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TEK MULTI-PURPOSE 
OSCILLOSCOPES 

SO ADVANCED 
THEY COST YOU LESS 

The Tektronix 2200 Series. 
Simply great. 

Tektronix traditions of excellence in 
designing and manufacturing oscillo
scopes are recognised all over the 
world . But rather than rest on past 
laurels, we have veered dramatically 
from the well established design paths 
we ourselves have laid down. 

With the 2213 priced at £670* and the 
2215 at £850*, these 60 MHz dual 
trace oscilloscopes are an entirely 
new form of instrument. 

Their most remarkable characteristic 
is the way in which major design 
advances have provided full~rang~ 
capabilities at prices significantly 
below what you would expect to pay. 
How has this been accomplished? To 
begin with, we have reduced the 
number of mechanical parts by more 
than half. This not only saves manu
facturing time, it lowers costs and 
improves reliability. 

Tektronix UK Limited 
PO Box 69, Harpenden, Herts. AL5 4UP 
Tel: Harpenden 63141 Telex: 25559 

Regional Telephon~ Numbers: Maidenhead 
0628 73211, Manchester 061 428 0799, 
Livingston 32766, Dubl in 850685/850796 

PT206 

Board construction has been greatly 
simplified and the number of boards 
reduced. Board connectors have also 
been reduced substantially and 
cabling .cut by an amazing 90%. 

The ~213 and 2215 have a high effi
ciency regulated power supply which 
does away with the need for a heavy 
power transformer. There are no line
voltage adjustments. Just plug the 
instrument into a power socket supply
ing anything from 90 to 250 volts, 
48...:62 HZ, switch on and you are 
ready to {neasure. Power saving 
circuitry has eliminated the cooling 
fan, resulting in further economies in 
size and weight. 

These scopes have it all. Dual trace. 
Delayed sweep for fast, accurate 
timing measurements. Single time 
base in the 2213, dual time bases in 
the 221 5. An advanced triggering 

WW-003 FOR FURTHER DETAILS 

system, automatic focus and intensity. 
Beam finder - and much more. 

Interested? Then why not telephone 
your nearest Tektronix office or circle 
the enquiry number for further 
information. 

Pe.rformance Specifications 
Bandwidth 
Two channels, DC-60 MHz to 20 
mV I div, 50 MHz to 2 mV ldiv. 
Light Weight 
6:1 kg (13112 lbs). 6.8 kg (15,0 lbs) with 
cover and pouch. 
Sweep Speeds · 
Sweeps from 0,5s to 0.05 J.I.S (to 5 
nsl div with x.1 0 magnification). 
Sensitivity 
Scale factors from 1 00 VI div (1 ox 
probe) to 2 mV ldiv (1 x probe) . . 
Accurate to ± 3%. AC or DC coupling. 

Also available from Electroplan. 
* Prices subject to change without notice. 

TektronOO 
COMMITTED TO EXCELL£NCE 
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FOR INSTANT MAINS DISTRIBUTION IN , 
OFFICES, LABORATORIES, WORKSHOPS 

AND F.OR MAXIMUM SAFETY N13A/6 
£23.40,£1 .50 P&P +VAT 

PEL 1 
BEL5SW 

£61,£2.25 P&P +VAT" 
£44.50, £1.50 P&P + VAT 13A/4SW 

~ ~····· ~ 13A/5/R £25.30, £1.50 P&P + VAT 

13A/6SW Slopinq 
£26,£1.50P&P +VAT 

TR9 £38.75, £2.50 P&P + VAT 

£22.40, £1.50 P&P + VAT 

WEL2 
£52.80,£2.25 P&P +VAT 

T13A/5 
£21 . .75· 

£1.50 P&P 
+VAT 

N13A/3 
£16.77,£1.50 P&P +VAT' 

DELIVERY EX-STOCK 

OLSON FACTORY NO. 8,5-7 LONG STREET ~ 
Electronics ltd. LONDON E2 8HJ Tel: 01-739 2343 1111!1 

WW - 041 FOR. FURTHER. DE.TAI_I.S 

Stocks of standard items 
exceed a quarterofa million. 
Individual units to th~ tightest 
specification made to order. 

'thi~ technology is available now from 

Interface 
Q.uatt:t 

Deviees 
Limited 

. I!JJO. ·. l]). . . 29 Market Stl'eet Crewkerne .· 
Somerset TA rS 7JU 

· ·· ·. . . Crewkerh€ (o46o) 7443.3 
'TcleJt462B3 intaceg 

WW - 026 FOk ~'UR.'fltiSJ.t DETAiLS 

I WII.MRIIW 
illJD[[)O([) . 
The firm for Speakers 

Just 9 will bring you the latest Wilmslow Audio 

80 page catalogue packed with pictures and specifications 

of. Hifi and PA Speaker Drive Units, Speaker Kits, 

Cabinet Kits .... 

1000 items for the constructor. 
CROSSOVER NETWORKS AND COMPONENTS. 
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP 
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS ;.... MIXERS - COMBOS - EFFECTS -
SPEAKER STANDS AND BRACKETS - IN~CAR 
SPEAKERS AND BOOSTERS ETC. ETC. 

* Lowest prices- Largest stocks * 
* Expert staff- Sound advice * 

* Choose your DIY HiFi Speakers in the comfort * 
of our listening lounge. 

(Customer operated demonstration facilities) 
* Ample parking * 

* Access Visa American Express .accepted * 

m 
0625 529599 

35/39 Church Street, Wllmi$0W, . Cheshire . SK9 1AS e: !· L/ghtrling stlr't'ica Ot1 telaphOrted ~red it Ctl(d Orders f. • 

WW ~ 021 FOR Ftffi'i'hER DE'l"Att.s 
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with 

Electronic Temperature 
Control Circuit 

contained within 
the handle 

DESIGN 
FEATURES 

eNO MOVING 
PARTS 

e NO MAGNETIC 
EFFECT 

eftlo MAINS 
· SPIKING 

eMINIMAL 
MAINTENANCE 

eFULL RANGE 
OF PUSH IN 
SOLDERING TIPS 

eFAIL SAFE 
CIRCUITRY 

The Adcola 444 operates from 24VAC. 
50 VA. 50/60Hz. supply. Temperature 

range normally factory set at 360°C is fully 
variable between 220°C -420°C. The 

control circuit is based on a specially designed 
integrated circuit and uses a thermocouple 

temperature sensor. 
Full specifications and prices from 

(1DCOLt=:\ 
(Regd TrDd• Mark ) 

ADCOLA PRODUCTS LIMITED 
ADCOLA HOUSE, GAUDEN ROAD, LONDON SW4 

Telephone: 01·622 0291/4 Telex 21851 ADCOLAG 
WW- 030 FOR. FURTHER DETAILS 
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* NOW WITH A 2 YEAR WARRANTY 

* Fluke 80228 
3V2 Digit hand held LCD. DMM. AC/DC volts: 
DC/AC current. resistance. diode test. 0.25% basic 

~a~:~~i~o§>~~~loa.~ ~~o~~c.ti.on .. ~Inyl. ~a3~~6o 
* Fluke 8021 B. 
Same spec as 80228 with additional audio tone for 
continuity. Vinyl case C90 £8.00 . .. ..... £95.00 

*Fluke 80208 
3 V2 digit 0. I % basic DC accuracy. DC/ AC volts. 
DC/AC current. resistance. diode test and · 
conductance. Continuity beeper. Vinyl case C90 
£8.00 ........... ... ·.· ·•· . ...... ... .. £125.00 

*Fluke 80248 
3\12 digit. 0.1% basic DC accuracy. DC/AC volts. 
DC/AC current. resistance. Diode test. 
conductance. logic + continuity detect + 
temperature. Peak hold on voltage and current 
functions, continuity beeper. Vinyl case C90 
£8.00 ............ .. .. ... . ......... . £155.00 

FLUKE8050A 
4 V2 01g1t LCD DMM with true RMS on AC volts 
and current DC volts 200mV-I KV. I ~V 
resolution AC volts. 200mV-750V. IOfiV 
resolution . DC/AC current 2CJOf.IA-2A. O.DifiA 
resolution resistance 200fl-20M!l. 0.01 n 
resolution. Also reads dB direct referenced to 1 6 
stored impedances. Conductance ranges 2mS and 
200nS. £255 mains model £285 ma1ns battery . 

FLUKE 8012A . 
3 V2 D1git LCD DMM with true RMS on AC volts 
and current. DC volts 200mV- I KV. 1 OOfAV 
resolution. AC volts 200mV-750V. 100fiV 
resolution . DC/AC current 200~AA-2A. 0. :,..A 
resolution. Res1stance 200Q-20Mfl. 0.1 n 
resolution Low resistance 2fl and 20fl. 1 mn 
resolution Conductance ranges 2mS-20,..S-200nS 

. £229.00 mains model £259.00 mains battery. 

FLUKE8010A 
3 V2 Digit LCD DMM Same spec as 8012A plus a 

' 

................... 1 OAmp AC/DC current range. but not low 
resistance range. £175.00 ma1ns model £203.00 
mains battery. 

A81 -230 Battery eliminator . . . . . . . . . . . . . ... £14.00 
C90 Carry case for hand held . . . £10.00 
801-600 Amp clamp . . . . . . . . . . . . . . . . . . . £68.00 
80J-1 0 Current shunt I OA . . . . . . . . . . . .. £22.00 
80K-40 H.V. probe 40kV. . . . . . . . . . . . . . . . . . . . . £56.00 
80K-6 H.V. probe 6kV. .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £40.00 
SOT-150 Temperature probe ..... . . .. ..... - . . . . . . . . . . . . . . . . . . . . . £72.00 
SOT -H Touch hold probe. . . . . . . . . . . . . . . . . . . . . . . . . . . £36.00 
83RFR.F. probe IOOMHz ............... ... . . ... .. ...... . ...... ...... £40.00 
85RF R.F probe SOOMHz ............ . .......... . . .. .. . .... . . ...... . £69.00 
Y81 02 Thermocouple probe . . .. £41.00 

Y8 I 03 Bead thermocouple ... . .. ..... .. ..... £18.00 
~iiiiiiiiiiiiiiiiii;~ Y81 04 K type thermocouple termination . . .... £8.00 

YB 1 33 Deluxe test leads .. ... ... ........ £13.00 

The above prices do not Include carriage 
orVATf15%J. 

Simply Phone or 
Telex your order for 
Immediate dispatch. 
Electronic Brokers Ltd 
61/65 Kings Cross Road 
London WC1X 9LN 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
WW- 201 FOR. FURTHER DETAILS 
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NEW LOW COST 
12 BIT ANALOGUE I/0 & DIGITAL I/0 

FOR ''PET'' USER PORT 

AT LAST 
The "PET" user interface that 
everyone can afford that 
provides:-
4 x 12 BIT ANALOGUE 1/P: 4 x TTL 1/P 

2 x 12 BIT ANALO(iUE 0/P: 4 x RELAYS 

By using the "PET"s own 6502 Microprocessor, we are able to offer an unheard of ratio of perfor
mance vs value for money. Price includes operating program in EPROM whi1ch greatly 
simplifies its use. £195 
CALL CIL FOR DETAILS 
Coming soon, a suite of applications 
programs in EPROM to include waveform 
generation, data acquisition etc .. 

Terminate and measure RF Power 
up to 50,000 watts from AM and F~ 

through VHF and UHF frequencies in 1%". 3!t8" or 6!t8" coax lrnes. 
Three models cover 1-lOkW, J-25kW and J-SOkW ranges with calorimetric 
accuracy of ±2112% of Indication (above SkWJ. 
Self<ooled MODULOAD Termination assures low SWR in 50-ohm lines, 
can be permanently mounted - or 
wheeled in place on dolly. WilD else but 
To measure power. push a button. BiitD 
wait briefly to stabilize, zero the display 
and apply RF! 
Can be used to calibrate or check other 
meters. Detailed specs in CaiMOD 
Bulletin. Ask for it 

Aspen Electronics Limited 
YOUR EXCLUSIVE U.K. REPRESENTATIVE 

2/3 Kildare Close, Eastcote, 
Ruislip, Middlesex HA4 9UR 
Telephone: 01-8681188 
Telex: 8812727 
FAX: 01-866 6596 

WW- 079FORFURTHERDETAILS 

CIL MICROSYSTEMS LTD 
DECOY ROAD
WORTHING 
W. SUSSEX 
(0903) 210474 
Telex 87515 

Sowter 
Transformers 

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

AUDIO FREQUENCY 
TRANSFORMERS OF EVERY TYPE 

YOU NAME IT! WE MAKE IT! 
OUR RANGE INCLUDES 

Microphone transformers (all types), Microphone Splitter/Combiner tran_sfor
mers. Input and Output transformers, Direct Injection transformers for Guitars, 
Multi-Secondary output transformers, Bndg1ng tra~~for_mers, Lme transformers, 
Line transformers to G.P.O. Isolating Test Speclflcat1qn, Tapped 1_mpedance 
matching transformers, Gra.mophone Pickup tran~form_er.s, Aud1o M1x1ng Desk 
transformers (all types). Mimature transformers, M1cromm1ature transformers for 
PCB mounting Experimental transformers, Ultra low frequency transformers, 
Ultra linear and other transformers for Transistor and Valve Amplifiers up to 500 
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Am!ili
fier to 100 volt line transformers (from a few watts up to 1,000 watts), 100 volt I me 
transformers to speakers, Speaker matching transformers (all powers), Column 
Loudspeaker transformers up to 300 watts or more. 

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR 
P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE 
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard 
types are in stock and normal dispatch times are short and sensible. 
OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES, 
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS, 
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we 
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc. 

, Send for our questionnaire which, when completed, enables us to post quota
' tions by return. 

E. A. Sowter Ltd. 
Manufacturers and Designers 

E. A. SOWTER LTD. (Established 1941 I : Reg. No. England 303990 
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk 

P.O. Box 36, lpswich.lfl'1 2EL, England 
Phone: 0473 52794 and 0473 219390 

Telex 987703G Sowter 

WW - 019 FOR FURTHER DETAILS 
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METER PROBLEMS?· 

2 I J 

137 Standard Ranges in a variety of 
sizes and stylings available for 10-14 
days delivery. Other Ranges and 
special scales can be made to order. 

Full Information from: 

HARRIS ELECTRONICS (London) 
Phone: 01-837 I 7937 

.. 138 GRAY'S INN ROAD, W.C.1 . Tel~x: 892301 

WW - 027 FOR FURTHER DETAILS 

£~/t 
BWEL.E.D's 
This revolutionary New 
Blue LED, the ESL SOB2, from 
Anglia Components is a 
miracle of scientific tenacity 
previously thought to be 
light years away. 
Its applications in science 

available C 
ex-stock. 

OUTLINE 
SPECIFICATION 

:~;i;;e~:. n~l~imi!e. d. 

. Anglla Package:T1icase 

Emission 
Wavelength: 490 n Metres 

Light COMPONENTS Output: 2.0 m.c.d. at 12 rnA 

Forward 
THE PARTS YOU NEED Voltage:7.svolts 

-fast! 
Burdett Road, Wisbech, Cambs, PE13 2PS 
Telephone 0945 63281 Telex 32630 ANGLIA G 

WW -" 007 FOR FURTHER DETAILS 
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HM307 
OSCILLOSCOPE 
Single trace. DC to 1 OMHz. Risetime 
35nS. 5mV/cm to 20V/cm . Timebase 
0.5J1S·0.2S. Built in component tester. 
LPS techntque provides stable and 
reliable triggering up to 30M Hz£ 1 38.00 

HM412-5 
Dual Trace . DC to 20M Hz 8 x 1 Ocm 
display with internal graticule . Rise time 
17.5nS. Variable input 2mV-20V/cm. 
Add and invert modes. Timebase 
0 5JJS·0.2S with sweep delay 1 OOnS-1 S 
x 5 expansion. X-Y operation Z 
modulation. Trigger CHI. CH2. CH 1/2. 
Line or EXT. . . £350.00 

HM 203 PORT ABLE 
OSCILLOSCOPE 
Dual Trace. DC to 20M Hz. 8 x I Ocm 
display. Risetime 17.5nS. Sensitivity ., 
5mV/cm-20V/cm. Timebase 0.5JJS-0.2S. 
x 5 magnifier. X-Yoperation. Auto or 
variable trigger. Channel I, Channel 2, 
line and external. Coupling AC. or TV 
low pass filter. We1ghs only 6Kg. Size 
[m .m .) H. 145. W. 285. D. 380 £220.00 

HM705 
Dual Trace DC-?OMHz 8 x 1 Ocm display 
with internal graticule. Risetime 5nS. 
Variable input 2mV-20V. Add and invert 
modes. 95nS Signal Delay Line. 
Timebase 50nS-1 ';/em with sw·eep delay 
I DOnS-! S x 10 expansion. XY 
operation. Z modulation. Trigger CHI. 
CH2, CH 1/21ine or EXT . . ... . £580.00 

The above prices do not Include carriage 
or VAT (15%). 

Simple Phone or 
Telex your order for 
immediate. dispatch . 

Electronic Brokers Ltd 
61/65 Kings Cross Road 
London WC1X 9LN 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
WW - 202 FOR FURTHER DETAILS . 
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cr 
INDUSTRIAL 

n 
* -45KHz± 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. 

MUSCLE 
* 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 MAYBE CONNECTED TO PROVIDE UPT04kW. 
*INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. 
* 3-YEAR PARTS AND LABOUR WARRANTY. 
*UNITS AVAILABLE FROM 100VA-12KVA. 

For full details on all Amcron Products write or phone Chris Flack 
Model - M&OO. 

P.O. BOX3 
ATTLEBOROUGH 
NORfOLK NR17 2PF 
Tei: 0953-452477 

Analogue Associates 

HFANTENNA 

*MODE; Full half wave 4;;JA operation. . · * BANDS; Up to 4 spot · 
frequencies. ~ * POWER; Receive to · \ ------~ 

* ~~~;(~;~~r than 1.5:1 ·\, 
on channel. 

THE SMC TRAPPED DIPOLE ANTENNA 
has be.en developed to satisfy the needs of commerical and military users. It is capable of 
operat1on between 2 and 30 MHz on as many as four spot frequencies - each capable of 
accommodatmg many channels. Excellent matching and efficiency with a single coaxial 
feed 1s offered by the use of SMC H1Q traps and the incorporation of a ferrite balun in a 
full half wave design. NB: P~wer absorbing terminating resistors are not employed. The 
~ntenna may be deployed us1ng one or two support masts, mstallat1on (incorporating SMC 
light duty portable masts I can be easily effected by two people in half an hour. 

Antennas 

SMCfTDA/2 2 freq £125, SMCfTDA/3 3 freq £170, SME!TDA/4 POA. 

Complete Installation 

2 freq antenna, 210m support masts, kit bags, erection equipment £434. 
Exact specifications are to customers' requirements. 
(Above include 30m UR67, balun etcl. 

SMC Masts and Towers;costeffective. 
Support structures, 250 models available. 

*Tubular aluminium alloy masts 20-60ft. 
*Tubular steel masts 3·4.5" Dia. 20-100ft. 
*Self-supporting, telescopic, fold-over towers 20-SOft. 
*Self-supporting and guyed towers 20-160ft. 

WW - 038 FOR FUltTHER DETAILS 

PROFESSIONAL INDUSTRIAL ELECTRONICS 

~®~ 
~®$11 

~[f)(Ft®~ 
~(FtFJ$~(Ft~ 

Send cheque or official order for prompi 
de liven·. Telephone orders will be 

~ 
HOLDS UP TO SIX EPROMS despatched c.o.D. at no extra charge. 
SAFETY INTERLOCKED TRAY Also available in London from: 
FAST ERASE TIME Teehnomatic Ltd. 
QUALITY STEEL CASE Transam 
MONEY-BACK GUARANTEE. ~r~t~~hl~~enfrom: 

~-----·· NORTHERN ELECTRONICS •••••• , 
51 Arundel Street, Mossley, Lancashire Tel: Mossley (04575) 4ti9 

WW- 017 FOR FURTHER DETAILS 

Ideal for the experimenter 
• THIS DOSIMETER WILL AUTOMATICALLY 

DETECT GAMMA AND X-RAYS 
• UNIT IS SIZE OF FOUNTAIN PEN & CLIPS 

ONTO TOP POCKET 
• PRECISION INSTRUMENT 
• MANUFACTURERS CURRENT PRICE OF A 

SIMILAR MODEL OVER £25 EACH 
•o-5R 

British design & manufac ture 
Tested and fully guaranteed. Ex-stock delivery. COMPLETE 

As supplied to Fire Services/Civil Defence WITH DATA 

01 -723 1 008/9 

Mail 

WIRELESS WORLD MAY 1982 

Here is the expertise 
you can depend on-

Clark PT mast. 
vehicle-mounted in 

Range-Rover .• The P.T. 
series of masts is 

widely accepted by 
international 
broadcasting 

authorities. It is for 
field strength 

measurement work 
that they have beeh in 

particular demand. 
Extended heights 

4.1m. to 21m. 

When you choose a mast 
from the comprehensive 
Clark range you are 
assured of a high standard 
of Engineering and 
operational reliability. 

W~y compromise? 

Extended heights 4 
metres-30 metres, capable 
of lifting head load 1 kg.-
200 kgs. Sectional or 
telescopic air ooerated for 
field or vehicle mountin~. 
Write of phone us for 
~etails today. 

CLARK MASTS LTD. 
Binstead, 
Isle of Wight, 
P033 3PA, England. 
telephone: Ryde (0983) 63691, felex: 866a6. 

WW- ()36FORt:'lJitTHERi>ETAILS 
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11 /34A CPU 128KB MOS. 2 x RL01 disks, H960 
cab, LA36 Console RSX11 M Licence ... £8,750.00 
11/44 CPU 256KB MOS, dual TU58, 2 x RL02 
disks, H9642 cabs, LA120 Console RSX11 M 
Licence .. ... . .... ... ... .. ...... .... . £17,450.00 
11/70 CPU 512KB MOS. RWM05 disk, LA120 
Console . . . £57,000.00 

PROCESSORS 

PDP8A 10%' ' 32KWMOSfNEWl .. . · . . £1,750.00 
PDP11/04 1 0 Y2'' 32KB M(jS [NEW) .. £3,625.0Q 
PDP11/34A 1 28KB MDS. . . ........ . £5,000.00 
PDP11/34A 256KB MOS . . . . . . . . . £6,250.00 
PDP11/35 32KW Core . . . . . . . . . . £2,350.00 
POP11/40 96KW Core, KT1 1 0 ....... £4,650.00 
PDP11/44 256KB MOS ...... . ... .. . £11,500.00 
PDP11/44 256KB TU5B, Cab . . . £12,750.00 
PDP11/45 32KW Core , Cab . . . £5,950.00 
PDP11/45 96KW Core, Cab £7,450.00 · 
PDP11/70 512KB MOS ... . ....... . . £30,000.00 

DISK DRIVES 

RK06 14 meg fNEW] . . ... ...... . ... . £2,500.00 
RK611 RKOS S. ctl ..... . . . ... . . : ..... £4,250.00 
RL01 5 meg. . . .... £995.00 
RL 11 RL01 & ctl . . . ... . . . . . .. £1,745.00 
RL02 10 meg . . . ... . . . .' . . ... £1,450.00 
RL211 RL02 & ctl. . ..... . : . . . .. £2,200.00 
RWM05 RM05 & ctl fNEWl . . .. ..... £26,500.00 
RXBE Dual Floppy & ctl [NEWl . . . ..... .. .. £995.00 
RX11 BD Dual Floppy & ctl (N~l ..... .. . £995.00 
RXV11 BD Dual Floppy & ctl [NEW) ... . . . . £995.00 

HAZEL TINE H2000 VDU 

27x 74 Display, 64 ASCII. RS232, 
full half duplex and full editing XY 
cursor addressing and batch mode, 
green phosphor CRT, detachable 
keyboard . 
SPECIAL QUANTITY DISCOUNT 
OFFER 
1-2 . £299.00 5-9 £255.00 
3-4 £275.00 1 0 + £250.00 

A.JB32 DAISY WHEEL 
l=iRINTER I PLOTTER 

. Scoop purchase of Anderson
Jat:<lbson AJ832 Daisy Wheel 
~rinters complete with full keyboard 
11'ltegral stand and RS232 Interface 
Utilising the . /~,....... ~-..... , -
famous QUME . . r~ . 
Printer Mechanism _ · 
1-4 .£996.00 ~-5-9 £950.00· . . . 
1 o + tess.oo {. __ -:..._ '1r · 

. ~ 

DEC LP11-VD 30d 1 pm Drum Prll1ter 
upper/lower case, including control 
m<ldule ....... ..... ............ ... £21750.00 
DEC LP04 900 1 prn upper/lower case 
drum printer 8RAND NEW SURPLUS, 
including control module ..... £51750.00 

. DAIA PRODUCTS 8600 band printer 
including control module .. ... £317!50.00 

CEC LA35/LA3B and 
LA1BDMATRIX 

PRINTERS 
LA36 30cpskeyboard printer with .. 
integral stand, 132 column tractor-
feed, upper/lower case ASCII . 
LA36 Wlth20mA interface .. £450.00 
LA36 with RS232 interface . £495.00 
LA35 - Recei_ve only version of 
LA36- AMAZING VALUE: 
LA35 with 20mA interface . 

. . . . ' . ' ' ' .... .. £250.00 
LA35 with RS232 Interface. £275.00 
LA 1 80 high-speed output printer 
with 180 cps printing, 132 column 
tractor-feed, upper lower case 
ASCII. Integral stand [NEW] 
LA 1 80 printer standard parallel 
(Centronics type] interface .. . .£495.00 
LA 1 80-ED with optional RS232 or 
20mA interface . . .... . . · .. _. £870.00 

AJ212 ACOUSTIC COUPLERS 
Special Purchase of Anderson-Jacobson 
Acoustic Couplers suitable for use with 
8S232 or 20mA devices, full or half 
duplex, at speeds up to 300 baud. -
Attractive wooden case . . . . .. £125.00 
Vl5o AND VT52 DECSCOPE VDUS 
vr5o DECscope, 12 X 80 upper case 
ASCII, 9 switch-selectable baud rates 
15·9600 baud, 20mA or RS232·. 
interface ......... . , ... . ... .......... £250.00 
VT52 DECscope, 24 x 80 upper/lower 
case ASCII, 9 switch-selectable baud 
rates 75-9600 baud, ~OmA or RS232 
Interface ..... . .. ..................•. £525.00 
All items reconditioned unless otherwise 
stated 
ADD 15% VAr ro ALL PRICES 
Carriage and Packing extra ' 

Electronic Brokers Ltd., 61165 Kings Cross Road~ 
London WC1X 9LN. Tel =01-278 3461. Telex 298694 
I ·~ : I ::-4 : I ::-4 : I ::-1 : I ::-1 

=-t: 1::-4:1::-1: 1::-t: I 
Electronic Brokers I ::-1 : I ::-1 : I ::-f 

WW- 023 t<'ORFURTHERl:>Et'AILS. 
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ACOUSTIC & VIBRAnON 
BRUEL & KJAER 

PricfiS 
from£ 

1621 Tunable 'Band P- Filter 660 
2113 Audio Frequency Spectrometer 1400 
2203 Sound Level Meter 4&0 
2215 Sound Level Mater inc. Oct. Filter 1060 
2218 Sound Level Meter inc. Leq. 147& 
2305B Level Recorder inc. 50 dB pot. 13&0 
2625 Vibration-pick-up amplifier 360 
2Sl8 Power Supply/Mains Adapter 90 
2!J72 Tape Siijnal Gate 200 
4230 Sound Level Calibrator 96 
4423 Noise Dosemeter 3&0 
4424 Noise Dosemeter 376 

CASTLE ACOUSTICS 
CS181 Sound Le\'el Meter & Calil)rator 295 
C.E.L. 
112 Environmental Noise Analyser 300 
144 Environmental Noise Analyser 600 

DAWE 
419C Audio White Noise Generator 190 
1461CV Vibration Analyser 360 
1463B % Octave Filter 200 
14650ctave Band Filter 160 

KISTLER 
504A Charge Amplifier 200 

WAYNE KERR 
B731B Vibration Meter inc. probe 270 

BRIDGES & V and I STANDARDS 
ADVANCE 
Tl Q Meter 100 KHz-100 MHz 160 

CINTEL 
2773 Inductance Bridge 160 

HEWLETT PACKARD 
4261A Digital Automatic LCR Bridge 97& 
4342 OLC Meter 22 KHz-70 MHz 2800 
MARCONI 
TF868A Universal LCR Bridge 2&0 

MUIRHEAD 
030A DC Bridge 0.15% 180 

PHILIPS 
PM6302 RCL Bndge - direct reading 396 

WAYNE KERR 
B224 RCL Bridge0.1% 600 
B521 LCR Bridge 116 
B801/CU681/0B01 /SR268 VHF 
Admittance Bridge with aouree and 
detector transistor adapter & 0. C. Control 
Unh for transistor measurements 150 

COMMS & CABLE TEST 
EQUIPMENT 

DYMAR 
BC282 Battery charger for 883 Radio 
Telephone 80 
883 Radio Telephone - VHF band - hand 
held 246 

HEWLETT PACKARD 
3558A Psophometer 20Hz-20KHz 2&0 

MARCONI 
TF2809 Data Line Analyser 800 

NORTHEAST ELECTRONICS 
TI537B Psophometer/VU Meter 200 

SEIMENS 
U2033 Psophmeter 47& 

Carston 
Electronics Ltd 
01•267 5311 
Shirley House, 27 Camden Road, 
London NWl 9NR. Telex: 23920. 

S.T.C. 
74184B Selective Level Measuring Set 
74216A Noise Generator 
74261A Psophometer 
74262B White Noise Generator & Receiver 
74307C Level Measuring Set 
74834C Distortion Measuring Set 
96016 Selective Null Detector 
GTA-2 Quantization Distortion Tester 
GTA4B Pattern Generator 

TEKTRONIX 
1502 TOR Cable Tester CRT + Recorder 

COMPUTER EQUIPMENT 
(90 day guarantee) 

CENTRONICS 
702 matrix printer 

TEKTRONIX 
4610-1 Hard copy printer for 4010 series 
computer display terminals 

Prices 
from£ 

800 
300 
300 

2000 
176 
&00 
200 
BOO 
900 

2960 

&00 

1800 

Prices 
from£ 

DIGITAL TESTING EQUIPMENT 
HEWLETI PACKARD 
1600A Logic Analyser 16 ch 20 MHz 1400 
1600S Logic Analyser 32 ch 20 MHz 2260 
1602A Logic Analyser 16 ch 10 MHz 900 
1607 Logic Analyser 16 ch 20 MHz 960 

TEKTRONIX 
832 Datacom Tester R5232/V24 1160 
833As832 plus BERT/BLERTfeature 1300 
7DOIF/DFI Logic Analyser/Formatter 
16ch50MHzP/in 2860 
7603/7DOIF I D Fl As above with display 
mainframe 3800 

MAINS TEST EQUIPMENT 
COLE 
T1007 Volt/Freq/Spike Monitor Rec 0/P 110 

DATALAB 
DL019 Mains'lnterface for DL905 300 

FLUKE8800A 
5% digit digital voltmeter 

High accuracy and resolution AC/DC/fl. 
DC resolution 1J.LV. 

AC resolution 10J.LV. 
Manual or Auto ranging 

£430 (12 month guarantee) 
(£395 one month guarantee) 

COUNTERS & nMERS 
FLUKE 
1910A-1125 MHz 7 digit Cntr. AC/Ban 
1912 520 MHz 7 digit Counter 
1912A01 As 1912A but inc. re-charging 
batteries 
1920A 520 MHz 9 digit Counter inc. Brst. 
mode 
1920A 14 1250 MHz otherwise as 1920A 

HEWLETI PACKARD 
5243L 20 MHz 8 Digit Counter 
5245L 50 MHz 8 Digit Counter 
5300A/5304A 10 MHz6 Digit Counter 
Timer 
5300A/5305B 1300 MHz 6 Digit Counter 
5345 500 M Hz 11 Digit Counter Timer 

MARCONI 
TF 2432 560 M Hz 8 digit Counter 

RACAL-DANA 
37118 GHz 11 digit Counter with Source 
Locking facility 
8110 50 MHz 8 Digit Counter Timer 
9024 600 MHz 7~ digit Counter 
9025 1 GHz 8 digit Counter 
952010 MHz4 Digit 
9905 200 MHz 8 digit Counter Timer 

SYSTRON DONNER 
6053 3 GHz 9 digit Counter BCD 0/P 
5103B Strip Printer for 6053/6054 

TEKTRONIX 
DC501 7 Digit 100 MHz Counter- TM500 
Plug-in 

300 
375 

430 

57& 
750 

150 
200 

250 
426 

2000 

350 

4960 
320 
220 
460 
95 

360 

790 
376 

180 

DRANETZ 
606 3ch Volts Av/ Spike/Time/ Printer 2960 
6162ch AC 1ch DC Volts/Av/Spike/ 
Time/ Printer 3300 

GAY 
LDM AC/DC/Spike/Time inc. Printer 1260 

MISCELLANEOUS 
A.!. INDUSTRIES 
TCS General Purpose Gas Leak Detector -
intrinsically safe 290 

BRADLEY, 
192 Oscilloscope Calibrator 826 
CO MARK 
1601 BLS Thermom 10ch 87 + 1()()()0C type K 60 
N. B. Thermocouples not included 

CROWCON 
71 P Inflammable Gas Detector/ Alarm 125 

DATALAB 
DL905 Digital Transient Recorder/ Display 
Storage 1050 

FLANN 
16/11 Rotary Vane Anenuator WG16 2&0 

HEWLETT PACKARD 
342A Noise Figure Meter 600 
X382A Rotary Vane Anenuator WG16 11& 

MULTIMETRICS 
AF120 Dual H/Pass L7PaGS active 
filter 20Hz- 2 MHz 600 

PHILIPS 
PM 5501 Colour Tv Pattern Generator 199 

PM 6455 Stereo FM Generator 
PM 6456 Stereo FM Gtmerator 

RESEARCH INSTRUMENTS 
Micro manipulator - 4 Probes moveable in 
all planes. Adjustable test table - Watson 
Barnet optics. Complete system mounted 
in pe~pex enclosure 

ROHDE & SCHWARZ 
BN252 Transistor V Parameter Test Set 

S.T.C. 
74600J Anenuator 0-9 dB 500 in 1 dB 
steps 
74618A Attenuator 0-100 dB 6000 in 0.1 dB 
steps 

TEKTRONIX 
521PAL Vectorscope 
528 TV Waveform Monitor 
575 Semiconductor Curve Tracer 
1485C TV Waveform Monitor PAL/NTSC 

YELLOW SPRINGS 
VS157 Water Pollution Measurement 
System 

NETWORK ANALYSERSI 
PHASEMETERS . 

GENERAL RADIO 
1710/11/12/140.4-500 MHz 115.dB range 

HEWLETT PACKARD 
8405A Vector Voltmeter 1-1000 MHz 
8414A Polar Display for 8410 N.W.A. 
8745A S Parameter Test Set 0.1-2 GHz 
11570A Accessory Kit for B405A 
11600A Transistor Test Fixtures 
T018/T0'-72 
11602A Transistor Test Fixtures 
T05/T0-12 
11604A Universal extension arm for8745A 
11605A Flexible arm for 8743A 

OSCILLOSCOPES & 
ACCESSORIES 

CROTECH 
(New CROTECH Oscilloscopes) 
3030 16 MHz 1 Trace 5mV built-in 
component tester 
3033 15 MHz 1 Trace 5mV baneri( operation 
3034 15 MHz 2 Trace 5mV battery operation 
3035 10 MHz 1 Trace 5mV built-in · 
component tester 
313115 MHz 2 Trace 5mV built-in 
component tester 
3337 30 M Hz 2 Trace 5mV with signal delay 

GOULD ADVANCE 
OS1000B20 MHz5mV2 Trace 
OS3000A 40 MHz 5mV 2 Trace 2T base 

HEWLETT PACKARD 
182C 100 MHz Mainframe 
182T 100 MHz Mainframe with digital 
norrr~Siiser interface 
1804A 50 MHz 20mV 4 Trace Plug-in 
1825A Dual Timebase Plug-in 
1805A 100 MHz SmV 2 Trace Plug-in 

PHILIPS 
PM320715 MHz 5mV 2 Trace TV trig 
PM3211 15 MHz 2mV 2 Trace TV trig 
PM3212 25 MHz 2mV 2 Trace TV trig 
PM323310 MHz 2mV 2Ch fixed delay Dual 
Beam 
PM3244 50 MHz 5mV 4 Trace 2T base 
PM3260 120 MHz 5mV 2 Trace 2T base · 
PM3262 100 MHz SmV 2 Trace 2T base 
TrView 

TEKTRONIX 
465100 MHz 5mV 2 Trace 2T base 
4658 100 MHz SmV 2 Trace 2TB. inc Probes 
475 200 MHz 2mV 2 Trace 2T base 
475A 250 MHz 2mV 2 Trace 2T base 
485350 MHz 5mV2 Trace2T base 
5B42 2 T 1 base plug-in 50 MHz Trig for 5000 
series M11inframe 
DD501 Digital Events Delay - P /in for 
TM500 series 
661/4S3/5T1A 1 GHz Sampling scope 
7A12105 MHz5mV2Trace Plug-in 
7A1875 MHz5mV 2 Trace Plug-in 
7A 19 500 MHz 10mV 1 Trace Plug-in 
7A221 MHz 1~V Differential Plug-in\ 
7 A24 350 MHz SmV 2 Trace Plug-in 
7 A26 200 MHz 5mV 2 Trace Plug~in 
7B53A 2 Timebase Plug-in 100 MHz Trig 
7BSO Single Timebase 400 MHz Trig 
7B85Timebase with delay 400 MHz Trig 
7403N 75 MHz 3 slot M/Frame 
7603100MHz CRT r/out3slotM/Frame 
n04A 200 MHz CRT r/out4slot M/Frame 
P6013A X1000 12KV Probe 

TELEOUIPMENT 
D63/V1/V115 MHz 2 Trace 1 mV 

All items have a 12 month guarantee unless oth~rwise stated. 
. WW- 059FORFURTHERDETAILS 

~... ~ .... 

063/V5/V515 MHz SmV 2 Trace & fixed 
delay 
075/V4/S2A 50 MHz 1 mV 2 Trace 2 
T/base 
083/V4/S2A 50 MHz 1 mV 2 Trace 2T 
Big CRT -

4 0101515 MHz 5mV 2 Trace TV trig 
S61 5 MHz 5mV 1 Trace 

TEXSCAN -
01)120 Large CRT XV Display with 
z modulation 
Note: we hold e range of cameras 

Prices 
from£ 

440 

650 

150 
296 
136 

280 
P.O.A. 

OSCILLOSCOPES (STORAGE) 
HEWLETT PACKARD 
181A 100 MHz Mainframe 5cm/ ,..s 2600 
1703A35MHz 10mV2Tr2TB 1000Div/ms 1400 

TEKTRONIX 
.t1661.00 MHz SmV 2 Tr 2TB 1350cm/ lAS 2960 
T91210 MHz 2mV 2 Tr 1TB 250cm/ms 896 
7313 25 MHz 3 slot M/frame split screen 
5cm/,..s 1700 
7613 100 MHz 3 slot M/frame 4.5cm/,.s 2700 
7834400 MHz4slot M/frame 2500 cm/,.s 6300 

POWER MEASUREMENT 
FLUKE 

~ 8921A 10 Hz-20 MHz 4 ~ digit & Analogue 
Tnns £t dBm 826 

HEWLETT PACKARD 
432A RF-Microwave Powermeter for use 
with 470 series sensors 430 
478A Co-ax sensor for 432 meter 
10 MHz-10 GHz 180 
X486A Powersensorfor432 metarW.G.t6 180 
432A/478A combined price 6&0 
432A/X486A combined price 660 
B481A Type N Coax sensor for 435A 260 
8482H Co-ax sensor for 435/436 
100 KHz-4.2 GHz 220 

MARCONI 
TF893A 10Hz-20KHz Powermater 135 
2502 R.F. Powermeter DC-1 GHz 10W max 476 
2503 R.F. Powermeter DC-1 GHz 
100Wmax BOO 
6460/6421 Microwave Powermeter & 
sensor0.01-12.4GHz 600 

POWER SUPPLIES etc 
ADVANCE 
MGS-20 Switching PSU module 5V-20A 
fixed 

BRANDENBURG . 
000 EHT Power supply 3-30 KV -1 mA 

FARNELL . 
830/5 0-30V-5A variable 
830/20 0-30V -20A variable 
FFSL SV- 20A PSU module 
H60/250-60V-25A variable metered 
L30B 0-30V variable 1 A Metered 
SB30/10 0-30V ·10A variable 
TOPS/2 Twh5V@ SA+ 15-0·15V@ 1A 
TSV70 0-35V -10A or 0-70V-5A variable 
metered 

HEWLETT PACKARD 
6268B 0-40 V variable 30 A Metered V + I 
6966A 0-36 V variable 10 A Metered 

MARCONI 
2164 0-30V variable 2A metered 

PHILIPS 
PE16460-75Vvariable'6A Metered V + I 

PULSE GENERATORS 
ADVANCE 
PG 52A Modular pulse generator system -
wide range of configurations - cost 
dependent on modules - typical 
PG50020 0.1 Hz-1 MHz 50V 1o00 Double 
pulse R.T. 15ns 

EH RESEARCH 
13210 Hz-3.5 MHz50V500 RT 10ns2pulse 

HEWLETT PACKARD 
1Kl11A 0.1 Hz-20 MHz 16V 500 RT 10ns inc 
Burst mode 

90 

460 

110 
226 
80 

420 
80 

190 
86 

320 

67& 
4&0 

7& 

496 

650 

290 

190 

475 

S016A Digital word generator to 50 MHi 

Prices 
from£ 

9 X 32 bit 3400 

LYONS 
PG73N20 MHz 10V500 R.T. 5ns 390 

RECORDERS & ACCESSORIES 
BRYANS SOUTHERN 
BS314 Chan 10" 4 Pen 16 speed 1900 
BS316 Chan 10" 6 Pen 16 speed 2&00 

DCM 
8100W Wow & Flutter Analyser 

EM 
1100 

LVDT Linear Displacement & Transducer 50 

FYLDE 
154 Bridge supply and Amplifier 110 

HEWLETT PACKARD 
7015A XV 1 pen A4 size 7iJo 
7046A XV 2 pen A3 size 996 

HONEYWELL 
5600B Instrumentation tape recorder 14 ch 
FM/DR 900Ci 

MICRO-MOVEMENTS 
M10-120/ A Compact UV 10 ch 7 speed 
recorder (inc. galvosl 1900 

PHILIPS 
PMB041 XV 1 pen A4 size 7&0 
PM8251 Chan 10" 1 pen 12 speed 37& 

SELABS 
994 6 ch galvo preamp + DC bridge supply 460 
3006 UV chart 6" 6 ch 370 
6(UI UV chart 8" 25 ch 16 sPeed 960 
6150/51 UVtecorder 12 cl•·inc 6 champs 1CQI 

SMITHS 
R E541 Chart 8" 1 pen 8 speed 250 
RE501/4701Cht4" + XV1ch10spd 
AC Batt 200 

SOLARTRON 
3240 Modular Data Logger system P.O.A. 

RANK 
1740 Wow & Flutter meter 86 
Note: UV recorders ere priced less gelvos 

SIGNAL ANALYSIS 
EQUJPMENT 

AIRMEC 
210 AM/FM Mod Meter 2.25 MHz-
~Mfu m 
248A Wave Analyser 5-~ MHz 200 
853 Wave Analyser 30 KHz-30 MHz 200 

MARCONI 
TF7910 FM Mod meter 170 
TF2304 Mod meter AM/ FM 476 
TF2330 Wave Analy$er 20 Hz·50 KHz 476 
TF2330A Wave Analyser 20Hz-76KHz 900 
TF2331A Distortion meter 770 

RADFORD 
DM52 Distortion meter 20 Hz-20 KHz 200 

SOUND TECHNOLOGY 
1700A Distortion Meter 10 Hz-100 KHz inc. 
oscillator BOO 

WAYNE KERR 
A321 Wave Analyser 20 Hz-20 KHz 180 
Note: see also "Spectrum Anetysers" 

SIGNAUFUNCTION/ + SWEEP 
GENERATORS 

GENERAL RADIO 
1362 Gene(ator 220-920 MHz 376 

GOULD 
J3B Generator 10 Hz-10 MHz 0/P level 
meter & Ann. 350 
J4 Generator as J3 but no output level 
meter 220 
SG21 Generator - Square Wave only 
0.3-100 MHz 80 

HEWLETT PACKARD 
204C Oscillator 5 Hz·1.2 MHz 210 
2040 Oscillator 5 Hz-1.2 MHz inc. 80dB 
anenuator 250 
608E Generator 10-480 MHz AM/Pulse 400 

Carston Electronics Ltd 
01·267 5311 

Shirley House, 27 camden Rd, London NWl 9NR. Telex: 23920 

8601A Gen/Sweeper0.1-110 1111Hz Ann. 
AM/FM 
8614A Generator 800-2400 MHz 
AM/FM/Pulse 
8660c;/86632A/86603A Synthesised Signal 
Generator 1·2600 MHz AM/FM digital 
readout, push button controls, BCD 
programrr~Sble 

8640B Generator500 KHz-512 MHz 
AM/FM Phase Lock 
618B Generator3.8-7.5GHz 
612 Generator450-1230 MHz 
614 Generator 0.8-2.1 GHz . 

IEC ' 
F51A Function 1 mHz-10 MHz 
Sin/Sq/Tri/Pulse/Ramp 

LEVELL 
TG150DM Generator 1.5 Hz-150 KHz 
battery operated 

MARCONI 
TF144H/4S Generator 10 KHz-72 MHz AM 
TF801D Generator 10 MHz-470 MHz AM 
TF955/2 Generator 0.2-220 MHz AM/ FM 
TF1066B/1 Generator 10-470 MHz AM/FM 
TF2000 Generator 20 Hz-20 KHz-111 dB 
attenuator 
TF2002/3MI Generator 10 KHz-72 MHz 
AM only 
TF2011/S Generator 96-1-10 MHz FM only 
TF2012 Generator 400-520 MHz FM 
TF2015 Generator 10-520 MHz AM/FM 
TF2015/1 Generatoras2015with narrow 
FM deviation 
TF2015/2171 Generator system witn phase 
lock synchronlser 
TF2015-1/2171 Generator system with 
phase lock synchroniser 
TF2171 Synchroniser for 2015 

PHILIPS 
PM5108L Function 0.1 Hz-1 MHz 
Sin/Sq/Tri 0/P meter- 50 and 600Sl 
PM5127 Function 0.1 Hz-l MHz Sin/Sq/ 
Tri/Rmp 
PM512!J Function 1 mHz-1 MHz Sin/Sq/ 
Tri/Ramp/Pulse + Sweep+ Burst 

TEKTRONIX 
FG503 Function 1 Hz-3 MHz Sin/Sq/Tri
PI in for TM500 series 

TELONIC 
2003 Sweeper system 0.1-130 M Hz with 
Attn. • . 

TEXSCAN 
9900 Sweeper 10·~ MHz 6/in CRT disp 
VS60 Sweeper 5-1000 MHz 

WAVETEK 
143 Function 0.0001 Hz-20 MHz 
Sin/Sq/Tri/Pulse 

SPECTRUM ANALYSERS 
HEWLETT PACKARD 
141T/8552B/8553B 1 KHz-110 Ml:lz 
system 
141T/8552B/8554B 100 KHz-1250 MHz 
system 
141T/8552B/8555A 10 MHz-18 GHz 
system 
3580A 5Hz-50 KHz with digi store disp 
8445A Pre-selector 0.01-18 GHz 
8558B.0.1-1500 MHz Plug-in for 180 series 

MARCONI 
TF237030 Hz-110 MHz Digi-store display 
built-in counter and tracking gen · 

TEKTRONIX 
7L 131 KHz-1800 MHz Plug-in for 7000 
series M/ Frame 
7L 18 1.5-18 GHz Plug-in for 7000 series. 
High resolution. Digital storage display. 
Built-in pre-selector 
7603/7L13 System with display 0.1-1800 
MHz 
7613/7L 13 System with storage/var. 
persist. display 

Prices 
from£ 

1960 

2800 

16000 

4600 
97& 
150 
826 

7603/7L 18 System with display 1.5-18 GHz 
(60 GHz with external mixers) 

VOLT/MULTI-METER 
(ANALOGUE) 

B'OONTON 
92CAC/RF10KHz-1.2GHZ ~mV-3V 

HEWLETI PACKARD 
400E 10 Hz-10 MHz 1mV-~V DC 0/P 
400H 10 Hz~4 MHz1mV-300V 
411A0.5-500 MHz 10mV-10V DC 0/P 
427 AC/DCIV/Sl 
3400 TRMS 10 Hz-10 MHz 1mV-300V 
DC-0/P 

LEVELL 
375 TM11 Analogue Multimeter AC/DC/V/1/n 

M. L. ENGINEERING 
60 

NAMV - DC sensitive lA Volt/ nAinp meter 
centre zero 

650 
180 
670 
690 

150 

MARCONI 
TF2600 10 Hz-10 MHz 1mV-~V AC+ DC 
0/P 
TF2603 50 KHz-1.5 GHz 300JAV-3V 
TF2604 20 Hz-1.5 GHz ~mV -~V 

PHILIPS 
PM2404 Analogue Multimeter 

660 AC/DC/V /lin 

650 RACAL-DANA 
660 9301 RMS 10 KHz"1.5 GHz 100,..V-300V 

1150 VIBRON/E.I.L. 

13&0 

1900 

338-21 mV-1V Electrometer 

VOLT/MULTI-METER (DIGIT AU 
BOONTON 

1960 
92AD 1999FSD 10 KHz-1 .2 GHz 101N res 

1050 FARNELL 

426 

DM131D 1999F.S.D. AC/DC/V/1/Sl& 
Temperature. Mains/battery- Temp 
probe included 

FLUKE 
450 S010A2000 FSD TRMS AC/DCIVISl 

845 

260 

760 

525 
890 

695 

7100 

9050 

10700 
2950 
2400 
4450 

7500 

noo 

10100 

S010A01 As 8010A + re-charging batteries. 
8020A2000.FSD Handheld 
AC/ DC/VISl + cond. 
8022A2000 FSD Handheld AC/DC/VISl 
8030A-12000 FSD AC/DC/VISl Ban+ AC 
8050A20000 FSD AC/DC/VISl dB TAMS 
SOSOA-01 As 8050A + re-chg batteries 
8200A 16000 F.S.D. DC only fast reading 
system Voltmeter 
8300A 120000 F.S.D. DC only fast reading 
system Voltmeter 
8800A200000 FSD AC/DC/Vll 

GOULD 
DMM71999 FSD AC/DC/V/1/n 

HEWLETI PACKARD 
3490A 100000FSD AC/ DC IV /!2 

SOLARTRON 
A200 19999FSD DC only 1JAV-1 KV 
A203 19999FSD AC/ DC IV /!2 
A205 i9999FSD TRMS AC/DC/V/!2 

LOW COST CORNER . 
Items in this box have 30 day 

guarantee only. · 

M.L ENGINEERING NAMV 
D.C. SensitivenAmp/14Volt meter-
centre zero 

TEKTRONIX 
547/1A4 50 MHz Dual Trace Dual Timebase 
4 channel oscilloscope 

TEKTRONIX 
575 Transistor Curve tracer 

TAYLOR 
8900 62A AM/FM Signal Generator4-120 MHz 

9900 
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NRDC-AMBISONIC 
UHJ SURROUND/ 
SOUND DECODER 

The firat aver kit specially produced by lntegrex for this British NRDC backed surround sound system which is the result of 7 years' research by the Ambisonic team. W.W. July, Aug .. 77 . 
The unit is designed to-decode not o~ly UHJ but virtually all other 'quadraphonic' systems (Not CD4) , including the new BBC HJ. 10 input selections . . · . • 
The decoder 1s linear throughout and does not rely on listener fatiguing log1c enhancement techniques. Both 2 or 2 1nput s1gnals and 4 or 6 output , ,._,,,dis are prov1ded 1n this most versatile un1t 
Complete with mains power supply, wooden cabin.et. panel, knobs, etc -

Com kit , includ licence fee £57.70 + VAT or ready built and tested £76.95 +VAT 

INTRUDER 1 M·k. 2 RADAR ALARM 
With Home Office Type approval 

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

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

Wireless World 
Trademark of Dolby Laboratories Inc. 

Dolby nOise reduce 
~ ( 

0 

Complete Kit PRICE: £49.95' +VAT (3 head model available) 

Typical parfonnanca 
Noise reduct ion better than 9dB we ighted 
Clipping level 16.5dB above Dolby level {measured at 1°1<> third 
harmonic content) 

Ha rmonic distortion 0 . 1 o/o at Dolby level typically 0 .05% over 
·most of band. rising to a maximum of 0.1 2% 

Signal-to-noise ratio : 75dB {20Hz to 20kHz . signal at Dolby level) 
at Monitor output 
Dynam 1c range > ~Udtl 
30mV sensitivity 

Also available ready built and tested ... .. ........ ... ... ...... .. .. ... .... .. ........ ........ ... ................ .. ...... Price £67.50 + VAT 

Cal ibration tapes are ava ilable for open-reel use and for cassette (specify which) ... .. ... Price £2.75 +VAT 

All kits are carriage free ACCESS and VISA welcome 

IDTEGREH limiTED 
·Please send SAE for complete lists and specifications 

Portwood Industrial Estat e, Church Gresley, 
,Burton-on-Trent, Staffs DE11 9 PT 
Burton-on-Trent (0283) 215432 Telex 377 106 

Ambit's new . ._ 
style catalogue 
continues to 
lead the market 
with low 
prices, new 
items, info, 
3 x £1 discount 
vouchers. 
Here's a few 
examples of 
some super low 
prices: 

78XX 1A 37p 
BC237/8/9 8p 

54p 
10MHz XTALS £2 

8 Pole 10.7MHz XTAL filters · £14.50 

2GHz coax relay 150W £10.95 

+ all the usual st uff at rock bottom prices + 
Toko coils, cryst al and ceramic f ilt ers, · 
micrometals toroids, Fairite ferr ites, Alps 
switches, OKI LSI, Piezo sounders, RF, I F 
Modules + Kits etc. 

500mAh 
2200 mAh 
1200 mAh 
4000 mAh 
110 mAh 

AA 
c 
D 
D 
PP3 

80 
2.35 
2.14 
3.05 
3.70 

74 
1.99 
2.06 
2.85 
3.50 

Prices shown EXCLUDE VAT. 
Access/Barclaycard may be used 
with written or te(ephone orders, 
official MA details on application . 

~ 0. 
POSTAGE and PACKING 

50p per order 

~iiiiiiiiiiiiiii~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~ 

IT internatiana TELEPHONE fSTO 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 north 5erui[l! Road, Brentwood, EsseN 
WW - 006 FOR. FURTHER. DETAILS 
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TEMPERATURE 
CONTROLLED 

SOLDERING IRONS 

~ 

MORE POWER 
TO YOUR£ 

Start with CATALOGUE 82 and our 
newest price list {effective to June 1st) 
and see how you save on ordering -
and see how Electrovalue service 
gives you confidence and satisfaction 
no matter what the size of your order. 

Send 70p for Catalogue 82 
(A4- 60 pages) by return. It 
includes a voucher for 70p 
spendable on orders for £10 
or more. 

SEND FOR YOUR COPY 
AND START SAVING NOW I 

STANDARD 
SOLDERING IRONS 

ANTEX ~~e 1~~-~:::::::::: ::: :::: ::: : : :::~ 
*CSBP 17w .............. ........ £5.30 
ex 17w .. ........................... £4.80 
X25 25w ... .. ... ............. ...... £4.80 

Control range 200"C to 400"C set by 
~~~~-onal key JiUpplied. Factory set to 

*XSBP 25w ... .. ........... .... .. £5.30 
*New types with moulded 13A plug 

ANTE X 
Stand £1.70 

£13.75 

~'<1..1-___ _;(.;.J)€§§1...__· -· 

DESOLDERING TOOL 
OryxSR3A. £7.50 

IMPORTANT 
All soldering 
equipment is 
priced NETT. Add 

VATat75% 

ELECTROVALUE LID., 28a St Judas Road, Englefield Green, Egham, Surrey 1W20 OHB 
Phone Egham 33&03 (STD 0784, London 87). Telex 264475. 
Northern Branch: 680 Burnage Lane, Burnage, Manchester M19 1NA. Phone (061) 432 4945. 

• 

• 
• 
• 
• 

3 frequency ranges DC to 180M Hz with 
1 Sec gate including phase locked_ loop. . 
1Hz-1KHz providing 0.01Hz resolut1on w1thm 
10 seconds. 
Period/Time ranges to 111Sec, 1mSec and 1 Sec 
resolution. 
Manual and logic gating on the time and event 
ranges. 
13mm 8 digit display with leading zero 
suppression. 
Internal charger and NiCad bat.teries. 

Price £195.00 plus VAT (carriage incl.) from 
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A new generation of drive units from KEF is now 
available to the home constructor. 

KEF's drive units have been improved in terms of 
reducing audible colouration as a result o~ t~e det~iled 
analysis of speaker vibrational characteristics, usmg 

computer aided techniques. 
Now the improved units and complete technical data on 
them are available to you to build a system to your own 

design or to use in any prescribed combinations to 
complete a system designed by KEF. 

DRIVE UNITS 

Compact, bass/mid range unit, 
suitable for use In either a compact full range 
system, or as a specialised mid range unit In a 
multl-wa~· system. 

Long throw bass/mid range unit, suitable for use 
In either a compact full range -system, or as a 
speclallsed'mid range unit In a multi-way system. 

B200•G 

,r ~- ~~ J 
'" 

® 
Low frequency unit with loll-stressed expanded Low/mid range unit with visco-elastic damped 
polystyrene diaphragm and highly compliant Bextrene diaphragm and high temperature voice 
sUJTOund, suitable for totally enclosed box, reflex, coli assembly, suitable for use where low 
transmission Une, hom and other specialised low distortion and high power handling are required. 
frequency applications. 

' KEF~ 
The Speaker Engineers 

KEF Electronics Ltd., Thvil, Maidstone, Kent ME15 6QP. 
.Thlephone: (0622) 672261. Telex: 96140. --------Please send me complete technical data of 

KEF Drive Units 

I Name: _________________ _ 

I Address: _______________ _ 

I 
I 

I 
I 
I 
I 

-~ ---------~'i,8~ 
WW - 032FOR FURTHER DETAILS 
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Arms and the man 
A great many words have been written in 
the last year or two on the amorality and 
expediency of engineering. On the one 
hand, some engineers have come to believe 
that the responsibility for rendering the 
bellicose ambitions of political leaders 
capable of realisation lies squarely with the 
desi~ers and makers of lethal hardware -
engineers themselves. If it were not for the 
complaisance of engineers, they say, the 
means to wage war in the modem manner 
would not exist. 

Those who do not embrace this belief 
(or who choose to disregard its 
implications}P._Oint out that if"defence . 
systems"- a weasel expression, referring 
to all military equipment, including that 
which by no stretch of the imagination can 
be seen in a posture of defence - were not 
available, then one "side" would subdue 
the other and impose its own ideology on 
the defeated. The solution to this problem, 
the holders of this view assert, is for each 
camp to arm itself to the teeth at an ever
increasing rate, threaten to irradiate the 
planet if provoked, but only to do so if the 
other side does it first. The unspeakable, 
impenetrable folly of such an attitude is 
almost too obvious to warrant argument: 
its holders would, scarcely deny that that 
this method of preserving life and liberty is 

· hardly compatible with the pursuit of 
. happiness. 

It is perfectlytri:te, as apologists for the 
arms race often point out, that some of the 
effects of the insane compulsion to _ . 
accumulate weapons are not at all as 
urisavoury as their raison d'etre. ~'Spin
off' has provided most of the advances in, 
for example, electronics in the last few 
decades. Iruiovation and development are . 
accelerating at such a rate that it is barely 
possible to see five years into the future, 
assuming there is one. But to what effect? 
Mter the expenditure of so much effort 
over so many years, with neither East or 
West yet persuaded that that an unstable 
equilibrium is a poor way to avoid 
catastrophic failure, are we being asked to 
believe that the possession of home 
computers, video games and digital 
wristwatches makes the whole thing worth 
while? 

Some of the greatest scientists and 
engineers in the world, in both East and 
West, have laboured their entire working 

lives to produce hellish machinery, the 
whole point of which is that it shall never 
be used. Hospitals, schools, universities 
are closed or run down so that more 
weapons can be bought or made and the 
only benefits in our own field that we have ·. 
to show for all this misdirection of effort · 
and resources are a few gadgets. 
Admittedly, communications have 
improved immeasurably in :response to the 
stimulus.of military requirement, but a 
good deal of the i.nlprovement is taken up 
by the provision of entertainment. 

It is a speCious argument, which takes 
no account of the time scale involved: even . 
in the absence of military urgency, the · 
"improvements" and engineering 
advances would most probably occur in ' · ... 
their oWn good time, and who is to say that ~--

. that sooner is better than later when the ' 
pace of progress outstrips our 
understanding of it? 

Much that has been written on this 
theme has not dwelt on the inconveniently 
large question of waste. Materials, the 
efforts of gifted men and women, . 
irreplaceable earth resources, time and the .. · 
wealth of nations are all squandered to 
produce equipment which, if employed in : 
the manner for which it was desi~ed, · 
would have failed in its purpose. And this ' 
while millions of people in all continents 
are deprived of the simplest staples of life . 
The contrast between profligacy in the 
highly developed and privation in the 
primitive is too stark for us to contemplate : 
the continuation of useless armed 
posturing into the indefinite future: for 
that is the outlook - either a sudden and 
complete end to humanity or an 
interminable attitude of menace between 
East and West. Scientific American·has .. 
pOinted out that there are now more than .; 
three TNT - equivalent tons of nuclear '" 
explosive for every single person on earth . . ~.· 

It has been said before on this page, and 
it will bear repeating, that engineers in all 
the developed countries have made the 
confrontation possible. It is therefore 
engineers who are in the best position to 
bring it to an end, by simply refusing to 
work on armaments. Call it rebellion or 
siiDply common sense, but since 
politicians the world over seem bent on 
killing us all, it is the only way to avoid 
collective suicide. · 
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ORCHESTRAL SOUND, 
HALLS AND TIMBRE 

or-~why does it sound so beautiful?' 
This article examines aspects of the appreciation of orchestral sound, with particular 
reference to the transfer characteristics of the outer ear and its influence on timbre in 

various directions and on our sense of orientation. New subjective criteria are proposed. 
The King sway Hall is used as a model in the discussion · 

For several decades the most sought-after 
venue for recording orchestral music in 
England has been the Kingsway Hall in 
London: legend has it that Sir Thomas 
Beecham was· the first to identify this hall 
as particularly suited for the purpose. Are 
there some identifiable reasons for its 
superior wannth and clarity? Could they 
be applied elsewhere. 

My interest in acoustics was stimulated 
by a request from the Australian 
Broadcasting Commission. The quest to 
find a common denominator for warm, 
rich string tone in a hall arid in a recording 
has led me to study many halls, and to 
analyse musical qualities and our hearing 
capacities. These analyses have brought 
several surprises. First of all come our 
hearing capacities. 

Timbre 
Our localization of sound is based on three 
main complementary systems: only two of 

*Musical Director, State Opera of South .Aus
tralia 
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by Denis Vaughan* 

Horseshoe balcony in the Kingsway Hall is 
only 17m wide, giving early reflections 
back at the orchestra. 

these have been used so far in stereo 
recording techniques. The first is based on 
the exact timing of impulses to each ear. A 
difference of 0. 63 milliseconds we 
interpret as a change of angle of 90° in the 
direction of the earlier impulse. So we can, 
miraculously, recognise a timing 
difference is small as 0.007ms, the time 
necessary to move the sound source one 
degree to the side. The second is based on 
loudness and intensity: a softer sound will 
seem farther away. We apply this in 
localization: just a small change in volume 
on one channel will shift a stereo picture to 
the left or right and a general rise in level 
brings an instrument nearer to us. But the 
third system, timbre, has yet to be 
explored. 

· We hear a different timbre from every 
angle. Move a small clock around close to 
your ear, and you will notice that you can 
.always tell where it is, and that. the sound 

is never identical; If the clock is near your . 
ear but always equidistant from it, this test 
excludes the possibility of the impulse or 
intensity methods contributing to the 
effect: we recognize each and every 
direction partly by its own particular 
timbre. ·u you change the timbre, the 
apparent direction changes. The filtering 
effect of our external ear, illustrated by 
Fig. 1 and Fig. 2, causes us to hear a very 
odd balance in sound reaching us face-on.· 
The left-hand column of Fig. 3 shows that, 
with 400Hz as OdB, there is a strong peak 
at 3kHz of 12dB and a deep trough at 
10kHz of -10.5dB. So we hear certain 
upper-high frequencies (except 14 and 
15kHz) frontally very much weaker than 
those at 3kHz. · 
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fig. 1. Filtering effect of the ear canal, 
showing peaks near 5 and 10kHz, common 
to all that we hear. All frequencies above 
11kHz are much weaker. 

~ .90°~--+---t--
::::J 
z: 
~ 108° t-=--+--:-t--~ 

(}2 0·5 1 2 5 
FREQUENCY [kHz) 

10 15 

Fig. 2. Filtering effect of the outer ear on 
sounds arriving in the horizontal plane. 0" 
corresponds to a point straight in front. 

Horizontally to the side at 90° the 
balance is more even. The upper 
frequencies become as much as lSdB 
stronger than the frontal spectrum and the 
various peaks at lower pitches are 
smoother; thus reducing the range 
between the extremes to only lSdB as 
opposed to the 22.5dB range of the frontal 
spectrum. But the sensitivity which we 
have at 90° for 12 and 13kHz starts· to 
disappear already at 54° and 144°. Figures 
4 and 5 summarize the table of Fig. 1 
graphically. 

You may have noticed another aural 
characteristic. We tend to identify bass 
notes as coming from below our ears; also, 
the higher we sit in a hall, the wanner it 
sounds. I believe that we .react similarly to 
loudspeaker placing. Surprisingly, above 
our heads we can hear a strong peak at 8 
and 9kHz, as shown by Fig. 6. In fact we 
can Qnly hear 8kHz as coming from that 
direction, no matter where the sound 
source. But further up the spectrum, 
above lO.SkHz, we hear very little from 
over our heads. Therefore in a low room or 
a hall, where the predominant early 
reflections come from the ceiling, we can 
perceive very little refmement, delicacy or 
texture in the sound. Figure 7 is the 
graphical representation of Fig. 6. 

WIRELESS WORLD MAY 1982 

Musical q·ualities 
It is no easy task to prepare a preferential 
list of musical qualities in sound. 
Celibidache and other conductors, and 
several recording engineers and producers 
have approved the following list, which 
should only be regarded as tentative, and 
wide open to improvements: 
richness- powerful multiple reflections; 
density - many reflections across the hall 
within one second from a single impulse; 
wannth - a strong bass-heavy frequency 
response curve, with a plateau in the tenor 
octave (125-250Hz) tapering off smoothly 
towards the top; 
clarity - medium high frequencies 
arriving from all directions shortly after 
the original sound; 
intimacy - an adequate supply of 
frequencies between 11 and 15kHz 
arriving early at the ear between 54° and 
144° horizontally, and below 60° vertically; 
weight - low frequencies arriving shortly 
after the original sound; . 
singing tone - a 'growth in the 
reverberation reaching a peak about 100 
·milliseconds after the original sound, then 
dying away smoothly over about 1.8 sees. , 

One reason why richness - and not a 
long reverberation - tops the list is 
because a variety of reflections coming 
from many angles close upon each other 
gives our ears a full frequency coverage. 
With our aural limitations of timbre in any 
one direction, the deficiencies can be made 
good only by receiving sound from all 
sides. In Avery Fisher Hall in New York, 
you can hear that in some upper/front 
balcony seats, where richness is present, 
any lack of the other qualities is much less 
noticeable. 

Impulses 

Another reason for our apprectatlon of 
richness is our astonishing capacity for 
quickly perceiving separate impulses in 

-0.5d8 200Hz OdB 1·5 2·5 2 2 
+0.5 500 0 2·5 4 4 5·5 
+1 700 0 1 2·5 3·5 4·5 5 
-2 1kHz 0 25 4 45 6·5 7-5 
+10 2 0 2 2 . l5 0·5 
+12 0 2 3 

+5 4 0 3 4 3-5 
-1·5 5 0 

-0·5 6 0 

+1-5 7 0 
-2 8 0 

-8 9 0 
-10-5 10 0 3 
-10 11 0 
-7 12 0 

-2 13 0 
+2 14 0 

+3-5 15 0 

sound. Tests have shown that all listeners 
prefer to hear orchestral sound impulses 
which do not arrive simultaneously in both 
ears - hence the preference for stereo over 
mono. This scattering of the impulses is 
called 'binaural dissimilarity'. In a concert 
hall, it is the extent ofthe initial time-delay 
gap between the original sound and the 
first reflection - often about 40ms in a 
medium-sized hall - which gives much of 
the character to the acoustic. (Intimacy has 

• been associated with this gap, but my list 
suggests other requisites.) Our ears 
appreciate these reflections most when 
they arrive close to horizontally from the 
side. My timbre lists show that the timbre 
of a hall is influenced for us first by the 
angle at which we hear the strongest first 
reflection, and then by the shape and 
materials of the hall, or room, and the 
reverberant spaces beneath it. 

When we receive a lot of early 
reflections, one shortly after another, these 
impulses come in an arpeggiated form -
in slow motion rather like the thrumming 
of a chord on a l;larp. This sequence of 
impulses ·we perceived as being much 
richer than an instantaneous reflection. A 
digital delay unit demonstrates this 
quickly, by making two or three string 
instruments sound like a rich chorus. Halls 
are preferred where the sequence of 
impulses, whether first or later reflections, 
dies away evenly. It is called a 'smooth 
decay curve'. 

Home simulation _ 
These two keys to richness, namely timbre 

·and impulses, are demonstrable in the 
home with a system which I hope will be 

, developed in the phonographic industry, 
as soon as the field of the external ear is 
completely measured. The system would 
need at least ten loudspeakers: one large , 
one on the floor to represent the orchestra, 
and the smaller ones set around the room 
above and below the ear level, with the 
apposite timbre applied to each . speaker 

0·5 0-5 0·5 

-90 

-90 

-.90 

-90 

-90 

-90 

-90 

-130/-90 -3 . -75 

-11 -120/-50 -3 -75 

Negative 

Fig. 3: Lateral differences in timbre for one ·ear, compared to sound reaching us from 
.straight ahead at eye level (from Mehrgardt and Mellert). 
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to be transmitted in machine-code or 
source-language form. 

Factors influencing the ease with which 
programs may be communicated are 

the level of language used 
the availability of internationally 
accepted language standards and the 
ability of programmers to keep within 
limitations imposed by these standards 
compatibility of the computers used. 
These factors alone are probably 

sufficient to justify transmitting program 
files in source language form rather than as 
machine-code memory images. In this 
context we have . been examining the 
problems associated with transmitting 
both Pascal and Basic programs over the 
p.s.n. between microcomputers and 
mainframes. Some interesting results have 
been- obtained - a few of which are 
described here. 

Files transmitted between the two 
computers consist of a contiguous set of 
characters. Certain special characters 
interspersed in the sequence, for example 
end-of-line $0D*, impose a simple record 
structure on these files. That the files may 
not be physically stored in this way in 
either the source or destination computer 
is of little consequence as far as this article 
is concerned. 

Loading Basic from secondary 
storage 
Once a Basic program' has been 
transmitted from a remote computer and 
stored locally on a secondary storage 
mecijum such as a tape or d!sc drive, it is a 
simple matter to load the program into 
memory for subsequent execution. How 
the program is loaded will depend on the 
type of microcomputer used. To illustrate 
the purpose of this article, specific 
descriptions pertaining to the 3000 series 
Commodore PET microcomputer are 
included. 

The function of a loading program is to 
recognize Basic statements contained in a 
secondary storage file, convert them to the 
appropriate format, and store them at the 
correct location _in the memory space 
available. Functional requirements of such 
a program for the PET are summarized in 
Fig. 2(a), where it can be seen that the 
storage area for Basic programs starts at 
$0400 and ends at $7FFF where 32K of 
memory is available. Obviously, the 
loading program at the top end of the 
memory will slightly reduce the amount of 
space available for other programs. 

One of the loading program's main tasks 
is to convert the incoming source code to a 
code which can be stored in the computer's 
memory, the· two forms of which are 
represented in Fig. 2(b). When the source 
code is stored, each statement consists of a 
two-byte pointer, a two-byte encoding of 
the statement number, a sequence of 
bytes representing the original source line 
and a byte containing the 'end-of-line' 
marker. Further details on how Basic 

*The 'dollar sign' indicates that the number 
immediately following it is in hexadecimal form. 
This is not the standard method of indicating 
hexadecimal numbers, but is familiar to most 
users of the microcomputer concerned. - Ed. 
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(a) . Principle 

Secondary Storage Device 

BASIC Program in 
source code format 

PET Memory Space 

Reserved Area 
$0400 

Loader Program 
~------------------4$7FFF 

Screen Memory 

(b) Comparison of internal and external forms of Basic 

SOURCE CODE INTERNAL FORMAT 

10 PRINT"HELLO" 0400 00 OE 04 OA 00 99 22 48 
20 X=3+ 2 0408 45 4C 4C 4F 22 00 18 04 
30 y = 3*2 

0410 14 00 58 82 33 AA 32 00 40 =PRINT X,Y 
50 PRINT"GOODBYE" 0418 22 04 1 E 00 59 82 33 AC 

0420 32 00 2C 04 28 00 99 20 

0428 58 2C 59 00 38 04 32 00 

0430 99 22 47 4F 4F 44 42 59 

0438 45 22 00 00 00 AA AA AA 

(c) Memory map for a typical loading program 

RAM ROM 
$0400 

$7E50 

$7EE4 

$7F01 

Fig. 2. The function o(a source-language 
loading program. These diagrams, 
although specifically relating to the PET, 
are typical of most microcomputers. 
Underlined sections in (b) indicate the 
positions in memory of the Basic statement 
numbers. 

programs are stored in memory can usually 
be found in the computer's manuals9• 

Once a statement has been converted, it 
has to be placed in the correct memory 
location. Both conversion and insertion are 
usually carried out by routines built into 
the computer's operating system, which in 
the case of the PET are locations $C34B to 
$C43F, and there is no reason why these 
routines may not be used in the programs 
concerned. But for most readers, copying 
the relevent r.o.m. information into r.a.m. 
will be more practical than altering the 
system's r.o.m. A simple assembly 
language program will serve this purpose. 
The loading program's basic structure is as 
follows; · · 
Step 0: borrow code from the operating 

system 
Step 1: initialize Basic (usually using 

NEW) 
Step 2: read input flle (get next source 

character) 

Step 3: 
Step4: 
Step 5: 

Step 6: 

Step 7: 

Step 8: 

Operating System 

if 'end-of-line', go to step 6 
if 'end-of-file', go to step 8 
store source character in Basic 
buffer then go to step 2 
prepare for operating-system en
try routines 
convert source statement held in 
buffer, enter into Basic memory 
area, then go to step 2 
pass control back to Basic com
mand mode with a 'READY' 
message. 

As was suggested earlier, step 7 will 
probably be carried out by a ·'borrowed 
code', and the remaining steps will be 
implemented by the operator, see Fig. 
2(c). An assembly-language program for 
the above algorithm - for Basic source 
files on cassette .;_ is shown in Fig. 3, and 
a complementary flow diagram is shown in 
Fig. 4. When invoked, the initialization 
code copies $94 bytes, starting from , 
$C34B, in the slot reserved for it through 
manipulation of the · assembler location 
counter. When this is completed, the 
loading operation starts. The program uses 
a subroutine called TPREAD to transfer a 
block of data from cassette into the 
relevant buffer area. In turn, this routine 
makes use of the operating utility code 
commencing at $F855. Characters are then 
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Waveform synthesizer 
Here, an X/Y matrix is used to plot a given 
waveform. The waveform to be synthe
sized is divided into a number of time 
domains and the voltage at the end of each 
domain is set on a diode-chain potentiome
ter. If the length of the time domain is less 
than half the period of the Iilaximum fre
quency present in the waveform ;md, the 
number of discrete levels is large, accurate 
reproduction of the original can be 
achieved. This circuit lends itself to com
puter control and expansion. 

By varying the 555-clock frequency, the 
output waveform frequency may be ad
justed proportionally. A 7493 counter 
converts the clock signal into 4-bit binary 
to drive a 4-to-16-line decoder, which in 
turn drives 16 output transistors through 
t.t.l. buffers. Each transistor output is fed 
to a common point through a resistor. For 
certain waveforms, an integrating capaci
tor may be connected accross the output to 
filter out steps and switching pulses. 
P. D. Somerville 
Crawley 
Sussex 

NiCd battery protection 
Essentially a fold-back current limiter with 
a low-voltage detection capability, this cir
cuit draws less than 300 ~-tA and drops less 
than 0.35V on full transmit load. 

The low loss on load, important in many 
battery applications, is due to the use of 
germanium as the control element. Only 
one control transistor is shown in the sim
plified diagram although two in parallel are 
used. The germanium control transistor 
Tr1 is held on by a silicon transistor, Trz, 
whose base current flows through zener D1 
and R1. With a 12V battery D1 is 9.1V. In 
the event of an overload or short circuit the 
p.d. across Tr1 rises and on reaching 0.6V 
is detected by silicon transistor Tr3 with 
emitter-base connected across the emitter
collector of the germanium control tran
sistor. Tr3 turns on, raising the junction of 
Dt and Rt to battery voltage. This action 
turns off Tr1,2 and they remain off while 
any load is connected. 

A similar action occurs if the voltage on 
or off load falls below 1 V/cell, i.e. below 
lOV. In this case the battery voltage fails to 
support a current through Tr2 (requiring 
0.6V) and Dt (requiring 9.1 V) and Tr1 
starts to turn off, initiating the same fold
back action. Ct is included to damp the 
fold-back loop. A low-value resistor R2 is 
used to control thermal run-away ofTr1. 
J. B. H. Stead 
Salisbury 
Zimbabwe 
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line 
First mono stable __ _, '----__, 

Second monostable -----' ._ _______ _..... 

AND out 

Latch ----------~--------___....r----

Wideband f.m. 
demodulator 
Operation of the demodulator relies on the 
linear relationship between power con
sumption (Inn where Von is flxed) and 
operating frequency of c.m.o.s. logic cir
cuits. A 4013B D-type flop-flop is used 
because the internal dock elements have a 
high clock rate capability which extends 
beyond the normal range of usage. Mea
surements indicate that the demodulator 
will work satisfactorily from d.c. up to and 
beyond 20MHz. 

The flip-flop is clocked by logic level 
transitions and the resultant current flow 
converted to an output voltage by the cur
rent mirror and output components. The , 

Constant-current supply 
This circuit is extremely simple, uses no 
special components, yet has a very wide 
range of output currents, 2~-tA to 100 rnA 
iii six ranges. The only limitation to output 
is component ratings. It also has a per
formance that is comparable to more ex
pensive equipment. 

Trh Tr2 and IC1 comprise a constant
voltage supply that can be varied from 0 to 
100 V by varying V ref.l· When testing this 
section, no change in the output voltage 
could be detected on both analogue and 
3Yz-digit voltmeters with change of supply 
voltage from 150 V to 250 V and with 
sudden application of a 100 rnA load. 

Tr3 and IC2 comprise the constant-cur
rent section, Rc is the current sensing re
sistor. By choosing the appropriate value 
of Rc or switching different values, the 
required current range is obtained. 

The voltage drop across Rcwhich equals 
Vref.2 was chosen to be about 0. 7V so that 
the error in voltage measurement will not 
exceed this value plus the drop in the am-

WIRELESS WORLD MAY 1982 

current mirror ensures a minimal interac
tion between supply voltage and current in 
the flip-flop - a higher performance mir
ror could be constructed using spare de
vices in the 3046 array if required. ...r 

The resistor is chosen to suit the maxi
mum input frequency (the output can 
swing the full supply voltage, limited only 
be quiescent device consumption and V ce 
saturation) and the capacitor provides low
pass filtering to remove input frequency 
noise. Values shown have been used in a 
10.7 MHz f.m demodulator prior to 
"birdy" filtering and stereo decoding. 
G. C. Hammoncf 
Whitestone 
Nuneaton 

meter circuit, a total of less than IV. A 
multi-turn potentiometer to obtain V ref.2 
enabled accurate current adjustment. 

Capacitors Ct and Cz suppress oscilla
tions that would otherwise occur; D1 and 
Dz protect Tr2 and Tr3 from possible nega
tive voltages that may occur due to 
switching transients. Switching Rc during 

Tr2 

Glitch detector 
Using two fast monos table multi vibrators, 
such as e.c.l. MC10198's, it is possible to 
detect extremely short glitches. These de
vices provide a very short pulse, but al
though the pulse is short, it is at least twice 
as long as anticipated glitches. As · the 
timing diagram shows, normal pulses are 
rejected using an AND gate. 
D. Vialetto 
Castellanza 
Italy 

Variable 
frequency 
input 
(0-20MHzl 

I 

+12V 

2k2 

Demodulated 
signal 0-12V 

I_ - -- - - - - - ' 

operation proved to be of no harm, but IC2 
may need some extra protection if in
termittent loading with outputs greater 
than 30V is used frequently (a diode be
tween pins 3 and 7 might help. Ed). 
Hussein A. Eassa 
Cairo University 
Egypt R6 

+1SV 

V ref. 2 
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Fig. 4. Frequency response of a digital 

n: 

filter (in this case Fig. 1 with b=O.l) charac
terizes its response to sampled sinusoidal 
inputs of the form Acosmn. Amplitude 
response at top, phase response bottom. 

The z-transform of the sequence {x(n)} is 
defmed as the infinite sum 

00 

X(z)= 2': x(n)z-n 
n=-oo 

for a complex variable z. Notice the 
similarity betweeri _ ~s expression and 
equation 3; setting z=~ro gives X(z) as the 
Fourier transform of {x(n)}. The z
transform of the impulse response {~(n)} 
is H(z) and hence the setting of z=~00 in 
this case gives the freq~ency response al
ready defmed as H(~00). The equation 
above may therefore be thought of as a 
generalization of the Fourier transform. 
Also, the z-transform of the delayed sequ
ence {x(n-1)} is z- 1X(z) as each coeffi
cient of z-n is shifted along by one place. 
In general the z-transform of {x(n-k)} is 
z-kx(z). Also notice that the z-transform 
oftheimpulse {~(n)} is L\(z)=l. 

Applying the z-transform to the output 
of a digital filter as defined by equation 1 
gives 

M N 
Y(z)= 2': a;z-iX(z) - 2': bjz-jY(z) 

i=O j=1 

which may be rearranged and expressed in 
the form 

The expression in square brackets above is 
equal to H(z) as if the input sequence 

54 

{x(n)}={~(n)} then Y(z) becomes equal 
to the z-transform of the impulse response. 
Hence H(z) may be expressed directly in 
terms of the multiplier coefficients, and 
the frequency response may be obtained 
directly from this expression by setting 
z=ti00

• This may be verified for the simple 
filter defmed by equation 2 where 
H(z)= 11(1-_bz- 1) and hence an expres
sion for H( ~00) identical to equation 7. 

The transfer function of a filter, H(z), 
has now been expressed as the ratio of two 
polynomial expressions in z-1, the roots of 
which are the poles and zeros of H ( z). 
Hence 

assuming ao=O, where the poles are Pi and · 
the zeros by Zi. Expanding by partial frac
tions (assuming there are no repeated roots 
other than at z=O), 

M-N N 
H(z)= 2': Biz- 1+ 2': Ajl(I-pjz-1) 

i=O - j=1 

which expresses H (z) as the weighted sum 
of sequences whose z-transforms are z-1 

and 11(1-p; z- 1). Clearly z- 1 corresponds 
to a delayed impulse {~(n-i)}. By refer
ring back to the exarilple of a first-order 
filter whose transfer function is 
11(1-bz-1) it may be deduced that 
11(1-p; z- 1) is the z-transform of an expo
nential sequence of the form 

{ ... 0, ... 0, l,pb P;2,: •• p{, .. . } (9) 

The roots of a polynomial may of course be 
complex numbers and therefore the sequ
ences above may be complex. As complex 
roots occur in conjugate pairs, the sequ
ence obtained for {h(n)} is always real. A 
non-recursive filter, i.e. one with N=O, 

. will have an impulse response with 
h(n)=Bn for O::S::n~ and zero otherwise. 
Such an impulse response is termed finite 
as only a finite number of elements are 

Imaginary (z) 

Reo( (z) 

Fig. 5. Argand diagram shows pole and 
zero positions for H(z) obtained from Fig. 1 
wh~ch determines the frequency response 
H(el00J. 

:non-zero. The impulse response of a recur
sive fllter (N>O) will include at least one 
sequence of the form in equation 9 and can 
therefore be of infinite duration. For such 
a filter to be stable, the above sequence 9 
corresponding "to each of its N poles Pi 
must be a decaying exponential. Hence a 
stable filter must have /P; I< 1 for all 
its poles. 

Considerable insight into the behaviour 
of digital flleters may be gained by plot
ting. Argand diagrams showing the posi
tions of poles and zeros as values z. Such a 
diagram is shown in Fig. 5 for the transfer 
function H(z)=11(1-0.7z- 1) which has a 
pole at z=0.7, and a zero at z=O. The 
point-s for which z=td00 on this plane corre
spond to the unit circle with centre z=O 
and. radius 1. The frequency response 

· H(~00) is obtained by an evaluation of H(z) 
for values of z on this unit circle, where w 
is the angle subtended from the real axis to 
the point corresponding to z=td00

• Fre
quencies zero and the Nyquist appear at 
opposite sides of the unit circle on the real 
axis. 

A stable filter will have all its poles in
side the unit circle (/Pi/<1) . . From 
equation 8 the value of /H(~00)/ at 
any point on the unit circle is equal to ao 
multiplied by the product of the distances 
from that point to each of the zeros, 
divided by the product of distances to the 
poles. The phase of H(z) may also be read
ily calculated. Consequently zeros close to 
the unit circle correspond to frequencies 
for which -/H(d(J))/ is close to zero. 
Poles close to the unit circle produce large 
values of /H(d00

)/, the closer the 
pole, the larger the modulus. Such poles 
can also affect <PC w) resulting in severe 
phase non-linearity. 

The design of digital filters with 
specified frequency responses is often car
ried out by locating zeros and poles at 
appropriate points on the z-plane. Design 
techniques exist for both recursive and 
non-recursive filters: refer for details to 
any of the standard references, some of 
which are listed below. Non-recursive filt
ers have certain advantages of guaranteed 
stability and easily specifiable phase char
acteristics, but tend to involve a large 
number of arithmetical operations which 
could make them more difficult to imple
ment. Recursive filters are perhaps still 
more commonly used, and therefore the 
next article will introduce a design proce
dure for this class of filters. 

continued 

Further reading 
Digital Signal Processing, by A. V. Oppenheim 
and R. W. Schafer, Prentice-Hall, 1975. · 
Theory and Application of Digital Signal 
Processing, by L. R. Rabiner and B. Gold, 
Prentice-Hall, 1975. 
Digital and Kalman Filtering, by S.M. Bosic, 
Edward Arnold, London, 1979. 
Introduction to Digital Filters, by T. ]. Terrell, 
Macmillan, 1980. 
Digital Signal Processing Thoery, Design and 
Implementation, by A. Peled and B. Liu, 
Wiley, 1976. 
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What brings home the world's best broadcasting system 
at the touch of a button? 

Simple. 

The QUFID FM4 

Simply write or phone for more information to · 
The Acoustical Manufacturing Co. Ltd., Huntingdon, Cambs. PE18 7DB. Telephone: (0480) 52561. 

WI~ELESS WORLD MAY 1982 

~ QURD«it> 
for the closest approach 

to the original sound 

WW- 052FOltFUR'l'H£RD~TAltS 
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Within BOms-a mass of 1/4kg can be moved a distance of four inches and stopped to within 
. a quarter micron of a specified point- this article shows how. . . 

In any positioning system the most crucial 
components are the prime mover and the 
transducer used to describe the position 
and velocity of the element under control. 
Here, the main features of disc-drive posi
tioners, including feedback loops · and 
control circuits, are described. 

With the exception of fixed head and 
Winchester type disc drives, the read/write 
heads are mounted on a rigid platform 
called the carriage. This carriage has one 
degree of freedom radial to the drive 
spindle and is restricted by guideways,~ 
usually in the form of rails or bars; in most 
cases, the carriage runs on ball bearings, 
one or more of which is spring loaded to. 
take up play and ensure that the bearings 
roll instead of skidding. Not all carriages 
run on ball bearings - some run directly 
on the guideway - but the way in which 
four types of those that do are constructed 
is shown in Fig. 1. Rotary positioners, 
such as those used in Winchester disc 
drives, will be described in a subsequent 
article. 

In multi-platter drives, the heads are 
usually mounted side-by-side between the 
platters to reduce the overall height of the 
pack and minimize the weight of the car
riage. The part of the carriage to which the 
heads are attached is often called the T
block because more often than not it is T
shaped. For convenience, the two sides of 
the T-block are designated A and B, and 
each side will have upward and downward 
facing heads. So in this case there are four 
read/write head labels; A-up, A-down, B
up and B-down. A and B heads designed 
for opposite directions are similar in ap
pearance but if they are mistakenly in
terchanged, slipper aerodynamics will be 

*B.Sc., M.Sc., Digital Equipment Co. 

70 

by J. R. Watkinson* 

.. 
\ / 

Fig. 1. Four methods used for mounting disc-drive positioner carriages. Common purpose 
of these is to allow only one degree of freedom, ideally along radius of the disc. 

F~g. 2. Mounting readlw_rite heads side-by-side in multi-platter drives reduces height of the 
d1sc pack and hence we1ght moved by the positioner, but alignment between carriage 
centre line and disc radius becomes more critical. Here, the heads are aligned at track A and 
the error caused by carriage/track-radius misalignment becomes apparent at B. 
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affected, so the head type is usually clearly 
. marked. Slots in the T-block allow radial 
adjustment of the heads. 

As the heads are in two rows, it is vital 
that the centre line along which the car
riage travels is precisely on the disc radius. 
Figure 2 shows why. Alignment fixtures 
provided with the drives allow the heads to 
be accurately aligned and, equally impor
tant, keep the head adjustment standard 
between drives using interchangeable 
discs. 

Motive power 
There are three main methods of driving 
the carriage 
- hydraulically 
- by moving coil. 
- or by electric motor. 

Hydraulics. The first moving-head disc 
drives stored data at very low density by 
modem standards, so if large amounts of 
data had to be stored, large discs had to be 
used. Some of these discs measured several 
feet in diameter. The carriage was equally· 
large, and the only practical way of moving 
it was by hydraulics . . Much research into 
hydraulic systems for applications such as 
power-operated gun turrets on military air
craft had already been carried out ·so the 
design of a system for driving the carriage 
of a disc drive was simplified. 

Figure 3(a) shows the essentials of an 
hydraulically powered positioner, in which 
·the pump may be driven either by the 
spindle motor or by a separate motor. The 
accumulator is required for rapid seeks, 
when the peak-flow requirement is greater 
than the pump can deliver; the analogy 
with a power-supply capacitor is clear. 
Fluid pressure is regulated by a bypass 
valve, the fluid equivalent of a zener diode 
and a series of solenoid-operated valves 
with .calibrated orifices are used to move 

DiiOfomtat 
Tire access f1«haaism of Jl d$c dfive 
wo£k from tlttee ddeasions: ~yitlder, 
track or head, ait14 sector. A malfunction in 
aay ef these coe bring the h¢ads to the 
~data bJQC' , -~ int_erests of cbtta 
mtegri y ~ each {data is preceded by 
a he'ader \Ybich ~the disc addras 0f 
the bix;k. Detore a llta tresfer am take 
plooe~ ~ • a~ ace~ r• t• 
access mda~ is comparett witk the 
disc address in me ~. 11 the nw are 
dM: sam.e1 the «ata ~sfet proceeds, j{ 
~'. rbe fran~~ is ~boned aru1 a mispo&i
ttowng eondiuom. ~su, usQ}ly r.ef~tred tQ 

as a he.adet mi.atch e-rttl'. The headen 
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Fig. 3. Essential elements of an hydraulic positioner are shown at (a), in which the pressure 
from the fluid P.ump is refJulated by a bypass valve and control signals from the drive logic 
OP_erate solenoid valves m the control block. Accumulator permits high peak-flow rates 
without large pressure fluctuations. In (b), two opposed positioners are used to cancel out 
reactions caused by fast carriage acceleration. 

the carriage at different speeds. Some 
drives with hydraulic positioners would 
move from their position in the computer 
room, because of the reaction from fast 
carriage acceleration, and had to be moved 
back into place from time to time. Behe
moth drives had two parallel spindles with 

ate u.sualy written once ~ ttle disc is 
tlrs used, by a pr0eess knowa as format~ 
ling, and are th¢n &Ub~ently on* read~ 
· ecause Of dJti .. ,. tllte header and tbt asso~ 

ciated data require iadivi4ttt@l preambl.s 
when usftt wim aa enc0.di1.1g t~ique 
f«tlJJrmg pha~kldked ..r@C()v~, as the 
header and the dl¥ta hav,. not aece~adly 
been: WT'tften. at the same ti:m.-e, ot le~r tfiat 
tt:ta~tter~ M the same disc lriwe. Some 
drives~ however~ treat lft.e fmad« a!Mi tile 
._. as an mtity, stlth that the header is 
s:.ewrit*en every time a blcre¥. is written. 
The dialJl'am $hews a fairly cnmmt1» disO? 
\)lock fortnat and lislls th-e ~etit?lfS ef eacb 
eiement. 

or C'fl'ilf l!ilrr""bnn 
tOO<> 

opposed positioners between them to can
cel out this effect, Fig. 3(b ). 

Moving coil. As head and medium design 
improved the storage density increased, 
.allowing the platters to be made smaller. 
This made the carriage smaller and lighter 
so less power was required to move it. At 
the same time, advances in semiconductor 
technology brought down the price of 
power transistors. It thus became feasible 
to use a moving coil to drive the carriage, 
with the further weight reduction of the 
carriage that the principle allows being 
used to reduce access ·time. 

A typical coil has a diameter of three 
inches and works in the radial flux from a 
permanent magnet weighing about 50 
pounds. Smaller drives use a copper wire 
coil on a glass fibre former, but larger units 
may use self-supporting coils wound from 
rectangular-section aluminium strip. Alu
minium has a higher strength-to-weight 
ratio than copper, and this consideration 
outweighs the disadvantage of higher resis
tance. The coil frequently requires forced 
air cooling in large units. The assembly is 
usually described as an e.m.a. (electro
magnetic actuator), Fig. 4 . . 

Re~ntative {iisHtlts t!iklc&. He.ader cyolif!:•redundaruw cheo:ft ttt.r.llt and data ... 
fiFr•t qgctectisn Wf!frds witt tJs ~cuS88d Jat•r. The postamtJIIJ ts inaJut!Jed to 
Rf6Vent data Grrttption when the wrir.eclilfrem is sw/Wbe.d ofl. 

Electric motor drive. There are two main 
types-one is as shown in Fig. 5. In the 
frrst, the motor drives a leadscrew which 
moves the carriage as it turns. In some 
cases a stepping motor is used, where the 
stable positions of the rotor correspond to 
the positions of disc cylinders. 
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MAX. CYLINDER 0 
DIFFERENCE -

I 
I 

Scheduled velocity 
and 

actual velocity 
( broken line l 

qB Positioner 
current 

(u) (b) 

Fig. 11. In example (a), dissipation in the positioner is continuous, causinq a heating 
problem. The effect of limiting the scheduled velocity above a certain cyfmder difference is 
shown in (b), where heavy current only flows during acceleration and deceleration. In 
between, only enough current to overcome friction is required. Back to e.m.f. causes the 
curver acceleration slope. 

waveforms are referred to as sin and cos, 
even if they are triangle waves. The two 
waveforms and their complements, known 
as -sin and -cos, are differentiated and 
the four differentials selected in turn at 
times when there is no sign change. This 
process of commutation is achieved by 
f.e.t. analogue switches controlled by com
parators looking for points where the input 
waveforms cross. The result is a clean 
output signal proportional to velocity. 

Where one transducer has to generate all 
three of the required parameters, Moire 
type gratings are preferable because of 
their better position-error detecting per
formance. A certain amount of ripple on 
the velocity output derived from a sinusoid 
has to be accepted. 

Optical transducers often contain addi
tional light paths to aid carriage-travel 
limit detection. The resulting signals may 
be used during the head-loading sequence 
to position the heads at cylinder zero, as 
the sine or triangle outputs are cyclic and 
do not give an absolute cylinder address. 
Mechanical detent drives pose the problem 
of finding an absolute reference to the cyc
lic output from the rack transducer. One 
solution is to drive the carriage forward 
slowly until it contacts the forward stop, 
and then to preset the cylinder count to 
two or three cylinders more than the maxi
mum. 

Seeking 
A seek is a process where the positioner 
moves from one cylinder to another . . The 
speed with which a seek can be completed 
is a major factor in determining the access 
time of the drive. The main parameter 
controlling the carriage during a seek is the 
cylinder difference: 

cylinder difference = 
desired address - current address. 

a counter which is decremented each time 
a cylinder is crossed. The counter drives a 
d.-to-a. converter which generates an anal
ogue voltage proportional to the cylinder 
difference. As shown in Fig. 10 this 
voltage, known as the scheduled velocity, 
is compared with the output of the car
riage-velocity transducer. Hence any dif
ference between the two results in a veloc
ity-error voltage, which is then used to 
reposition the carriage hence cancelling the 
error. As the carriage approaches the tar
get cylinder, the cylinder difference be
comes smaller with the result that the run
in to the target is critically damped ( veloc
ity (X- distance) to eliminate overshoot. 

Figure 11(a) shows graphs of scheduled 
velocity, actual velocity and actuator cur
rent with respect to cylinder difference 
during a seek. In the first half of the seek 
the actual velocity is less than the 
scheduled velocity causing a large velocity 
error. This saturates the servo amplifier, 
providing maximum current to the actua
tor which in tum accelerates the carriage to 
reduce the error. In the second half of the 
graph, the scheduled velocity falls below 
the actual velocity generating a negative 

From 
d -to-a 

To 
servo 

Fig. 13. Staircase from a d.-to-a. smoothed 
by adding a sawtooth waveform. 

velocity error, and the servo amplifier is 
now· driving a reverse current through the 
actuator to decelerate the carriage in 
accordance with the scheduler. The 
scheduler deceleration slope can never be 
steeper than . the saturated acceleration 
slope. Areas A and B on the current graph 
will be almost equal, as the kinetic energy 
put into the carriage has to be taken out. 
Any difference will be due to friction and 
other losses. The current through the coil 
is continuous which would result in a 
heating problem, so to counter this the d.
to-a. converter is made non-linear so that 
above a certain cylinder difference no in
crease in the scheduled velocity occurs. 
This results in thegraphofFig. ll(b). The 
actual-velocity graph · is called a velocity 
profile, and consists of three regions: ac
celeration, where the system is saturated, a 
constant-velocity plateau, where only 
enough current is required to overcome 
friction, and the scheduled. run-in to the 
desired cylinder. Dissipation is only signi
ficant in the frrst and last regions. The 
effect of carriage velocity on dissipation is 
as follows. 

Scheduled 
velociry 

MAX. CYLINDER DIFFERENCE 0 

The cylinder difference is a signed bi
nary number representing the number of 
cylinders to be crossed to reach the target 
cylinder, direction being indicated by the 
sign. The cylinder difference is loaded into 

Fig. 12. Voltage-dependent feedback around the operational amplifier permits a piecewise 
linear approximation to a curved velocity profile. This speeds up short seeks without 
causing dissipation problems on long seeks; 
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Carriage acceleration, a, is oc actuator cur
rent,/, and 

where t is the seek time. Dissipation is 
12 R, which is proportional to a2 R 

a2RJ2s~2R=4iR 
\il} r4 

Average carriage veoloci7 voc lit, 
therefore, dissipationo:.v . 
As a result, it is necessary to limit the 
maximum velocity of the positioner very 
accurately or severe overheating of the coil 
or amplifier may result . 

A consequence of the critically damped 
run-in to the target cylinder is that short 
seeks are slow. Sometimes further non
linearity is introduced into the velocity 
scheduler to speed up short seeks. The 
velocity profile becomes a piecewise linear 
approximation to a curve by using non
linear feedback. Figure 12 shows the effect 
of using a shaper or profile generator, as 
this device is known. 

In this photograph of a moving-coil transducer, the magnet under the coif can be seen 
clearly. 

Servo amplifiers 
In small disk drives the amplifier is usually 
linear in all modes of operation, resem
bling nothing more than an audio output 
stage. As the scheduled velocity signal 
comes from a d.-to-a. converter, the dece
leration ramp is depicted by a staircase 
waveform. When the staircase is compared 
with the actual velocity signal, the result
ing. velocity-error signal contains an a.c. 

Fig. 14. Comparison of velocity error with a 
sawtooth waveform results in a pulse
width modulated output which can be used 
to reduce dissipation in the sel1{o amplifier. 

, t.n$ 
shQp~r 

forwal1d 
sak 

Regutar 
vetae~t'y ---------~ 
framsdu~:,er 

Position_.-,-___________ ~ 
ermr 

component due to the steps. This increases 
e.m.a. dissipation and can cause an audible 
output from the coil - a problem that is 
sometimes solved by adding a saw-tooth 
waveform, at the same rate as the steps, to 
the shaper output. This approach is shown 
inFig. 13. . 

Larger units employ pulse-width mod
ulation to reduce dissipation in the servo 
amplifier. The duty cycle is established 
typically ·by comparing the velocity error 
with a sawtooth waveform. A simplified 
example of this process is shown in Fig. 
14. Appreciable electromagnetic radiation 
is caused by p. w .m. servo systems, but 
this is generally of no consequence as no 
data transfer takes place during a seek. In 
track following mode, p.w.m. servos re-

Cytlnde;r 
c-ent:res 

Jllg .. f.$;. Typical servo"Btnf11ifiet inpttt stage. In ViJloeity mxH:/e, tbe shapsr anti velocity 
tram;ducer drive the er.ror amf!/ifier. In tFack-.fDilowi1tf1 mQde. tJr»litian ettrt1r is fhll only 
input. 
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vert to a linear amplifier configuration, 
which is why the term linear mode is often 
used to describe the detented state of the 
positioner. 

The input of the servo amplifier nor
mally has a number of analogue switches 
which select the appropriate signals 
according to the mode of the servo. As the 
output of the position transducer is a 
triangle or sine function, the sense of the 
position feedback loop has to be inverted 
on odd numbered cylinders, to allow de
tenting on the negative slope. In some . 
cases a different velocity transducer is used 
when the heads are being retracted from 
the pack. Figure 15 shows a typical servo
amplifier input-selection circuit. 

a 

Fig. 16. Alignment disc has flux patterns 
displaced alternately about the centre line 
of the reference track. In the resulting 
oscillograph at (a), the head is too close to 
the spindle, at (b) too far from the spindle, 
and at (c), in the correctposition. 

Head alignment 
On drives where interchangeable discs are 
used, the distance between the read/write 
heads and the spindle axis is critical. So to 
set the heads, an alignment disc 
(sometimes called a 'custom engineer') 
containing prerecorded flux patterns at a 
reference cylinder is used. Figure 16 shows 
a typical alignment-disc pattern and result
ing oscilloscope waveforms for correct and 
incorrect head alignments. D 

Disc rotation, cooling, filtration, power 
supplies and safety will be discussed in the 
next chapter. 
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Appendix A 
Calculation using FFT analyser and cal
culator. 
Even though the analyser basically performs a 
forward transformation of 1024 real data points, 
the results can be modified in the calculator so 
as to obtain the inverse transform of up to 1024 
real or complex values thus giving the possibil
ity of calculating both power cepstra and com
plex cepstra. The actual algorithms used are 
more generally applicable and so are detailed 
in Appendix B. 

The digital version of eqn 3 for the . power 
cepstrumis 

Cp(n) = F- 1{logFxx(k)} 
where n stands for n !J.t (!J.t is the sampling 
interval) and thus indicates the time. n runs 
from 0 to 1023. Likewise k represents the fre
quency k !J.f (!J.f is the line spacing in the fre
quency spectrum) and in principle also runs 

·from 0 to 1023 even though only the values from 
0 to 512 are calculated. Because of the implicit 
periodicity of all functions calculated by the 
FFT process the values of k from 512 to 1024 
also represent the negative frequency compo
nents (from -512 to 0) and can usuallv be 

·derived from the positive frequency values. 16 As 
Fxx(k) is a real even function, the inverse trans
formation can be replaced by a forward transfor
mation (Appendix Bl). In general only the one
sided power spectrum is given, and the simpler 
calculation method of Appendix B2 will be ad
vantageous. With this method, only the one
sided spectrum is transformed, and. the real part 
of the transform gives the desired cepstrum. 
Another advantage of this method is that the 
envelope cepstrum (amplitude cepstrum of the 
one-sided spectrum) of Fig. 4 may be obtained 
at the same time. In fact the analyser itself 
automatically calculates this and displays it as 
the instantaneous spectrum, which can be 
viewed on a linear amplitude scale. The enve
lope cepstrum is 

Ce(n)=i .T- 1{logG(k)}\ 
where G(k) is the one-sided power spectrum. 
The formula for the complex cepstrum is 

Cc(n)= .T-1{logeAx(k)+jQ\(k)}. 
Because the logarithmic spectrum is a conjugate 
even function, the calculation method of Ap
pendix B3 may be used. Note that the phase 
function <Px(k) must be unwrapped to a contin
uous function of frequency in place of the prin
cipal values modulo 2 j'[ which are calculated 
from the real and imaginary parts of the com
plex spectrum. Moreover the log amplitude 
must be scaled in nepers (natural log of the 
amplitude ratio) to correspond to the radians of 
the phase spectrum. 

The analysers in general are a.c. coupled, 
so the zero frequency value in the power 
spectrum is not calculated. It is therefore neces
sarv to insert a value before calculating the ceps
tru~. In practice best results are obtained by 
setting the zero frequency component equal to 
the value of the neighbouring line. 

As the FFT algorithm used in the Analysers 
types 2033 and 2031 is optimized for signals 
with no d.c. component, it is advantageous to 
subtract the mean log spectrum value before 
calculating the cepstrum. This optimizes the 
signal noise conditions in the cepstrum, and is 
particularly valuable when editing and transfor
mation in both directions is to be performed. 
In calculation of the complex cepstrum it is 
advisable before attempting to unwrap the 
phase spectrum to remove any simple delay, 
which gives a linear slope to the phase spec
trum. This should be done to the maximum 
extent possible in the time signal before trans
formation, and then in the phase spectrum itself 
by varying the linear component until the 
number of "jumps" over 2;r is minimized. -

so 

AppendixB 
Calculation of inverse Fourier transform 
The forward and inverse discrete Fourier 
transforms, as calculated by the FFT analysers, 
are defined as 

l N-1 

X(k)= N ,2: x(n) exp-j2:rckn/N 

n=O 

N-1 

and x(n)= ,2: ~ X(k)expj2:rckn/N 

k=O 

where X(k) the discrete complex spectrum x(n) 
the sampled time function and N number of 
samples in the time record. 

The Fourier transform implemented in 
the analysers types 2033 and 2031 is designed to 
be used forward transformation of real-valued 
time signals, but by using some of the properties 
of the Fourier transform, as listed in the 
tables, it can also be used for forward and 
inverse transformation of any complex signals. 
The inverse transformation of the three types of 
signals: real-valued, real and even, and conju
gate even are described in the following . The 

Algorithm Conditions 

_r- 1{X(k)}=(N .T {X*(k)})* 
_r- 1{X(k)}= N .T{X*(k)} . 
_r- 1{X(k)}= NT {X(k)} 
r- 1{X(k)}=(N T{X(k)})* 

anyX(k) 
x(n) real 
x(n) real, even 
X(k) real 

Time signal 
real and even 
real and odd 
iinag and even 
iinag and odd 
real 
conjugate even 

Spectrum 
real and even 
irnag and odd 
irnag and even 
real and odd 
conjugate even 
real 

results are sketched where the vertical lines in
dicate the result of the FFT calculation and the 
solid lines the desired result. Not that zero is 
shown in the centre of the diagram. During 
many of the operations, zero frequency or time 
will be located at the start of the record, but 
because of the periodicity of all functions the 
negative frequencies or times will be located in 
the second half of the record. 

Bl. Real-valued spectrum 
From the table it follows that 

y- 1{X(k)}=N[j {X(k)} ]*. 
The calculation procedure for positive time is 
then 
- forward transform 
- form complex conjugate 
- multiply by N. 
The result for both positive and negative time is 
seen in Fig. Bl. For the special case of even 
spectra it is possible to omit the second step, but 
in that case the next procedure will normally be 
preferable anyway. 

X 

+ N X FFT 

B2. Real and even spectrum 
From the original symmetrical spectrum a new 
one-sided spectrum is formed which has the 
original spectrum as its even part and is zero for 
negative frequencies. The real part of the 
inverse transform of such a spectrum is identical 
with the inverse transform of the original spec
trum. As normally only the positive frequency 

components of the original spectrum are given 
in any case, this saves forming the symmetrical 
spectrum for negative frequencies. It follows 
that 

y-1{X(k)}=_NRe[j {X(k)}] 

(

2X(k), O<k<512 
where X(k)= X(k) , k=O,k=512 

0 , -512<k<O 

Xe(k)=X(k). 
The cal~ation procedure, Fig. B2, is thus 
- formX(k) 
- forward transform 
- extract and scale the real part. .. 

B3. Conjugate even spectrum 
Any complex spectrum can be inverse-trans
formed by transforming the real and imaginary 
componen!s separately by the procedure Bl. 
However, this requires two Fourier transfor
mations as well as some extra storage capacity 
for the intermediate results. In the situation 
where the spectrum is conjugate even, i.e. corre
sponding to a real time signal, the following 
procedure can be used. This requires only one 
transformation and a minimum of storage space. 

j- 1{X(k)}= j- 1{XR(k)+jXl(k)} 

=N[j {XR(k)} -j j {Xt(k)}] 

=N[~R(n)+~I(n)] 

Also j {XR(k)+XI(k)}=~R(n)+j~l(n) 

where ~R(n)= j {XR(k)} 

and j~I(n)= j {XJ'(k)} 

The calculation procedure, illustrated: in Fig. 
B3, is as follows. 

Add the real and imaginary parts for positive 
and negative frequencies. In practice this means 
adding the imaginary parts to the real parts (of 
the positive frequency spectrum) for the flrst 
half of the record and subtracting the same 
imaginary parts from the real parts for the 
second ha1f in reverse order. 

~. 'R 

+ + 
x, 

~ -+ 
x •• x, 

JCR +-xl 

~ N• FFT -4tf1 
Forward transform. Add the real and imagi

nary parts for positive and negative time. The 
negative time section will be located in the 
second half of the record and can be removed to 
its correct position before the first half. Zero 
time will then be in the centre of the record. 
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SPECTRUM/ 
NETWORK 
ANALYSER 
Frequencies in the range 50Hz to 

. 1.8GHz are covered by Takeda Ri
ken's combined spectrum/network 
analyser, with which a dynamic 
range of IOOdB may be displayed. 
The TR4172 has a built-in tracking 
generator, a four-channel memory, 
eight tunable markers and is GPIB 
compatible. Facilities for mea
suring phase and group delay, with 
a simultaneous display of ampli
tude, are included. This instrument 
is for use in both production and 
research and development applica
tions. Chase Electronics Ltd, 
Church Lane, Teddington, Middx 
TW118PA. 
WW301 

BLUE L.E.D. 
This is a 490nm gallium nitride 
l.e.d. intended primarily as a colour 
reference source in chromatogra
phy applications. Light output, in a 
viewing angle of 4°, is typically 
2mcd at lOrnA, which is also the 
maximum forward-current rating. 
Forward voltage varies between 
around 4.5V at O.SmA and 7 .SV at 
lOrnA. The ESLSOB2 is housed in a 
Standard l.e.d. package. Anglia 
Components Ltd, Burdett Road, 
Wisbech, Cambs PE13 2PS. 
WW302 

WAVEFORM 
MONITOR 
The V -098, designed for broadcast 
and professional video applications, 
is a waveform monitor that can be 
set to give a flat response, an IRE 
(Institute of Radio Engineers) res
ponse, or display waveforms 
subjected to a 4.43MHz bandpass 

fJ.lter. In addition, two line and 
field sweeps can be selected and 
various other adjustments made. 
This monitor is from Hitachi In
struments, a new division of Hita
chi Denshi, and can be obtained for 
mounting in a I9ill rack or as a 
portable unit running off batteries. 
Hitachi Denshi (UK) Ltd, 13-14 
Garrick Industial Estate, Garrick 
Road, Hendon, London NW9 
WW303 

PORTABLE VIDEO 
RECORDER 
According to Sulkin (UK) Ltd who 
import the Technicolor 212E, it is 
."the world's smallest, lightest and 

WW304 

~"' •- ...... -. 
~-- ...-... -

simplest" video cassette recorder. 
It uses 6.3mm tape cassettes not 
much larger than a standard audio 
cassette, for either 30 or 45 minutes 
of play, and weighs around 3.2kg 
with rechargeable batteries. Made 
by Funai and designed by Futec of 
Osaka, the mechanism is similar to 
the one used in the Grundig VPIOO 
recorder and mentioned in last De
cember's issue (New Products, 
page 87). But Grundig now say they 
will not market their recorder in 
the UK because of supply shortage. 
The 212E two-head recorder uses 
an Hitachi-made colour camera, 
though ahnost any other can be 
used via a simple adapter, with art 
electronic viewfinder,. zoom lens, 
and close-up X6 "macro" setting. 
A u.h.f. television ttiner will be 
available shortly. Sulkin (UK) Ltd, 
73 Grosvenor Street, Lond6n WlX 
9DD. 
WW304 

TEACH YOURELF 
An introduction to digital electron
ics suitable for beginners is given 

· by a kit from Cambridge Learning 
covering such subjects as boolean 
algebra, gating, flip-flops, shift re
gisters, ripple counters and half ad
ders. Problems, with solutions, and 
an appendix covering basic prin
ciples are included in the manual. 
At £19.90, the kit comprises logic 
i.cs, a 'solderless' breadboard, 
l.e.ds, a handful of other compo
nents and, of course the manual -
all in a pocket-sized wallet (for 
14cm-wide pockets). A power 
supply or 4.5V battery is reQuired. 
Supplementary kits delving further 
into digital electronics are , pro
posed. Cambridge Learning· Ltd, 
RivenniU Lodge, St Ives, Hunting
don, Cambs PE 17 4EP. 

WW305 
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VALVES Minimum VALVES VAT 
Order£1 IS INCLUDED 

A1065 1.40 EL821 8.20 SP61 1.80 6A04 3.40 12AV6 0.95 61468 5.20 
A2293 8.80 El822 9.95 TT21 23.00 6A05 1.00 12AX7 0.65 6360 2.85 
A2900 . 13.75 EM80 0.85 TT22 18.50 6A05W 1.80 128A6 0.90 6550 6.60 
ARB 0.75 EM87 1.30 U25 1.15 6AS6 1.15 128E6 1.25 6870 14.00 
ARP3 0.70 EY51 0.95 U26 1.15 6AT6 0.90 12BH7 1.95 8552 8.20 
ATP4 0.60 EY81 0.65 U27 1.15 6AU6 0.60 12BY7A 2.30 7199 2.85 
B12H 3.90 EY86/87 0.60 U191 0.85 6AV6 0.85 12C8 - 0.65 38P1 11.00 
CY31 1.40 EY88 0.65 U281 0.70 6AX4GT 1.30 12E1 18.95 5FP7 18.00 
DAF96 0.70 EZ80 0.70 U301 0.65 6AX5GT 1.30 12J5GT 0.55 4EP1 32.00 
DET22 26.95 EZ81 0.70 U600 11.50 68A6 0.55 12K7GT 0.70 88J 14.00 
DF96 0.70 GM4 5.90 U801 0.90 68E6 0.60 12KBGT 0.80 88L 14.00 
DH76 0.75 GY501 1.30 UBC41 1.20 6BG6G 1.60 1207GT 0.60 CV1526 16.00 
DL92 0.60 GZ32 1.05 UABCBO 0.75 6BJ6 1.30 12SC7 0.65 DG7-32 34.60 
DY86/87 0.65 GZ33 4.20 UAF42 1.20 6B07A 0.85 12SH7 0.65 DG7-36 36.00 
DY802 0.70 GZ34 2.75 UBFBO 0.70 6BR7 4.80. 12SJ7 0.70 DPM9-11 38.40 
E55L 14.90 GZ37 3.95 UBF89 0.70 6BW6 6.20 12S07 1.45 D13-33GM 
E88CC 1.60 KT66 6.30 UBL21 1.75 6BW7 0.90 12S07GT 0.85 41.80 
E88CC/01 3.10 9.20* UCC84 0.85 6C4 0.50 12Y4 0.70 • specO 
E92CC 2.80 KT88 8.95 UCC85 0.70 6C6 0.55 1303 0.70 
E180CC 4.20 13.60* UCF80 1.30 6CH6 8.20 1305 0.90 
E180F 7.70 MH4 2.50 UCH42 1.65 6CL6 2.75 1306 0.80 PLUMBICON E182CC 6.25 ML6 2.50 UCH81 0.75 6CX8 3.80 14S7 1.15 P8003LF EA76 2.25 MX10/01 21.50 UCL82 0.95 6CY5 1.15 19A05 0.85 
EABCBO 0.80 N78 9.90 UF41 1.35 606 0.70 19G3 11.50 PBOOIR 
EB91 0.60 OA2 0.70 UF80 0.95 6F6 1.60 19G6 8.50 PBOOIB 
EBC33 1.15 082 0.80 UF85 0.95 6F6GB 1.10 19H5 39.55 X01020R 
EBC90 0.90 PABCBO 0.60 UL84 0.95 6F7 2.80 2001 0.80 X01020B 
EBFBO 0.60 PC85 0.75 UMBO 0.90 6F8G 0.85 20F2 0.85 
EBF83 0.60 PCBS 0.95 UM84 0.70 6F12 1.50 20E1 1.30 
EBF89 0.80 PC86 0.95 UY82 0.70 6F14 1.15 20P1 0.65 SPECIALV EC52 0.65 PC97 1.50 UYB5 0.85 6F15 1.30 20P3 0.75 4CX 1000A 
EC91 4.40 PC900 1.15 VR105/30 1.25 6F17 3.20 20P4 1.25 4CX5000A EC92 0.85 " PCC84 0.50 VR150/30 1.35 6F23 0.75 20P5 1.35 BM25L ECC81 0.65 PCC89 0.85 X66 0.95 6F24 1.75 25L6GT 0.95 BW153 ECC82 0.60 PCC189 1.05 X61M 1.70 6F33 10.50 25Z4G 0.75 OM 25LB ECC83 0.65 PCFBO 0.80 XR1-6400A 6FH8 4.20 30C15 0.50 YL 1420 ECC84 0.60 PCF82 0.70 82.90 6GA8 1.95 30C17 0.5o YL 1430 ECC85 0.60 PCF84 0.75 Z759 19.00 6GHBA 0.95 30C18 2.45 Yl1440 ECC86 1.70 PCFB6 1.50 Z749 0.75 6H6 1.60 30F5 1.15 GXU6 ECC88 0.80 PCFB7 0.50 Z800U 3.45 6J4 1.35 30FL2 1.40 CV1597 ECC189 0.95 PCF200 1.60 Z801U · 3.75 6J4WA 2.00 30FL12 1.25 CV2116 ECC804 0.90 PCF201 1.65 Z803U 16.00 6J5 2.30 30FL 14 2.15 BR189 ECFBO 11.85 PCFBOO 0.50 Z900T 2.45 6J5GT 0.90 30L15 1.10 BR 179 ECF82 0.65 PCF801 1.75 1A3 0.85 6J6 0.85 30L17 1.10 CV6131 ECF801 1.05 PCF802 0.85 1L4 0.50 6J6W 0.90 30P12 1.15 GMU2 ECH34 2.25 PCF805 2.45 1R5 0.60 6JE6C 2.95 30Pl13 1.25 TY4-500 ECH35 1.70 PCF806 1;20 154 0.45 6JS6C 2.95 30PL14 2.45 BK485/5552A 2.10* PCF808 2.75 1S5 0.45 6K7 0.80 35L6GT 1.40 1\!IIL 5948/1754 ECH42 1.20 PCH200 1.35 1T4 0.45 6KD6 3.35 35W4 0.80 
ECH81 0.70 PCLB1 0.75 1U4 0.80 6L6M 2.80 35Z4GT 0.80 
ECH84 0.80 PCL82 0.95 1X28 1.40 6L6G 2.50 50C5 1.15 
ECL80 0.70 PCL84 0.90 2021 1.10 6L6GC 2.10 50CD6G 1.35 IC 
ECL82 0.75 PCL86 1.05 1.85* 6L6GT 1.25 7581 1.25 SN5402N 0.28 
ECL83 1.40 PCLB05/B5 1.25 2K25 1,6.95 6L7G 0.65 75C1 1.70 SN5410F 0.32 
ECL85 0.60 PD500/51 0 4.30 24.50* 6L1B 0.70 76 0.95 SN5470F 0.48 
ECL86 0.90 PFL200 1.10 2X2 1.15 6L06 2.95 78 0.95 SN54196J 1.20 
EF37A 2.15 2.80* 3A4 . 0.70 6LD20 0.70 80 1.70 SN7407N 0.29 
EF39 1.25 PL36 1.25 3AT2 2.40 6KG6A 2.'10 85A2 1.40 SN740BN 0.18 
EFSO 0.65 PLB1 0.85 306 0.50 607G 1.30 2.55* SN7445P 0.85 
EFB3 1.75 PL82 0.70 3022 23.00 6SA7 1.00 807 1.25 SN74453P 1.10 
EFB5 0.60 PL83 0.60 3E29 19.00 6SG7 1.15 1.90* SN7453N 0.18 
EF86 0.75 PL84 0.95 354 0.60 6SJ7 1.05 813 19.32 SN74L73N 0.38 
EF89 1.05 PL504 1.45 4832 18.25 6SK7 0.95 68.50* SN7474N 0.30 
EF91 1.50 PL508 2.40 58/254M 16.90 6SL7GT 0.85 8298 14.00 SN7485N 0.95 
EF92 2.90 PL509 5.60 58/255M 14.50 6SN7GT 0.60 832A 8.90 SN74LB5N 1.1 0 
EF95 0.65 PL519 6.10 5B/o258M 12.50 6SR7 1.10 866A 3.80 SN7491AN 0.32 
EF96 0.60 PL802 3.95 5C22 29.90 6507 0.95 866E 6.25 SN74123N 0.42 
EF183 0.80 PY33 0.70 5R4GY 1.80 6V6G 1.50 931A 13.80 DM74123N 0.38 
EF184 0.80 PYBO 0.70 5U4G 0.75 6V6GT 0.95 954 0.60 SN 15836N 0.28 
EFB12 0.75 PY81/800 0.85 5V4G 0.75 6X4 0.95 955 1.20 cX4 0.95 
EFL200 1.85 PY82 0.65 5Y3GT 0.95 6X4WA 2.10 956 0.60 SN76013N 1.80 
EH90 0.85 PY83 0.80 5Z3 1.50 6X5GT 0.65 957 1.05 SN76003N 1.60 
EL32 1.10 PY88 0.85 5Z4G 0.75 6Y6G 0.90 1625 1.60 SN76033N 1.35 
EL34 1.80 PY500A 2.10 5Z4GT 1.05 6Z4 0.70 1629 1.85 MC6800P 5.80 

2.90* PY809 6.45 6/30L2 0.90 787 1.75 2051 2.90 MC6BBOOP 
EL81 2.45 PY801 0.60 6AB7 0.70 8BN8 2.95 5763 4.20 6.40 
EL82 0.70 OOV03/10 7.50 6AC7 1.15 9D2 0.70 5842 7.50 MC14511BA 
EL84 0.80 QQV03-20A 6AG5 0.60 906 2.90 5881 3.40 2.20 
EL86 0.95 21.50 6AH6 1.15 10C2 0.85 5933 6.90 81702AL 3.30 
EL90 1.00 OOV03-25A 6AK5 0.65 10F18 0.70 6057 2.20 MM6300-IJ 
EL91 4.20 36.50 6AK8 0.60 10P13 1.50 6060 1.95 3.80 
EL95 0.80 QQV06/40A 6AL5 0.60 11E2 19.50 6064 2.30 MCM6B10AP 
EL504 1.70 16.10 6AL5W 0.85 12A6 0.70 6065 3.20 3.40 
EL803 5.90 QV03-12 4.20 6AM5 4.20 12AT6 0.70 6067 2.30 6340-1J 3.60 
EL509 3.95 SC1/400 4.50 6AM6 1.50 12AT7 0.65 6080 5.30 MIC945-5D 0.28 
EL802 1.70 SC1/600 4.50 6AN8A 2.50 12AU7 0.60 6146 4.95 MIC936-5D 0.22 

VALVES AND TRANSISTORS 
FIELD TELEPHONES TYPE "J". 
Tropical, in metal cases. Telephone enquiries for valves, transistors. etc: 
10-line MAGNETO SWITCH-retail 749 3934. trade and export 743 0899. 

"010" CABLE FIELD TELEPHONES BOARD. Can work with every Geiger Muller Tubes GM4. MX12/01 and others. 
type of magneto telephones. 

TEST SET FT2 FOR TESTING Transceivers A40. PRICES MAY VARY A41, A42 and CPRC26. 
HARNESS "A" & "'8" CONTROL UNITS "A" "R" POSTAGE: £1-£345p; £3-£5 55p; 
"J1" "J2." Microphones No 5, 6. 7 connectors, 

£5-£10 60p; £10-£15 BOp; £15-frames, carrier sets, etc. 
DRUM CABLE continuous connection YC 00433. £20 100p. 

Signal Generators MARCONI TF 144H/4S; TF144H/6S 10 kHz-72MHz 
Prices on appl ication 

COLOMOR Tel. 01-743 0899 or 01-749 3934 
(ELECTRONICS L TO.) Open Monday to Friday 

170 Goldhawk Rd., London W.12 9 a.m.-5.30 p .m. 

PROGRAMME & DEVIATION CHART RECORDERS 

Single and two 
channel 

~~+ versions chart 
audio to 
IEC/BSPPM ~~ 

~ ,. 
standards and ,. ~~~~ true peak 

~ deviation. \~' 

Broadcast Monitor Receiver 150kHz-30M Hz * Stereo Disc Amplifier . 2 and 3 * 
Mcwin~ Coli Preamplifier* 100utlet Distribution Amplifier 3 *Stabilizer* Fixed 
Shift C rcult Boards* illuminated PPM Boxes * PPM2 and PPM3 Drive Circuits 
and Ern~st Tvrner Movement$. 

· Surrey Electronics Ltd. 
The Forge, Lucks Green. Cranleigh, Surrey GU6 7BG. Tel. 04866 5997 
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EV88 - A low-cost evaluation system for 
the 8088 microprocessor 

EV88 is a single board microcomputer that is ideal for 

evaluating the 8088 8-bit/16-bit microprocessor. EV88 can 
also be used as a powerful controller, and, with a suitable 
cross-assembler running on a standard microcomputer, and 

an EPROM programmer, for low-cost development of 8088-

based systems. 

EV88 is supplied fully assembled and tested, with compre

hensive documentation, and a copy of The 8086 Book, by 
Rector and Alexy. All you need is a 5V 1A power supply and a 
terminal or a suitable microcomputer. 

* 8088 microprocessor in minimum mode (software compa-
tible with the 8086 16-bit microprocessor). * Comprehensive monitor in 2K EPROM. * 2K CMOS RAM. * Cassette interface. * 241ines of 1/0. * Eight levels of interrupt. * RS-232 compatible serial interface (300 baud to 9600 
baud). * Three-channel counter/timer. * Buffered data, address and control lines. * Doubl~ Eurocard. * On-board expansion to 16K EPROM/RAM (sockets pro-
vided). * Breadboarding area. * All bus signals available on 64-way DIN 41612 connector. * Single 5V supply. * Price £300 plus VAT. Includes delivery. 

8088/8086 design service available (software and hardware). 

LFH Associates Ltd. 
· 40A High Street 

Stony Stratford 

Milton Keynes 
(0908) 566660 

WW - 077 FOR FURTHER DETAILS 

CHILTERN ELECTRONICS 
B.C.M., Box 8085, London WC1N 3XX. Tel: 0494 714483 

THIS MONTH SPECIAL OFFER 
BRAND NEW SURPLUS-DRI32 5 Megabyte DISKS. A top quality exchangea~le. 
cartridge disk drive, that will easily interface to a mini/micro. Fully guaranteed- With 
full manual. 

Usual price over£3,000. Our price only£420! (+VAT/carriage) 
Controller for S100 bus £400. Controllers for PDP11/LSI-11 available. 

DATAPRODUCTS 2230 LINE PRINTERS. These beautiful 300 line/min printers have a 
standard Centronics parallel input and usually cost over £7,500. They are ideal for 
really heavy volume printing. Ours have been in use for around a year, and are fully 
refurbished with 6 months' warranty. 

Our price £950 (+VAT/carriage) 

MAIL ORDER BARGAINS 
All prices below include VAT and delivery. Same day despatch. 

GOULD SWITCH-MODE POWER SUPPLIES, 5v 20 amps. (BRAND NEW). These little 
pocket size modules weigh less than 41bs. but deliver full 20 amps at 5v. ~dd a pot to 
make variable 0-6v, or connect in series for higher voltages. 0.1% Regulat1on and full 
over V /1 protection . 

List £250 +. Our price £34.50 

PROTOTYPE PC CARDS. Over 200 Common IC's (most 7400 series) in wire wrap 
sockets on useful wire-wrap cards. IC"s/Sockets easily removed- no unsoldering . 
................. .... .... ... ...... ... ......... ...... .. .. .... ..... ..... ... ........ .. ...... .. ...... ......... .... .... .... .... .. .. Only £11.50 

VIDEO MONITORS 9-INCH. Standard Composite Video in. 240v PSU. ~xcellent defini
tion-ideal for micro. Complete with service manual and ready to plug ln .•....•.... £34.~0 
ASCII KEYBOARDS. Top quality 84 Key ASCII with all U/L Case and Control codes 1n 
case ......... .......... ....... ... ....................................................... ........................................... £34.50 
POWER SUPPLIES 5v 3 ainp. Standard Mains Input - out 5v 3a fully regulated and 

~~~~~S'_:_.-rMs.251·6:··a~ii~d··~e~··:::··th·a·~~--~-~~-iiiiv··~-;;s"t··~;~~-~d··r3"·i~··t:s··e~~~~-50 
Our price £13.80 for 10. 

MODEM PROTECTION BOXES RS232. Completely isolate your valuable system from 
over voltage - consists of 2 RS232 Cannon Connectors, one on l~ng lead, and _neat 
aluminium box with 16 Zener diodes and fuses . If you are usmg external lines, 
connect this between your system and it could save you thousands of P<?Unds. £11.50 
FLOPPY DISK CONmOLLERS. Contain NEC Floppy control IC, 8080 M1.;ro and CO':fl
plete controller for single density 8-inch floppy into 8-bit parallel port. New w1th 
manual. ..... ........ ... ........... ................................................................... ..... .... .. ........... ..... £34.50 

WE STOCK COMPLETE RANGE OF DEC SYSTEMS 
FROM PDPSE TO PDP11nO AND VAX 

FOR MORE DETAILS TELEPHONE NIGEL DUNN ON 0494 714483, ANY TIME 

For regular copies of our catalogue please send postc.,d 1(1/lth addre11. 
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i . heavy duty brush as
continuously rated. 

25-WATT 10/25 SO 100/150/250/500/1 K!l 1.5kfl 
£3.10 + 30p P&P. (£3.91 inc. VAT). 
50 WATT 250fl £5.50 +SOp P&P. (£8.90 inc. VAT). 
100 WATT 1/5/10/25/50/100/250/300/500/1 kfl/1.5k!l/2.5k!l/ 

. ,5k!l/3.5kfl £7.25 + 75p P&P. (£9.20 inc. VAT). 
Blecll Silver Skirted Knob calibrated in Nos. 1-9, i~in dia. brasa 
bush. Ideal for above Rheoststs24p•. +VAT. 

SOLID STATE E.H.T. UNIT 
Input 230V A. C. Fully isolated. Aprox. 15KV. Built-in 10 sec. Timer. 
Easily modified for 20 sec. 30 sec. to continuous operation. Size 
155xB5x50mm. Price£5 + 75p P&P. (Total_ inc·. VAT£6.61). 

MINIATURE SOLENOID FLUID V~fl:lil 
~?:eP~~~~h:t~o~~r?:~:~~~;~s:~ju~~=~nlf:~; - · , 
B.S.T. inlet and outlet. Size: 58x27x25mm. 
;-:;'~ie~\g<>g;iPrice : £2.60+35pP&P(Total ~ · .. . _ _ 

240\l,(C. SOLENOID VALVE 
Designed for Air/Gas at 0-7. Water 0-5 psi. Inlet/outlet 3;1!" . Forged 
brass body. Manu!. Dewraswitch Asco. 
Price: £5.50 + 75p P&P. (£7.10 incl . VAT). n.m.s 

0 METERS (New) - 90mm DIAMETER 
ACAmp. Type62T2: 0, 1A,O-SA,0-10A. • 
ACVolt.0-150V,0-300V. ' -
0C Amp. ape 65C5 0-5A, 0-10A, 0-SOA. OC Volt. 15V, 30V. 

~~X~ Pri: ;:.~ :~: J~& ~rp'l"~~; ~~:r~:wpt a-soA oc. o-

VARIABLE VOLTAGE TRANSFORMERS 

INPUT 230!240V a.c. 50/60 OUTPUT 0-260V '" 
200W 1 amp Inc. a.c. voltage £15.00 · -
0.5 KVA (21;2 amp MAX) £19.00 • 
~~~!~~~:;n~:~, m:: . . ... ;~,,~ 
~~~!g~=~~~~: ~:: . i~:nnu i~~\ 
10KVA(50ampMAXI £174.00 !;::;:;::;: _;;:::· 
15 KVA (75 amp MAXI . £270.00 .. . · . 

3-PHASE VARIABLE VOLTAGE TRANSFORMERS 
'Dual input 200 -240V or 380-415V. Ster con~ected 
3 KVA 5 amp per phase max £108.00 . 
6 KVA 10 amp per phase max £1112.00 Carriage, pack1ng 
10KVA16ampperphasemax £329.00 &VATextra . 
LT TRANSFORMERS 
13.0 13V at 1 amp £2.80 P&P 75p (£4.08 inc VAT). 
0.15V at 12 amp. 0.30V at 12 amp £20.40 P&P£2. 3 (£26.11 inc VAT 

~:~i12V at 20 amp £18.20 P&P £2.00 (inc VAT £20.93). 
e1r~ ~)20 amp or 0.24V at 10 amp £14.90 P&P £2.00 (£19.43 inc 

0.6V /12V at 10 amp £9.10 P&P £2.00 One VAT £12.76). 
~~r12V/17V/18V/20Vat20 amp £20.90 P&P£2.00 (£26.88 inc VAT 

~l~Y/17V/18V at 10 amp £11.55 P&P £2.00 inc P&P (£15.58 inc 

,SNIP OF THE MONTH! 220-240V. Prim

ary, 0.24V. Secondary at 4 amp. Fully 
shrouded. New Price £4+£1 P&P. (Total 

inc. VAT£5.75). N.M.S. 
'Other types in stock, phone for en

_g_uiries or send SAE for leaflet. 

FLUORESCENTTUBES FROM STOCK AT PRICES 
4ft 40 watts £8.70 1nc VAT £10 (callers only). 

ilmnmm BLACK LIGHT t.t 
~~~=~~:t:·~;;~i~f~i~i~£:~T7 '"c. vAT&P) THAT DEFY COMPETITION! 
~~~~':~~~gc'/4~g~~~~Ja~~~~~~v~~[l· AC GEARED MOTORS CJ. BLOWERS 
61n4watt£2.50+45pP&P(£3.39inc. vATI. ~ DCMOTORS ACCAPACITORS 

~';cf~~:t ~~g~~~6~~~rv~!p~ ~v .t.~~ ~~a~~~~~~ut~~ fl~~t~s~fo MICROSWITCHES STROBE KITS 
Post55p(£6.96inc. VAT&P). · RELAYS fLASHTUBES 
400W UV LAMP AND BALLAST complete £38.00 Post £3.50 (£47.73 REED SWITCHES CONTACTORS 
!;'~T ~AM .& P). 400W UV LAMP only £14.00. Post £2.00 (£18.40 inc. SOLENOIDS SYNCHRONOUS 

BLACK LIGHT PROGRAMME TIMERS MOTORS 
~~~:~a~~~~edP~i~~ci~';il-~~pr~~T~~~~~~vai(able for either B:C. Phone in your enquiries 

ePROM ERASURE KIT 
Why waste money7 Build your own EPROM ERASURE for a !rae. , 

!~0Pn~r~~= ~;i~eao~:~~~7uln~~!\~g~P~~ra~;\J~ft.8~:i~e~; ~~~~ 
lea_<l_s, Neon lndfcator, safety Microswitch, on/off Switch, Circuit._ 
LESS CASE. Price : £13.60 + 75p P&P. (Total incl. VAT. £16.50). 
Warning: Tube used in this circuit is highly dangerous to the eyes. 
Unit MUST be fitted in suitable Case. 
REVERSIBLE MOTOR. 42 RPM 110V A.C. 100iii.in. Wil-l operate on 
230V A.C. Speed remains at 42 rpm but torque reduces by 50%. 
Price £18.50 + £2.50 P&P (Total incl. VAT £21 .28). 
6 rpm or 15 rpm &!pole non-reversible Motor. Either type £5.50 
each+ £1 P&P. (Total incl. VAT£7.48). N.M.S. 
BRAND ~~ CASSETI"E TYPE MOTORS. Three types. 6V. 7"\12V. 
1_2V . f.'~i~,_ a!'_ythree:for£2 + -Sop~P&P(incl. VAT£2.88) N.M.S. 

, ~:~: r:c:':e!:'siifr:'s~e1 ~ J'o~~~~o~~~ ~~- ~;~~~~·P?~d1!i 
. 8mm dia. 30mm long. Complete with capacitor and relay for max. 
~:~~~rtJ~If. Offered at mere fraction of mfrs. price. £11.50 incl. 

i(OfARY CARBON VANE VACUU_M ~ C.PMJifJESSOR 
Direct coupled to 1/3 h.p. 110/115V AC Motor 4.2 amp. 1380 rpm. 
Motor manuf. by A.E.I. Pump by Williams. Max. Vac. 2566 H.G. 

. ~~~J~~:r~~ 2oP~~·i4i~~-~~i~~-v~~f.·N.i~l,~~ 3 c.f.m. at 
Suitable transformer 240V op. £10 P&P £2 (£13.80 incl. VAn. 
N.M.S. 
WATERPUMP , 
Mfg. by S.P.A. Astaisi of Italy. 220/240v AC 50 hz. 2800 R.P.M. 
ilPProx. 1/3ho. Centrifuaal pump with 111.1·· inlet/outlet. Delivery 
approx. 40 gals per min. at 101bs head. (Non-self-priming). Price 

.£18.50. P&P £2.50 (£21.8_!Un£ \18I). N.M.S. 
HY-LYGHT STROBE KIT Mk IV 
Approx. 4joules. Adjustable speed. Price £27 + £2 P&P. (Tqtill inc .. 
at £33.36). Case and reflector Jlrice £11_ + f2 P&P (Total inc. VAT · 
£n:!iii). Fooi~~ILf<:>r f~rther.detalls in~~ Super Hi-Lyght. 
INSULATION TESTERS NEW 
500 VOLTS 500 megohms £49.00 P&P £2.00 
(£58.65 inc. VAT & P) 1000 VOLTS 10000. £55.00 
P&P £2.00 (£65.55 inc. VAT & P) .. SAE for leaflet. 
TIME SWITCH VENNER TYPE ERD 
Time switch 200-250V a.c. 30 amp contact 2 on/2 off 
every 24 hrs. at any manually pre-set time 36 hour 
spread reserve and dav omittin>1 device. Built to 
~~p~~~~J~(iq~:~ ~~;.r~K-f)e~~~~tion . Price _£11.50 

SANGAMO WESTON TIME SWITCH 
Type 5251 200/250 AC 2 on/2 off every 24 hours. 20 amps contacts 
with override switch. Diameter 4"' x 3··. price £9.50 P&P £1 (£12.08 
inc. VAn. Also available with solar dia. R&T. 
Al1;0 ayailable Sangamo Weston 60 amp and AEG 80 amp. Phone 
for details. 
Type 52881 on, or 1 timed c/o every 24 hours, day omitting device. 
Price£11 + £1 P&P. (£13.80 incl. VAT). N.M.S. 

!~!r~;~1;b;'~·~~~s(lf8~1cn~cf.PJ~f).r~~Mr:vs~· L~ss perspex 

AEG 80 AMP TIME SWITCH 
£15.50 + £1.50 P&P (£19.55 inc. VAT). Black Light 't.v . Tubes from Sin to 4ft from stock. Foolscap s.a.e. 

f d t il: - ~ · N.M.S. - New Manufacturers' Surplus . 

. A/1°~:; ~~de!s ~ Call~[s_ SERVICE TRADING Cr-w~-P·e·r.-so•n•R:•,T-c-.al•:ew•r:•s n""od•:•:;•.n•~•:•:n•d•:8S•a•::•:•~,.ay1111s _ _, 

Ample parking space · 9 Little Newport Street 
Showroom open _ ·57 BRIDGMAN ROAD, CHISWICK, LONDON W4 588,01-995 1560 London wc2H 7JJ 
Monday-Friday ACCOUNT CUSTOMERS MIN. ORDER £10, .Tel: 01-437 0576 

WW-061 FOR FURTHER. DETAILS 

SERIES 600 
The D&R SERIES 600 
range of professional 
mixing consoles has found 
its way into hundreds of 
(hospital) broadcast studios, 
discotheques, clubs, entertain

Ltd. 

ment and outdoor Public Address 
systems and recording studios. 
Available in 6, 12,18 or 24 channel 
configuration with, as standard, separate 
balanced mic. and line inputs, insertion points, 
gain, three band tone controls, two auxiliar lines, 
pan-pot and linear fader, plus pre-fade-listening and overload LED 
per channel. The output section includes four master faders, echo 
return and phones controls and two large V.U. meters. 
Optional XLR-3 connectors, 48 volt phantom powering, stereo 
channels with R.I.A.A. correction, talkback, fader controlled start 
switches, balanced outputs and 24 volt D.C. mains powering are 
available. 

Visit our stand at Communications 82 - National Exhibition 
Centre, Birmingham- 20th, 21st, 22nd, 23rd Apri11982. 

D.S.N. MARKETING LTD, Westmorland Road, London NW9 9RJ ~ 
Telephone: 01-204 7246. Telex: 895 4243. 
Trade, Wholesale, O.E.M. & Export enquiries welcome. 

VISA 
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D&R Electronica was founded over 10 

years ago with the aim of developing and 
manufacturing high quality mixing 

consoles for the studio and entertainment 
Industry with a special emphasis on value 

for money design engineering. The result 
is a range of five basic models with a 

large number of channel configurations 
and options. All models are highly flexible 

in use and give the best quality possible 
at todays state of technology. 
SERIES 200 - A small mixer specially 

designed for four track recording. 
SERIES 600 -A range of mixers for live 

amplification, broadcast studios and two 
track recording. 

SERIES 400- 'In-Line' mixing consoles for 

budget 4, 8 or 16 track recording. 
SERIES 1000- A range of comprehensive 
'In-Line' consoles for professional 
recording studios. 

SERIES 8000- Top of the range ' In-Line' 
consoles with integral patch bay for top 

recording studios. A large number of 
ancilliary signal processing units 

complement the D&R programme. 

Please complete this coupon for futher 
detalls:

D D&R Series 200 

D D&R Series 400 
D D&R Series 8000 

D D&R Series 600 

o D&R ~erles 1 000 
DD&R Ancllllary 

Equipment 
D BULLET loudspeaker components 
DVITAVOX loudspeaker equipment 
DH.ELIOS mirror balls 

NAME 

ADDRESS 
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CAMBRIDGE LEARNING 
SELF-INSTRUCTION COURSES 

A PRACTICAL DIGITAL 
ELECTRONIC KIT FOR 
{! LESS THAN £20 

~ 
u 
p 
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I 
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SUPERKIT 

l. ': :i::=.=1!~m:~·:-:fff:d i 

lJ::~~~~f' 
Digital Electronic Kit 

suitable for beginners 

SUITABLE FOR 
BEGINNERS 

NO SOLDERING! 

Learn t he wonders of digital 
electronics and see how quickly 

. you are designing your own 
circuits. Th e k i t contain's: 
seven LS TTL integrated circuits, 
breadboard, LEDs, and all the 

DIL switches, resistors, capacitors, and other components to 
build interesting digital circuits; plus a very clear and 
thoroughly tested instruction manual (also available sepa
r'ately). All t his comes in a pocket size plastic wallet for 
only £19-90p inc VAT and p&p . This course is for tr'ue 
beginners: 

- needs no soldering i_r-on. 
- asks p l enty of questions, but never leaves you stuck and 

hel pless. 
- teaches you about fault-finding, improvisation, and 

subsystem checking. 
- the only extra you· need is a 4-l:V battery (Ever Ready 

1289, Or' similar) , or a stabilised SV power supply. 
Usir.g the same breadboard you may construct literally 
millions of different circuits. 
This course teaches boolean logic, gating, R-S and J-K 
flipflops, shift registers, ripple counters, and half-adders . 
Look out for our supplementary kits which wi ll demonstrate 
advanced arithmetic circqits, opto-electronics, ?-segment 
displays etc . 
It is supported by our theory course 

DIGITAL COMPUTER LOGIC AND ELECTRONICS ~- £6 .00 
for beginners, and our latest, more advanced text, 

DIGITAL DESIGN £7,00 

Please send for' full detai l s (see coupon below). 

GUARANTEE No risk to you. If you are not completely 
satisfied , your money will be refunded upon return of the 
item in good condition within· 28 days of receipt. 

CAMBRIDGE LEARN I NG LIMITED, Unit35, RlV ERMlLL SITE, 
FREEPOST, ST IVES, CAMBS, PE17 4BR, ENGLAND . 
TELEPHONE: ST lVES (0480) 67446 . VAT No 313026022 

All prices i nclude worldwide postage (airmail i s extra -
please a sk fo r prep a yment invoice). Giro Ale No 2789159. 

Please allow 28 d ays fo r delivery i n UK ~ 

------------------------------- --I 
I, 
I 
I· 
I 
I 
I 
I 
I , 

Please send me: · 

.• ... : SUPERKIT(S) @ £19 . 90 

...... Free details of your other se If-instruction cou r ses. 

I enclose a *chequeiPO payable to Cambridge Learning Ltd 
for' £. .. .. ... . (*delete where applicable) 

Please char'ge my : 

*Access I American Expr'ess I Bar'clayc ar'd I Diners Cl ub 
Eu mcar d I Vi sa I Mastercharge I Tr'ustcard 

Expiry .Date. . ... .. ..... Credit Card ·No .. ....... .. .. . . • . · · · 

Signature .. . .. ··· ·········· ·· ········· ··· ······ ·.··· ·· ···· ······ 
Telephone orders from card holders accepted on 0480 67446 
Overseas customers \.includi ng Eire) shou ld send a bank draft 
in' sterling drawn on a London bank, or quote Cr'edit card 
number. 

Name ..... .. .. . ..... . . . . .. .... . ........... • · · · · · · · · · · ·· · · · · · • • ·· · · 

Address .. .. ..... .. . . .... . .... . ....... . . .•.. · · ·· · ·· · ·· ·· ···· ··· ·· · 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

Cambridge Learning Limited, Unit 35. Rivermill Site , FREEPOST, I 
St I ves, Huntingdon, Cambs , PEl/ 4BR, England . ( Reg1ster'ed 
in England No 1328762). J. --------------WW- 96 FOR FURTHER DETAILS 
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TECHNOMATIC TECHNOMATIC TECHNOMATIC 

*SPECIAL OFFER* 

2114L - 200ns 
21 14L - 450ns 
2716 (+5V) 
2732 

1.24 
95p 
90p 

210p' 
425p 
400p 
550p 

25-99 
90p 
85p 

200p 
400p 
375p 
500p 

2532 
61 16P-3 

UNIVERSAL INTERFACE FOR PETS 
Self-contained all-purpose interface ur~ it for new or 
old PETs providing a range of pa rallel mput/output 
ports, 16-bit timers, ultrafast multi-channel Anal
ogue to Digital Converters, Digital to Analogue 
Converters and Prog rammable Sound Generators. 
Internal Motherboard System allows easy upgrad
ing. Built-in PSU. 

£149+ £2~50 P&P 
SEND FOR DETAILS 

I ATOM 
Basic8K+ 2K Kit£120 . Built£135 

Fully Expanded 12K + 12K £185 
{P&P £2.50/Unit) 

F.P. ROM£20 1KRAM{2x2114L)£2 

Full ra~ge of Hardware and Software available. 
Send for the Atom List 

ATOM SOUND BOARD AND ATOM VISION KITS 
NOW AVAILABLE 

BBC Microcomputer Memories, Expansion· Sockets and Connectors now · 
available. 

TELETEXT DECODER 
(As described in Elektor Oct./Nov./Dec., '81) 

Kit for complete decoding board and keyboard £85 + £1 P&P . 
Reprint of articles £1.25 

SOFTY II 
An ideal software development tool. A 
program can be developed •. debugged and 
verified and then can e1ther be com 
mitted to an EPROM or the program can be 
used in any host computer by plugging the 
SOFTY into its EPROM socket. 
See the review in Sept. '81 PE for the 
various facilities provided on SOFTY. 
SOFTY complete with PSU, ROMULATOR 

&lVIeads 

£169 + £2 P&P 

MENTA 
New zao Development System. Plugs into lV and cas
sette recorder. 40-key direct ASSEMBLER/EDITOR, 24 
bits of 1/0. Ideal for study, microcontrol and robotics. 
Power supply and lV lead incl. 

Floppy Disc Drive Mechanism. 
Teac FD50A 5Y4'', £150 + £2.50 P&P. 
Olivetti FD501AF 5%", £150 + £2.50 P&P. 

UVERASERS 

£1 15 + £1 .50 P&P 

Xeltron Diskettes: 
S.S.D.D. £23for 10 Discs+ Library Case. 
D.S.D.D. £27 for 10·Discs + Library Case. 
12" BMCGreen Screen Monitor,£140. 

UV1B£42 UV140£61.50 UV141£78 
Upto Upto AsUV140but 

6 EPROMS 14 EPROMS with timer 
All above ERASERS fined with the safety interlocks to avoid accidental exposure · 
to UVravs. 
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7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442A 
7443 
7445 
7446A 
7447A 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74107 
74109 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
'74166 
74170 
74172 
74173 
74174 

' 74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74273 
74276 

. 74278 
74279 
74283 
74284 
74285 
74290 
74293 
74298 
74365 

74367 
74368 
74390 
74393 
74490 
74LSSERIES 
74LSOO 12p 
74LS01 14p 
74LS02 14p 
74LS03 14p 
74LS04 15p 
74LS05 15p 
74LS08 16p 
74LS09 15p 
74LS10 15p 
74LS11 15p 
74LS13 25p 
74LS14 40p 
74LS20 1Sp 
74LS21 1Sp 
74LS22 16p 
74LS27 16p 
74LS30 15p 
74LS32 16p 
74LS38 16p 
74LS42 36p 
74LS47 40p 
74LS48 75p 
74LS51 15p 
74LS55 30p 
74LS73 2&p 
74LS74 16p 
74LS75 24p 
74LS76 20p 
74LS83 45p 
74LS85 SOp 
74LS86 20p 
74LS90 28p 
74LS92 40p 
74LS93 30p 
74LS95 46p 
74LS96 100p 
74LS107 45p 
74LS109 30p 
74LS112 34p 
74LS113 30p 
74LS114 30p 
74LS122 4Zp 
74LS123 50p 
74LS124 120p 
74LS125 30p 
74LS126 30p 
74LS132 45p 
74LS133 30p 
74LS136 30p 
74LS138 34p 
74LS139 36p 
74LS145 75p 
74LS147 160p 
74LS148 90p 
74LS151 40p 
74LS153 60p 
74LS154 90p 
74LS155 40p 
74LS156 40p 
74LS157 35p 
74LS158 36p 
74LS160 40p 
74LS161 40p 
74LS162 40p 
74LS163 40p 
74LS164 48p 
74LS165 100p 
74LS166 90p 
74LS170 120p 
74LS173 70p 
74LS174 45p 
74LS175 50p 
74LS181 140p 
74LS190 50p 
74LS191 50p 
74LS192 50p 
74LS193 48p 
74LS194 40p 
74LS195 48p 
74LS196 60p 
74LS197 65p 
74LS221 60p 
74LS240 70p 
74LS241 70p 
74LS242 80p 
74LS243 80p 
74LS244 65p 
74LS245 90p 
74LS251 40p 
74LS253 40p 
74LS257 46p 
74LS258 46p 
74LS259 80p 
74LS260 100p 
74LS266 25p 
74LS273 75p 
74LS279 45p 
74LS283 45p 
74LS295 
74LS298 160p 
74LS323 250p 
74LS324 150p 
74LS348 150p 
74LS352 100p 
74LS353 100p 
74LS363 160p 
74LS364 160p 
74LS365 3Zp 
74LS367 3Zp 
74LS368 311p 
74LS373 70p 
74LS374 70p 
74LS375 50p 
74LS377 90p 
74LS378 70p 
74LS390 SSp 
74LS393 50p 
74LS395 
74LS399 200p 
74LS540 135p 
74LS541 135p 
74LS640 200p 
74LS641 200p 
74LS644 250p 
74LS645 200p 
74LS669 200p 
74LS670 170p 
74LS682 450p 
74LS684. 450p 

. 400o SERIES 
4000 

4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4034 
4035 
4036 
4039 
4040 
4041 
4042 
4043 
4044 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4081 
4082 
4086 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
40085 
40097 
40098 
40102 
40103 
40106 
40109 
40163 
40173 
40174 
40175 
40193 
40257 
4Q02 
4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
4528 
4532 
4534 
4536 
4538 
4539 
4543 
4553 
4555 
4556 
4560 
4568 
4569 
4572 
4583 
4584 
4585 
14495 

74SSERIES 
74500 60p 
74504 lOp 
74SOB 75p 
74S32 90p 
74574 90p 
74S85 300p 
74SB6 160p 
745124 300p 
74S132 160p 
745133 75p 
745138 225p 
745139 225p 
745157 250p 
745163 300p 
74S174 250p 
74S175 320p 
74S194 350p 
745241 460p 
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lEDS 
0.125" 
Tll209R 11p 
Tll211 Gr 16p 
Tll212 Ye 18p 
Tll216 R 18p 

DISPLAYS 
3015F 200p 
DL704 140p 
Dl707 140p 
DL7750 200p 
DL7760 200p 
FND357 120p 
FND500 90p 
FND507 90p 

0.2" 
Tll220R 
Tll222 Gr 
Tll228Ye 

MAN3640 
MAN4640 
NSB5881 
Tll311 
tll312/3 
TIL321 
TIL322 
Tll330 

13p 
15p 
Z2p 

17Sp 
200p 
570p 
800p 
110p 
130p 
130p 
140p 

460p 
600p 
370p 
425p 

£10 
£15 

750p 
850p 

8080A 350p 
8085A 550p 
1NS8060 £11 
TMS9980 £20 
Z80 370p 
Z80A .SOp 
Z80B £18 
8088 £18 

3245 
6520 
6522 
6532 
6551 
6821 
6851 
6821 
6845 
6847 £10 
6850 160p 
6852 250p 
6875 800p 8154 950p 
8155 22800p0p 
8205 
8212 160p 
8216 160p 
8224 250p 
8226 250p 
8228 250p 
8243 460p 
8250 850p 
8251 350p 

m~ 950p== 8257 
8259 
8279 
Z80P10 300p 
Z80AP10 350p 
Z80CTC 300p 
Z80ACTC 350p 
ZBOADART 

ZBOADMA~ 
Z80S10-1 £12 

2102-3L 
21078 
2111A 
2112-A 
2114-2L 
2147 
4027-3 
4044-45 
4116-15 
4116-20 
4118-3 
4118-4 
4164-2 
4816AP·3 £5 
5101 300p 
6116P-3 550p 
6116LP-3 760p 
6514-45 £3 
6810 200p 
7489 210p 
745189 325p 
745201 350p 
745289 325p 

74S287 
745288 
745387 
745471 
745473 
745474 
745570 
745571 
745573 

325p 
308p 
226p 
325p 
850p 
850p 
&SOp 
650p 
850p 
950p 

500p 
300p 

2716(+5V) 
300p 

2564 . £26 
2516(+5V) 

300p 
2532 550p 
2732 SSOp 
2716-300NS 

500p 
' 2732-300NS 

750p 

AM26LS31 
160p 

AM26LS32 
190p 

DAC80 £20 
DM8131 375p 
DP8304 480p 
DS8830 140p 
058831 140p 
DS8832 250p 
DS8833 225p 
058836 150p 
DS8838 225p 
LF13201 450p 
MC1488 SSp 
MC1489 SSp 
MC3418 950p 
MC3446 300p 
MC3480 850p 
MC3486 600p 
MC3487 300p 
MC4024 326p 
MC4044 325p 
MC14411 700p 
MC14412 900p 
MC4044 325p 
MM58174 £12 
ULN2003A 

100p 
ULN2004A 

100p 
75107 160p 
75110 180p 
75112 180p 
75114 160p 
75115 160p 
75121 140p 

. 75122 140p 
75150P 140p 
75154 140p 
75182 230p 
75324 375p 
75361 150p I 
75363 150p 
75365 150p 
75451/2 72p 
75453/4 72p 
75491/2 70p 
8T26/28 120p 
8T95/96 120p 
8T97/98 120p 
81 LS95/96 90p 
81 LS97/98 90p 
9602 220p 

200KHz 
Freq in 
1.0 
1.008 
1.5 
1.8432 
2.00 
2.45760 
2.5 
3.276 
3.5795 
3.686 
4.00 
4.194 
4.43 
4.608 
4.915 
5.0 
6.0 
6.144 
7.0 
7.168 
8.00 
8.86 
10.00 
10.5 
10.7 
12 
13 
14.318 
14.756 
15 
16.00 
18.00 
18.432 
19.968 
20 
26.690 
27.145 
38.6667 
48.0 
55.5 
116 
145.80 

CONNECTOR SYSTEMS 
JUMPER LEADS 

24" Cable with Headers 
14pin 16pin 24pin 40pin 

Single end 145p 165p 240p 380p 
Double end 210p 230p 345p 540p 

Cable With Sockets 
20pin 26pin 34pin 40pin 

Single end (24") 

Double end(~~ 210
P Z?Op 300p 

290p 385p 490p 540p 

ID CONNECTORS 
(Speed Bloc type) 

No of ways 10 20 26 34 40 
Header 
Plug 90p 185p200p240p270p 
Recp'cle 90p165p200p240p270p 
Edge conn 200p240p300p380p550p 

EUROCONNECTORS 
Plug Skt. 

DIN 416122x32Way 
300p 350p 

~~~~1d6~7+3~2:a~v ~= =~ 
(for 2x32 Way please. specify A + 8 

or A+ Ctype) 
DIN416123x32·way 

350p 

DIL HEADER PLUGS 

4ZOp 

14pin 16pin 24pin 40pin 
Soldertype 50p SOp 100p Z75p 
IDC type 130p 140p 200p 285p 

MIND CONNECTORS 
No. ofways 9 15 25 37 

MALE 
Solder 
Angled 

90p 135p200p280p 
180p230p285p425p 

FEMALE 
Solder 125p190p245p375p 
Angled 175p240p310p500p 
Hoods 100p 100p 100p 150p 
Centronix type 37-way c.onn. £8.50 
25-way 0 conn. jumper M: £5 F; £5.50 

DIL SWITCHES ZIFSKTS 
4-way 90p 
8-way 120p 
6-way £105p 

24pin £8 
28 pin £7 
40 pin £10 

Hl-way . 150p 

9637AP 180p .,...,.""="''=""",.,.,..-
ZN425E-8 350p 
ZN426E-8 350p 
ZN427E-8 850p 
,ZN428E-8 500p 

MULTICORE SOLDER 
Size 5 Savblt in Dispenser £1.00 
Size 6 General Purpose in 

. Dispenser £0.60 
Size 10 reel ......... ..... £3.80 + SOp P&P 
Size 12 reel ... ...... ... .. £3.80 + 50p P&P 

EDGE CONNECTORS 

2x18Way 
·2x22Way 
2x23Way 
2x25Way 
1 x43Way 
2x43Way 
1x17Way 

VEROACCS 
Copperclad Boards 0.1" 
3.75"x5" 90p 2.5"x3.75" BOp 
3.75"x5" £1.05 2.5"x1" £1.10 

MICROBOARD 
rocard Size ...... ...... .. .. £3.30 

Sile ......... ...... £6.30 

0.1" 0.1541" 
150p 

310p 170p 

=200p 
2110p = 

2.7V-33V 
400mW 
1W 

TRIACS 
PLASTIC 

~m~ ;g: 
~~~~ ~ 
8A500V 95p 
12A400V 85p 
12A500V 105p 
16A400V 110p 
16A500V 130p 
T28000 . 130p 

THYRISTORS 
3A400V 100p 
8A600V 
12A400V 
16A 100V 
16A400V 
BT106 
C1060 
MCR101 
TIC44 
2N3525 
2N4444 
2N5060 
2N5064 

PCB 
MOUNTING 
RELAYS 
6 or 12V DC Coil 
SPOT 2A 24V DC 

160p 
6 or 12V DC Coil 
DPDT SA 24V DC 

~:~~~DC~ 
SPOT 10A 24V 
DC240VAC 

LOUD· 
SPEAKERS 
Size 
2'1!.!" 64R 80p 
2~" BR BOp 
2" BR 90p n-2". 8R 100p 
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Appointments 
~ "'Il 

,.. DISPLAYED APPOINTMENTS VACANT: £13.50 per single col. centimetre (min. 3cm). "'Il · 
LINE advertisements (run on)~ £2.50 per line, minimum 5 lines. (Prepayable.) 

.... 

Advertisements 
accepted up 12 noon 
Tuesday, May 4, for June 
issue, subject to space 
being available. 

BOX NUMBERS: £1.50 extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS.) 
PHONE: IAN FAUX, 01-6613033 (DIRECT LINE) 

Cheques and Postal Orders payable to /PC Business Press Ltd. 

""' 

ELECTRONIC ENGINEER 
RESEARCH & DEVELOPMENT 

We are a medium-sized company employing approximately 
200 in the Cambridge Electronic Industries group of com
panies, specialising in producting television distribution 
equipment and associated electronic products. An enthusias
tic Electronic Engineer is sought to join our existing de
velopment team. He/she will work in a modern, well
equipped laboratory and will be responsible for seei_ng pro
jects through from initial conception to final production. We 
envisage that the successful candidate will be 23-35 years of 
age, with a degree in electronics and at least t~o years' 
experience in a research and development environment. 

Applicants should have detailed experience, or a keen in
terest, in one or more of the following areas: 
* Digital and analogue circuit design from D.C. to 1GHz. * Television signal processing. · * Cable distribution oftelevision signals. * R.F. communications. 

The company offers good working conditions, a 37-hour 
week, 25 days' annual holiday and a contributory pension 
scheme. Assistance with relocation will be considered where . 
appropriate. 

Please send full C. V. to: 
Mr C. G. Houghton 
Personnel Manager 
Labgear Limited 
Abbey Walk, Cambridge 

(1581) 

At HM Government Communications Centre, 
we're applying the very latest ideas on electronics and 
other technologies to the problems of sophisticated 
communications systems, designed to enable and protect 
the flow of essential information. 

The work is of the highest technical challenge, 
offering full and worthwhile careers to men and women of 
high ability, on projects covering the following areas of 
interest:-

RADIO- from HF to microwave, including 
advanced modulation systems, propagation . 
studies, applications of Microcircuitry. · 

ACOUSTICS 
MAGNETICS 

SIGNAL ANALYSIS 
SYSTEMS ENGINEERING 

Applicants, under 30 years of age, should have a 
good honours degree or equivalent qualification in a 
relevant subject, but candidates about to graduate may 
also apply. 

Appointments are as Higher Scientific Officer 
(£6,530-£8,589) or Scientific Officer (£5,176-£6,964) 
according to qualifications and experience. Promotion 
prospects. 

For an application form, please write to the 
Recruitment Officer (Dept. WW 5 ), HM Government 

Communications Centre, Hanslope Park, 
Milton Keynes, MK19 7BH. 

Senior 
Electronics Engineer 

A Senior Electronics Engineer is required to join a small but 
expanding team working on a variety of projects in the fields 
of Robotics, ·Image Processing, Real time data collection and 
telemetry. 
The successful applicant will be qualified to degree level and 
will have relevant experience in analogue and digital design 
techniques. 
A thorough knowledge of at least one current microprocessor 
is required, and a high level of enthusiasm and self 
motivation is essential. 
The company is situated in a pleasant part of A von, a few 
minutes drive from Junction 21 of the M5. 
Working conditions are excellent and salary is negotiable 
according to qualifications and experience. 

Contact G.S. Chewins, Senior Personnel Officer, 
(Rrouitment) 
BAJ Vickers Limited, Banwell, Avon, BS24 8PD. 

BAJ Vickers 
A Vickers company 1586 
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Appointments 

SENIOR MAINTENANCE ENGINEERS 
Commencing salary from £12,877 p.a. (under review) 

Independent Television News Ltd. has vacancies for Senior Engineers in the following 
Maintenance Sections at ITN House, london W1. 

VTR I Telecine Maintenance 
(Ref 000009) 
Responsible for the maintenace of VTR and telecine equipment, including ACR25B, VPR28, 
VR1200C, BVU200/800, standard U-Matics and Rank Cintel Mk Ills and associated editing and 
control systems. 

ENG/DB Maintenance 
(Ref 000010) 
Responsible for the maintenace of all the ENG and 08 transportable equipment including 
BVP330 cameras, BVU50 and 110 recorders, VPR2 and VPR20 C-format machines, TBCs and 
editing systems. 

Radio Links Maintenance 
(Ref 000011) 
Responsible for the maintenance of our radio link equipment and extensive radio telephone 
network. Equipment includes frequency agile 2.5GHz video links and numerous UHF and
VHF FM R/T systems, both static and mobile. 

Sound Maintenance 
(Ref000012) . 
Responsible -for the ma_intenance_ of a varied ~ange of. audio eq_uipnient, includi~g SO';Jnd 
mixing desks and associated studto sound equipment, f1lm and v1deo sound dubbmg su1tes 
.and a wide variety of audio recorders including 1 ..• ack machines. · 

Central Maintenance 
(Ref 000013} 
Responsible for the maintenance of not only all our studio equipment, including Marconi Mk 
9 cameras, CD480 mixers, Quante I DPE5001, Aston Character generators and the usual 
ancillaries but also such equipments as DICE and ACE digital converters, Oracle and graph
ics computer systems. 
The above vacancies offer a challenge to experienced engineers wishing to join an ex
tremely active company expanding to meet its Channel4 commitments. 
Applicants should have qualifications to HNC level or equivalent and be experienced in 
maintaining the relevant broadcast TV equipment. 
It would be of considerable advantage to have some practical experience of computer or 
microprocessor systems. . 
Good prospects exist in all the above posts for promotion, with experience, to Supervisory 
Engineer. 
Generous pension scheme, free life assurance. 

Applications should be made in writing giving qualifications and experience to: 

THE MANAGER, ENGINEERING MAINTENANCE 
INDEPENDENT TELEVISION NEWS LTD 
ITNHOUSE 
48 WELLS STREET 
LONDON W1 P 4DE 

WIRELESS WORLD MAY 1982 

(1591) 
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Appointments 

Technical Tr1 . c 
Offir -4 

0 , Marconi Avionics are one of 1j 
research, development, desic.,. :::! . .CD 
systems. CJ) 

We are now seeking ? · 
identifying the changinr 
location through cloSf ; 
production mana(::v~ o 
suitable practic?' "0 "0 
of test equipf!t) g· CJ) 

Applicar' ::l ~ ~ 

esr 

HNC ancl """' ;:t." 0-
and fat·· CD ~ 
tact,r' 0 3 g Q) 

0- ::l 
0 c 
-ft I 

-n 
0 
"""' 

TICLES FOR SALE , 
- - -

CRYSTALS 
Y GOLD ELECTRODES 

ALSO 

I ITS 
7-DAY 
l\BLE 
:v 200KHZ-70MHZ 

CLOCK CRYSTAL 
OSCILLATORS TTL 

COMPATIBLE DIP PACKAGE 

~McKNIGHT CRYSTAL CO. LTD. 
HARDLEY INDUSTRIAL ESTATE 
HYTHE, SOUTHAMPTON. $04 &ZY 

r-URERS, WHOLESALERS 
BUYERS, ETC. 
.IES OF RADIO. TV AND 
PONENTS FOR DISPOSAL 

INTEGRATED CIRCUITS, TRANSISTORS, 
ORS, etc. RESISTORS, C/F, M/F, W/W, etc . 
>QLYSTYRENE , C280, C296, DISC CERA
HE CERAMICS, etc . 
":IS, SPEAKERS, CONNECTING WIRE, 
CREWS, NUTS, CHOKES, TRANSFOR-

ERS. etc . . 
pme and pay us a visit ALADDIN'S CAVE 

'~--~-----------------=== ~~ID~~ml i& MAYCO DISPOSALS 
~I .orth Fihc h ley, London, N. 12 

~ ~;;::::::::::::::::::'5:m:i:nu:t:es:f:ro=m~T·a~ll:v :H:o :Co:r:ne:r:l::::::~:::::::::::'9:4:51:1~ 

~ ..... -;.---:;ATCOM 
MINI COMPUTER 

PROCESS CONTROL 
MAINFRAME 
SIMULATION 

IMAGE PROCESSING 
DATACOMMS 

VIDEO 
WEAPON SYSTEMS 

AUDIO 
or AUTOMATIC TEST 

EQUIPMENT 
and EARN 

£7000-£20000 
then CONTACT 

ELECTRONIC COMPUTER 
& 

MANAGEMENT 
APPOINTMENTS 
148/150 High Street 
Barkway, Royst on 

Herts 

076-384 676/7/8 
(till8pm most evenings) 

R & D OPPORTUNITIES. Senior level vacan
cies for Communications Hardware and Software 
Engineers, based in West Sussex. Competitive 
salaries offered. Please ring David Bird at Redif
fusion Radio Systems on 01-874 7281. (1162 

BOURNEMOUm : an opportunity exists for a 
·person with a sales/management background. 
Writewithc.v.toBox No.1602. 

ARTICLES FOR SALE 
PRINT SYSTEM for screen pnntmg front 
panels, plastic boxes from easily prepared mas
ters. Ideal small electronics company or BASLS 
for self-employment. Ready to use. Willing to 
train operator. Photo available. J. Waller, Lincoln 
House, Ampthill 0525 402279 evenings. £225 or 
nearest offer. (1574) 
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,. I ILIII'II MtNTS 
IN 

ELECTRONICS 
to £15,000 
MESSAGE SWITCH 

DATA COMMS-TELEMETRY 
TELEGRAPHY-RF COMMS 
Interesting and varied op
portunities. U.K. and over
seas. For immediate action 
on ·salary and career 
advancement. contact: 

ARTICLES FOR SALE 

MARCONI Marine Atlanta receivers from £65, 
collected or carriage at cost. Other marine radio 
equipment in stock. Eddystone receivers and 
some Rrr. Marine loudspeakers re-entrant hom 
6in. mouth 9in long, lSohm, new and boxed, 
£12.50 P.&P. Also outdoor hammer finish shal
low re-entrant type with bulkhead mount £6.50 
P.&P. 3-8ohm or line. Aerial amplifiers 40 to 860 
megs with output splitter, two models, i.e. bat
tery or a.c. mains, new condition, boxed £12.50 
P.&P. Ex-Navy brass parallel rules suitable 
paperweights, etc, £15 P.&P. Thermographs £40 
P.&P. Plessey high voltage ceramic capacitors, 
50kv test 10 amps 0.0027 MFD. Low and p.band 
Westminsters in stock, Rrr equipment wanted. 
Low band 6-channel and single-channel mid-band 
Cambridges £15 P.&P. Ex-Navy brass clocks with 
large outer second hand and small inner dials for 
hours and minutes £85 P.&P. Ex-Govt. watches 
and Navy deck watches for callers. G.W.M. 
Radio Ltd., 40-42 Portland Road, Worthing, Sus
sex. Tel: 0903 34897. (1606) 

EQUIPMENT FOR coils, transformers, compo
nents, degassing silicone rubber, resin, epoxy. 
Lost wax casting for brass, bronze, silver, etc. 
Impregnating coils, transformers, components. 
Vacuum equipment low cost, used and new. Also 
for CRT regunning metallising. Research & De
·velopment. Barrans, Mayo P.~dd, Croydon CRO 
2QP. 01-684 9917 . (9678 

PRE-PACKED screws, nuts, washers, solder 
tags, studding. Send for price list. A1 Sales 
(WW), PO Box 402, London SW6 6LU. (1253 

PRINTED CIRCUITS. Make your own simply, 
cheaply and quickly. Golden FotolakLight Sensi
tive Laquer - now greatly improved and very 
much faster. Aerosol cans with full instructions, 
£2 .25. Developer 35p. Ferric Chloride SSp. Clear 
Acetate sheet for master 14p. Copper-clad Fibre
glass ijoard approx. 1mm thick £1 .7'5 sq. ft . Post/ 
Packing 60p. ·White House Electronics, Castle 
Drive, Praa Sands, Penzance, Cornwall. (714 

'BRIDGES, Waveform/transistor analysers, Cali
brators. Standards, Millivoltmeters, Oscillo
scopes. Recorders . Signal Generators. 040-
376236. (8250 

"WORLD Radio TV Handbook" by return, 
£10.99. "Broadcasts to Europe", quarterly fre
quency guide, £4.50 yearly (sample copy £1.30). 
Access/Visa welcome. Pointsea, 25 Westgate, 
North Berwick, East Lothian. (16001 

WORKBENCHES, secondhand. Ex-ITI TV 
factory. Open or cubicle stylP.. Need space. De
tails: 042486 3464. 116081 

FARNELL transmitter test set TIS 520 RF sig
nal generator with 100 watt loading, rack mount
ing kit, extras, etc. New and unused, cost £6,000. 
Offers. Sharp M2 80K with printer, 4 floppy discs 
and interfaces. Also ancillary software. Offers. 
Newbury (0635) 48809 or 43228 (evenings). 

(1611) 

ATTENTION television tube rebuilders 2,000 
~ CME:2CH3 ABI: 120 monochrome TV tubes 
swtable for rebuilding. All·in good strong clean 
cartons. Enquiries ~lease to Teletronic (North
East Ltd) "See-Vu' works, Strangford Road, 
Seaham, Co. Durham. Phone (0783) 812142. 

(1594) 

MAGAZINE BACK NUMBERS: WW, ETI, 
PW, PE, Elecktor, Everyday Elect., R & E Con
structor, Comp Age, Comp Today, PCW, Pract 
Comp, TeleVIsion, Hobby Elect., etc. Send 
S.A.E. + SOp PO for list. Mr Gordon (Box No. 
1579). (1579) 

PARAMETRON 477 Spectrum Analyser Freq. 2IJOKHz-
50MHz .... : .......... ......... ........ ...................... .................... ....... .£3l5 
HEWlETT-PACKARD 3500 Attenuator OC-1 MHz 600 Ohm 
....... ............................................................. ... : .......... .. ........... .£15 
MARCONI868B Universal Bridgel% 1KHz&. 10KHz £1. 
WAYNE KERR . B901/S281/R261 Admittance Bridge 50-
250MHz ....... .. ....... .... .................................... .... .............. ...... £121 
MARCONI TF.2424 VHF/UHF Freq. Meter 4 Digit OC-
512MHz ......................... ......... .. ......... .. ....................... .. ....... 11. 
GAUMONT KALEE Flutter Meter ...................................... .£. 
MARCONI TF.893 Power Meter ........................................ .£15 
MARCONI Tf.2600 Sans. Valve Voltmeter 1DV-300V f.s.d. 
± 1% ........... .......... .. .......................... .................................... .£15 
WAVETEK 7-40 Phase meter 10Hz-2MHz ..... .................. .£Z!S 
TEKTRONIX 564 Storage Scope DC·10MHz c1w 3A6 &. 

roj~~~~s:~:~~:s.:: :~~~~~~ ·::~:~~~~~~:~::::i~~~~:~i 
ADVANCE H1E Signal Generator 15Hz-50kHz Sine/Sq. 
0/P ............................ ...... .............................. .. ....................... .£!11 
ADVANCE SG65A Oscillator 10Hz-100KHz Sine/Sq. 0/P, 
0-&V ............... .......... ....... ............... ........ ....... ............... ......... .fll 
MARCONI TF.2950 Mobile Radio Test Sat.. .................. ~ 
MARCONI TF.1066B AMIFM Signal Generator 10MHz-
470MHz .............. .. ............. ................... ............................... .O. 
MARCONI TF.1101 R-C Oscillator 20Hz-2IJOKHz .. ........... .fiD 
PHILIPS PM.6456 Stereo Generator .......... .................... 1115 
PROSSER A 100/AJ-40 Wa~e Fonn Generator ............. .. .£3JS 

i:~S~&: ~~s'!~:~~~~o~.~~.~~~.~~~:::::: ::::F~om.g: 
!<ORTING 82515 Colour TV Service Generator ... ....... ... .£211 

~~~ti~~ c~~~ dt:~ti~~~.~~ .. ~.~~~~.~Me~~"!fJe'rD:o 
BPL CZ.457/4 Component Comparator and CZU 457/4 3 
Channel Automator .. .... .................................................... .£125 
FERROGRAPH RTS.2 Recorder Test Set .................... ... .£Z!S 

Send SAE for list to: 

MARTIN ASSOCIATES 
'PMTHIA", BECIOWIIPTON. 

NW MAII.BOROUGH, Wlln. 
ta. AYEBUIIY(Oil-231211 113841 

OVENS, FURNACES, temperature recorders, 
XY co-ordinate table, lie detectors, heavy duty 
castors, oscilloscopes, VHF tuners CH21-68, cab
inets cardex, and cabinets 19 inch, test equip
ment, Tektronix 434 storage scope, £2,000, 567 
sampling scope with plug-ins and digital unit 
£250, 575 transistor curve tracer £160. 524 TV 
scope £100, TEK plug-ins 1A4 £60, 82 £45, CA 
£45 and also mainframe 500 series calibrators. 
Gestetner duplicator recently reconditioned by 
makers 460S £400, Coutant 0-30 volt at 10 amps 
power supply £80. Send S.A.E. for lists or phone 
"Q" services, 29 Lawford Crescent, Yateley, 
Camberley, Surrey. Tel. 871048 (0252). Ask for 
MrQ. (1570) 

PRINTED CIRCUIT DESIGN. artwork, 
photography, prototypes, low volume production 
(non p.t.h.), screen printing, self-adhesives. 
Contact - G. N. Slee, 78 Derry Grove, 
Thurnscoe, Rotherham, South Yorkshire S63 
OTP. Tel: (0709) 895265. . (1593) 

TELETEXT (Geefax!Oracle) or Viewdata (Pres
tel) add-on adaptors for your existing television or 
microcomputer. Discount prices. Mail order. 
Trade enquiries welcome. Avon Office Services, 
FREEPOST, Bristol BS10 6BR. Tel: (0272) 
502008 any time. (1587) 
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ARTICLES FOR SALE 

IONISER KIT (MAINS 
OPERATED) 

'f?is n~~tive ion genera~or !pves you the power to saturate your hoine or office 
w1th millions of refreshing 1ons. Without fans or moving parts it puts out a 
pleasant breeze. A pure flow of ions pours out like water from a fountain, filling 
rour room. The result? Your air feels fresh, pure, crisp and wonderfully refresh
mg. 
All parts, PCB and full instructions 
A suitable case includng front panel, neon switch etc. 
HOURS: ' 

£12.50 
£6.50 

Monday to Friday 9 am·S pm. Price includes post & VAT 
Saturday 9 am-4.30 pm. Barclay/ Access Welcome 

Wide range of Japanese integrated circuits and transistors stocked 
. T.POWELL 

Advance Works, P.E., 44 Wallace Road, London N1 1PQ 
Tel. 01-2261489 . Please allow 14 days for delivery 

RACAL COMMUNICATIONS 
. RECEIVERS 

500 Kc/s - 30Mc/s 1Mhz wide. RA11L - £175. 
RA117E - £225. A few sets available as new at 
£75 extr~. All receivers are air tested and cali
brated m our workshop, supplied with full 
manual, dust cover, in fair used condition. New 
black metal louvred cases for above sets £25 
each. RA91D - ISB - SSB - £75. W'll -
SSB - ISB and fine tune for RA117 - £50. 
TRANSMITTER DRIVE UNIT RA79. 1.5mc/s -
30mc/s - SSB - lSI - DSB - FSM - CW -
£150. AERIAL TUNING UNIT and protection unit 
MA191B - £25 to £50. DECADE FREQUENCY 
GENERATOR MA350B Solid state synthesiser 
for MA79 or RA117 - W17 - RA1217 - £150 
to £200. MA250- 1.6mc/s to 31.6mc/s ·_ £150 
(New). MA259G - precision frequency stan
dard - 5mc/s lmc/s 100khz - £100 to £250. 
IIACAL MA15Z - Standing wave ratio indica
tor. FX2mc/s - 25mc/s Power up to IOOOwatts 
- ~ ohms - Auto trip switch - Transistor 
mams 100 - 250AC, new and boxed - £40. 
RACAL COUNTER 836 (90361 32mc/s m circuit 
design - tested with manual - £50 to £75 
OSCILLOSCOPES COSSOR CDU150 - 35mc/s ..:. 
Twin Beam - Solid State - £175 with manual. 
1EXTRONIC OSCILLOSCOPE 647 and 647A Solid 
State - 50mc/s and 100mcls bandwidth - £250 
and £350. Tested, circuit and instructions. 
AERIAL MA~ - we have three masts ap
pr~x. 130ft h1gh, complete with all fittings. Base 
- 1nsu.lators, etc., Mast steel tube 8" all parts 
galvamsed. supplied brand new, all items 
boxed - £1000 - or each complete mast -
£400. 
All items are bought direct from H.M. Govern
ment. being surplus equipment Price is ex
works. SAE for all enquiries. Phone for appoint
ment for demonstration of any item. John's 
Radio, ~hitehall Works, 84 Whitehall Road 
East. B1rkenshaw, Bradford 8011 2ER. Tel. 
(0274)684007. V.A. T. and Carriage extra. 

INVERTI:RS 
High quality DC-AC. Also "no 
break" (2ms) stati~ switch, 
19" rack. Auto ·· 

COMPUTER POWER 
·lnterport Mains-Store Ltd. 
POB 51, london W11 3BZ 
Tel: 01~727 7042 or 0225 310916 

(9101 

THE SCIENTIFIC 
WIRE COMPANY 

P.o. Box 30, london, E.4 

ENAMElLED COPPER WIRE 
SWG lib. 8oz. 4oz. 
81029 2.76 1.50 .80 

30 to 34 3.20 1.80 .90 
35to 40 3.40 2.110 1.10 
41to43 4.75 2.60 2.00 
47 8.37 5.32 3.19 
481049 15.96 9.58 6.38 

SILVER PLATED COPPER WIRE 
1410 30 6.50 3.75 2.20 

TINNED COPPER WIRE 

2oz. 
.60 
.70 
.80 

1.42 
2.50 
3.69 

1.40 

1410 30 3.38 2.36 1.34 .90 
Pricaa include P&P. VAT and Wire Data 
SAE lor list. Dealer enquiries welcome. 
Reg Ort~e: 22 Coningsby Gardens. 

WANTED 
Surplus Stock and Offers 

All kinds of Electronic Components, Kits and finished products. 

We are a leading electronics mail order house in Germany Please 
contact us at: · 

Buhler-Eiektronik, PO Box 32 
D-75 70 Baden-Baden 
Telephone 7221/3486 Telex 781210 belekd. 

WANTED! 

Receiving Valves, Antique 
types but unused and boxed. 

(1582) 

WANTED 
Test equipment, receivers. valves, transmit
ters, components,· cable and electronic 
scrap, any quantity. Prompt service and 
cash. Member of A.R.R.A. 

M&BRADIO 
86 Bishopsgate Street 

leeds LS1 4BB 
0532-3664!1 ' 

Classified 

CIRCOLEC 
THE COMPLETE ELECTRONIC SERVICE 

Artwork, Circuit Design, PCB Assembly, Test & Repair Service Q A Consulta 
Prototypes, Final Assembly. · · · ncy, 

Quality workmanship by professionals at economic prices. 
. Please telephone 01-767 1233 for advice or further details. 

1 FRANCISCAN ROAD 
TOOTING, LONDON SW17 

FAGILITIES AVAILABLE 
* Circuit Design S. Development 
Digital and Analogue 
*Artwork Layout · 
Free prototype bd. (non PTH) 
Supplied with orders over £100. 
* Board Manufacture 
Prototype to semi-production. 
* Wiring & Assembly 
~~e~~sembly, wiring and cable forming . 

Full testtecilities available. 
*Copper Clad Board 
DIS fibreglass 1000 Sq inches of assorted 
useful sizes. £6:oo inc. post. 

One or all services avail-~ 
able, no order too small. 
Please telephone Chelms-
ford 357935 or write to 
H.C.R., 1 Bankside, off New 
Street, Chelmsford, Essex. . , 

(1i69) 
-----~---

/fj§}\ Dayville Services 
\EYLimited 
A. complete P.C.B. service offered. We 
w1!1 work from your circuit diagram and 
produce the finished board. 
Any type of board manufactured includ
ing doubl~-side~ and ~,T.H. Legend and 
solder res1st available 1f required. 
Our rates are very competitive and we 
o~er a FREE collection and delivery ser
VICe on orders above £200. Turnaround 
can be as little as three days. 
Telephone Colchester (0208) 
710001889514 w_ith your P.C.B. require
ments and we w1ll be happy to oblige. 
40 Military Road. Colchester C01 2AN. 

(1490) 

30,000 SERVICE SHEETS IN STOCK 
COLOUR MANUALS AlSO AVAILABLE 

TV Monos £2, Transistor'· Radios £2 
Tuners £2, Tape Recorders, Record 
Players and Stereograms £2. Stamped 
~ddressed envelopes with all quota
tions. Also colours available. Car Radios 
£3 + sta':"ped addressed eiwelope. All 
valve rad1os £2. Stamped addressed en
velope please. Quote advert. no. with 
order. C. CARANNA 

71 Beaufort Park, London NW11 SBX 
01-458 4882 (Mail Order) 11325) 

DESIGN SERVICES. Electronic design de
v~l?pment and production service available for 
digital and analogue instruments. RF Transmit
ters and receivers, telemetery and control 
systems. 20 years' experience. R.C.S. Electronics, 
Wolsey Road, Ashford, Middlesex. Phone Mr 
Falkner 53661. (8341 

DESIGN AND DEVELOPMENT. ANAL
OGUE, DIGITAL, RF AND MICROWAVE 
CIRCUIT AND SYSTEM DESIGN. Also PCB 
design, mech~ical design and prototype/small 
batch _production. - Adenmore Limited, Unit 
103 L1scombe, Bracknell, Berks. Tel: Bracknell 
52023. (656 

e Video character & image 
generation systems 

e Microprocessor -controlled 
video systems 

e Prototype & 5mall batch 
production capacity 

20 Trenches Road, 
Crowborough, Sussex. 
Tel. (08926) 5069 

Buvers and Disposal 
Officers 
(please note) 

COOKE INTERNATIONAL SERVICES are 
Wholesalers and Factors of Surplus Test 
Equipment and Components. Buying or 

selling contact: 

COOKE INTERNATIONAL 
SERVICES 

-

Ramalla House 
Ancton Lane, Middleton-on-Sea 
Bog nor Regis, Sussex P022 6NJ 

Telephone: 024-369 2849 

·BOARDRAVEN LTD. 
I 

PRINTED CIRCUIT BOARDS 
Manufactured to your specifications. Single/dou
ble srded. Very speedy deliveries on prototypes 
~~~ta'::~:antrty . Master layouts if required . 

J . K. Harrison, Carnaby Industrial Estate, Brid
lington, North Humberside Y015 3QY. Tel. 
10262178788. 

(1168) 

SMALL BATCH PCBs produced from your art
work. Also DIALS, PANELS, LABELS. Cam
era work undertaken. FAST TURN
AROUND. - Details: Winston Promotions, 3 
Hatton Place, London ECIN 9RV. Tel: 01-405 
4127/0960. (9794 

:SHEET METAL WORK, fine or general front' 
panels chassis, covers, boxes, prototypes, 1 off or 
batch work, fast turnround . - 01-449 2695. M. 
Gear Ltd., 179A Victoria Road, New Barnet, 
Herts. (812 

PRINT~D CIRC~IT MANUFACTURF. Very 
fast, reliable serv1ce. Lowest prices. Prototypes 
welcome. Inhouse photography. Phen 0674-573 
for mstant quote or write to AKTRONICS Ltd 
42/44 Ford Street, Moretonhampstead Devon ·' 

CAPACITY AVAILABLE 

ELECTRONIC DESIGN SERVICE. Immedi
ate capacity available for circuit design and de
velopment work, PC artwork, etc. Small batch 
and prototype production welcome. - RP.D.S. 

·Ltd., 1A Eva Road, Gillingham, Kent. Tel: Med
way (0634) 577854. (9667 

BATCH PROD'£!CTION. wiring and assembly 
to sampl~ or drawtngs. McDeane Electricals Lt<i, 
19b StatiOn Parade, Eating Common London 
WS. Tel: 01-992 8976. ' (169 

TW ELECTRONICS LTD. 
THE PCB ASSEMBLERS 

More and more companies are investi
g_at~ng the advantages of using a profes
Sional subcontractor. Such an undertak
ing requires certain assurances. 
TW are able to satisfy all of them -
~uality, competitive pricing, firm de
livery, and close co-operation with the 
customer. 

VAN DATA SYSTEM CO., LTD. 
1-12-8, Kyomachibori, Nishi
ku Osaka 550, JAPAN. 

WANTED: Electronic components and equip· 
ment in quantity. Competitive pdc:es paid. SPeed, 
courtc~y and c:ash on ~ollcctlon. Linw_ay E .. lectton· 
i~_, 843 Uxbtid.ie Road, Hayes End, Middx. UB4 
8HZ. Tel: 01-573 3617. (}S58) 

PHONE .YOUR 
CLASSIFIEDS TO 

IAN FAUX 
ON 01·6&13033 

Assembled boards are 100% inspected 
before flow soldering and reinspected 
after automatic cropping and clean ing . 
~very bat.ch of completed boards is 
Jssued ~1th a signed certificate of 
conformity and quality - our final 
assurance. 

For further details, contact us at our new 
works: 

Blenheim Industrial Park 
· Bury St. Edmunds 

Suffolk IP33 3UT 
Tel: 02843931 (1466) 
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Classified 
~ITQ~TIONS VACANT 

IF 
YOU 
SEEK 

a 
DESIGN 

SOFTWARE 
TEST 

PROJECT 
FIELD SERVICE 

SYSTEMS 
APPLICATIONS 

SALES 

or 

COMMISSIONING 
APPOINTMENT 

to work with 

MICROPROCESSOR 
MEDICAL 

INSTRUMENT 
HF/UHFNHF 
LOCAL AREA 
NETWORK 

SONAR 
MICROWAVE 

SATCOM 
MINI COMPUTER 

PROCESS CONTROL 
MAINFRAME 
SIMULATION 

IMAGE PROCESSING 
DATACOMMS 

VIDEO 
WEAPON SYSTEMS 

AUDIO 
or AUTOMATIC TEST 

EQUIPMENT 
and EARN 

£7000-£20000 
then CONTACT 

ELECTRONIC COMPUTER 
& 

MANAGEMENT 
APPOINTMENTS 
148/150 High Street 
Barkway, Royston 

Herts 
076-384 67617/8 

(till8pm most evenings) 

R & D OPPORTUNITIES. Senior level vacan
cies for Communications Hardware and Software 
Engineers, based in West Sus~ex. _Competitiye 
salaries offered. Please ring David Brrd at Redif· 
fusion Radio Systems on 01-874 7281. (1162 

BOURNEMOUTII: an opportunity exists for a 
person with a sales/management background. 
Writewithc.v. toBoxNo.1602. 

ARTICLES FOR SALE 
PRINT SYSTEM for screen prmtmg front 
panels, plastic boxes from easily prepared mas
ters. Ideal small electronics company or BASLS 
for self-employment. Ready to use. Willing to 
train operator. Photo available. J. Waller, Lincoln 
House, Ampthill 0525 402279 evenings. £225 or 
nearest offer. (1574) 
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WIRRAL HEALTH AUTHORITY 
AREA WORKS DEPARTMENT 

CHIEF ELECTRONICS 
TECHNICIAN 
(M.P.T.II GRADE) 

Required to carry out servicing, repair and 
t~tsting of medical electronic equipment. 
The successful applicant will b.e required to 
organise and execute a planned mainten· 
ance system for electro-medical equip· 
ment, and to assist in the development of 
Si?r·r~l.~e~~~i~~tt~ri~ for hospitals within 

Applicants shall be qualified to H.N.C. or 
equivalent standard and shall have at least 
two years' experience in the M.P.T.II Grade. 
Salary scale: £6668- £8316 per annum. 

SENIOR ELECTRONICS 
TECHNICIAN 
(M.P.T.III GRADE) 

Required to carry out servicing, repair and 

~e::i~~eof d'ir:~f~~ e~1ct~o~~~~uffi~~,'j~ 
Technician. 
The successful applicant will be expected to 
work at various hospitals within Wirral 
Health Autho.rity, and the possession of a 
car would be an advantage. 
Applicants should be qualified to O.N.C. or 
equivalent standard and have at least three 
years' experience in a similar position of 
responsibility. 
Salary scale: £5536- £7155 per annum. 
:These posts are the first two for what will 
be a developing servicing department. 
Application forms and job descriptions ob
tainable from the Area Personnel Depart, 
ment, Wirral Health Authority, St James' 
Hospital, · Tollemache Road, Birkenhead, 
Merseyside. L43 7SF. Telephone: 051-653 
8133, extension 348. 
Closing date: May7, 1982. 

(1584) 

APPOINTMENTS 
IN 

ELECTRONICS 
to £15,000 
MESSAGE SWITCH 

DATA COMMS-TELEMETRY 
TELEGRAPHY-RF COMMS 
Interesting and varied op · 
portunities, U.K. and over
seas. For immediate action 
on salary and <;areer 
advancement, contact: 

ARTICLES FOR SALE 

MARCONI Marine Atlanta receivers from £65, 
collected or carriage at cost. Other marine radio 
equipment in stock. Eddystone receivers and 
some Rtf. Marine loudspeakers re-entrant · hom 
6in. mouth 9in long, 1Sohm, new and boxed, 
£12.50 P.&P. Also outdoor hammer finish shal· 
low re-entrant type with bulkhead mount £6.50 
P.&P. 3-~ohm or line. Aerial amplifiers 40 to 860 
megs with output splitter, two models, i.e. bat
tery or a.c. mains, new condition, boxed £12.50 
P.&P. Ex-Navy brass parallel rules suitable 
paperweights, etc, £15 P.&P. Thermographs £40 
P.&P. Plessey high voltage ceramic capacitors, 
50kv test 10 amps 0.0027 MFD. Low and p.band 
Westminsters in stock, Rtf equipment wanted. 
Low band 6-channel and single-channel mid-band 
Cambridges £15 P.&P. Ex-Navy brass clocks with 
large outer second hand and small inner dials for 
hours and minutes £8S P.&P. Ex-Govt. watches 
and Navy deck watches for callers. G.W.M. 
Radio Ltd., 40-42 Portland Road, Worthing, Sus
sex. Tel: 0903 34897. (1606) 

EQUIPMENT FOR coils, transformers, compo· 
nents, degassing silicone rubber, resin, epoxy. 
Lost wax casting for brass, bronze, silver, etc. 
Impregnating coils, transformers, components. 
Vacuum equipment low cost, used and new. Also 
for CRT regunning metallising. Research & De
velopment. Barratts, Mayo P.~.td, Croydon CRO 
2QP. 01-6849917. (9678 

PRE-PACKED screws, nuts, washers, solder 
tags, studding. Send for price list. A1 Sales 
(WW), PO Box 402, London SW6 6LU. (1253 

ARTICLES FOR SALE , 
- - . 

QUARTZ CRYSTALS 
e HIG.H STABILITY GOLD ELECTRODES 

e COLD WELD UNITS 
e GUARANTEED 7-DAY 

SERVICE AVAILABLE 
e ANY FREQUENCY 

1MHz-70MHz 

ALSO 

200KHZ-70MHZ 
CLOCK CRYSTAL 

OSCILLATORS TIL 

COMPATIBLE DIP PACKAGE 

McKNIGHT CRYSTAL. CO. LTD. 
HYTHE(0703)848961 
TELEX: /67506 - CRYSTL G 

HARDLEY INDUSTRIAL ESTATE 
HYTHE, SOUTHAMPTON $04 6ZY 

(1407) . 

TO MANUFACTURERS, WHOLESALERS 
BULK BUYERS, ETC. 

LARGE QUANTITIES OF RA.DIO. TV AND 
ELECTRONIC COMPONENTS FOR DISPOSAL 
SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, 
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. 
CAPACITORS, SILVER MICA, . POLYSTYRENE, C280, C296, DISC CERA-

MICS, PLATE CERAMICS, etc. 
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, 
CABLES, SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFOR-

MERS, etc. . 
ALL AT KNOCKOUT PRICES- Come and pay us a visit ALADDIN'S CAVE 

T~LEPHONE: 445 0749/445 2713 
BROADFIELDS & MAYCO DISPOSALS 

21 Lodge Lane, North Finchley, London, N.12 
(5 minutes from TallyHo Corner) (9451) 

PRINTED CIRCUITS. Make your own simply, 
cheaply and quickly. Golden FotolakLight Sensi
tive Laquer - now greatly improved and very 
much faster . Aerosol cans with full instructions, 
£2.2S. Developer 3Sp. Ferric Chloride SSp. Clear 
Acetate sheet for master 14p. Copper-clad Fibre· 
glass Board approx. 1mm thick £1.75 sq. ft. Post/ 
Packing 60p. ·White House Electronics, Castle 
Drive, Praa Sands, Penzance, Cornwall. (714 

·'BRIDGES, Wavefonn/transistor analysers, Cali· 
brators. Standards, Millivoltmeters, Oscillo· 
scopes. Recorders. Signal Generators. 040· 
376236. (8250 

"WORLD Radio TV Handbook" by return, 
£10.99. "Broadcasts to Europe", quarterly fre
quency guide, £4.50 yearly (sample copy £1.30). 
Access/Visa welcome. Pointsea, 25 Westgate, 
North Berwick, East Lothian. (1600) 

WORKBENCHES, secondhand. Ex-ITI TV 
factory. Open or cubicle stylP.. Need space. De
tails: 042486 3464. (16081 

FARNELL transmitter test set TIS 520 RF sig
nal generator with 100 watt loading, rack mount
ing kit, extras, etc. New and unused, cost £6,000. 
Offers. Sharp M2 80K with printer, 4 floppy discs 
and interfaces. Also ancillary software. Offers. 
Newbury (0635) 48809 or 43228 (evenings). 

(1611) 

ATTENTION television tube rebuilders 2,000 
t~ CME:2CH3 ABI: 120 monochrome TV tubes 
swtable for rebuilding. All·in good strong clean 
cartons. Enquiries ~lease to Tcletronic (North
East Ltd) "See-Vu' works, Strangford Road, 
Seaham, Co. Durham. Phone (0783) 812ttf94) 

MAGAZINE BACK NUMBERS: WW, ETI, 
PW, PE, Elecktor, Everyday Elect., R & E Con
structor, Comp Age, Comp Today, PCW, Pract 
Comp, TeleVIsion, Hobby Elect., etc. Send 
S.A.E. + SOp PO for list. Mr Gordon (Box No. 
1579). (1579) 

PARAMETRON 477 Spectrum Analyser Freq. 200KHz· 
50MHz ........ ........................ .... ............................................. .DJS 
HEWlffi·PACKARD 350D Attenuator DC· I MHz 600 Ohm 
....................................................................... : ....................... .£15 
MARCONI868B Universal Bridge 1% 1KHz & 1DKHz £1. 
WAYNE KERR -B901/S261/R261 Admittance Bridge 5G-
250MHz .................................................. .. .................... ....... .f1ZI 
MARCONI TF.2424 VHF/UHF Freq. Meter 4 Digit DC· 
512MHz ................ .......... .. ................................................... .f1. 
GAUMONT KAlEE Rutter Meter .......... .. ................. .. ....... .£45 
MARCONI TF.893 Power Meter ................ ........................ BS 
MAIICONI TF.21i00 Sens, Valve Vohmeter 10V·300v-t.s.d. 
±1% ................................ .. ................................................... .. 
WAVETEK 740 Phase meter 10Hz-2MHz ..... .................. .f225 
TEKTRONIX 564 Storage Scope DC·10MHz cJw 3A6 & 

l~t~~N~1nsii'.iiia·· .. s~ii&i· ··ii8~ii~&iO;· ... i5iiic:ii:t~2iil= 
A.M. to 30% ......................................................................... .!11 
ADVANCE H1E Signal Generator 15Hz-50KHz Sine/Sq. 
0/P ...................................................... , .... .............................. J!il 
ADVANCE SG65A Oscillator 10Hz.10QI(Hz Sine/Sq. 0/P, 
~ ......................... ......... ............................................... ... ... .85 
MARCONI TF.2950 Mobile Radio TestSet.. ...... .... ........ .Da 
MARCONI TF.I066B AMIFM Signal Generator 10MHz· 
470t.1Hz .............................. ........ ............... ........ ..... ............. .0. 
MARCONI TF.1101 R·C Osc~lator 20Hz·200KHz ............. .fll 
PHiliPS PM.6456 Stereo Generator ............................. .f1• 
PROSSER A 100/A340 Wave Form Generator ............... .DJS 
TAYLOR SG.62A AMIFM Signal Generator ................... .£125 
TEKTRONIX l09 Pulse Generstor .................. ........ From £121 
KORTING 82515 Colour lV Service Generator ............. .a. 
I.C.I. UlV 2518 Ultra Sonic Cleaner, 3 Companments, 
Filtration, Cont distillation .................... OFFERS OVER £Z!IID 
8Pl CZ.457/4 Component Comparator and CZU 457/4 3 
Channel Automator ................ .. .. .. .. ................................. .f1a 
FERRO GRAPH RTS.2 Recorder Test Set.. ..................... .f225 

Send SAE for list to: 

MARTIN ASSOCIATES 
'PAIITHIA". BECIOWIPTON 

NEAll MAIUOIIOU8H, WILTS. 
TEL AVEBUIIY (017-231 211 (1384) 

OVENS, FURNACES, temperature recorders, 
XY co-ordinate table, lie detectors, heavy duty 
castors, oscilloscopes, VHF tuners CH21-68, cab
inets cardex, and cabinets 19 inch, test equip
ment, Tektronix 434 storage scope, £2,000, 567 
sampling scope with plug-ins and digital unit 
£250, 575 transistor curve tracer £160. 524 TV 
scope £100, TEK plug-ins 1A4 £60, 82 £45, CA 
£45 and also mainframe 500 series calibrators. 
Gestetner duplicator recently reconditioned by 
makers 460S £400, Coutant 0-30 volt at 10 amps 
power supply £80. Send S.A.E. for lists or phone 
"Q" serv:tces, 29 Lawford Crescent, Yateley, 
Camberley, Surrey. Tel. 871048 (0252). Ask for 
MrQ. (1570) 

PRINTED CIRCUIT DESIGN, artwork. 
photography, prototypes, low volume production 
(non p.t.h.), screen printing, self-adhesives. 
Contact - G. N. Slee, 78 Derry Grove, 
Thurnscoe, Rotherham, South Yorkshire S63 
OTP. Tel: (0709) 895265. (1593) 

TELETEXT (ceefaxJOracle) or Viewdata (Pres
tel) add-on adaptors for your existing television or 
microcomputer. Discount prices. Mail order. 
Trade enquiries welcome. Avon Office Services, 
FREEPOST, Bristol BS10 6BR. Tel: (0272) 
502008 any time. (1587) 
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ARTICLES FOR SALE 

IONISER KIT (MAINS 
OPERATED) 

This negative ion generator gives you the power to saturate your hoine or office 
with millions of refreshing ions. Without fans or moving parts it puts out a 
pleasant breeze. A pure flow of ions pours out like water from a fountain, filling 
your room. The result? Your air feels fresh, pure, crisp and wonderfully refresh-
ing, 
All parts, PCB and full instructions 
A suitable case includng front panel, neon switch, etc. 
HOURS: 

£12.50 
£6.50 

Monday to Friday 9 am-5 pm. 
Saturday 9 am-4.30 pm. 

Price includes post & VAT 
Barclay/Access Welcome 

Wide range of Japanese integrated circuits and transistors stocked 

. . T.POWELL . 
Advance Works, P.E., 44 Wallace Road, London N11PQ 

Tel. 01-2261489 · Please allow 14 days for delivery 

RACAL COMMUNICATIONS 
RECEIVERS 

500 Kc/s - 30Mc/s 1Mhz wide. RA17L- £175. 
RA117E - £225. A few sets available as new at 
£75 extra. All receivers are air tested and cali
brated in our ·workshop, supplied with full 
manual, dust cover, in fair used condition. New 
black metal louvred cases for above sets £25 
each. RA91D - ISB - SSB - £75. RAZ11 -
SSB - ISB and fine tune for RA117 - £50. 
lRANSMmER DRIVE UNIT RA79. 1.5mc/s -
30mc/s - SSB - ISB - DSB - FSM - CW
£150. AERIAL TUNING UNIT and protection unit 
MA197B - £25 to £50. DECADE FREQUENCY 
GENERATOR MA350B Solid state synthesiser 
for MA79 or RA117 - RAZ17 - RA1Z17 - £150 
to £200. MA25II - 1.6mcls to 31.6mc/s ·- £150 
(New). MA25!IG - precision frequency stan
dard - 5mc/s lmcls 100khz - £100 to £250. 
RACAL MA152 - Standing wave ratio indica
tor. FX2rnc/s - 25mc/s Power up to 1000watts 
- 50 ohms - Auto trip switch - Transistor 
mains 100 - 250AC, new and boxed - £40. 
RACAL COUNTER 836 (90361 32mc/s m circuit 
design - tested with manual - £50 to £75. 
OSCillOSCOPES COSSOR CDU150- 35mc/s -
Twin Beam - Solid State - £175 with manual. 
TEXTRONIC OSCillOSCOP£ 647 and 647A Solid 
State - 50mc/s and 100mcls bandwidth - £250 
and £3511. Tested, circuit and instructions. 
AERIAL MASTS - we have three masts ap
prox. 130ft high, complete with all fittings. Base 
- insulators, etc., Mast steel tube 8" all parts 
gaiYanised, supplied brand new, all items 
boxed - £11100 - or each complete mast -
£400. 
All items are bought direct from H.M. Govern
ment, being surplus equipment Price is ex
works. SAE for all enquiries. Phone for appoint
ment for demonstration of any item. John's 
Radio, Whitehall Works, 84 Whitehall Road 
East, Birkenshaw, Bradford BD11 2ER. Tel. 
(02741 684007. V.A. T. and Carriage extra. 

INVERTERS 
High quality DC-AC. Also "no 
break" (2ms) · switch, 
1 9" rack. Auto Char•*~' 

COMPUTER POWER 

·lnterport Mains-Store Ltd. 
POB 51, London W11 '3BZ 
Tel: 01-727 7042 or 0225 310916 

(9101 

THE SCIENTIFIC 
WIRE COMPANY 

P.o. Box 30, London, E.4 

ENAMELLED COPPER WIRE 
SWG lib. 8oz. 4oz. 
8to Z9 2.76 1.50 .80 

30 to 34 3.20 1.80 .90 
35to 4il 3.40 2.00 1.10 
411o 43 4.75 2.60 2.00 
47 8.37 5.32 3.19 
48 to 49 15.96 9.58 6.38 

SilVER PLATED COPPER WIRE 
14to 30 6.50 3.75 2.20 

TINNED COPPER WIRE 

Zoz. 
.60 
.70 
.80 

1.42 
2.50 
3.69 

1.40 

14 to 30 3.38 2.36 1.34 .90 
. PricBS inc~de P&P. VAT and Wire Data 
SAE for list. Dealer enquiries welcome. 
Reg Office: 22 Coningsby Gardens. 

WANTED 
Surplus Stock and Offers 

All kinds of Electronic Components, Kits and finished products. 
We are a leading electronics mail order house in Germany. Please 
contact us at: 
Buhler-Eiektronik, PO Box 32 
D-75 70 Baden-Baden 
Telephone 7221/3486 Telex 781210 belekd. 

WANTED! 

Receiving Valves, Antique 
types but unused and boxed. 

VAN DATA SYSTEM CO., LTD. 
1-12-8, Kyomachibori, Nishi
ku Osaka 550, JAPAN. 

(15821 

WANTED 
Test equipment. receivers, valves. transmit· 
ters, components, · cable and electronic 
scrap, any quantity. Prompt service and 
cash. Member of A.R.R.A. 

M&BRADIO 
86 Biahopagate Street 

Leeds LS1 488 
0532-3564~ . 

Classified 

CIRCOLEC 
THE COMPLETE ELECTRONIC SERVICE 

Artwork, Circ~it Design, PCB Assembly, Test & Repair Service, O.A. Consultancy, 
Prototypes, Fma( Assembly. . 

Quality workmanship by professionals at economic prices. 

. Please telephone 01-7671233 for advice or further details. 

1 FRANCISCAN ROAD 
TOOTING, LONDON SW17 

FACILITIES AVAILABLE 
* Circuit Design & Development 
Digital and Analogue 
*Artwork Layout · 
Free prototype bd. (non PTH) 
Supplied with orders over £100. 
* Board Manufacture 
Protciivpe to semi-production. 
* Wiring & Assembly 
PCB assembly, wiring and cable forming. 
*Test 
Full test facilities available. 
* Co.pper Clad Board 
DIS fibreglass 1000 Sq inches ol assorted 
useful sizes. £6.00 inc. post. · 

One or all services avail-fijj 
able, no order too small. 

f~~~se35~~~~ho0~e ;~t~mt~ . 
H.c.R., 1 Bankside, off New 
Street, Chelmsford, Essex. 

(1169) 
-----~--- -

/ff;}\ Dayville Services 
\EYLimited 
A complete P.C.B. service offered. We 
will work from your circuit diagram and 
produce the finished board. , 

Any type of board manufactured includ
ing double-sided and P;T.H. Legend and 
solder resist available if required. 

Our rates are very competitive and we 
offer a FREE collection and delivery ser
vice on orders above £200. Turnaround 
can be as little as three days. 

Telephone Colchester (0206) 
71000/869514 with your P.C.B. require· 
ments and we will be happy to oblige. 

40 Military Road, Colchester C01 2AN . 
(1490) 

30,000 SERVICE SHEETS IN STOCK 
COLOUR MANUALS AlSO AVAILABLE 

TV Monos £2, Transil;tor' · Radios £2, 
Tuners £2, Tape Recorders, Record 
Players and Stereograms £2. Stamped 
~ddressed envelopes with all quota
tions. Also colours available. Car Radios 
£3 + stamped addressed eiwelope. All 
valve radios £2. Stamped addressed en
velope please. Quote advert. no. with 
order. C. CARANNA 

71 Beaufort Park, London NW11 6BX 
01-458 4882 (Mail Order) (1325) 

DESIGN SERVICES. Electronic design de
velopment and production service available for 
digital and analogue instruments. RF Transmit· 
ters and receivers, telemetery and control 
systems. 20 years' experience. R.C.S. Electronics, 
Wolsey Road, Ashford, Middlesex. Phone Mr 
Falkner 53661. (8341 

DESIGN AND DEVELOPMENT. ANAL· 
OGUE, DIGITAL, RF AND MICROWAVE 
CIRCUIT AND SYSTEM DESIGN. Also PCB 
design, mech~ical design and prototype/small 
batch production. - Adenmorc Limited, Unit 
103 Liscombe, Bracknell, Berks. Tel: Bracknell 
52023. (6S6 

e Video character & image 
generation systems 

e Microprocessor-controlled 
video systems 

e Prototype & small batch 
production capacity 

20 Trenches Road, 
Crowborough, Sussex 
Tel. (089261 5069 

Buyers and Disposal 
Officers · 
(please notal 

COOKE INTERNATIONAL SERVICES are 
Wholesalers and Factors of Surplus Test 
Equipment and Components. Buying or 

selling contact: 

COOKE INTERNATIONAL 
SERVICES 

Ramalla House 
Ancton lane, Middleton-on-Sea 
Bognor Regis, Sussex P022 6NJ 

Telephone: 024-369 2849 

I 

·BOARDRAVEN LTD. . 

PRINTED CIRCUIT BOARDS 
Manufactured to your specifications. Single/dou· 
ble sided. Very speedy deliverie$ on prototypes 
and quantity. Master layouts if required. 
contact: 
J. K. Harrison, Carnaby Industrial F.state, Brid· 
lington, North Humberside Y015 30V. Tel. 
(02621 7878fi. 

(1168) 

SMALL BATCH PCBs produced from your art
work. Also DIALS, PANELS, LABELS. Cam
era work undertaken. FAST TURN· 
AROUND. - Details: Winston Promotions, 3 
Hatton Place, London EClN 9RV. Tel: 01-405 
412710960. (9794 

SHEET METAL WORK, fme or general front' 
panels chassis, covers, boxes, prototypes, 1 off or 
batch work, fast turnround. - 01-449 2695. M . 
Gear Ltd., 179A Victoria Road, New Barnet, 
Herts. (812 

PRINTED CIRCUIT MANUFACTURF. Verv 
fast, reliable service. Lowest prices . Prototype~ 
welcome. Inhouse photography. Phen 0674-573 
for instant quote or write to AKTRONICS Ltd., 
42/44 Ford Street, Moretonhampstead Devon 

CAPACITY AVAILABLE 

ELECT~ONIC DESIGN SERVICE. Immedi
ate capacity available for circuit design and de
velopment work, PC artwork, etc. Small batch 
and prototype production welcome. - E.P.D.S. 

, Ltd., 1A Eva Road, Gillingham, Kent . Tel: Med-
way (0634) S77854. (9667 

BATCH PRODl!CTION wiring and assembly 
to sampl~ or drawmgs; McDeane Electricals Ltoi, 
19b StatiOn Parade, Ealing Common, London 
WS. Tel: 01-992 8976. (169 

TW ELECTRONICS LTD. 
THE PCB ASSEMBLERS 

Mo(e and more companies are investi· 
gating the advantages of using a profes· 
sional subcontractor. Such an undertak
ing requires certain assurances. 

TW are able to satisfy all of them -
quality, competitive pricing, firm de
livery, and close co-operation with the 
customer. 

WANTED: Electronic components and N,uip
ment in quantity. Com{'Ctitive prices pllid. Speed, 
courte~~y and cash on coll~tion. Linway Electron· 
ic.s_, 843 Uxbtidae Road, Hayes End, Midd1. UB4 
8HZ. Tel: 01-573 3677. (1S58) 

·PHONE .YOUR 
CLASSIFIED& TO 

IAN FAUX 
ON 01·661 3033 

Assembled boards are 100% inspected 
before flow soldering and reinspected 
after automatic cropping and cleaning . 
Every batch of completed boards is 
issued with a signed certificate of 
conformity and quality - our final 
assurance. · 

For further details, contact us at our new 
works: 

Blenheim Industrial Park 
8s"tdi~t ~~~3r.~· 

Tel: 02843931 (1466) 
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MULTI-PURPOSE 
OSCILLOSCOPES 

SO ADVANCED 
THEY COST YOU LESS 

The Tektronix . 2200 series. 
Simply great. 

Tektronix traditions of excellence in 
designing and manufacturing oscillo
scopes are recognised all over the 
world . But rather than rest on past 
laurels, we have veered dramatically 
from the well established design paths 
we ourselves have laid down. 

With the 2213 priced at £670* and the 
2215 at £850*, these 60 MHz dual 
trace oscilloscopes are an entirely 
new form of instrument. 

Their most remarkable characteristic 
is the way in which major design 
advances have provided full~rang-e 
capabilities at prices significantly 
below what you wouLd expect to pay. 
How has this been accomplished? To 
begin with, we have reduced the 
number of mechanical parts by more 
than half. This not only saves manu
facturing time, it lowers costs and 
improves reliability. 

Tektronix UK Limited 
PO Box 69, Harpenden, Herts. AL5 4UP 
Tel : Harpenden 63141 Telex: 25559 

Regional Telephon~ Numbers: Maidenhead 
0628 73211, Manchester 061 428 0799, 
Livingston 32766 , Dublin 850685 / 850796 

PT206 

2215 60 MHt OEICIL l OSCOP£ 

Board construction has been greatly 
simplified and the number of boards 
reduced. Board .connectors have also 
been reduced substantially and 
cabling cut by an amazing 90%. . 

The Q213 and 2215 have a high effi
ciency regulated power supply which 
does away with · the need for a heavy 
power transformer. There are no line
voltage adjustments. Just plug the 
instrument into a power socket supply
ing anything from 90 to 250 volts, 
48-62 HZ, switch on and you are 
ready to {neasure. P'ower saving 

· circuitry has eliminated the cooling 
fan, resulting in further economies in 
size and weight. · 

These scopes have it all. Dual trace. 
Delayed sweep for fast, accurate 
timing measurements. Single time 
base in the 2213, dual time bases in 
the 221 5. An advanced triggering · 

WW-003 FOR FURTHER DETAILS 

system; automatic focus and intensity. 
Beam finder - and much more. 

Interested? Then why not telephone 
your nearest Tektronix office or circle 
the enquiry number for further 
information. 

Performance Specifications 
Bandwidth 
Two channels, PC-60 MHz to 20 
mV I div, 50 MHz to 2 mV I div. 
Light Weight 
6:1 kg (13112 lbs). 6.8 kg (15,0 lbs) with 
c~wer and POLiCh. 
Sweep Speeds 
Sweeps from 0,5s to 0.05 flS (to 5 
nsl div with x1 0 magnification). 
Sensitivity 
Scale factors from 1 00 VI div (1 ox 
probe) to 2 mV ldiv (1 x probe) . 
Accurate to ± 3%. AC or DC . coupling. · 

Also available from Electroplan. 
• Prices subject to change without notice. 
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Ttektronix 2215 

Tektronix traditions of excellence in 
designing and manufacturing oscillo- 
scopes are recognised all over the 
world. But rather than rest on past 
laurels, we have veered dramatically 
from the well established design paths 
we ourselves have laid down. 

With the 2213 priced at E670* and the 
2215 at £850*, these 60 MHz dual 
trace oscilloscopes are an entirely 
new form of instrument. 

Their most remarkable characteristic 
is the way in which major design 
advances have provided full-range 
capabilities at prices significantly 
below what you would expect to pay. 
How has this been accomplished? To 
begin with, we have reduced the 
number of mechanical parts by more 
than half. This not only saves manu- 
facturing time, it lowers costs and 
improves reliability. 

Board construction has been greatly 
simplified and the number of boards 
reduced. Board connectors have also 
been reduced substantially and 
cabling cut by an amazing 90%, 

The fe213 and 2215 have a high effi- 
ciency regulated power supply which 
does away with the need for a heavy 
power transformer. There are no line- 
voltage adjustments. Just plug the 
instrument into a power socket supply- 
ing anything from 90 to 250 volts, 
48-62 HZ, switch on and you are 
ready to jrieasure. Power saving 
circuitry has eliminated the cooling 
fan, resulting in further economies in 
size and weight. 

These scopes have it all. Dual trace. 
Delayed sweep for fast, accurate 
timing measurements. Single time 
base in the 2213, dual time bases in 
the 2215. An advanced triggering 

system, automatic focus and intensity. 
Beam finder - and much more. 
Interested? Then why not telephone 
your nearest Tektronix office or circle 
the enquiry number for further 
information. 

Performance Specifications 
Bandwidth 
Two channels, DC-60 MHz to 20 
mV/div, 50 MHz to 2 mV/div. 
Light Weight 
6:1 kg (13V2 lbs). 6.8 kg (15,0 lbs) with 
cover and pouch. 
Sweep Speeds 
Sweeps from 0,5s to 0.05 ps (to 5 
ns/div with x10 magnification). 
Sensitivity 
Scale factors from 100 V/div (10x 
probe) to 2 mV/div (1 x probe). 
Accurate to ± 3%. AC or DC,coupling. 
Also available from Electroplan. 
* Prices subject to change without notice. 

Tektronix UK Limited 
PO Box 69, Harpenden, Herts. AL5 4UP 
Tel: Harpenden 63141 Telex: 25559 

Regional Telephone Numbers: Maidenhead 
0628 73211, Manchester 061 428 0799, 
Livingston 32766, Dublin 850685/850796 
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