o

. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is
calculated to permit proper utilisation and yet pliant enough to avoid undue pressures on
highty delicate relays.

® Grain size 200.. thickness 55/100 mm.. both faces di For quick cleaning of industrial
relays and switching equipment, etc.
@ Grain size 300, thickness 55/100mm., both faces di ded. For smaller equlp . like

telephone relays. computer relays, etc.

® Grain size 400, thickness 25/100 mm., one face diamonded. For sensitive relays and tiny
contacts. Two close contacts facing each other can be individually cleaned, because only one
face of the spatula is abrasive.

Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD
-81 Piccadilly, London W1V OHL. Phone: 01-629 9556

As suppiied to thea M.O.D., U.K.A.E.A_, C.E.G.B. British Rail and other Public Authorities;
also major industrial and etectronlc usars throughout the United Kingdom.

WW — 067 FOR FURTHER DETAILS

MIND YOUR
OWN
BUSINESS

WE DO!
‘THAT’S WHY
WE’RE
GOOD AT IT°
SUPRESSOR
DESIGN
THAT IS
So you do what
you’re good at
And let us do what
we’re good at
SUPPRESSOR
DESIGN

CIRCUIT
PROTECTION
From our Standard
range or design to
your specification

PHONE

RICK KEENS

RYE (079 73) 3725
ROXBURGH
SUPPRESSORS
LTD.

EAGLE ROAD, RYE
E. SUSSEX

WW — 084 FOR FURTHER DETAILS
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BUILD YOUR OWN PROFESSIONAL QUALITY
DMM AS ALREADY USED BY HUNDREDS OF
LABORATORIES, RESEARCH UNITS,
UNIVERSITIES ETC. THE LASCAR RANGE OF
MULTIMETERS IS NOW ALSO AVAILABLE IN
KIT FORM,CONTAINING ALL PARTS NEEDED
TO CONSTRUCT THESE SUPERBLY STYLED
MULTIMETERS - EVEN BATTERIES AND
TEST LEADS. BOTH TYPES FEATURE FIVE
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.

ANGE

The LMM 200 has been featured as a projectinthe July 80 \

Practical Electronics. It is a compact handheld multimeter with
a 0.5% basic accuracy and 15 difterent ranges. It measures

AC/DC voltage from 0.1mV to 500V, AC/DC current from 0.1u A To: Lascar Electronics, Unit 1, Thomasin Road, Basiidon, Essex.

to 2 Amps and resistance from 0.1€2to2 M€). 200 hours battery life.
Please send me Data [[] LMM 200 Kit £39.04 [ LMM 100 Kit £69.80 ] ‘

The LMM 100 is 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 0.1uA to 2 Amps

£ |P&P| VAT | TOTAL
LMM 200 Kit (PE DMM) 3295|100 ( 509 | 39.04
LMM 100 Kit 5895(1.75 | 9.10 | 69.80

LMM 200 FULLY ASSEMBLED
(INC. LEADS) 39.70 [ 125 | 6.14 | 47.08
LMM 100 FULLY ASSEMBLED
(INC. LEADS)

77.50 [ 1.75 | 11.88 91,131

‘ Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon,
Laseot Essex. Telephone No: Basildon (0268) 727383.
e

and resistance from 0.1() to 20MQ. Battery life is over 2,000 hours. Name . - M — = 1 =
It also features a unique ‘digital hold' facility and adjustable carrying Address
handle. T b - Tel No = - o

We also offer a calibration service (£5.00 + VAT = £5.75) and a lenciose cheque/P O value

trouble-shooting and calibration service (£7.50 + VAT = £8.62).
9 = & (£ ) Orders may be ‘phoned quoting your Access or Barclaycard No.

Official orders accepted.
5 N N N N F N N N N N |
WW—061 FOR FURTHER DETAILS

Ve

INSTRUMENT CASES
AND BOXES i

Zaerix
Electronics
Limited

46 Westbourne Grove
London, W2 5SF

PROFESSIONAL
QUALITY

[ Desk consoles, instrument
cases and boxes which
feature anodised aluminium
extrusions and panels, with
integral facilities to mount
sub chassis and PCBs.

Telex: 261306
Tel. 01-727 5641

WW — 037 FOR FURTHER DETAILS
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741812
741514
741815
740820
741830
741832
741540
740842
74L547
741548
741549
741LS73
74L574
741875
740886
74L590
7418107
7415123
7418125
7415132
7415138
7418151
7418153
7415155
7415161
7415163
7415164
7415168
7418174
7418175
7418195
7418221
7418244
7415245
7415251
7415257
7518290
7415293
7415366
7415373
7418374
7415375
7418377
7415393
7415490
7415670

PRIME COMPONENTS
LOW PRICES

Al our micro chips are &t MICro prc

Don‘t be fooled by low prices. We do not offer for sale
surplus, sub-spec or re-branded devicas. All our parts are guaranteed new, first quality,
factory prime, full spec devices. It is our policy to offer you the b
nd these are featured reguiarly. Pricas are axciusive of p&p and VAT — -
rdaring Information’ bafore ordering. Officlal ordars from Schoofs,

MEMORIES

2114 300NS 275p

4116 200NS 300p
4116 150NS 395
4315 (4Kxly CMOg
RAM 450NS 998p

6514 (1k-4) CMOS
RAM 450 NS 695p

1702A asop
2708 450 NS 425p
2716 5V 450 NS 700p
2532 32K 450 NS 2995p

AY.5.1013A
AY-3-10150
IMB402 IPL

325p
298p
425p

CHARACTER
GENERATOR

29

*
*

*
t of new devices that -

Low Power Dissipation

10pW/ BIT (TYP} @ 3.0V (STANDBY)
10uW/BIT (TYP) @ 5.0V (OPERATING)
Data Retention Voltage 2V to 5.5V
Single 5V Power Supply

tor

SPECIAL OFFER! 4K CMOS RAM (1K x 4) 450 NS
ONLY £6.95! (8 for £45)
The TC 5514P from Toshiba, CMOS equivalent of the 2114!

@ 18 PIN Plasiic Package

# Full Stauc Operation

#* Three State Gutput

* tnput/Output TTL Compatibie

* Fast Access Time 450NS

Toshiba's TC5514P indusiry type 6514) 18 a full static read write memory otganised as 1024 words by 4 brts using CMOS technology.
Ultra low power dissipation means it can be used as battery-operated pouabie memory system and also as @ non-volatile memory with
battery back-up. Operates from a single 5V power supply with static opevahon hence no refresh periods and a much simplilied power
supply circuit design. Three state outputs simpltfy memory i

data

ine 18 pin plastic package 0.3 inch in width

systems needs only s‘mf.ie circuit. Toshiba's onginal C£2MOS technology also means wide opetating and noise margins. The TC6514P

voltage 1s 2V, the battery back-up

6502 795p 15 moulded in @ dual-in-|
6504 795p

6505 795p

6800 695p

6802 995p

80B0A 525p

8085A 1095p

280 795p

280A 995p

28001 125004

$8002 500‘; KIT FEATURES
w090008 19900p

VOLTAGE
REGULATORS

Two GI Sound computer ICs (AY-3-8910)

Four parallel 170 ponts on Board

Uses on Board audio Amps or your STEREO

On Board proto typing area

All sockets. parts and hardware are included

PC Board 1s soldermasked. silk screened with gold contacis
Easy, quick and fun to build, wnh tull lns"ncnons

SRR 2

780577812 55p
790577912 65p
78HO55C 575p
78HGKC 625p

COMPLETE KIT
BARE BOARD

BIPOLAR PROMS

93448 512x 8 40 WS

93453 kx4 40 NS SCL is now

170 tor
Bom BASIC and ASSEMBLY language p

system f

STEREO! S-100 SOUND COMPUTER BOARD!

Atlast, an §-100 Board that unleashes the tull power of two unbelievable General Instrument AY-3-8910 NMOS Computer sound ICs,
Allows you, under total computer control, 10 generate an infinite number of special sound effects tor games or any other program,
Sounds can be called in BASIC. ASSEMBLY LANGUAGE, etc.

9 9

AY-3-8910 chip special pnce with purchase of BARE BOARD {2 chips)
S

FTWARE
Our Sound (“

ONLY £59.96 includes 8D page data Manual
ONLY £25.00 includes 60 page data Manual

guage makes writing Sound Etfects programa a SNAPI SCL also includes routines for

£15

L
320 | 076 - 93451 1kx 8 45 NS Register-Examine-Modify, M Ine-Modify and Play y.SCLus on CP/ ble diskette or 2708/2716
uo: :?17 23 | ro-3:2613 Uc 93510 2k 28 50 NS Diskelte — £19.95, 2708 — £14.95, 2716 — £24.95. Oiskette includes the source, EPROM’ Sue ORG at EOOH.
(i p A
40p | 4081 23p
ggp‘ 4082 E3) -KEYBOARD ENCODER sE 01 sound ec's
P i 4085 86p
50p || 4086 68p 5. =
asp | s089  130p § V52376 Kit Boo Ks 21452 Learn Electronics Thru’ Trou-
FHd DrF AR ¢ L 0Py DIcK ” bleshooting 2nd Ed. £€8.25
9o: 4095 99: CONTROLLERS The SE-0™3s a complete kit thar] Please order books by reference no. 21694 LC Circuits £4.46
s5p | 4096 325 *r?mams an and title, and add 50p post & packing 21542 Logic and Memory Experiments
:g: 1038 T o mimIsDl 30 \pmivicy {,:..33;';,? t g 1| for each book ordered Using TTL Integrated CIfCu:Il’S -
100p | 2501 25$ F01791 801 0/0 laverted Bus grammable 3 21168 Active Filter Cook.book £10.95 Book 1 " A
100p ff 4502 112 agesp | sound effects 21440 Aviation Electronics 3rd Ed. €6.75 21543 Logic and Memory Exp:
140p 4503 68p || FDIT92 BO1 $/D Inverted Bus e"se.'ar:o 'd 21558 Audio IC Op Amp Appllcanons 2nd UslnngTL Integrated CvatEn’s 5—0
52 349 EE0GmE Ed. 95 8ook
288p | FOIS3 801 0/0 Tree das 2;?:"1»e;25 - 21624 The Cheap Video Cookbook £4 50 21568 Linear IC Pinciples. Experiments
R =P 1 Tastrumonts BB 1 21398 cMOS Cookbook €7.75 and Projects 2nd Ed. £7.50
75: 3a95p | SN7647 5 21539 Design of Active Filters with Ex- 21612 Oscilloscope Apphications & Experi-
250p | FOI795 8 0/0 veried Bus. | Sound Chip, periments £5.95 ments €6.75
290p c sige soiect 5995p | the b%md 21537 Design of Op Amp Circuits with 21635 99 Practical Electronics Projects
109p | FOIT9T R 0/ Tmsglsu‘ a’r?k‘;l Eo? Experiments £€5.95 2nd Ed : £3é73
g:: ssesslect %950 § N OIP 21545 The Design of Phased-Locked Loop 21599 Practical Low-Cost IC F“rolecrz3 ;0
53 switches and Circuits with Experiments £6.75 Ed. e .
30p f 42526 5322 mmﬁzo 295p || POIs to pro- 216B6 Design of VMOS Circuits with 21557 Practical RF Communications Data
60p §4527  130p § 6522 795p 9;?3‘ - cé:\e Experiments NEW! £5.95 for Engineers and Technicians
38p §4528 98p § 6532 gesp [ Yarou - 21618 Electronic Telephone Projects : -
i e 1995 (i e P oo EB 21482 Regulated Power Supplies 2nd Ed
Oscillator 21127 How to Read Schematic Diagrams . .
25p f & 12 .
Zon |43 100 gpao sk ¥CO. Noise: 3rd Ed. £4.25 21419 Security Electronics 2nd Ed. s
sep 4543  160p | es50 a25p ne Shot . 21613 How to Use Integrated Circuits : 29
78p || 4556 700 | 5352 a2sp | and Envelope Controls.” A Quad Op Amp Logic Elements 3rd Ed. €4.50 21621 Solar Heating £5.
E5 et R 395p | IC is used to implement an Adjustable §| 21527 IC Converter Cookbook  €10.50 21035 TTL Cookbook £7.25
aap P 8214 450p | pulse Generator, Level Comparator and 21695 IC OpAmCookbook 2nd Ed. 21103 Troubleshooting with the
30p 14572 46§ g316 395p ; i 3rd Ed £4.50
30p [ 4584 79 | 5224 3a6p Mgl_uplel Oscillator for even more ver- £11.25 Oscilloscope 3r 7.50
39p | 4585 125p || a728 395p | satility The 3%’ x 3" PC Board features a 21416 IC Timer Cookbook £8.50 21313 TV Typewnter Cookbook £ ‘2
3%p 8251 agsp || prototype area 1o allow for user added 21601 Instrumentation: Transducers and 21339 Video Secunty Systems £5.25
40p 8253 1125p || circuitry. Easily programmed to duplicate Appliances £8.95 21521 Video Tape Recorders £7.50
:gp T - 8255 495p Explosion, Phaser Guns, Steam Trains,
50: ;4C76 50: g;g; :g;g: or almost an infinite number of other
79p §74C85 14Sp | mclaa12vi 797p || sounds. The unit has a multiple of appli- ]
69 N 7a4c97 125p | 780 PIO 595p [l cations. The low price includes all parts, . 373-DIGIT LIQUID CRYSTAL DISPLAY
7sp § 74c98_ 125p | 780 CTC 595p | assembly manual, programming charts, @ TUNES SYNTHESISER with "Low bat’ Indi
Z5p §74C107 100p | 7804 PIO 695p | 5nd detailed 76477 chip specifications. It @ High Contrast Ratio
$3p ] J2cte0 1100 § zBOACTC 6950 I runs on a 9V battery (not included). On | The AY31350 is » MOS @icracompeter smtmi o @ Wide Viewing Angle
;g: ;:g:g; ue %ggfg‘h‘;A ;zg:" board 100MW amr; will drive a smail || icatiens leieys. menic bose 5. T asalel | @ 0.5in. Digit Height
P
90p f 74C163 Ms: 780 S10/0 2995p | speaker directly, or the unit can be con- Izz."':‘"zg':u:“:'" ot cusica e 0 o har o8 3 chimes a2 j @ t‘é;ro: Lo ‘P"'f"’"_“:“""_'_"_'f"::“:'s'
‘gg: PAC |92 T 28081070 ;:::: nected to your stereo with incredible | 7 e .
74C19. S ; ; o
99p | 7ac102 178p | 280A S0/ 3a98p | results! (Speaker natincluded.) o e S FEATL:RES LED BAR GRAPH AND
fap | 7aci95 1730 | z80SI0/2 29095 | COMPLETE KITONLY £14.99 © ioash suBchgh BRari o and s i, pome iy ANALOG METER DRIVER
:75’ 74C903  aSp || 2B0A SI0/2 3495p P&P 67p + VAT * Envelops cantrol to give mrgan or piana quality New from National LM3314 Drives 10 LED
325 + Iseaueriyi{Rpsissot directly for making bar graphs audio power
110p - plasson Eapav il ngs BIRAB TR A I meters. analog meters LED Oscillators, ete.
1100 v o T o €1060 400V 5A Sale 30p o e RO e (208) Unas can be stacked for mare LEDs. A super
1300 | Ax3e910 MC1489  80p * Tones mclude, STAR WARS, BEETHOVEN'S STH sed STH. JINGLE BELLS, Tanee | ooyeon 09ty remariable =
L 709 DME173 125p W AY-3-8910 D00OLE. STAR SPANGLEG BANNER, CLEMENTINE. G0 SAVE THE QUEEN. 0 SoLe | 75° 00 "o o6
P i 723 75160 125 WE' B MO, WESTMINSTER CHIMES. and OESCENDING OCTAVE CHIME PLUS MANY MOREF
170p § 723 4 an Matching red bar display MV57164 £2.25
1708 | 147106 ;g:g; :;gp 9 WAN detaried 1pecs an0 instraclions £ Oata 250
1400 § cL7107 &
120 | icieose 75328 325 , oet W ¢ THE NEW ULN-2232A INTEGRATED MOTION DETECTOR
e v o e i 20 S***°" The most SOPHISTICATED MOTION DETECTOR available!
260p 4 -CM7555 75365  295p * Automatic Timed Reset 100mW Acdio Output
LM301AM 75251 50p THE NEW GI 120 Hz Rejection ° Visible or Infra-red Response ONLY £7.601¢
M3T 75491 2 75p COMPUTER SOUND CHIP x '{wo S;nnd ':)mms * 14-pin Oual Indine Clear Plastic Package i
19p f V318 175 Y B * Long Range Operation
e tmMaza ‘75: Lz:':r":‘xlnslonugn::n:-tr!v?u‘sg Igscra\e::::,“:,lec,}“:lc‘; Combining 12L and Bipolar circuitry, the ULN-2232A Motion Detecior is a complex optolinesr IC which includes an
75p f§ LM339 175p for use with any 8-bit micro pvmsw'_tamam' on-chip photodiode. high-gain loganthmic and linear amps, extensive digital circuilry for sound generalion and iming,
19p | LM380 175 and high-current output dnvers Add on five small capacitors, 8 spesker and power source and you turn this
P 3 tone channels, noise generator, 3 channels of
80p trols, 16-bit period state-of-the-art device into 8 complete Motion Detector sensitive to small changes in ight fevel as a tunction of time
2?’ control, 2 parallel I}O 30/a g s plus DETAILED DEVICE DESCRIPTION AND APPLICATIONS INFORMATION INCLUDED WITH EVERY ULN-2232A.
. g ———
2 TIL209 9p much more. All in 40 pin DIP. Super easy 10
209, MUSIC FOR YOUR EARS
TiL211 13p ntertace to the S-100 or orther Busses.
24p " A
m212 15p Only €8.50 + VAT, including FREE reprint ot Buller's Eleciromc Music Maker TM Kit has 2 28 Pin Microprocessor Chlp with ROM bl
SHBI(LMIANS 2259 12 first 6 to 10 males ol 1he 25 popudar lunes list €
700 | tm13600 3255 | 220 p | BYTE 79 srtcie! Also. add £2.25 for 60-page
222 15p data manual. buttos The 3 chime saquencas are aclivated al sny
;2" xﬁggg ;8: TIL224 18p ‘Perhaps the next famous composer will not whilz two othars will piey diflerent chimes The wail has 3 5
so: RCA136 85p directs 1 50- prece orchestra but, rather, a trio of || 18 vary 1imple works with any 8 or 16 ohm speaker, er hors
78 SN76477N 175p DISPLAYS microcomputers controlling 8 bank of AY-3- switch {no! inciudad), d desired, Compiete Kit £9.95. 240 ¥ Transtor
42;' TBAStODAS 85, 00 80 8910s."" BYTE July "79. " Spangled Banner, Yankee Doodie. America America: Deutschiand Laid: Wedding March: Besthove
TLo71 55’ ) Bl)p Star Wars Thema: Clamentina. Marseillaiss: 0 Sole Mio: Sania Lucia: The End: Blue Danube: Brahsms Lullsby: wulllnllu Chime. Slmplu
G0 i ::gg(‘i? |15: Chime. Descending Dctave Chime Augusline, Jimgle Bells: God Sava Thu Quean; Colanel Bogie.
DL704  85p
DL707 . 85p NEW FROM EXAR H
MV57164 . 1
2s» | The XR2266 Decoder/Sense & Drive Chip ONLY £5.45! 1IGI0
o for toy cars that DRIVE LIKE REAL! i =
174 120p This versatile 18-pin dual in-line IC combines both the decoder and 1he sense and
0wa7a  325p drive functions to cut remote control car circuitry by at least a factor of two! Steering,
140p | MCTE 20p § ghts, indicators, speed control — all from the new XR2266 at only £5.451
195p 110 poie 175p | TL1VY 75p 5
:82: Ordening Unless ol stated, lor orders under £50 add 50p Dept. WW3, 4 Meeting Street,
TEXAS SALE p&p Add 15% VAT tototal {no VAT on books). Alt devices are brand new, factory 3 a
290p RO RILE S O R 3% prime and vulljspec and subject 10 prior sales and avadabihity. Prices subject to App|°d°'e' Nr. B'deford'_ North
e ‘g I ;gm: ::p gg pin 225 | change without nolice rén&aum telephone order using Acczis 1s £10. 1t Devon EX39 1RY. Tel: Bideford
10p pn p L1 p pin P d 1 with Al . include name. address and card no wrilten .
290p | 16pn 10 22pn  22p 40pn  28p :e:r’v:‘gm::sep?uo:‘m 6 weeks del’:ve‘:y on ;o:us o i (02372) 79507. Telex: 8953084.
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Quanturm )
Electronics

The 102, shown above, must be the most cost-effective pre-amp available. catenng for
auxihary, 2 or 3 head tape and providing a perfect match for any cartridge. moving coil or
magnetic, by using our unique low cost matching card to define the sensitivity and
cartridge loading. Prudent choice of components and elegant circuitry give outstanding
objective and subjective performance (see Popular Hi-Fi August). The module used in the
102 is available separately, as are suitable mains supplies and moving coil head
amp/modules. There are two matching stereo power amp kits which are supplied with
built and tested circuit boards. requiring only straightforward assembly and point to point
wining The new ready built ‘D’ versions leature separate d.c. supplies for each channel
and other refinements which elevate their performance into the super-fi class but which
are not incorporated in the kits, Our power amp modules and supplies below enable an
amp of high specification to be constructed. .

* Coming soon: Active Crossovers %

102 Pre-amp: Module only £63.50; built £92

45W /channel: kit, P2, £100.50; built, 202D £151
\ 110W/channel: kit, P4, £126; built, 204D £185

",

/'POWER AMP MODULES AND SUPPLIES "\

QE 1708, 1704, £31.96 :
QE 1004, £20.69 .

4 .

M2603, £50.28
M2308, £53.96

" == M504, 1508, £35.79
M854, £26

We offer a wide range of modules 10 surt virtually 8ny apphcation with an honest specification unbeatable a1
the price They are available in both the popular medium duly ‘L’ bracket format for 50 to 1 70W module
raung {150W v m.s.) and aiso in high dissipation versions using vanous heatsink combinations. Correct
chowce of models allows reliable continuous operation at up 1o 300W r.ms (M2603/MS6/3 ohms)
without premature cul oft or the need for external circuitry Matching toroidal power supphes with single
and double d ¢. secuons are available. Exemplory specification includes thd less than .01% at 1kHz:
30V/uS slew rate. noise below 1 10d8; i aganst d and high d.c. output offset;
stableto any load E

* EXGELLENT TRADE PRICES »

We also build rack mounting power amplifiers, sub-assemblies and special modules to
individual specifications. Please telephone with your enquiry.

/~  NEW DELUXE SPEAKER KITS

SYSTEM 1
£69

SYSTEM 2
£89

PRICES PER PAIR INC. BAFFLES
Have you wondered why the existing sources of speaker kits offer a bewildering choice of
systems, particularly combinations ot 200mm bass unit and tweeter? Don’t they know
which ones are best? If so. why bother with the rest! Well we have sorted out these super kits
so you can order sn confidence. knowing you get our full endorsement of their performance
and value. The kits incorporate professionally finished front baffles with the drive units
already mounted so all the fiddly work is done for you. All that is left to do is to make a simple
box. Crossover networks. foam and terminals are included. Systems 1 and 2 use a 200mm
bass and 25mm dome tweeter from Son Audax, System 2 being a reflex design that we
enthusiastically recommend. System 3 is a competitive 3-way |.B. using Seas bass and mid
with a Son Audax tweeter. cleverly incorporating a stand at the bottom of the enclosure, as
does System 4. undoubtedly the best kit on the market. using a Volt 250mm bass driver
with 3 250mm ABR on the rear baffle {also supplied). a modified Peerless mid and Son
Audax tweeter. We will also be retailing selected drive units at competitive prices, e.q. Son
. Audax 200mm bass. 20B25J4 €13.50; 25mm tweeter. HD100D25, £€9.

All our pnces include V.A.T. and delivery. Export no problém — please send for a specific
quote by return. Al equipment can be wired for 110V mains. Please send a large S.A.E. or
dollar bill for our full information and review reprints.

SWEDEN : BLN LJUD Hi-Fi, Sédra Kaserngatan 14 B, $291, 33
Kristianstad.

U.S.A.: OX DISCO, Box 123, Claymont, Delaware:19703.
\__ 8 ALBION ST., LEIGESTER e:: 545155
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Toroidal

TRANSFORMERS

We use advanced winding technology to make our toroidal tansformers. They
have only half the weight and height of their laminated equivalents and are
appreciably more efficient. Ourtoroidals cost virtually the same as their now
outdated laminated equivalents and hum is down to a negligible tenth of what it
used to be. Supplied with rigid mounting kit with centre bolt, two neoprene
and one steel washer. Available so far in a range of 37 sizes with more to come.

TYPE VA

SECONDARY SECONDARY DIA. x HT WEIGHT PRICE

RMS VOLTS  RMS CURRENT in mm

2X010 50 646 T ~ B0x35 09
X011 9+9 217 EACH
2X012 12412 2.08
X013 15415 1.66 £5.40
2X014 18+18 138 +£1.10 P&P
2X015 22422 113 +98p VAT
X016 25425 1.00
X010 80 6+6 668  90x30 [
X011 9439 4.48
X012 12412 333
3X013 15415 2.66 EACH
3X014 18+18 2.22 !
3X015 22+22; 1.81 £5.76
X016 25+25 1.60 +£1.20 P&P
3X028 10 0.72 +£1.04 VAT
3X029 220 0.36
3X030 240 0.33
axo10c 120 6+6 10.00 9040 12
axo11 949 6.66
4X012 12412 5.00
X013 15+15 4,00 EACH
ax014 18+18 3.33
X015 22+22 272 £6.72
X016 25425 2.40 +£1.30 P&P
X028 110 1.09 +E1.20 VAT
4X029 220 0.54
4X030 240 0.50
5X016 160 25+25 3.20 110240 ° 13 EACH
5X017 30+30 2.66
5X028 110 1.45 £8.88
5X029 220 0.72 +£1.40 P&P
5X030 240 0.66 +E154 VAT
6X016 300  25+25 6.00 11050 26
6X017 30+30 5.00 EACH
X018 35435 4.28
6X026 40+40 3.75 £12.27
6X025 45+45 3.33 +E150 P&P
6X028 110 12 +£2.07 VAT
6X029 220 1.36

1.25

6X030 280

'CHOICE OF 3 PRIMARY INPUTS

IL.P. Toroidal Transformers are available in choice of 110V, 220V, 240V, coded
as follows: (Secondaries can be connected in series or parallel)

For 110V Primary insert 0 in place of ''X" in type number.

For 220V Primary insert | in place of X"’ in type number.

For 240V Primary insert 2 in place of “X"' in type number.

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

*TYPES TO SPECIFICATION CAN BE SUPPLIED TO ORDER IN
QUANTITY, AGENCIES IN CERTAIN COUNTRIES AVRILABLE
ENQUIRIES INVITED

FREEPOST facility.

We pay postage on U.K. enquiries and orders. Simply address envelope to
FREEPOST TS to address below. NO STAMP REQUIRED.

Electronics Ltd or quote your ACCESS or BARCLAYCARD
A division of L.L.P. ELECTRONICS LTD

TO ORDER £nciose cheque/Postal Order/Mone Order payable to I.L.P.
account No. To pay C.O.D. add £! extra to TOTAL value of order.
FREEPOST TS GRAHAM BELL HOUSE ROPER CLOSE
CANTERBURY CT2 7EP Phone (0227) 54778 Telex 965 780

A

WW — 022 FOR FURTHER DETAILS .



THE LEADING EXHIBITION OF

COMPUTERS, PERIPHERALS
AND SYSTEMS

COMBLG
wil be i the Grand Hal 9 8 U

OLYMPIA, LONDON
November 4,5 & 6, 1980
CAN YOU AFFORD
TO MISS
BRITAIN’'S BIGGEST

COMPUTER
EXHIBITION?

TRADE ONLY — NO SCHOOL PARTIES — NO ADMITTANCE UNDER 16
ENTRANCE £2

Sponsored by ““Computer Weekly,” ““Data Processing,”” "'Practical Computing”’ and
“Systems International’’ and with the support of “’Electronics Weekly"’

all members of IPC Business Press, the worlds largest publisher of specialist and
business journals.




32

TUNE IN

to the new-loo

pw|r<z|czn
FREE|

SURVEY OF 2m
MULTI~-MODES

‘SLIM JIM®
FOR 28MHz

PW ‘HELFORD’

A new series giving full instructions on
how to construct this Amateur Bands
Transceiver.

‘SLIMJIM’ FOR 28 MIHz

By popular request, Fred Judd, designer of
the ‘Slim Jim; has produced a version for
the 10-metre amateur band.

WIRELESS WORLD NOVEMBER 1980

INSIST ON
VERSATOWER

BY PROFESSIONALS —
FOR PROFESSIONALS

The VERSATOWER range of
telescopic and tilt-over towers cover
a range of 256ft to 120ft (7.5M to
36M).

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

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

Trailer mounted or static, the VER-

v SATOWER solves those difficult

problems of antenna support, access
and ground level maintenance.

A programme of continuous product
development has led to a range of
over 50 models, all available at
highly competitive prices. This

November issue

OUTNOW 65
ractical g

ulireless

December issue out Friday November 7 4

WORKSHOP

TWEEZERS

coupled with our quality assurance
scheme ensures that we maintain
the leader position we enjoy today.

VERSATOWER

THE PROFESSIONALS’
CHOICE

STRUMVIECH

VERSAIOVVER
SYSTEMY &

PORTLAND HOUSE, COPPICE SIDE

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

WW — 038 FOR FURTHER DETAILS
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BRANDED &
INDIVIDUALLY BOXED g
* = AVAILABLE FROM:
PM COMPONENTS LTD
VALVE & COMPONENT SPECIALISTS FOR WIRELESS WORLD PROJECTS
CONINGSBY HOUSE WROTHAM ROAD, MEOPHAM U.h.{f. television tuner—Oct. 1975—1 d.s
KENT Stripline r.f. power amp—Sept. 1975—1ds. .. ... . :ggg
st sizo |smm oms | | esal oo s | vl b e o Audio compressor/limiter—Dec. 1975—1 s.s. (stereo) £4'25
2179 920.| ECcol o7 | 6Bz ss0) o6 vos | Prsoo 155 | vAIS0/% 155 | 15082 175 F.m. tuner {advanced)—April 1976 —1 s_s. £5‘00
42288 8.30 | ECCI89 090 | ELLB0  B.05) 003 155 [ PYBOO  0.69 | XEI-2500 32.00 | |5083  4.50 Cassette recorder—May 1976—1 s ) -
U 22| OO 05 (M 73 0N 1o | PROL oGS YO 290 | IS5 3388 Audio compander—July 1976 —1 $ g
Du sies| s o | Dot Teelaew  os | owors as0 [1meu 2o [a0r i Time code C'OCk—AUu YSHQ76_ 25.5. ; e
o1 e | EgR 0e D 2 o 0% | Wslo 285 | 0108 820 |ga 1508 Date, alarm, b.s.t sw?t‘(]:h—J _19;75 B, I o
me, imlow dn o amlmw 0F | wee st o i sm || 8 oo preameierNovember 1976 255 ca 50
; i e A 1000 | 21 185 | meA 285 udio preamplifier —November 1976 —2 s.s. £€8.50
OY86/87 063 | ECH8«  1.10 | EYB6/A7 064 | PCCBS  0.92 | DOVOG- 021 345 5670 450 Additional circuits—October 1977 —1 .
g BRI a3 R i | et (M S |H 18] | Secocsehoi 19770 ds s €50
| X X 1 1. ? . e RTE :
EBXCC 545 | ECLS3 130 | E7%0 110 PeFs0 0.3 4525 | /170 5726 :?; Morse keyboard and memory—January 1977—2 d.s o
::.v ;:g E% :_g ggl/oam ﬁg: 322 :1: gg:g lu]ig “ 500.00 5;27 345 {logic board 10%in. x 5in.) (keyboard and' matrix 1.3in x 10§ €14
E::F ;': E%ﬁ gg :lt:cs lg:g gzz:l’ |:;§ 3%1]22 ilg S:Z;J: 33?5’ :’g :g ::OW distortion disc amplifier (stereo)— September 19771 s son.) CZ'gg
' ) i 1 75 | 58,2 S istorti i i B j
Eg 850 | ERI 2 LG e T saﬁs?‘ l:ﬁ wg :"5: So:vt:nsstionéofn audio oscn‘llator—September 1977—1s.s. . £3.50
345 | €80 055 |GXUI 1025 PRz 076 | (Y3125 3500 | SRAWEY 215 | 5963 178 ynthesized f.m. transceiver—November 1977 —2d.s. 1 s.s. £12.00
E83 345 | S 0.5 [6XUS0 9380 PcF0s 175 | (Y4250 6O.00 | SU46  1.05 | 5965 345 Morsemaker—June 1978—1 d.s.
E:f: :‘9: g:g :;: g;g«zn ;:; gwa 0.69 'tdm 70.00 | Sl46 105 | 5093 5. Metal detector—July 1978—1 d.s ) £3.90
. S| . SElE gy e u Vzpa| 8230 ::: lz:: Be) Lo Oscilloscope waveform store—October 1978—4 d.s, ) Efgzg
mru‘ o8 | a3 075 | 61%4 200/ PCS2 078 | RG1-240A 1350 | eleeT 184 | 509 5.75 Regulator for car alternator—August 1978—1s.s N ) .
BIET SIE g e O 253l 0w | oM U 121 |d0 1o Wideband noise reducer—November 1978—1 d.s :g.gg
EINL 1495 | G183 064 | K166 USA) Mise 08 | STVZ0/80920 | eveer 120 | 067 345 Versatile noise generator—January 1979—1 s.s o £5'0
E‘gx :5’: g'ga :’; ) 460 ;nngsl? u;_;: smmmzs :g::n 1.5 gl])gg :;: 200MHz frequency meter—January 1979 —1 .d..s. £7‘08
o e - hitsol| 1Ty 1 A8 [l i Aokl e s (el ik High performance preamplifier—February 1979—1 s.s £€5.50
EISACC 340 | B3 287 (KT 400! P36 190 | TY3zs0a 3220 | 25056 v.40 | 6287 460 Distortion meter and oscillator—July 1979—2 s.s . .
S‘Ign :-: gg :a KT8s Wlan E;A :3 mm :;;: C;:l; :g 2‘;?.; ‘;«'z‘g Moving coil preamplifier—August 1979—1 s.s 'l 25'50
ey 10 :ﬁ: :: K188 (K] :‘m o r:f;: P2 :;: e 1.70 e 1.75 Multi-mode transceiver—October 1979—10d.s. . o 53333
E% gg Em fl‘: 'u‘mw |;ju ::; e mzl g:" w]u ;ig e ::: Amplification system —October 1979—3 preamp 1 poweramp . ... .. ..
: . d 1402 815 2.65 .80 | B5A2 145 | 7360 8.65 s s o .. ... . (£4.20 each) £16.00
ECG83 069 [ E9 084 | W 1025 | MSI9 300 U4 0, ‘% | 1551 8 — Apri ¥
:g::: 0.69 | EL95 0.54 | OK2 n_g ez 325 |Uves n.:: g(‘; 1;.3 7558 1;51 glo?gslr carga;:'[tasnce meterAAP”' s £7.50
o6s |FL%0 1035 |o;z  oes [mal 062 [WSB1ASS | oms  soo [T 280 o s%ecptnﬁn b '?A'" 11998&)—13(’-5- ....... £18.50
. analyser—May —3s.s. £10.50
Programmable audio attenuator—May 1980—1 s.s .
ramm [ S ... €4,
MANY OTHER TYPES AVAILABLE, INCLUDING Multi-section equalizer—June 1980—2 s.s. gﬂ-gg
SPECIAL QUALITY & VINTAGE. PLEASE PHONE OR R 0% 980 = 1,gia: fi2veorofOU . REEY
SEND LIST OF YOUR REQUIREMENTS Boards are glassfibre, rolier-tinned and drilled. Prices include
. V.A.T. and U.K. postage.
I Airmail add 20%, Euro dd 10%, In 9
EXPORT& TRADE enquiries - e B fIESUrdige ftiPey
;); rgaEcksagleG%EUBoEe\r;AT Salao® Qg Remittance with order to:
NG 2t R U Wi ue i Phonegzr;zle;;!e;;zs M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2
) WW — 078 FOR FURTHER DETAILS

WW — 032 FOR FURTHER DETAILS

|
HfglzﬁaElifyTgll:Er ?gg\ISEioLnE;I;EZ?\Ter 1 a :' q I z A] EA s I P c B
SLNUIUECE PROTOTYPES

NEW INFRA-RED FULL FEATURE
REMOTE CONTROL TELETEXT

* Pin dlode tuner * High quality components
» Glass epoxy printed circult panels #« Modern cabinets
# Full technical construction manual * All solid state ( e 5
* Hi-Bri tube # Fully isolated & protected power supply &[m[é “me HJE% mﬂ @ m
* Eleven integrated circuits * Diode split L.O.P.T. & 4 E
« Ready built and aligned IF module * Low consumption
A . " ” N . .
The ultimate in Iarge SIEHE 2" & 26 television 'recewer kI‘S.. Prototype epoxy glass printed circuit boards up to 250mm x 200mm from your camera
Deluxe full spec. Teletext, 7 channel + VCR. Also video and audio ot L E
in/out. 6 models in the 500 range. Up 10 126mm x 100mm —€18+ VAT per side etched only drilling £54 VAT
Buy as you build. All Forgestone Kits are for the constructor of Up1o 250mmx200mm —- €24 4+ VAT per side eiched only dulling €10+ VAT
today, sections of the Kit are available separately. Please send Send your order with arwork Cheque and instructons—orders receved by 10 am
stamp for further details of these quality products. guaranteed despatched list class same day etched only {next day etched and drilled) or your
money refunded subject to acceptance of artwork

Telephone or Mail Orders accepted on Access/Barclaycard

forgestone colour developments limited
Ketteringham, Wymondham, Norfolk, NR18 9RY A c n AUSTERFIELD-CLARK RESEARCH. Tel. 0484 48016
Telephone: Norwich (0603) 810453 42 Blackhouse Road, Huddersfieid HD2 1AR (625

WW — 044 FOR FURTHER DETAILS WW — 024 FOR FURTHER DETAILS -

SAFGAN presents DT-400 scries from £159 + VAT
HIGH-ouAaLITY DUAL TRACE 0SCILLOSCOPES
AT PRICES EVERYONE CAN AFFORD

Model DT-410 DUAL TRACE 5mv/div 10MHz@ £159 + VAT
Model DT-412 DUALTRACE 5mv/div  12MHz@ £172+VAT
Model DT-415 DUAL TRACE 5mv/div 15MHz @ £185+VAT

SPECIFICATION FOR ALL MODELS

#« CH1, CH2; 5mv/div — 20v/div in 12 cal 1.2-5 « TRIGGER: Level Control, = Slope, Bright Line AUTO,
steps NORMAL, TV Triggering CHI, CH2 0.5 div, EXT Trig
« BANDWIDTH: 10MHz (DT-410), 12MHz (DT-412) 100mv
15MHz (DT-415) + Z Modulation
« TIME BASE: 0.5ps/div—200ms/div in 18 cal steps # Graticule blue ruled 8 X 10 div (6.4 X 8cm?)
X5 Expansion to 100 ns/div # SIZE: H215mm W165mm D280mm Weight 4.5 kg.
X5 Multiplier to 15/div PROBE (XI—REF—X10) £11.50' + V.A.T

* XY FACILITY: Matched Inputs X = CHI, Y = CH2
Orders to: SAFGAN ELECTRONICS LTD. (Goods + 15% + £3p. & p))

56 Bishop’s Wood, St. John's, Woking, Surrey, GU21 3QB Tel: Woking 66836 or Woking 69560
Official Government and Educational Orders accepted. Distributors required — please enquire DT-400 Series

WW — 015 FOR FURTHER DETAILS
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¥ Best Value for money.
% Used by professional engineers, D.1.Y.
enthusiasts, hobbyists, service engineers.
% World-wide proven reliability.
¥ Low servicing costs.
¥ 20K /volt sensitivity and high accuracy.
¥ Large mirror scale meter.
¥ Fully protected against overload.
¥ Large range of inexpensive accessories.
¥ 12 month warranty, backed by a full after
sales service at E.B.Sole U.K.Distributors
Prices from £16.60 — £32.00+ VAT
Send for full colour leaflet and prices on
whole range including accessories.

ELECTRONIC BROKERS LTD.

61-65 King's Cross Road, London WC1X 9LN
Tel: 01-278 3461. Telex: 298694

Here's why you
should buy &=
an [CE '
instead of
Just any

mulfimeter

J [
— 092 FOR FURTHER DETAILS

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

HEWLETT-PACKARD 5300A/5302A 6 Digit 10Hz-50MHz ..
HEWLETT-PACKARD 5245L./5252A /5260A 7 Digit 10Hz-12. 5GHz.

METERS

HEWLETT-PACKARD 3400A RMS Voltmeter 10Hz-10MHz ImV-300V. ....... Y
MARCONI TF.1020A/1 Power Meter 0-50- 100W 250MHz . . cooo.... £100.00
RADIO METER BKF#6 Distortion Meter 20Hz-20KHz. ....................... £185.00

NEW EQUIPMENT FROM KEITHLEY’S
130 DIGITAL MULTIMETER 3% digits, 25 Ranges, 5 Functions 100uV: 1uA: 0.10hm sens ~ OSCILLOSCOPES ] )
100V DC: 750V AC. 20Mohms £77.00. Optional Case £7.00, TEKTRONIX 603 Storage Display Monitor DC-2MHz . el e £500.00
169 BENCH MODEL DIGITAL MULTIMETER 3% digit 25 Ranges, 5 Functions. 100uV:
1nA: 0.10hm. 1000V DC 1000V AC 2 Amps 20 Mohms £89.00, POWER SUPPLY UNITS
Cash with Order unless accredited account. KINGSHILL 18VS P.S.U. 0-18V 5A

NEW BRITISH OSCILLOSCOPES FROM SCOPEX ~ KNOSHILLS0IPSU.030VIA

456 Single Beam DC-6MHz 10mV sens £144.00  SIGNAL SOURCES

4D10B Dual Trace DC-10MHz 10mV 50V /cm X-Y 0perauon Z Modulation. Ac¢. +3%  HEWLETT-PACKARD 8011A Pulse Generator 0.1Hz-20MHz O/P 16V 50 Ohms  £400.00
¢/w 2 Probes. ... - . £210.00  HEWLETT-PACKARD 606B 50KHz-65MHz O/P 0.1uV-3V 50 Ohms. . £750.00
4D25 Dual Trace DC—25MHz 10mV : sens ...... £360.00 HEWLETT-PACKARD 8443A Tracking Generator 100KHz-110MHz 7 Dlglt Dlsplay o
. ..... £1750.00
CARRIAGE & VAT EXTRA ON ALL ITEMS MARCONI 801 D/8S i0MHz- 485MHZ Slgnal Generator . 2350 00
ANALYSERS USED EQUIPMENT MARCONI TF10% Sweep Generator Variable to 24MHz O /P 0.33V ~ £175.00
TEKTRONIX I1L5 50Hz-1MHz 10uV/cm-2V/cm | | PSP R Gy GRS £100.0
.;E;(gggsmx 1L10 1MHz-36MHz. . . £950.00  pECORDERS
CROPICO RS} 10hm: 10 Ohms: 100 Ohms: 1 Kohm: 0.02 Ohm . . From £40.00 B & K 2305 Level Recorder ¢/w 50dB Pot. .. B . ...... £500.00
ge‘r;liggro; %mxagég%o X1Kolm: X10Kohm: X100Koh ms: X1MOhm +0.1% £€50.00 MISCELLANEOUS
ACKAR A Universal Bridge £450.00
MONTFORD UCL/K25/A Test Chamber —70°C to +170°C * 0.1°C .. £1000.00
J.J. LLOYD J.70 7 decade X1: X10: X100: X1Kohm: X10Kohm: X100Kohm: XIMOhm MONTFORD UP/K82/C/Mk 11 Process Chamber with Thermal Shock --50°C to +100°C
£1200.00
 MARCONI 2701 Universal In Situ Bridge 80Hz & 1Khz 1% Ay el . £200.00 WAYNE KERR TM.60 Mk. lTesl tic 0
WAYNE KERR B.601 RF. Bridge I5KHz-5MHz 1% ......................... £125.00 AVOTT 537RTranS|stor& Dlode'l"ae"s]:eliss 4 ) ) B | .. . . B .Efllsg.%
WAYNE KERR B.641 Autobalance 4 Digit 0.1% -.... £300.00  MARCONI/SAUNDERS 6458 Signal Source 4-12GHz. Ceiiiiiiiio....... £200.00
WAYNE KERR B.224 Universal Bridge 200Hz- 50KH1 0. l% Mams/Baltery .. £400.00 SANYO VCA700 Security T.V. System. Camera Talk ... £250.00
MARTIN ASSOCIATES

34 Crown Street

Reading

Berks. RGt 2SE

Tel. Reading (0734) 51074

e

QUICK ACTING

WW — 068 FOR FURTHER DETAILS
& ANTI SURGE
CARTRIDGE FUSES

from £2.80 per 100 ‘C/iwﬂg;istors
Wirewound Power Resistors 5‘3_00' 1000 [per valug) + CLASS l C I I 45

gf:;]agglsgv{ﬂlﬂm ORS-39K  carr. and V.A.T. Following i

ANODISED INSTRUMENT CASES

values only. )
Cable Sleeves and Markers Bk o Aeiee hageter Low cost but expensive
a earance
it Bl 470E 560F 2K4 2K7 4K7 i
Cf. Resistors. “aw-2w from . . 5K6 7K5 8K2 100K 120K
C T ] | £ET 00'1003 150K 220K 300K 390K 820K Elegant cases in natural and anodised
l'lm erminals. Elma Knobs aluminium with gloss black top and bot-
ang Dials, Audible Warnlng PBRA LTD. tom panels. Slots provided for PCBs,
5tied 1r'0m £1.14 each Golden Green, Tonbridge chassis, etc. Send for our free 80-page
1ces . . Kent, TN11 OLH catalogue giving full dimensions and
Ca'amgue ava”able "0P'|8|d [073274) 345 prices
(state interests] Member cwslmale Group West Hyde Developments Ltd., Unit 9 Park St. Ind. Est., Aylesbury,

Bucks. HP20 1ET. Phone: Aylesbury (0296) 2044 1. Telex: 83570.

WW — 027 FOR FURTHER DETAILS
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Guideto
Broadcasting
Stations

18th Edition

Around the world some thousands of radio
stations are sending signals. if you're
receiving, this standard guide will tell you
who's where. It lists stations broadcasting in
the long, medium, short wave and vhf bands,
dealing with them by frequency, geographical
location and alphabetical order. Sections are
helpfully cross referenced. The Wireless
World Guide to Broadcasting Stations is the
eighteenth edition of a publication which has
sold over 270,000 copies. in addition to the
stations data, it inciudes much useful
information on radio receivers, aerials,
propagation, signal identifications and
reception reports.

£3.25 inc. postage.

TJo: General Sales Dept., Room CP34

Dorset House, Stamford Street, London SE19LU

Please send me copy/ies of the Wireless World Guide
to Broadcasting Stations (18th edition) @ £3.25 a copy inclusive, (U.K.),
$8 overseas, remittance enclosed. Cheque/P.O. payable to

IPC Business Press Ltd.

Name. _
({please print)
Address___ N

\[ |

h—————————"———_

|

Registered in England No. 677128

Reglstered Office: Dorset House, Stamford Street, London SE1 SLU Wi
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fact: Nk
five New Shure Cartridges
feature unique, state-of-the-art
technology ~— N\

g Shure writes a new chapter in the history of affordable hi-fi b
the M97 El'a IV Sel'leS making the latest cartridge technological breakthroughs avaﬁ-
° k rt ® d able in acon;l]plﬁzg _/;'rée ofl\r}igsh-perfgrn;ance,moderately priced
cartridges; the ra eries Pickup Cartridges, avaitable

plc up ca rl ges with fivge different interchangeable styluspconﬁgu?ations to fit

Tip every system and every budget.
: The M97 Series incorporates such vanguard features as
SMU.S : Tracking el the Dynamic Stabifizer—which simultaneously overcomes
Model Configuration Force Applications record-warp caused problems, provides electrostatic neutral-
Nude 34 to 1% ization of the record surface, and effectively removes dust and
M9O7HE Hyperelliptical  grams R e Iing frgm thel recolrd—anga uniquetlelescoped stylus assembly
ighest fidelity which results in lower effective stylus mass and dramatically
Nude Biradial 3 to 1% whgere light improved trackability.
M97ED (Elliptical) e R el e Each of these features...and more...has been Incorporated
9 Sro ess%ntial in the five cartri?fges |r|;1 ttlie M97 Series—there is even an M97
. 3 to 12 0 cartridge that offers the low distortion Hyperellipticat stylus!
M97GD Nude Spherical grams What's more, every M97 cartridge features a unique lateral
— deflection assembly, called the SIDE-GUARD, which responds
%Z MO97EJ Biradial 12103 Where slightly to side thrusts or; trq stylu:‘s by vlvithdrawing the entire stylus
Elliptical rams i i shank and tip safely into the stylus housing before it can bend!
(Ellip ) 9 If’1eaV|er tracking The performance of the cartridges is highly faithful to the
M978 Spherical 1%2t0 3 orces %’e recorded music. Hear it you must!
required. ; ;
— grams 9 ‘,ﬁ( These two M97 Series Cartridges were
78 rpm Stylus  Biradial 1%2t03  For 78 rpm selected for review by Hi-Fi Choice

forallM97's  (Elliptical) grams records. and given “Best Buy” ratings.

I lSsHURE §

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

WW — 066 FOR FURTHER DETAILS
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wireless
world

Microchips and megadeaths

“Then I was shocked by the feeling that the
skin of my face had come off. Then, the hands
and arms, too. Starting from the elbow to the
fingertips, all the skin of my right hand came
off and hung down grotesquely. The skin of my
left hand, all five fingers, all came off. . . .
Hundreds of people were squirming in the
stream. I couldn’t tell if they were men or
women. They all looked alike. Their faces were
swollen and grey, their hair standing up.
Holding their hands high, groaning, people
were rushing to the river. . . . Under the bridge
were floating, like dead dogs or cats, many
corpses, barely covered by tattered clothes. In
the shallow water near the bank, a woman was
lying face upward, her breasts were torn away
and blood spurting. . . . By my side many junior
high school students were squirming in agony.
They were crying insanely ‘Mother! Mother!’
They were so severely burned and bloodstained
that one could scarcely dare to look at them. I
could do nothing for them but watch them die
one by one, seeking their mothers in vain.”
(Eyewitness account, Hiroshima, 6 August
1945.)

Engineers played their part in the
making of these events. Thirty-five years

‘later their role has become central, for the

technology of delivering death has been
greatly improved. We no longer have to
rely on manned aircraft to drop atomic
bombs but send them as the warheads
of self-guided missiles. This is where
electronic engineering makes its particular
contribution to slaughter, in the design of
the guidance system. Consider, for
example, the Trident and the Tomahawk,
the two nuclear missiles which the UK
Government, without benefit of open
Parliamentary debate, has swungon a
reluctant nation. Both of these have
guidance systems which rely on advanced
digital microelectronics to update an
inertial navigator. In the Trident, a

submarine-launched ballistic missile
intended as Britain’s independent nuclear
weapon, the electronic system receives
reference information from the optical
pattern of the stars. The Tomahawk, part
of a NATO arsenal that will be owned and
operated by US military forces, is a cruise
missile; here the electronic system receives
reference information on the geographic
contours of the desired route from a
magnetic-core memory and information on
the actual contours over which it is travell-
ing from a radar altimeter. And such is
technical progress that as we get more and
more devices on a single silicon chip so we
are able to kill more and more people with
a single missile.

Through work on such weapons
electronics engineers in the East and the
West have put themselves in the service of
politicians, generals and industrialists who
have become monomaniacs; who seem to
see no way out of the self-perpetuating
system of threat and counter-threat into
which they have locked themselves and,
like drug-addicts, desperately go on with
it. The only thing likely to drag them out
of their dementia is a threat from another
direction — a concerted threat of rebellion
from the trapped populations. It becomes
increasingly clear, as our distinguished
American contemporary Science has said,
“that deterrence cannot ultimately be
stable, and that the civilian populations of
the world are no longer defended by the
armed forces for which their taxes pay, but
are merely hostages to them.”

None of us can be proud to serve a
technology which is being used in the
name of “defence” as a means to attain
immense human suffering. Because we
know what this technology can do we
should be among the leaders of dissent.
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Simple pick-up arm design

Separating vertical and horizontal pivots allows use of longer arm

By David Read, B.Sc. Hons (Elec. Eng.)

Costing between £5 and £10 to
make, this arm gives improved
tracking performance compared
with conventional arms. Increased
effective arm length is achieved
by positioning the horizontal pivot
at the extremity of the arm.
Separation of the pivots also
makes for easier construction.

Few people can afford ejther the money or
the room for a hi-fi system which is tailor-
made by experts with nothing but the ex-
cellence of performance in mind. The li-
mits of cost and space, therefore, largely
determine the type of equipment to be
found in an installation. But even within
these limits, it is no more than economic
sense to arrange that the assembly contains
units each with much the same standard of
performance; it is also good engineering
practice. ’

Home construction, properly carried
out, obviously offers the best chance of
achieving the highest standard of perform-
ance for a given outlay. Electronic equip-
ment is well suited to this approach, espe-
cially using today’s highly-developed solid-
state technology. But the mechanical parts
of a system are rarely given the do-it-your-
self treatment. The average resources — in
engineering know-how and availability of
precision tools — are generally thought to
be inadequate for this sort of work. I be-
lieve otherwise: given a suitable design,

any limitations in skill and machinery can
be overcome without much difficulty.

One of the items of hi-fi equipment
which particularly lends itself to amateur
construction is the pick-up arm. Provided
that the design is right, only a normal
complement of tools handled with average
care is needed to produce a mechanism
which will match the performance of a top-
quality, high-compliance cartridge costing
up to ten times as much in outlay.

The pick-up arm to be described is de-
signed with the above thoughts in mind; it
would cost between £5 and £10 to make. It
mainly differs from commercial arms of
conventional design in.that the vertical and
horizontal pivots are not positioned at the
same point along the arm. As the photo-
graphs show, the pivot which allows move-
ment in the vertical plane is mounted for-
ward of the one giving horizontal
movement. In this way, the horizontal pi-
vot can be placed at the maximum distance
from the turntable centre for a given plinth
size because it is not then necessary to
allow for traverse of the counterbalance
weight behind what is normally the com-
mon pivot point. Thus there is room for a

Simple construction of pick-up arm
separates vertical and horizontal
pivots to allow increased tracking
radius. Vertical pivot is situated
halfway along arm.

longer arm, giving improved tracking, and
the staggering of the pivots means that,
being separate, they are of simpler form
and therefore easier to make.

The description deals first with the fun-
damentals of pick-up arm operation, show-
ing what the requirements are and the
ways in which these requirements may be
met. The degree of development which
could be applied to the basic concept de-
pends on the personal taste, enthusiasm,
ingenuity and ability of the builder and, to
some extent, on the depth of pocket. As an
example of what can be done a mk 2
model, built by the author and in regular
use, is discussed to show some of the im-
provements affecting,the appearance and
ease of operation rather than performance
which may be achieved.

Pick-up arm design is a matter of satisfy-
ing a number of conflicting needs and
avoiding a few pitfalls. There has been
much discussion, in these pages and else-
where, on the subject of arm operation. It
would not serve any useful purpose to go
over the ground again in detail, although it
is worthwhile listing the main require-
ments of a fixed-pivot arm of the type to be
described, as opposed to the expensive,
parallel-tracking mechanisms which so de-
light the servo-control enthusiasts.

The fixed pivot arm has to be designed
for compromise. Ideally, it should carry
the cartridge in such a way that this be-
haves as though it were effectively floating
in space. For this to happen, the arm
would need to be of zero mass and move
without friction. There would also need to
be a gradual change in the relative posi-
tions of arm and cartridge to match the
geometry of the modulated groove being
tracked. It is because these are not practi-
cal possibilities that compromises must be
made to compensate as far as possible for
the discrepancies between ideal and real
operation.

The main requirements are that

@ in the horizontal plane, it occupies the
correct position relative to the disc centre
@ the end carrying the cartridge moves as
freely as possible at a constant distance
above the disc surface )
@ it holds the cartridge so that the stylus
18 maintained in contact with the groove
walls and with the optimum force on both
walls .

@ it maintains the cartridge in its correct
position relative to the groove with the
minimum variation — random or periodic.
The requirement of small random change
means, mainly, that the arm should be
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tolerant of external vibration. Small
periodic change requires that the arm
should not be prone to mechanical reso-
nance at any frequency in the audio band,
and of moderate amplitude outside the
band.

Turning from the general to the particu-
lar the illustrations show that the arm is
effectively constructed in three sections

— the vertical pivot assembly, formed of

a U-frame and a shaft which supports

the horizontal-pivot carrier bar, allow-

ing this to traverse in the horizontal
plane

— the horizontal pivot assembly, incor-

porating the carrier bar and the horizon-

tal-pivot block

— the arm itself, with adjustable coun-

terbalance weight and cartridge-mount-

ing platform.

The principle component of the vertical
pivot is a silver-steel shaft of about 3mm
diameter (not a critical dimension), ta-
pered at both ends. When the shaft is
fitted, each tapered end rests in a dimple
seating to form a low-friction pivot of the
type often used to suspend the revolving
rings of a gimbal assembly (hence such
pivots are often loosely called gimbals).

The top of the shaft mates with a simple
seating formed in a brass boss and screwed
into a tapped bush in the centre of the
upper angle plate of the U-frame. The
dimple seating holding the lower end of
the shaft is drilled in a solid brass block or
platform held in position on the U-frame
base plate by screws passing through
elongated holes. When the vertical pivot
shaft is in position, the boss is screwed
down into the bush until the shaft tips are
located in the centres of the dimple seat-
ings. The shaft is thus held so that there is
no sideways movement at either end, but it
is free to rotate about its axis.

The function of the block platform is to
enable the lower dimple seating to be
moved, when the securing screws are re-
leased, a small distance either side of a
point vertically below the upper seating.
Movement is possible to the extent of the
elongated screw holes along a horizontal
line parallel with the back plate of the U-
frame. By this means, the shaft may be

tilted through a small angle so as to pro-
vide anti-skating bias.

The diagram shows that the block has a
V-groove cut into one edge immediately
opposite a raised-head screw let into the U-
frame base. The purpose of the groove and
screw is to enable easy adjustment of the
amount of bias, in a way similar to that
employed in car distributors for setting the
contact-breaker gap. The vertical offset is
achieved with the two back screws rocking
the dimpled base plates on the hardwood
motorboard.

The drawing shows a method of secur-
ing the horizontal carrier bar to the pivot
shaft. A hole drilled about 8mm from one
end of the bar through which the vertical
pivot shaft is passed provides an interfer-
ence fit. One or two tapped holes (metric
size M2.5 or 6BA) lead horizontally from
the rear end-face of the carrier bar into the
shaft hole. Slotted grub screws are fitted
into the threaded holes so that when
tightened the bar is securely fixed to the
shaft. In this way the vertical position of
the carrier above the bottom plate of the
U-frame (and hence above the turntable)
may be adjusted to set the angle between
the stylus cantilever and disc at the recom-
mended (standard) value of 15 degrees, the
cartridge then being parallel to the disc
surface.

At the other end of the carrier bar, the
horizontal-pivot block is fixed in position
by means of screws, not visible in the
photograph, leading through the bar into
tapped holes in the block. The tubular-
section arm passes through an elongated
hole in this block, being held there by a
pivot arrangement described below.

The block is shown in enlarged detail in
the drawing. Two tapped holes lead into
the pick-up arm aperture from opposite
sides of the block to form a line along a
diameter of the arm when positioned cen-
trally in the aperture. Slot-headed screws,

Second version of arm has vertical
pivot situated at %3 along arm with
the aim of reducing longitudinal arm
vibration.
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with tapered ends to form pivot points, are
threaded into these holes, one from each
vertical side face of the pivot block.

A brass collar, of about Smm thickness
by 15mm o.d., is fitted to the pick-up arm
tube at the point where it passes through
the pivot-block aperture, being fixed in
position roughly two-thirds of the length
of the arm from the end carrying the car-
tridge by a grub screw threaded through it
and bearing onto the tube. This collar has
two dimple seatings located centrally on
the outside face at opposite ends of a diam-
eter, and clear of the securing-screw hole.
When the arm, with its fitted collar, is
positioned correctly in the aperture the
two pivot screws are tightened so that their
tapered ends locate in the dimple seatings.
This assembly thus forms a second gimbal
mounting and allows the arm to move
freely in the vertical plane.

The pick-up arm is simply a maleable
aluminium-alloy tube, not hard duralumi-
nium, with one end pinched into a flat
spade shape for about 2Smm with two
slotted holes cut into it for securing the
cartridge. The slots provide for limited
adjustment of the angle between arm and
cartridge. At the other end of the arm (in
the prototype design), a lead slug is fitted
into the tube and held there by a common
paperclip. This slug forms the major part
of the weight required to counterbalance
the combined mass of that part of the arm
which is on the opposite side of the hori-
zontal pivot and the cartridge itself. A
brass collar passed over the pick-up tube at
this end as a sliding fit and held in position
by a grub screw is set to give the recom-
mended playing weight.

An alternative counterbalancing ar-
rangement is illustrated in detail 3 which
offers some advantages in ease of operation
and adjustment, but at the expense of a
slight increase in difficulty of construction.

In this modification, the counterbalance
weight is a single rectangular block of
brass measuring about 30 by 18 by 20mun.
As the drawing shows, a hole of 15Smm
diameter runs between two of the block
faces and connects at right angles to a
second, smaller hole leading from the
centre of the upper face. The lower part of
the connecting hole is tapped to take a
screw to secure the balance weight in posi-
tion on the arm. The upper part is coun-
terbored to take the screw head and allow
for screwdriver access.

On the end of the pick-up arm adjacent
to the vertical pivot, one or two layers of a
special self-adhesive flexible foam plastic
are wrapped round the tube, over a length
of about 20mm. Two thin shells of semi-
circular section — made of, say, 2mm
material — are fitted round this plastic
sleeve to provide mechanical decoupling.
The main hole drilled through the coun-
terbalance weight is of suitable diameter to
slide over the shell/sleeve assembly so that,
with the weight positioned on it, the plas-
tics material is slightly compressed. The
weight can then be moved along the sleeve
to an appropriate position to give the
recommended playing pressure for the
chosen cartridge. Having achieved this,
the counterweight securing screw is.
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tightened, care being taken that the weight
has its longer axis exactly parallel to the
vertical pivot shaft so that it does not touch
either this or the carrier bar.

The principal advantage of this alterna-
tive counterbalancing arrangement is that
the plastic sleeve mechanically separates
the arm and the weight and so adds resis-
tance to the mass and compliance of the
arm/cartridge assembly and reduces the Q
of the natural resonance of the combina-
tion. A reduction of about 5dB in the
amount of vibration at the resonance fre-
quency is aimed at. Measurements are be-
ing taken for a mk 3 arm after experiments
with different materials, including Sorbo-
thane (Permali, Plasticell division), Inseal
(Dickinson Robinson group), and Eccor-
sorb (Emmerson & Cumming). The em-
phasis is on plasticity, not elasticity, as
elastic material could aid resonances.

The arms are of very light construction,
an advantage from the point of view of
stability of the gimbal bearing and reduced
chances of damage in transit. But it does
mean the arms are only suitable for high
compliance pick-up cartridges, typically
20 %X 10~°* cm/dyne or better.

Best results are obtained if the pick-up arm
is suitably positioned in relation to the
turntable (see items 1 and 2, below), has
the cartridge properly fitted (item 3) and is
correctly adjusted in respect of two other
settings affecting the arm itself (items 4
and 5). These five parameters of operation
and the necessary adjustments for opti-
mum performance are as follows.

L. The rake angle, otherwise called the
vertical tracking angle, is the angle be-
tween the cantilever carrying the stylus tip
and the surface of the disc being replayed,
standardized at 15 degrees for most car-
tridges. It is the angle set between the
cantilever arm and the top face of the car-
tridge body. This face is held flush with
the flattened end of the pick-up arm and if
this flattened end has surfaces parallel to
“the axis of the arm, the vertical tracking
angle will be correct when the arm is set
parallel to the surface of the turntable.
Thus, the only adjustment necessary in the
arm mounting is to arrange for the appro-
priate height of the carrier bar on the verti-
cal pivot shaft.

2. Overhang is the amount by which the.

effective length of the pick-up arm —the
length from the vertical pivot to the stylus
tip — exceeds the distance from the verti-
cal pivot to the spindle of the turntable.
Overhang is measured as the horizontal
distance between the centre of the turn-
table and the stylus when the stylus,
spindle and vertical pivot are all in the
same straight line. With record and turnta-
ble placed at the front left corner of the
plinth and the arm base at the far back
right, you can then arrive at arm length
and overhang using the table.

3. Offset angle is the angle between the
axis of the pick-up arm and the longitudi-
nal axis of the cartridge which can be con-
sidered as a datum at 90° to the line of
correct normal lateral displacement of the
stylus. For a reproducing stylus to trace
the recorded groove without distortion,
the longitudinal axis of the cartridge must
be maintained at a tangent to the recorded
groove. As the pick-up arm sweeps round
a fixed pivot, i.e. does not act as a parallel-
tracking mechanism, this ideal condition
cannot be met. However, as a combined
effect of optimum setting of both offset
angle and overhang, tangential tracking
can be made to occur at two points along
the curve swept by the stylus, i.e. at two
values of groove radius. The extent of the
tracking error can thus be reduced to an
acceptable value on either side of these two
points. The optimum value of offset angle
(obtained by calculation but summarized
in the Table) is set by means of a simple
protractor which is usually drawn on a
piece of strong card and has the following
general form

Turntable centre Stylus position
1 i

g

}‘——See table
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As the figures in the Table show, the mag-
nitude of the tracking error becomes less as
the effective length of the pick-arm in-
creases. The vertical pivot in this design is
located at a distance from the turntable
which is the maximum for a given plinth
size, so the effective length of the arm is
virtually equal to its overall length.

4. Playing weight is the force exerted by
the stylus tip on the disc surface. In this
arm, the amount of force is mainly
controlled by the weight of the counter-
balance slug in the basic form or by the
position of the rectangular block in the
modified arrangement. Fine adjustment to
suit the cartridge installed is obtained by
moving the sliding collar to an appropriate
position which can easily be determined by
measuring the weight at the stylus using
one of the small calibrated balance mecha-
nisms readily available for this purpose.
The same means of setting adjustment can
be used for the modified counterbalance
system.

S. Anti-skating bias. As the stylus traces
the modulated groove it experiences a side
thrust — a component of frictional force
acting along a tangent to the curve swept
by the stylus round the vertical pivot —
which causes it to bear more heavily on one
side of the groove than on the other. This
can result in a difference in performance
between the two channels of a stereo
recording; in particular, it can cause the
onset of distortion at a lower modulation
level in one channel than in the other.

This unwanted side thrust can be coun-
teracted by an opposing rotational bias
acting at the vertical pivot of the arm. Such

a bias is easily provided here by inclining

the pivot shaft at a small angle, so slight as
to be unnoticeable. This is done by releas-
ing screws in the adjustment block and
sliding the block an appropriate distance
(to the left as viewed in the illustration, i.e.
toward the turntable). A screwdriver
blade, suitably angled between the slot in
the side of the block and the nearby screw
head makes precise adjustment easier.

continued on page 62

Table taken from Pickup-arm design techniques, by T. S. Randhawa Wireless World, March 1978.

Pivot to Optimum Optimum % 2nd harmonic Zero tracking error points Maximum tracking
stylus overhang offset distortion due in inches from record centre error
length {inches} angle to tracking error First Second (degrees)

{inches) (degrees)

7.5 0.76 27.62 0.91 2.34 4.61 2.93
8.0 0.69 25.56 0.85 2.3 4.60 2.77
8.5 0.65 24.00 0.79 2.33 458 2.58
9.0 0.62 22.70 0.74 2.32 4.62 2.33
9.5 0.58 21.33 0.70 2.30 4.60 2.23
10.0 0.55 20.19 0.66 2.34 4.56 2.15
10.5 0.52 19.24 0.61 2.33 4,59 2.00
11.0 0.50 18.38 0.58 2.33 4.61 1.87
11.5 0.48 17.59 0.56 2.33 4.62 1.76
12.0 0.45 16.67 0.54 2.31 4.58 1.75
125 0.43 16.01 0.51 2.3 4.58 1.66
13.0 0.41 15.40 0.50 2.31 4.60 1.58

Column 4 is for a recorded velocity of 10cm/s r.m.s. The last column is for an arm having the optimum offset angle and optimum

overhang.
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International radar and avionics development since 1978

Electronic systems in light aircraft and
some of the smaller business types are still
recognizably concerned with communica-
tions and navigation, with perhaps a
weather radar and landing aid in the more
opulent. The electronics are aids: without
them, the aircraft will fly perfectly well,
but may tend to fly into “stuffed clouds™
and to use more fuel than they should.

Airliners of the more statuesque variety
and even some of the smaller ones rely to a
far greater extent on electronic assistance
for automatic flight control (a.f.c.), fuel
management, automatic landing and navi-
gation. Aerodynamically exotic aero-
planes, like the Harrier and the Super
Mirage 4000, for example, simply will not
stay in the air at low speeds without
electronics, being control-configured or, to
put it another way, unstable.

Most weapon-carrying military aero-
planes are weighed down with highly com-
plicated locating, aiming, firing and avoid-
ing electronics in an obviously vain
attempt to demonstrate to a potential foe
that he stands little chance of success in
any bellicose adventure. Since, for each
bloc, this is only intermittently true, the
exercise is ultimately futile, and is of bene-
fit only in the impetus to engineering de-
velopment it provides. In the absence of
civil aviation, Farnborough would be a
depressing experience.

Automatic control

Smiths Industries have been involved in
engine controls and indicators for many
years. Recently, they received a £6 million
order from Boeing for autothrottles for the
727.and 737, to be fitted on both new and
existing aircraft. The STS 10 ensures, by

means of a digital performance-data com-
puter, that the engines are run at the most
fuel-efficient speeds to give the required
flight pattern. General Electric (US) have
their thrust-management system for the
new Boeing 757 and 767 airliners, Marconi
provide supervisory electronics for the
RB211, Delco equipment (not shown) is
being installed in Pan Am’s 747s (saving
1.5%, or 7.5 million gallons of fuel a year)
and a number of companies make com-
pletely automatic control systems for both
flying controls and thrust management.

The term ‘fly-by-wire’ has gained cur-
rency in recent years, being taken to mean
full-authority analogue or digital control of
all functions in an aircraft. One loop main-
tains stability, another responding to pi-
lot’s demands for control movements, and
enhancing control characteristics. Mar-
coni, for example, make a complete fly-by-
wire system for the Tornado and Jaguar,
where all attitude and engine controls,
flaps and slats are under the supervision of
computers.

Marconi are also in the lead with tibre-
optic data highways for avionic computers.
Multiple, redundant data channels are
used, which require the transfer of data
between channels for voting to avoid dif-
ferences between channels and to deter-
mine fault conditions. Crosslane data feeds
are vulnerable to interference, and fibre-
optic links are used to give complete isola-
tion and freedom from electromagnetic
transients.

This limited use of optical data high-
ways has been referred to as ‘fly-by-light’,
but one feels that the expression ought
really to be reserved for fully optical trans-
mission, as is now being developed by

Heading picture: AEW Nimrod, showing
nose and tail radomes which contain look-
down radar.

Wing-tip pods contain equipment for
monitoring of radio and radar emissions.

Marconi, and as is used by Bell in a Jet-
Ranger helicopter. In the Bell system,
movement of the pilot’s controls causes a
transparent encoder disc to move between
a light source and photodiodes, producing
18 Gray-coded bits of information as a
position code. The data is latched into a
parallel-to-serial data store, from which it
is read out serially into fibre-optic cables to
a receiver at the servo to be controlled.
Two monostable flip-flops are clocked and
produce wide pulses for a 1 and narrow
ones for a 0, the result being converted
back to analogue form for servo operation.

Displays

Both civil airliner pilots and close-support
fighter pilots experience moments of con-
centrated activity when their attention can-
not, with safety, be divided between the
instrument panel and the view ahead. It is
therefore standard practice now to provide
the quicker aircraft with either head-up
display (HUD) or head-down display
'(HDD). They ought, perhaps, to be called
‘head-in-one-place displays’ (HIOPD),
since the intention of these devices is to
provide the pilot with all the information
he needs to fly the aeroplane, including the
main instrument readings and the view
ahead, in one place —either at the screen
or on the panel. The technique is not new
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(WW first reported it nineteen years ago),
but it is continuously refined and varied.
In the HUD category, Marconi have
their new diffractive unit, which affords a
much wider field of view than was
previously possible. The principle of a
HUD is that a c.r.t. screen in the instru-
ment panel which displays the more vital
instrument readings is reflected from a
half-silvered mirror in the pilot’s forward
view, so that he can see both the view
forward and the instrument readings with-
out moving his head and without refocus-
ing his eyes, since the reflected image is
collimated. The angle over which the c.r.t.
display is visible is fairly narrow.

In the new HUD, convex glass compo-
nents are combined to form several reflec-
tive surfaces, made from special coatings
which reflect light only at the wavelength
of the c.r.t. phosphor. The shape of the
reflective paths and the single-wavelength
characteristic combine to provide a wide-
angle, bright display, since all light but
that from the c.r.t. display is transmitted,
this being reflected. For night use, the
cr.t. will display a television forward
view, obtained by means of an infra-red
camera, and the instrument information.
The i.r. camera is part of the American
LANTIRN programme, which is to pro-
vide Low-Altitude Navigation, Targeting
Infrared for Night in the A 10 and F-16.

A similar night-vision display, also from
Marconi, is intended for the Sea King heli-
copter. This uses an Intensified Isocon
television camera mounted on a stabilized
platform under the nose, which can also
carry a number of thermal imaging mod-
ules developed by Marconi, Rank Taylor
Hobson and EMI in the UK’s Thermal
Imaging Common Modules programme.
The extraordinary feature of the equip-
ment is that the camera follows the direc-
tion in which the pilot is looking, its
display being projected into the pilot’s
view by a HUD-type system in his helmet
‘visor. Effectively, therefore, he sees the
view he would normally see, in whatever

direction he looks, but in the dark as well.

Civil aircraft now use c.r.t. displays to
an increasing extent in place of the familiar
rows of ‘clocks’. Colour tubes increase the
amount of information possible in one
display: the Penetron, a tube which emits a
colour depending on the depth of penetra-
tion of the phosphor by the electron beam,
is used by C.S.F. and Marconi, and several
companies make special shadowmask
tubes for this application. It is not possible
to obtain a blue colour in the Penetron,
and C.S.F. are now developing high-reso-
lution shadowmask tubes with in-line guns
and slotted masks. The difficulty here is

Marconi infrared camera for night vision,
mounted under the nose of a Sea King

helicopter. Camera aligns itself with pilot’s
line of sight, and display is mounted on his
helmet.

Radar displays show the effect of Plessey’s
AMTI clutter suppression. On the left is an
unprocessed picture, with aircraft returns
lost in clutter. The processed display
shows a complete absence of static
returns, only aircraft echoes remaining.
The system is being evaluated at
Farnborough on a Plessey ACR 430 airtfield
control radar.
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that stroke-formed letters and symbols are
not easy for a conventional deflection yoke
to generate when an in-line gun is used.
C.S.F. say they can now do this.

Radar

Secondary-surveillance radar (s.s.r.) was
originally very much an afterthought, used
during the war to distinguish friends (who
had transponders on board) from foes
(who hadn’t). It is now the chief tool used
in air traffic control and is still being de-
veloped by, for example, Cossor. The
UK’s ADSEL (Address-selective) pro-
gramme has been under way since 1971, in
co-operation with the US DABS (Discrete
Approach Beacon System). Both work on a
common principle of first ‘acquiring’ all
s.s.r.-equipped aircraft and subsequently
addressing the required aircraft directly at
a lower interrogation rate. This does im-
prove the interference problem, where air-
craft respond to the wrong interrogation or
to the right interrogation but to the wrong
ground station (‘garbling’ and ‘fruit’), but
it requires a much narrower beam, so that
position information can be obtained from
each reply. The narrow beam is achieved
by combining the signal from two halves of
the aerial in and out of phase to give a sum
and difference pattern. The difference has
a sharp phase change null in the boresight
direction which, when taken in conjunc-
tion with the peaky sum pattern, gives
effectively a very narrow beam, reducing
uncertainty. It is possible to measure the
position of an aircraft to within S minutes
of arc in this way.

The problem of clutter continues to oc-
cupy radar designers. There have been
many techniques put forward over the
years to reject permanent, non-informative
returns, based on the fact that the
landscape is stationary, while targets are
not. One problem has been that, if an
aircraft is flying tangentially to the radar
pattern, there is no movement in the range
dimension and the echo is suppressed,
along with the clutter. Plessey’s Area
Moving Target Indicator (AMTT) uses sto-
rage and data-processing methods in the
video stages to avoid the problem. The
search pattern is divided into a great
number of small areas, bounded by pulse-
length and bearing, the average level of
video in each cell over a number of scans
being digitized and stored. Any incoming
signal which, on comparison, is found to
exceed the stored level is assumed to be
worthy of display and is passed, anything
below this level being rejected. The stor-
age level is continually up-dated to take
account of variations in precipitation, etc.

One of the more depressing sights at
Farnborough was the appearance over the
Black Sheds of the Airborne Early
Warning (AEW) Nimrod, a grotesque de-
rivative of that most beautiful of all aero-
planes, the Comet. This aircraft, a modifi-
cation of the marine reconnaissance
Nimrod, is intended for look-down sur-
veillance of the approaches to the UK so
that low-flying intruders will not be able to
slink in unnoticed. A Marconi-Elliott S-
band, pulse-Doppler, primary radar feeds
synchronized scanners in radomes fore and
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aft, the returns being presented on six
synthetic displays, which are controlled by
microprocessors to provide all-the informa-
tion on a particular return. A secondary
radar (i.f.f.) is also carried, the whole
package being under the management of a
main computer, which analyses the radar
data and compiles messages to base. The
communications system to support all this
is suitably complex, using high-speed digi-
tal data links at h.f. and u.h.f.

Navigation

Honeywell are to fit ring-laser strapdown
gyros for inertial navigation to the AV-8B,
McDonnell’s developed version of the
Harrier. The systems are already specified
for the Boeing 757/767 airliners and have
also been selected for the Airbus A310.
The absence of moving parts means a huge
increase in reliability —Honeywell claim
m.t.b.fs of over 60,000 hours.

The principle is the Doppler effect, in
which a laser sends two beams round a
path in which they are reflected to in-
tersect at a detector. When stationary,
both wavelengths are the same at the de-
tector, but when the ring turns about an
axis normal to the ring, the beam in one
direction will appear to increase in wave-
length, the other apparently decreasing.
The difference is measured digitally and
fed, in conjunction with the results of mea-
surements in two other axes to the naviga-
tion computer, which continuously inte-
grates the measurements to- determine

position. il

New look in multimeters

American companies have, in recent years,
almost completely dominated the low-cost,
laboratory-quality multimeter market.
Their close liaison with integrated-circuit
manufacturers has enabled them not only
to learn of new chip developments early
enough to gain a lead over European
makers, but also, in many cases, to
influence the design of the chips to suit
their own ideas. One result has been the
evolution of the complete converter-plus-
logic modules now in use. While this is, no
doubt, of great benefit to users, in that it
confers greater reliability than the use of
many components to perform the same
function, and also makes for a lower price,
it means that a European manufacturer
who bases his instrument on these chips is
adding scarcely any value and cannot
charge an economic price.

Thurlby Electronics, a British firm
which began trading in 1979, has decided
to attack this market by offering much
better performance than is obtainable from
single-chip designs and to reap the benefit
of EEC membership by selling at a lower
price than American makers are able to,
since they must allow for import duty and
higher support costs.

The Thurlby 1503 uses a single i.c. for

logic and display functions, but a greatly
improved analogue-to-digital converter. It
is more genuinely a ‘multi’ meter, since
not only does it measure alternating and
direct voltage and current, resistance and
diode characteristics, but frequency up to
4MHz. Measurements are resolved to 15
bits on d.c. measurements and resistance,
to form what is termed a ‘4¥%-digit’ display
— a full-house reading would be
3200.0mV, for example. Scale length on
alternating voltage is 14 bits and on
current 13. Error varies between 0.055%
and 0.3%, with a maximum error of 2.5%
at 10A.

A crystal is used to determine
integration time, which confers a high
degree of immunity to mains-frequency
interference, and which is also used as
time-base generator in the frequency-
measurement mode.

Thurlby claim that their a-to-d
converter outperforms, with respect to
accuracy, drift and noise, anything
currently available in i.c. form. They also
point out that the use of low-power
circuitry not only makes for less heat and,
consequently, lower drift than is usual, but
enables internal batteries to power the
instrument for 200 hours. The instrument
costs £139 and is made by Thurlby
Electronics Ltd, Coach Mews, St. Ives,
Huntingdon, Cambs.

Correction

Graphical communication
with microcomputers

To those readers who find Fig. 26 of this article
(September issue, p.76) difficult to take in, we
have to apologize and admit that it is not an xy
tablet. The xy tablet picture had to be left out
for space reasons and the captions were mixed.
The device shown is a Quest Automation
Micropad, which recognizes hand printing,
transmitting the characters to a computer.
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Intermodulation at the
amplifier-loudspeaker interface

Part 1: Analysis of one source of audible difference between amplifiers

by Matti Otala* and Jorma Lammasniemi, Technical Research Centre of Finland

Intermodulation occurs between an
amplfied signal and a delayed version
returned from a loudspeaker through
a feedback loop, when open-loop
output impedance is high compared
to speaker impedance. Part one of this
article analyses this and a second part
describes a measurement method
with results of tests on different types
of amplifier circuit and suggestions
for avoiding the effect.

The sound quality at the low-frequency
end of the audio reproduction chain has
often been discussed in such subjective
terms as firm, soft, dry and mellow. As far
as loudspeakers are concerned, the change
in sound impression may be explained as a
result of different technical characteristics
of the drivers, filters and cabinets. Ampli-
fiers present a more serious problem be-
cause the level of harmonic distortion at
these frequencies is usually low, the fre-
quency response is relatively flat, and out-
put damping is almost always adequate.

An intriguing question sometimes en-
countered in practice is why the sound
may perceivably change at the low end of
the frequency spectrum when the same

- listening environment and the same loud-
speaker system is used and only the power
amplifier is changed. It is our experience
that certain power amplifier circuit topolo-
gies sound different to others, although no
directly explainable difference is noted in
the electrical performance of the circuits
when tested with resistive load. The fol-
lowing analysis shows that, under certain
conditions, the loudspeaker reaction to the
drive signal can propagate in the feedback
loop of a power amplifier and intermodu-
late with the drive signal itself. This may
partly answer the question.

The dynamic loudspeaker provides a
complex load to the amplifier. As much
has been written about its behaviour (see,
for instance, references 1), it is sufficient
here only to present a short list of some of
the most important factors affecting the
interface between the loudspeaker and the
amplifier.

The total compliance of the cone sus-
pension and the loudspeaker cabinet, and
the cone mass, form a damped mechanical
resonance, typically in the frequency range
of 30 to 80Hz for the woofer and at corre-
spondingly higher frequencies for the

* Submitted by Professor Otala whilst on leave of ab-
sence with Harman Kardon Inc.

squawker and tweeter. Other mechanical
resonances are created by the different
moving parts of the cone, excited by the
voice coil, but not necessarily rigidly
coupled to it. All these mechanical reso-
nances behave like parallel tuned circuits
in series with the voice coil resistance and
inductance. The crossover filters also ex-
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Fig. 1. Magnitude and phase of the terminal
impedance of an Acoustic Research AR3a
loudspeaker system, measured with the
controls in midposition. Resonant

frequencies are 32Hz, 330Hz and 2.5kHz.
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Fig. 2. Magnitude and phase of the terminal
impedance of a Yamaha NS-1000 Monitor
loudspeaker system, measured with the
controls in midposition. Resonant
frequencies are 38Hz, 410Hz, and 5.5kHz.

hibit complex reactive behaviour, espe-
cially around the crossover frequencies.
Figs 1 & 2 show the impedance of two
popular loudspeaker systems manifesting
both cone and crossover filter resonances.

Energy is stored in all these reactances,
especially in the resonances. Because a re-
actance cannot dissipate energy, and the
internal dissipation in the loudspeaker is
low at these resonances, most of the stored
energy returns to the amplifier and is dissi-
pated in it. In addition, the loudspeaker
terminal impedance is non-linear, and
cone break-up, delayed responses and
acoustical reflections create generator
effects in the loudspeaker. Fig. 3 shows a
greatly simplified equivalent circuit of a
loudspeaker, taking into account only few
of the effects discussed.

Now analyse a feedback amplifier hav-
ing two different loads, as shown in Fig. 4.
A pure resistance R is used when mea-
suring the characteristics of the amplifier.
A loudspeaker, represented by the grossly
simplified equivalent circuit of Fig. 3, is
the true load. It is assumed to have a linear
resistance R and negligible voice coil in-
ductance L, to facilitate the analysis. The
circuit is far from perfect, but this analysis
is to illustrate the basic mechanism of
distortion only, not to calculate it to a high
degree of accuracy. Similarly, the ampli-
fier is assumed to have an infinite input
impedance, and no frequency compensa-
tion. All these approximations do not
affect the result of the analysis. Note that a
new parameter, the open-loop output im-
pedance Z, has been incorporated in the
circuit in contrast to prior analyses.

The input signal V| is taken to be a step
function V(z), so that its Laplace transform

R Lv
o AP TTET

Fig. 3. Simplified loudspeaker equivalent
circuit. Lc and C¢ are cone dynamic mass
and suspension compliance, respectively,
Ly the voice coil inductance, R the voice coil
resistance, including the radiation
resistance, and ig the generator effect
current source.
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Vi, V3 i Vs R
- g TE— NV ¢
Vz 1
AV3=V4 I CI C
— B8 — R Resistive load

Fig. 4. Equivalent circuit of the
amplifier-loudspeaker
combination used in the
analysis. Amplifier has resistive
feedback network B, gain of A
and open-loop output
impedance Z. No frequency-
dependent effects are
incorporated in the amplifier
circuit. The loudspeaker is
assumed to have negligible
voice coil inductance and is
considered to be perfectly
linear.

is L[Vi]=v//s. The analysis is based on
linear theory.

For the resistive load R, the transforms
of voltages V4 and Vs are

A(1+Z/R)

Vi) =i+ z/R+pa)"
and
A

V) = 15Z/R+pa) * 1

The inverse transforms are both pertect
step functions and the only difference to
standard feedback equations is the term
ZI/R. An adequate damping factor neces-
sitates that the closed-loop output im-
pedance of the amplifier be much smaller
than the loudspeaker impedance, i.e.

R>»>Z/(1+BA)

which yields a further simplification. Tak-
ing the inverse Laplace transform, the
voltages are found in time domain

A(1+Z/R)

i ) 3
a+pa) U0

V4(t) -1
and

A

If now the loudspeaker is substituted for
the load, the situation changes markedly.
Assuming the damping to be adequate, as
by equation 2, equations 1 take the form

V)= H—%’— BZI(s)+

v, Z_s!LC+sL/(R+Z)+1
1+2): |
SUAR s?2LC+sL/R+1 |
and
A
Vs)=———— v,
5(8) s(l+BA)vl

No change has occurred in the trans-
formed output voltage Vs of the amplifier.
This is to be expected, as the feedback
effectively controls the output voltage.
However, the internal drive voltage of
equation 4 now contains complex terms
consisting of the parameters in the loud-
speaker equivalent circuit. To study the

behaviour of this voltage in time domain,
the inverse Laplace transform of equation

4 yields
[—BZl(t) ey {.1_

zZ 1 w,l . . ] 5
sl )]

where @ =(1/LC-1/4R*C?)", the reso-
nant frequency of the loudspeaker cone,
terminals short-circuited, and Q=w;RC,
the approximate quality factor at reso-
nance.

V4(t) -
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Fig. 5. Typical waveforms from equation 7
as functions of normalized time, with the
resonant quality factor Q as parameter. The
loudspeaker-generated oscillation is very
large, especially for low values of Q.
Corresponding waveform for resistive load
is shown with a dashed line.
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Fig. 6. Values of the first minimum and the
first maximum of equation 7 as a function
of quality factor Q.

The first term corresponds to the effect of
any current generated in the voice coil of

“the loudspeaker by the vibration of the

cone. Assuming that the feedback is large,
1+ BA>>1, say greater than 30dB, the first
term becomes

Vio=—2I)

showing that the amplifier internal drive
voltage necessary to serve as a sink for the
loudspeaker generator current is directly
proportional to the open-léop output im-
pedance Z. Dividing this equation by the
nominal signal level of equation 3 the ratio
of the loudspeaker-generated signal to the
driver signal can be found

V4(t) generator  __ Z

= ’(t)generator
Vd(t) signal

R+ZI(t)

signal

Similarly, the last term of equation S can
be divided by the signal level, equation 3
which yields the ratio of the resonant oscil-
lation in V, to the signal in V,

V4(t) oscillation __
V4(t) signal

QA T ——
R+zQP T st 7
This represents a damped oscillation at the
cone resonance frequency. There are nega-
tive minima and positive maxima at

1
= — (arctan 2Q + nm)
Wy

where n is an integer, with values

VA 2
ViD=l - 537 Gvaon7”
arctan 2Q +nm
exp(— *Q).

2Q

Assuming Z>R, some typical waveforms
of equation 7 are plotted in Fig. 5, and the
values of the first minima and maxima are
plotted in Fig.6 as functions of Q. The
amplitude of oscillation increases with de-
creasing Q. The reason for this apparently
strange behaviour is that, when the Q of
the resonant circuit is lowered, the circuit
absorbs more energy from a broadband
signal spectrum.
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Measured

Normalized amplitude V4 (t)

10 20 30 40
t(ms)

Fig. 7. Measured responses V4(t) and
calculated responses for the AR3a and NS-
1000M loudspeaker systems. Only the two
first resonances around 35Hz and 400Hz
were taken into account in the calculated
values. The good match of the responses
show that the theoretical model used is
satisfactory.

To check the validity of the approxima-
tions made, the calculated measured res-
ponses V(1) are shown in Fig.7 for the two
loudspeaker systems of Figs 1 & 2. The
calculated results are very close to the mea-
sured ones, which is surprising consid-
ering the complexity of the real three-way
loudspeaker systems. This proves that the
simple equivalent circuit of Fig. 3 is satis-
factory for this analysis.

To be continued
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BOOES

A well-established author, Graham Beech, has a
new publication to add to his list, called
Successful Software For Small Computers,
which is based on Basic language and em-
phasizes the technique of “structured program-
ming”. It is said that when used correctly, this
technique enables programs to be made that
work first time.

Each of the five sections in the book,
Structured programming, Mathematics, Data
structures, Data processing and Simulation, is
illustrated by complete programs, both as de-
signs and as complete Basic listings which are
claimed to be fully tested on a TRS 80 compu-
ter. The style of writing used is easily under-
standable and the information offered will prob-
ably be found useful by all kinds of small
computer users, especially those who have a
knowledge of Basic and want to know how to
design programs. In floppy-back form, the book
costs £5.50 and is published by Sigma Technical
Press, 5 Alton Rd, Wilmslow, SK9 5DY.

Applied Electronic Communication, by
Robert Kellejian, is an extensive text or refer-

ence book with three main subdivisions, Cir-
cuits, Systems and Transmission, which cover
virtually all aspects of the subject, from the
roots of the theory to the practical applications
and formulae involved. After an introductory
section in each chapter, learning objectives are
given. This rather interesting approach enables
the reader to visualize, at a glance, the contents
of the chapter, the order in which different
subjects will appear, and the level of under-
standing which can be achieved by reading the
text which is to come.

Each chapter is concluded with a set of prob-
lems aimed at verifying the understanding
gained and providing direct experience with
procedures typical of engineering practice. Any-
one wishing to use this work as a text book
should, however, note that American standards
are used. The price of the book in hardback
form is £16.05. It is actually published in the
USA and information on how to get it is avail-
able from Science Research Associates Ltd,
Newton Rd, Henley on Thames, Oxford RG9
1EW.

Darkroom exposure
and enlarger timer

N OUR NEXT ISSUE

meter

A constructional project for photographers, this unit 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. It
may also be used as a ten-minute process timer to count minutes
and seconds. Cost: about £30.

Christmas quiz

Keep your brain alert and resist the torpor that comes from too
much food and drink! Our electronics quiz, set by polytechnic
lecturer Bryan Hart and colleague, will be a welcome break from
compulsory enjoyment and will keep you mentally in trim to face
1981. Prizes too!

Programmable power supply

A professional design which provides 0 to 40V at 2A, controlled via
the IEEE General Purpose Interface Bus. The instrument operates
as a listener/talker (using an l.s.i. chip) and can be modified to
provide other voltages and currents. Additional features include
manual operation and an overload detection circuit which signals
the controller.

On sale 19 November
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Designing inductors carrying d.c.

Simple procedure for comparing cores and choosing the optimum

by D. H. Thomas M.|.E.E.

The initial selection of asuitable size of
iron orferrite coreforaninductoror
transformer with windings carrying
directcurrentisdifficult. The author
describes a simple procedure whichnot
only enables differentcorestobe
compared fora given applicationbut
also enables a basic designto be
completed using the optimumcore.

The design of transformers and inductors
which carry a current with only an a.c.
component is relatively straightforward
and is based on the well known equation:—

E=444BNaf (1)

However, transformers and inductors
whose windings carry a current with a
direct component require a different de-
sign procedure. This is because the d.c.
component can cause the core to saturate,
giving a very low incremental inductance.
A possible solution is to introduce a gap of
non-magnetic material into the core. This
gap reduces the effective permeability of
the core. Thus with an optimum gap the
core can be run somewhere below satura-
tion flux density. Calculating the optimum
gap can be a tedious process and also
introduces another variable into the choice
of the optimum core. The optimum gap
chiefly depends on the required induc-
tance, the d.c. and a.c. components of
current, the maximum flux density allowa-
ble in the core and the core area.

A long while ago C.R. Hanna' devised
an elegant system to enable the optimum
gap to be easily found. Graphs are avail-
able for a number of ferrite and iron cores
based on Hanna’s technique. A representa-
tive graph for a medium size ferrite core is
given in Fig. 1. The vertical axis is
graduated in units of L/? and the horizon-
tal axis in units of NI. Both L and I (the
total of the d.c. and the peak a.c. compo-
nents of current) are known and thus a
point on the curve can be found. The
curve is graduated directly in gap
thickness, giving the optimum gap directly
and, referring to the horizontal scale, we
find a corresponding value of NI and hence
the number of turns N. This is an excellent
basis for a design as, once the number of
turns is known, the necessary gauge of
wire and hence the winding resistance can
be determined. Hanna curves, however,
are only available for some cores.

A more general approach is really
required to enable the most suitable core
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Fig. 1. Representative graphfora medium-
sizedferrite core asusedinHanna’s
technique for finding the optimum gap.

to be rapidly selected. Frequently the final
design will be done by transformer
specialists but in the early stages of equip-
ment design engineers find it desirable to
rapidly compare a range of cores to see if
the design is feasible within the available
space. A simple design procedure is derived
below and outlined at the end of the
article.

Inductance can be defined as flux
linkages per amp.

do

L=N-+ Q@)

If no saturation occurs ¢ is proportional
to I and if remanent flux is small,

L=N- Q3)

“Ba 4

where a is the cross-sectional area of the
core. (All dimensions are in metres.)
Equation 4 could have been written as

LI
N=—"
Ba (5

where 1 is the sum of the d.c. and peak a.c.
components and B is the flux density
corresponding to the peak current.

Now B is available from the
manufacturer’s data for the core material,
a is available from the core data (or can be
easily measured) and L and I are the
required parameters. Hence the number of
turns, N, is known directly. For ferrite
cores a parameter, inductance for 1 turn
(Ar) is defined. Now, for the inductor
being considered,

L
A= ©

If this value is greater than the value of A,
given in the core data, we need more turns
calculated from the core maker’s value of
A

1
NeVE )

L

In this case no core saturation will
occur. A more likely case is that the value
of Ay calculated in equation 6 will be less
than the value given in the core data in
which case a gap will be required in the
core. In this case the number of turns will
be that calculated in equation S. This
equation is very useful as it allows
different cores to be directly compared in
terms of N.

If the value of Ay calculated in equation
6 is significanty lower than the value given
in the data sheet, then most of the avail-
able m.m.f. will be dropped across the two
air gaps, each of thickness g. The
approximate gap can be calculated as
follows:

B=yH
__IN
Hng'
IN 10N
g=p gy R— (®)
2B B

Generally manufacturers provide two
types of ferrite core, namely transformer
and inductor cores. Transformer cores are
ground to fit each other as perfectly as
possible, giving high values of A4z, but the
actual value of A; varies from batch to
batch as the permeability of the core
material varies. Inductor cores are ground
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so that the middle limb is shorter than the
outside limbs, giving an integral air gap.
This gap is ground so that the inductance
factor, Ay, is constant for a given type of
core even if the properties of the core
material vary. Thus for certain cores it
may be possible to choose a member of the
family with the required value of A;. In
this case no additional gap is required and
if necessary N can be changed slightly to
suit the actual value of Ay quoted in the
data sheet. If this is not practical, a trans-
former core may be gapped with a
suitable thickness of cardboard or mica of
thickness g. (It should be noted that the
same thickness of spacer should be fitted to
the centre and outer limbs of the core to
ensure equal spacing and to prevent the
cores breaking when clamped.)

The actual choice of peak flux density
will ‘depend on the maximum ambient
temperature. Some ferrite core materials,
unlike steel, have saturation flux densities

which depend on core temperature to a’

considerable degree. For the core material
whose characteristics are given in Fig. 2 a
suitable peak flux density at 100°C would
be 150mT. However if the maximum core
temperature was 70°C a suitable peak flux
density would be 220mT. In any case the
saturation flux density varies widely with
core material whether ferrite or steel.

&2 Ferroxcube A13
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Fig. 2.Curves of flux density against field
strength forFerroxcube A1 3 ferrite core
material, attemperatures of 20°C, 70°C
and 100°C.

The resistance of the winding is
probably the most important parameter
and, knowing N, can be calculated from
the following equation:

_ diameter of winding
area of winding 9
NZx10-7Q

This extremely useful equation is based
on the resistance of copper and typical per-
centage filling of the winding area with
copper, allowing space for the former and
insulation and applies for an inductor. For
a transformer the resistance will be
double.

Substituting the value of N given by
equation 5 in equation 9 gives another
extremely useful result.

49

Core flux area a
Core winding area A
Core winding diameter D

1
_.A_L\/L

smaller size of core.

given in equation 8:
In
g8=5g5 X 10-6

or use an inherently gapped inductor core.

Basic Design Procedure
1. Qalculate the required inductance, value of the peak magnetising current, the
maximum allowable winding resistance and the maximum ambient temperature.
2. - Select a core and list the following parameters:

Peak flux density at\ the maximum core temperature B (assume core
temperature rises 10°C above ambient temp.)

3. Calculate the number of turns N from equation 5:

Li
N=
Ba
4. Calculate the inductance factor from equation 6:
L
AL =7\]—2

and see if a gap is required. If a gap is not required re-calculate N from equation 7:

5. Calculate the winding resistance from equation 9:
D
‘R =XXN2X 10-7Q

for an inductor and twice that value for a transformer.

6. See if the resistance estimated in step 5 is similar to the requirement given in step
1. If similar proceed to step 7; if not repeat the above procedure using a larger or

7. From the value of N calculated in steps 3 and 4 and using wire tables, choose an
optimum gauge of wire which comfortably fits in the bobbin, allowing sufficient space
for other windings and insulation if required. Also calculate the gap if required as

_ diameter of winding
area of winding
L2J2 ,
% 10-
B? core area? 19 (%

Again the resistance of a transformer
would be twice as great. Provided that
there is a substantial d.c. component
(which makes a gap necessary), equation
10 allows an immediate estimation of
winding resistance for a given core and has
been found to work well for ferrite and
iron cored inductors.

Inductor flux falls to zero
during each cycle

Single-ended forward converters work in

this manner and are a special case of the .

cases described above. Forward converters
require the magnetising current to be as
small as possible to reduce the energy that
is fed back to the supply during each cycle.
To achieve the small magnetising current,
no gaps are introduced into the core in the
general case.

If V = voltage across primary of trans-
former, ¢ = on time of transistor switch,

dod
V= N—
dt

and as the flux starts from zero

No
t
hence

vt 1
- & )

and winding resistance is

diameter of winding

RFESIE . = —

area of winding (12)

N2x10-7Q
or
R=2x diametér 91’ vx./mdmg
area of winding

V22
Bl (13)
Bia?

where a is the area of the core.

In equations 12 and 13, the factor of 2
for a transformer is included as forward
converters always use a transformer.
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The magnetising current should be
calculated from either the core per-
meability or from the value of A; given for
the core.

L=NA, (14)
V2t2A,
“Fxa iy
and the peak magnetising current is
A Bzaz
= 16
=% 2, (16)

Useful formulae for transformers not
carrying d.c. and smoothing chokes are
given by T. Roddam in ref. 2.

Evaluation of core
characteristics

If the peak flux that a core can accept is
unknown, a simple test can be carried out to
measure it. A high frequency core can be
measured using a test rig similar to that
shown in Fig. 3. (A low frequency core
could be tested using a similar rig running
at a much lower frequency.) The transistor
acts as a switch connecting the supply
voltage from an adjustable output lab
power supply to the winding and D, R,
and C act as a load. R; and R, set the fre-
quency and duty ratio of the transistor
“on” time and together with the supply
voltage and R, set the current in the core.
The core current can be monitored across
R,. Provided the voltage across R, is
triangular, there is no core saturation but if
the waveform of the voltage is curved, core
saturation is occurring. The peak current
can then be varied as explained above and
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Fig. 3. Testrig to determine the peak flux thata highfrequency core can accept.

a condition found where no saturation
occurs. The core can then be placed in an
oven set to the highest anticipated ambient
temperature and the corresponding value
of peak current for no core saturation
found. The inductance of the winding can
then be calculated from the supply voltage
and rate of rise of current. Thus the
number of turns N, peak current / and
inductance L are known and the core area
can be substituted into equation 5 to deter-
mine the peak flux density B.

This technique gives a rapid procedure
for an initial design. Such an initial design
could be tried before the design is
optimised by a specialist designer who will
modify the design somewhat to allow for
ease of winding, insulation, leakage
inductance and core loss.

It should be noted that if it is known

from the start that a gap will be required,
a direct comparison of cores may be made
in terms of resistance using equation 10.

D_ LI

R =-—X,—x 10_79
A B

I would like to thank the Directors of
Cossor Electronics Ltd for permission to
publish this article and Mullard Ltd for
permission to reproduce Figs. 1 and 2.
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Literature received

Tape Recorder Spares Ltd have sent us a copy
of their Audio Packs catalogue, which contains
details and prices of a vast range of audio leads,
plugs, adaptors and spares. It can be had from
TRS at 206-210. Ilderton Road, London,
SE15 INS on payment of £1.25.

Applications for the NOVO range of logic
circuits which are all provided with a non-vola-
tile memory on the chip are set out by Plessey in
a new booklet. Data sheets are provided. Ob-
tainable from the Publicity Office, Plessey
Semiconductors, Kembrey Street, Crowdy’s
Hill Estate, Swindon, SN2 613A. WW401

Soldering equipment and small tools, including:
the Oryx soldering-iron range, the Iso-Tip
quick-change iron and several integrated-circuit
handling tools, are described in an information
pack from Greenwood Electronics, Portman
Road, Reading, Berks, RG3 INE. WW402

Students, teachers and lecturers meeting new
topics in physics for the first time may like to
know that Unilab produce a series of booklets in
their “Notes for Use” series. They have sent us
three, entitled Student oscillo-
scope, Microwaves and Analogue computing -

an introduction. They are published at £1.50

each for the first two, £2.00 for the one on
computing, ard are obtainable from Unilab
Ltd, Clarendon Road, Blackburn, BB1 9TA.

Equipment enclsoures from Sorel are the
subject of a large catalogue, recently received.
In addition to enclosures of many sizes and
types, there is also information on metal-
working tools, small cabinet-fittings, and wiring
aids. The catalogue can be obtained from Sorel
Electric Ltd, Cosgrove Way, Luton, Beds.
WW403

We have received from Quarndon a full cata-
logue and price list of an enormous range of
semi-conductor discrete and integrated devices
and microcomputers, copies of which can be
obtained, free of charge, from Quarndon
Electronics Ltd, Slack Lane, Derby. WW404

A leaflet on waveform processing, using a tran-
sient recorder, tape storage and computer
controller is available from Data Laboratories
Ltd, 28 Water Way, Mitcham, Surrey,
CR4 4HR. WW405

Home Radio’s new catalogue is published, con-
taining a vast array of all the components the
average home constructor needs, complete with
price list. Semiconductors are in a supplement,

which we didn’t receive. Catalogue costs £1.30
from Home Radio (Components) Ltd., 269A
Haydons Road, London SW19.

Hewlett-Packard have a leaflet, AN 191-6, on
the measurement of length, dielectric constant
and delay matching of transmission lines, using
a time-interval counter and time-interval probe.
It can be obtained from from H-P at 308-314
Kings Road, Reading, Berks. WW/406

We have received from Raindirk a brochure on
the Status 250W Audio Power Amplifier and
control unit. They are intended for professional
or public address work and are housed in 19
inch rack-mounting enclosures. Information
from Raindirk Ltd., Downham Market, Nor-

folk. WwW407

A programmable sequence controller from
Tempatron is fully described in an informative
brochure, which can be obtained from Tempa-
tron Ltd., at 6 Portman Road, Battle Farm
Estate, Reading, RG3 1]Q. WW408

A complete list of books for the amateur
electronics enthusiast is published by Bernard
Babani (Publishing) Ltd., The Grampians,
Shepherd’s Bush Road, London W6 7NF.
WW409



WIRELESS WORLD NOVEMBER 13980

51

INEWS OIF TTHE BIONTTH

Matsushita disc for world-wide
video market?

Thorn-EMI are setting up a joint venture with
General Electric (USA) to support the introduc-
tion of the VHD video disc sytem in the USA.
Three new companies consist of an equipment
manufacturing company owned jointly by Mat-
sushita Electric Industrial Co, its subsidiary
Victor Company of Japan, and General Electric,
a programme management company and a disc
manufacturing company, both jointly owned by
Thorm-EMI, Matsushita and GE. Plan is to
introduce the video disc system by the end of
1981 with 200 programme titles, mainly films
but with some original material, followed by
introductions in France and Germany at
“perhaps six-month intervals”. (General
Electric is in third place in the US television
market with a share of 7.5%, after RCA and
Zenith both of whom are already committed to a
video disc system.)

The news followed the April announcement
of Thorn-EMI and the Victor Company
agreeing to “‘co-operate on a world-wide basis in
all aspects of the promotion of the vhd system”,
suggesting that a software link was needed be-
fore GE would commit themseives to VHD.
Disc mastering and pressing plants are planned
for Europe, Japan and the USA, though loca-
tions are not finalized. Neither apparently is the
ownership, because a European plant could
either be a Thorn-EMI company or a jointly
owned company, according to a spokesman.
Thorn-EMI say they plan to manufacture
equipment here on a progressive basis, but no
timescale is given. (They said this about VHS
equipment but have not yet manufactured it.)
Thorn clearly look on their VHS collaboration
with JVC as very successful, and have un-
doubtedly been a major factor in helping video
recording to reach 2% market penetration in a
year less than it took in the USA.

Prices of equipment will be close to the $500
of the RCA video disc player planned for launch
early in 1981. $530 to 550 is suggested for the
USA and £250 to 280 in the UK, with a separate
random access unit at $150. Magnavox — who
recently stepped up their initially modest mar-
keting — and now Pioneer have optical players
prices at $700 to 775.

The add-on random access unit recently
demonstrated offered still play, normal play,
fast visual search, quick play of two, three, four
or five times normal speed, slow motion of half,
quarter, eighth, and sixteenth time for selected
addresses and times, sequential play of differing
functions, and interrupted mode changes and
programme skip. Some of these functions are
integrated with a player in one prototype but in
the interests of low player cost the specialized
functions will be offered separately. But with an
NTSC player speed of 900 rev/min and two
picture frames per revolution, showing (two)
still pictures normally leads to unacceptable pic-
ture quality, unless special steps are taken. One
possibility is to encode two identical frames next
to each other, but done throughout a record this
would cut playing time in half. Another is to
make use of a memory to delay a frame’s worth

of picture — as done at the demonstration —
but the size and cost of this solution is still
prohibitive for consumer use.

The demonstration showed better picture
quality than that from video recorders, but a
muffled sound quality indicated restricted h.f.
response. As the preliminary brochure claimed
an audio bandwidth of 20kHz, this left one
wondering about the validity of the remaining
meagre information. Thorn/JVC would not
directly compare it with a broadcast picture but

Three NTSC versions of the JVC
capacitance electro-guidance video disc
player. Latest prototype player, right, is
claimed to be simpler and cheaper than
Philips-type optical player and to have
versatility associated with servo-assisted
pickup, though freeze-frame is still a
problem.

claimed instead that it was ‘‘competitive” with a
Philips-system picture, and making it clear that
Philips themselves claim compatibility with a
broadcast picture.

Another add-on unit will be a p.c.m. demo-
dulator — which will follow VHD by 6-8
months Thorn say — for use with sound-only
records and dubbed AHD (audio high density).
A 16-bit linear code and 47.25kHz sampling
rate now supersedes the earlier proposal of 14-
bits and 44kHz sampling. Another change since
VHD was first announced two years ago is a
reduction in disc size from 30 to 26cm, aimed at
easing manufacturing problems, together with
acceptance of the need for a disc case for dust,
scratch and fingerprint protection.

Both JVC and Thorn-EMI are still secretive
about technical aspects of VHD, in sharp
contrast to their rivals RCA and Philips, and
only scant details have been issued. The gist of
this is that in recording a VHD disc, a rotating
glass master coated with photosensitive material
is irradiated by a laser beam modulated simul-
taneously with both tracking and programme
signals to produce a spiral of pits. This is used to
prepare a metallic master by ‘‘the conventional
audio process”. The conductive p.v.c. pressings
made from this are said to require no further
processing: obviously the basis for JVC’s claim
of “highly competitive” disc manufacturing
cost. But with around 50,000 turns to a spiral
and a pitch of 1.35um — 40 times smaller than
an audio disc — one wonders what the rejection
rate will be?

Playback relies on a capacitance effect be-
tween the conductive disc and an electrode coat-
ing on the stylus, much as in the RCA disc
system. In the RCA player the stylus is
mechanically guided and rests in one spiral
turn, whereas in the JVC disc it rests over ten
spiral turns (JVC claim 2000 hours stylus life)
and is electrically guided. The stylus assembly is
servo-controlled by marker pulses on either side
of signal information, both laterally to ensure
proper tracking and longitudinally to give time
base correction. The modulation scheme uses
the usual f.m. video carrier, with pedestal at
6.7MHz and a deviation of 1.4MHz (according
to the brochure) or 1.8MHz (according to the
press data), described as ‘*single carrier compo-
site” — not the “colour-under” approach they
stress — but more than that JVC won’t say.
Which presumably means that it hasn’t yet been
finalized.
® RCA responded to the Thorn/JVC/GE an-
nouncement by claiming theirs was “a unified
operation ranging from research and de-
velopment of manufacture, marketing and pro-
gramming — not an alliance among individual
companies which are diverse both in geography
and marketing concepts”. Scheduled for US
introduction in the first quarter of 1981 with a
programme catalogue of 300 titles, the RCA
capacitance electronic disc system, CED, is also
expected to be made by CBS and Zenith. RCA
say they expect to sell 200,000 players alone
next year.
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Micro-based marine d.f.
set for a fast “fix"

High-speed processing, leading to a rapid “fix”
and safety at sea, are the two points which re-
ceive greatest emphasis in the technical litera-
ture accompanying the Syma Offshore Naviga-
tion System (the ONS 4000). This equipment
has been developed and manufactured by
Sysmaster Ltd, of Farnborough, Hants (an off-
shoot of System Designers of Camberley) in
collaboration with the National Research De-
velopment Corporation.

The equipment, which is basically a
microprocessor-controlled d.f. radio receiver,
combines digital, analogue and radio techniques
to achieve automatic operation. The unit
synchronizes with the six-minute radio beacon
cycle, automatically fixing and memorizing up
to six compass bearings derived from the built-
in electronic compass — this is a gimballed
fluxgate unit which senses the earth’s horizontal
magnetic field.

Bearings remain in memory until the naviga-
tor is ready to “lay them off” onto a standard
chart, with frequency, time and bearing indi-
cated digitally on a l.c.d. panel. A small loud-
speaker provides positive morse code identifica-
tion of each beacon. A motor-driven ferrite rod
aerial acts as the scanning sensor, housed in a
weather-proof casting with a stainless steel sense
aerial mounted on top.

Programming of the unit is carried out by the
navigator to preset frequency and programme
times of a chosen set of coastal m.f. beacons. A
fix can be taken without any intervention by the
navigator. Station tuning in the radio unit is by
frequency synthesis and beacon bearings are
derived from a statistically averaged series of
measurements, giving accuracy without the
need for high signal strength from each beacon,
which may be difficult to achieve in bad weather
or poor propagation conditions. This technique,

W

The control unit of the Sysmaster ONS.
4000 navigation set.

the makers say, enables the navigator to get “the
best possible fix at the worst possible time.”

The complete unit costs £1,675 excluding
v.a.t. and further information can be obtained
from Sysmaster Ltd, 30 Invincible Rd, Farnbo-
rough, Hants, who can also supply a list of
approved Syma agents in the UK.

NEW BBC
TRANSMITTERS

Three BBC transmitters began operation on 29
August covering the remote villages of Armath-
waite and Lazonby in Cumbria, Newton Abbot
in Devon and Ashford in the Water

Derbyshire. All transmissions from these relay
stations are vertically polarised. Further in-
formation can be obtained from the Engineering
Information Dept., Broadcasting House, Lon-
don WIA 1AA.

System X now in service

Britain’s first all-electronic telephone exchange
has been operating in London for over three
months. It is the first example of a piece of
hardware in British Telecom’s System X family
to go into full service, and is what is known as a
junction tandem unit, switching telephone calls
between some 40 local exchanges in the capital.
Other types of System X units are local ex-
changes and trunk exchanges. Installed in Bay-
nard House, a new British Telecom building in
Queen Victoria Street, the tandem exchange has

The display terminal and keyboard of the Box Office Computer System (BOCS), shortly to
be launched by a development company with a science-fiction ring to its title — Space-
Time Systems Ltd. The system plans and displays, for example, the sold, unsold and
reserved status of up to 2,000 seats at a time and Space-Time Systems foresees its
eventual adaptation to other box office systems including ticket sales for football matches,

etc.

switched over 2.5 million calls from July 1 to the
time of going to press. Housed in 50 racks, each
7ft high by 3ft wide, it can handle 150,000 calls
per hour. An electro-mechanical cross-bar ex-
change would require about 400 such racks to
do the same job. The failure rate so far has been
1 or 2 failures in 4000 calls, but British Telecom
expect this to be reduced. Main contractor for
the exchange was Plessey Telecommunications.

System X differs from earlier electronic ex-
changes installed in the UK which use reed
relays for the final switching of lines and are
therefore not fully electronic. It uses digital
semiconductor devices throughout, ranging
from discrete transistors, through integrated
circuits up to l.s.i. devices. In the Baynard
House tandem exchange low power Schottky
t.t.1. devices are used widely and there are also
m.o.s. devices. Because of the modular design
of all System X sub-assemblies, it will be pos-
sible to introduce newer devices such as
c.m.o.s. logic and magnetic-bubble memories at
later stages as the technology develops. All the
operations in the Baynard House exchange are
controlled by a stored program. Calls are set up,
faults are identified and the whole system is
managed by computer-like processes. The
equipment also uses what is called common
channel signalling, a technique in which the
signals controlling calls and managing the net-
work are passed between System X exchanges as
data transmission.

The transmission and switching functions in
the exchange are brought together into a com-
mon digital mode of operation. For example,
incoming calls from the 40 or so conventional
London exchanges first of all have the analogue
speech waveform separated from the signalling
pulses. Then the speech waveform is converted
into 30-channel p.c.m. form and the signalling
pulses are transformed into suitable digital in-
formation for insertion into a particular time-
slot of the p.c.m. system. The combined time-
division multiplexed information is then passed
at a rate of 2.048 Mbits into the main part of the
exchange. A converse process takes place, of
course, with calls going out from the System X
tandem to the conventional local exchanges.

The first all-electronic local exchange in the
System X scheme will be installed next year at
Woodbridge, Suffolk.




WIRELESS WORLD NOVEMBER 1980

53

News in brief

Agreement has been reached between Philips of
Canada and the Bendix Corporation of Balti-
more, Maryland, USA, giving Philips exclusive
rights to the Canadian manufacture and sales of
Bendix’s microwave landing systems, known as
MLS.

British Telecom’s optical fibre network con-
struction has had another leg completed with
the installation of the first 140 Mbit/s section
from London to Reading. The eight-fibre cable,
which carries data equivalent to 1,920 telephone
channels, has been carried out by Telephone
Cables Ltd, a subsidiary company of GEC.

The second US/Southeast Asia Telecommuni-
cations Conference and Exhibition is scheduled
for December 3 and 4 at the Mandarin Hotel in
Singapore. Detailed information may be ob-
tained from John Sodolski, Electronic Indus-
tries Association, 2001 Eye Street, NW Wash-
ington DC 20006, USA.

Electronica 80 is being held at the Munich Fair
Grounds from 6 to 12 November 1980 and
| constitutes the ninth international trade fair for
components and assemblies in electronics under
this title.

Hitachi is to set up a television components
manufacturing company in Selangor, Malaysia.
This new arm of the company, to be known as
Hitachi Consumer Products (Malaysia), will rest
upon the joint investment of Selangor and Hita-
chi and will make the standard range of tv com-
ponents such as deflection yokes, line output
transformers and tuner units. Operation is
scheduled to begin in June 1981.

Greenpar Engineering Ltd, Harlow-based
~ manufacturers of coaxial connectors and r.f.
components, have changed the name of the
company to Greenpar Connectors, Lid.

The gold used as plating for contact surfaces in
British Telecom’s electronic telephone ex-
changes is to be reduced from its present
thickness of 5 microns to only 2% microns.
British Telecom, the telecommunications part
of the Post Office, hopes by this action to save
about £2 million after the changes, which began
in October.

In spite of £450,000 lost on a turnover of £1
million in its second year of trading, Compeda,
the company set up by the National Research
Development Corporation to market British
computer-aided design expertise, has succeeded
in selling a £250,000 system chip design system
to General Electric of the US.Compeda’s man-
aging director said that the projected turnover
for 1981/82 was about £3 million and the com-
pany should be making a profit by next sum-
mer.

IPAT ’81, the International Conference on lon
and Plasma Assisted Techniques, is to be held
in Amsterdam from 30 June to 2 July 1981. The
conference will include information of the latest
developments in ion plating, ion implantation,
ion beam processes, molecular beam epitaxy,
plasma deposition, plasma enhanced c.v.d.,
sputtering, reactive techniques, plasma etching,
plasma processing and testing of coatings and
coating equipment. Papers are welcomed on the
themes outlined and authors should submit ab-
stracts of 200-300 words immediately, the
deadline being 11 November 1980. Address en-
tries to the Secretariat, IPAT ’81 International
Conference, 26 Albany St, Edinburgh EHI
3QH.

Times change

BBC2’s clock, seen in some links between
television programmes, is now generated
electronically instead of optically. There is no
mechanical clock and no camera or slide scan-
ner. The new display is of a clock face, with
hour, minute and second ‘hands’, and a pattern
to indicate the channel, different techniques
being used to generate the two.

The channel number display uses a process
known as run-length encoding, in which data
is stored in a programmable, read-only
memory in a form which greatly reduces the
amount of memory needed. Each change of
colour and width of symbol requires only one
byte of data, instead of one byte for every ele-
ment of the display (the memory-mapped
technique). In this way, fixed patterns, such as
the Open University logo, which also uses the
new technique, are produced with a smaller
memory than would otherwise be needed, al-

though movement can be obtained by using a
microprocessor to change the data in a random-
access memory in real time. The data is then
taken directly from the r.a.m.

Two types of storage are needed for the clock.
The hour markings and clock face are kept in
p.r.o.m., being read out in synchronism with
the television line waveform. Only one quadrant
need be stored, since the other three are ob-
tained by symmetry.

Data for the ‘hands’, however, is in
r.a.m. An erasable p.r.o.m. controls a
microprocessor, which determines the time and
calculates the angle of the hands. Break-up of
almost-horizontal edges is reduced by varying
the output waveform to take account of the
television line structure.

The BBC expect to generate the BBCI clock
in a similar way next year.

BBC engineers with the new television clock. Richard Russell, whom readers will
remember for his work on the Wireless World teletext decoder, and who designed the
clock system, is on the left. The run-length data for the logo was produced by John
Mitchell, second from left, and the Open University symbol data was the work of Ewen
Mclaine and Robin Vinson.

Inmarsat to lease satellites

With a world-wide satellite communications
system as its objective, the International Mari-
time Satellite Organisation (Inmarsat) is to con-
sider supply contracts from satellite organisa-
tions, with plans to expand coverage by putting
three additional geostationary satellites into or-
bit, one for each of the world’s oceans. Two
spare craft, supplementing these three at 65°E,
175°E and 335°E respectively, will also be put
into orbit.

Although the programme is still under discus-
sion, the choice is likely to include the European
Space Agency's Marecs, Intelsat V and Marisat.
Marecs has a capacity of 46 voice channels* and
is a dedicated satellite, i.e. as it is used exclusi-
vely for maritime channels there is no danger of
interference with other signal traffic, although
such satellites are comparatively expensive.

Part of the leasing programme, which will
begin in 1982, will include offers of short-term
use of one of its existing satellites with a 7 voice-

channel capacity. While existing Marisats were
launched in 1976 with a 5-year design life, they
are now expected to last for another two years.

Oluf Lundberg, of Inmarsat in London, says
that at present maritime satellites are relatively
under-used, even though use per ship is quite
high. On the other hand, he estimates that there
will be around 2,500 ship users by 1986. He also
contrasted the normally slow rates of informa-
tion processing through conventional maritime
radio communication with the speed of compu-
ter-controlled services on land, notably in the
case of oil companies, who need fast commu-
nication from sea rigs to shore bases. He says
that this problem can be solved by the commu-
nications power of satellite telephone, telex and
facsimile operation and companies will not be
slow to recognise the advantages of the system.

*Capacity of one voice channel is equivalent to
22 telex channels.
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Monitor device regulates

heart-beat

One of the latest medical spin-offs from the
NASA space programme is an implantable
heart-assist device, developed by Michael
Mirowski, MD, of Sinai Hospital Baltimore, to
| aid sufferers with a condition known as ventri-
cular fibrillation.

The device is about 7cm square, is encased in
titanjum and weighs 255g (90z). It is pro-
grammed to continuously monitor the heart,
and to recognize life-threatening arrhythmias. If
these occur it provides an electric shock through
electrodes directly in contact with the heart so as
to restore its normal rhythm. The first shock
pulse occurs 15 seconds after the fibrillation
begins, giving the heart a chance to correct
itself. If the first shock has no effect, three more
are delivered until a normal rhythm is estab-
lished, with the last two shocks being increased
in intensity. The unit is powered by lithium

batteries with a life span of three years or 100
shocks.

NASA and the Applied Physics Laboratory
have developed a monitoring and recording de-
vice for the unit which can be worn by the
patient and which stores electrocardiographic
data, the number of fibrillating episodes, pulse
applications and the long-term performance of
the implanted device.

The New England Journal of Medicine re-
ported on the implant device in a pilot study by
a team of scientists from Sinai Hospital of Balti-
more, the John Hopkins Medical Institutions
and the John Hopkins Applied Physics
laboratory, although the automatic defibrillator
(its commercial name is AID) is being manufac-
tured by Medrad/Intec Systems of Pittsburgh,
Pennsylvania in its evaluative stage. The units
are not yet available commercially.

Radio Nottingham now
stereo

BBC Radio Nottingham became in September
the first BBC local radio station to start a regular
service of stereophonic broadcasting. New stu-
dios using stereo sound desk equipment have
been built in some old offices at the station.
Considerable reconstruction was done while the
station was actually on the air. Quite apart from
the installation of the new equipment, the
offices needed acoustic treatment to convert
them into studios.

Listeners will find the stereo service on Radio
Nottingham’s v.h.f. frequency of 95.4MHz,
broadcast from the Colwick Park transmitter.
The BBC say that most listeners with stereo
tuners or music centres should have no problem
in receiving the service, and that listeners with
mono sets listening on v.h.f. or medium-wave
will not notice any change. Aerials set up for the
national radio services in stereo may need some
adjustment to make the best of the Radio Not-
tingham stereo service.

Digital television
demonstration

Now that much more studio equipment in
television broadcasting is going digital, broad-
casters throughout the world are trying to estab-
lish a common standard for digital information
transfer by which this equipment can be in-
terfaced and made compatible. In Europe the
EBU is working towards an interface standard
for the 625-line system and in the USA the
SMPTE is doing likewise for the 525-line
system. Both of these organisations are also
working together to try to achieve a truly inter-
national standard. One problem is what to en-
code digitally, the composite video signal or its
separate luminance and chrominance compo-
nents.

To help interested engineers understand what
is going on the IEE has organised a demonstra-
tion and colloquium on ‘“Digital television” on
31st October, in the IEE building, Savoy Place,
London WC2R OBL, starting at 10.30am. You
have to register beforehand by getting a registra-
tion form from the IEE (tel: 01-240 1871).

“Radar-invisible”
aircraft? Back to the
drawing board!

. Fighter planes known as “stealthy aircraft,”
built and tested by Lockheed Aircraft Cor-
poration for the US Defence Department and
claimed to be “virtually invisible” to radar,
appear to be less than successful at the basic
business of remaining in the air — all three
prototype machines have crashed because of
their peculiar shape.

The Guardian (22 August 1980) reported that
many observers have been excited at the pros-
pect of penetrating Russian air space unnoticed
and other accounts suggest that the technique
being employed in the aircraft is a combination
of “rounding off corners” (sharp features
produce maximum radar reflections) and that of
coating the aircraft with ‘‘radar-absorbent”
material, which in reality disperses the return-
ing radar signal.

This is not the first time such material has
been tried. During the Second World War Ger-
man U-boats were coated with a compound
called Sumpf, which was fairly effective until it
was washed away by sea water.

Prestel grows,

“Prestel is now a reality in most of the major
cities and regions of the UK,” according to
Richard Hooper, the director of this British
Telecom viewdata service. To understand this
claim you have to interpret what he means by “a
reality”. Although the Prestel service will be
available to approximately 10 million UK tele-
phone users by the end of 1980, the number of
people who are actually connected as subscrib-
ers is pitifully small. At the time of going to
press it was 5260. At the present rate of growth
(about 500 per month) this could become 8,000
or so by the end of the year. Of the total of 5,-
260, only 588 were private households, indicat-
ing that the principal growth of the service has
been among business and professional users.
This must be seen as a disappointing start, par-
ticularly after the publicity campaign put on
earlier this year and the fact that British
Telecom forecast 27,000 users by the end of
1980. Prestel has now been operating for about a
year (see December 1979 issue, p.55).

Clearly Mr Hooper’s reality means the availa-
bility of the service to UK citizens who have
telephones. This is certainly good. At the begin-
ning of 1980 Prestel was available only in Lon-
don, Edinburgh, Glasgow, Birmingham and
Nottingham. By the early autumn Leeds,
Brighton, Reading and Sevenoaks had been
added. In the coming few months the service
will be extended to other important towns in-
cluding Cardiff, Belfast, Norwich, Bourne-
mouth, Chelmsford and Luton.

It seems likely that the siow growth of the
Prestel market, relative to the British Telecom
forecast, is due to the present high cost of being
a subscriber (details of installation and running
charges were given in our December 1979 re-
port).

This cost will go even higher with the new
telephone tariffs recently announced by British
Telecom. A related problem here is that the
price a user is prepared to pay will depend on
the amount of information he can get out of the
service, but already the information providers
are becoming restive because of the small
number of users whom they can reach to sell
their information to. There is clearly a chicken-
and-egg problem in the growth of the market.

However, Mr Hooper may well be committed
to the idea of getting the charges down, for last
year, before he became director of the service,

but slowly

he wrote “Prestel set prices must come down
first to ensure a large residential market . . .
someone somewhere has got to make a heavy
capital commitment to volume production for
the costs to come down.”

M.Sc. courses in
chip design

The Science Research Council has announced
that it will be funding three new courses in i.c.
design, to be undertaken at Edinburgh Univer-
sity, Manchester University and Brune! and
Southampton University. They will consist of
one-year courses run in close collaboration with
the microelectronics industry and will include
substantial practical work, giving students the
opportunity to oversee the production of an i.c.
from design to fabrication.

Funds are also being provided by the council
for necessary equipment and access to compu-
ter-aided design and electron beam litho