
APRIL 1982 70p 

Stage lighting 

30W Dmosfet 

audio amplifier 

Receivers for 

optical fibre 

communication 

Australia A$ 2.40 
Belgium BFR. 7Ai00 
Canada C$ 3.25 
Denmark DKR. 28.25 
Germany DM. 6.50 
Greece DRA. 160.00 
Holland DFL. 8.00 
Italy L 3100 
Norway NKR. 24.00 
Singapore M$ 5.50 
Spain PTS 240.00 
Switzerland FR. 6.50 
U.S.A. $ 3.75 
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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-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 
improv~s reliability. 

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 

PT206 

22J5 80 Mt1z OSCillOSCOPE 

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 2213 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 measure. 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 

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, DC-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 
cover and pouch. 
Sweep Speeds 
Sweeps from 0,5s to 0.05 J.!S (to 5 
nsl div with x1 0 magnification). 
Sensitivity 
Scale factors from 1 00 VI div (1 Ox 
probe) to 2 mV I div (1 x probe). . · 
Accurate to ± 3%. AC or DC coupling. 

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

COMMITTED TO EXCELLENCE 
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* Programs 2704/2708/271613)/2508/2758 
2516/2716/253212732 * Emulates same devices with a single keypress · * 300ns access time in emulation mode * Editing facilities - data entry, match, display, 
shift, move, clear, define, block program, etc. * Input/output as standard - RS232 (ASC11-hex), 
20mA, printer, cassette & OMA * Video output tor memory map display 

* Expandable with 2764 adaptor & Bipolar Prom 
modules , 

*Fully buffered cold ZIF socket * Price £545 + VAT + £12 delivery 

* Program 1 "'8 devices simultaneously · * Programs same-devices as EP4000 * No personality cards needed * Simple operation * Blank check & verify functions * Powered down master & copy sockets '* Individual socket LED fndicators * Mode indicators for blank check, program 
verify, and socket power down 

*Price £545 +VAT+ £12 delivery 

'* 14 EPROM capacity * Safety interlocked 
1 * Convenient tray loading of devices * UV141 (with timer) £78 +VAT * UV140£61.50 +VAT 

GP Industrial Electronics Ltd. 
UnitE, Huxley Close 

· Newnham Industrial Estate 

Plymouth PL7 4JN 

Tel: Plymouth (0752) 332961 

WW- OlOFORFURTHERDETAILS 
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Electronic Brokers 
Second User Test Equipment. 
Makes engineers smile withOut 
making accountants cry. 

El ectronic Brokers are Europe's leading 
Second User Equipment Company. We carry 
large stocks of the very latest test equipment 
wh ich is refurbished in our own service 
laboratories and calibrated to meet the 

. . . • ::83 Electrontc Multtmeter E 115.00 
Bruel and Kjaer 
2409 TRUE RMS. Average and Peak 2Hz-
200KHz £250.00 
Hewlett Packard 
3400A True RMS I mV ·300V 1OHz· 1 OMHz 

£600.00 
Marconi. 
TF2603 RF Milltvoltmeter 300f'V SensttiVIty . 
50KHz·I .5GHz ................... £525.00 
TF2604 Electrontc Voltmeter. AC 
20Hz·1 .5GHz. 300mV-1 KV DC IOmV-1 KV. 
0.2fl·500MQ £350.00 

ANALYSERS 
Dymar. · 
I 785 AMIFM Modulation meter 30-480MHz 

.. £295.00 
Hewlett Packard 
331 A Distortion analysers . 5Hz·600KHz to 
0 .1% voltmeter 300f'V-300 volts at 2% 

. . . . . . . . . ...... . . . . . . . . .. £350.00 
332A Dtstortton Meter 5Hz-600KHz . £495.00 
333A Dtstortton Meter w tth Auto null £675.00 
8407A/841 ZA Network Analyser. £1950.00 
BSSSA Plug in . I OMHz-IBGHz . ' £5000.00 
Racal 
9009 Automatic AMIFM modulation meter 
30· I SOMHz manual tuntng 8·1 SOOMHz 

. . . . . . . / . . . . £395.00 
SoundTechnology . 
1700A measures distortion down to 0.002%. 
AC voltage 30f'V·300V. SIN Ratio 100dB 
Dynamtc range. power into BQ. 0.001% . 
distortion Oscillator £950.00 
Marconi 
TF2303 AMIFM Modulation meter AM to 
225MHz. FM to SZOMHz . . . . .... . . £475.00 
TFZ370 Spectrum Analyser 30Hz-I 1 OMHz. 
0 1 dB and 5Hz resolution ..... . , .. £6500.00 
TK2374 Zero loss probe for TF2370. :- £375.00 
Tektronix ' 
R491 _Spectrum Analyser I OMHz-40GE~z500 _00 
7603 Main Frame with 7L 13 plug in 
I KHZ-I .BGHz. 30Hz-3M Hz resolution. 
-I 28d8m sensitivity. £9850.00 

BRIDGES 
Boonton. 
63H Inductance Bridge. 0-1 1 OmH Bridge 
frequee~cy 5-500kHz . . . . . . . . . E 1250.00 
Marconi 
TF1245A + TF1 246 ·o· meter . . £1100.00 
TM4520 Set of Inductors . . £350.00 
Rohde & Schwarz. 
LRT (BN6 1 00) Inductance Meter I pH-I OOf'H. 
2.2·285KHz. £395.00 
Wayne Kerr 
SR268 Source and Detector. . £875.00 

B642 LCR 0 I% . . £750.00 

FREQUENCY COUNTERS 
Fluke 
1912A 7 diait 520MHz ... £425 .00 

1920A with Option 13 9 Digit I GHz . £750.00 
1925A Multifunction. EMI Proof 9 Dtgtt · 
125MHz . . . . . . . . . . . . . . . . . . £625.00 
1953ACounterTimerOpt04.07. 14.15 
0-1.25GHz __ with presCdiers . I.E.EE. inti~~c~.OO _ 

Hewlett Packard 
5340A 8 Digit _I OHz-18GHz . £3750.00 
Marconi. 
TF24 30 unused condition . 7 digit I OHz-BOMHz .. 
2SMV SensitiVity .. . ..... . . . ..... • £175.00 
TF24 32. 1 OHz-560MHz I OmV s~nstttvt~325 .00 
. . . . . . . . . . 

DVM's AND DMM's 
Fluke 
8022A 3'12 digit hand held . .. .. . £65:00 
Solartron. 
7055 Microprocessor DMM. Scale Length 
20.000. ACIDC volts. resistance. lf'V 
resolution . . . . . . . . . . £600.00 
7065 Microprocessor DMM. Scale length 
1. 400.000. ACIDC volts. reSIStance . £695.00 

OSCILLOSCOPES 
Marconi. 
TF2213/I + TK22 14 X·l' Display ancJ 
memory . £550.00 

SE Labs 
SM 121 6 Channel Monitor. 12" crt. internal 
sweep . £395.00 
Tektronix. 
465 Dual Trace Portable Oscilloscope. DC-
1 OOMHz. 5mV·5VIdtv. Full delayed sweep 

. .. . ·.. . ... . . . . . .. . . £1395.00 
465 with DM40 . . £1450.00 
4 75 Dual Trace 200MHz Portable .. £2000.00 
7603 100MHz Mainframe with 7A IBN and 
7B53N. . . . . . . . . . . . . . . .. .. . . ... £3000.00 
7704A 250M Hz Mainframe clw 7 A22 Diff. 
Amplifier. 7 A26 DuaiChannel, 7880 Timebase 
and 7885 Delay1ng T1mebase . . £4610.00 
51 Sampling Head. As New . .... .. . £450.00 
7D 14 Digital Counter plug-In 525MHz ESSO.OO 

Telequlpment 
D66A 25MHzDual Trace. £350.00 

RECORDERS 
Watenabe. 
MC64 1 6 Channel250mm Chart Recorder 

. £1495.00 

rg:;rc~:nnel 2 cm/HR - 60cm/MIN 
..... £435.00 

SIGNAL SOURCES 
Hewlett Packard. 
4204A Decade LF OsCillator. lOHz- I.MHz 
I mV-1 OV tnto 60012 .. £695.00 
6068 AM Stgnal Generator . SO~Hz-65MHz . 
AM 0-95% . . . . . . . . . . £850.00 
608F I 0·455MHz AMIPCM Modulation 0 . II-' V
IV output . . _. . . . . . . . . . . £600.00 
6 1 68 I .8-4. 2GHz tnt or ext PCMIFM 
0 l f'V-D 224V . . . . . . . ... . . . £1000.00 
616B UHF Signal Generator 1.8 to 4.2GHz.lnt 
oulse' Mod £1000.00 

manufacturer's sales specifications. When 
you buy used equipment from Electronic 
Brokers, it can be yours in just days. No 
waiting for manufacturers lengthy production 
schedules. All equipment is fully guaranteed. 

651BTest0scillator. IOHz·IOMHz. 
0 1mV-3.16V . . . . . . . . . £415.00 
3200B I 0-500MHz S1gnal Source . . . . £475.00 
3320A Frequency Synthestzer 0 0 I Hz-13MHz 

. . . . . . .- £995.00 
8690AI8699B RF Sweeper System . O. I-4GHz 
tn 2 ranges . Max OIP I OmW to 2GHz and 
bmW to 4 GHz . .. £2300.00 
Marconi. . 
TF 144HI4 AM Stgnal Generator I OKHz-
72MHz. 21-'V·2V £750.00 
TF 20028 AMIFM I OKHz-88MHz . E 1200.00 
TF2170B Synchrontzer for TF2002B. £450.00 
TF995B/2 AM/FM 200KHz-200M Hz .. £695.00 
TF2005R 2 Tone Signal Source 20Hz-20KHz. 
0·11 1 dB in 0.1 dB steps . . . . . £295.00 
TF2008 AMIFM IOKHz·SIOMHz butlt tn 
sweeper Output0.2f'V-200mV . . £3500.00 
6070 Signal Source 400· I 200M Hz . £695.00 

Philips. ·· · 
. PM 5715 Pulse Generator IHz-50MHz£675.00 

PM6456 Stereo Generator £250.00 
Radiometer 
SMG I Stereo Generator. £375.00 

TRANSMISSION 
MEASURING EQUIPMENT 
Siemens. 
D2040 Selective Level Analyser and Voltmeter 
I OHz-60KHz. . . . . . . . . . . . . . . . £1200.00 
D2072 + W2072 Level Meter and OsCillator. 
50KHz· I OOMHz . . . -.. , . . . . . ..... £2200.00 
W2006 + D2006 Carner Level Test Set. I OKHz· 
17MHz. -IOOto -t IOdB .. .. . ... £1650.00 
W2007 + D2007 Carner Level Test Set 
6KHz·I8.6MHz. -120 to + 20d8 .. £1800.00 

PCM -1 PCM Test Set PDA·64 PCM Signalling 
Analyser. PSM-4 Level Measuring Set Scanner. 
PDG-1 Dtgttal Stgnal Generator. PDA-1 PCM 
Digital Sig~al Analyser . . P.O.A. 

MISCELLANEOUS 
~6s~~F PoV.:er meterJOHz· 30KHz I Of'W· 
SOW input imp 1.2-1 OOOSI . £250.00 
Fluke · 
301 OA Log1ctester. Self Contatned. Portable. 
Full Spec on Request. . . . . . . . £8500.00 
Hewlett Packard. 
355E 12d8 Programmable Attenuator unused 

. . . . . . . ... . . . £90.00 
4329A High Resistance meter 500KQ-2 xI O"Q 
test voltages 1 0-1 OOOV . . . . . . . . . . £500.00 
8405A Vector Voltmeter 1 -I OOOMHz 
.... .. . ... . . . .. . . .. .. . .... . . . £2000.00_ 
8403A Modulator Fitted With 87328 PIN 
MODULATOR ... .... . . ... . . £1500.00 
8412A Phase Magnitude CRT display for 
netvvork analyser.. . . . . .. . . ... . . £1500.00 
8482H Power Sensor I OOKHz-4 . 2GHz. AS 
NEW . . . . . . . . . . . . . . . . . £250.00 
8745A S Parameter Test Set. Fitted with 
I 1604A Universal Arms 0.1-ZGHz . . £2750.00 
59308A HP-18 Timing Generator . . £300.00 
Marconi. 
TF2162 M .F. Attenuator. 0- 1 II dB .. £135.00 
TF2163S UHF Attenuator 0· 1 42d8 5012 
impedance DC·IGHz. . .. . . £250.00 
TF2331 AF Dtstortton Meter 
20Hz-20KHz. . . . . . . . . . . . . £395.00 
TF2500 AF Power Meter. 7 ranges 1001-' watts 
to 25 watts .. . . . . . . £275.00 
TF2807 A PCM Multiplex tester ..... £I 500.00 
TF295015 mobile Radto Test Set AMIFM 

. . . . . . . . . . . . . . . . . . . ..... £1550.00 
TM8339 AC/DC mixer for use with TF2702 

. £250.00 
Philips - · 
PM 5519 Colour TV Pattern Generator AS 
NEW . . . . . . . . . . . . . . . . £650.00 
PM9 380 Camera and Accessories (as new) 
. . . . . . . . . . . . . . . . £200.00 
Rohde and Schwarz. 
MSC Stereo Coder. 30Hz-15KHz. . £500.00 

Wandel and Golterman. Tektronix · 
PF·I Digital Error Rate Measuring Set. 141 A PAL Test Signal Generator £1750.00 
cons1sting ofPFM· 1 Dtgttal Error Rate Meter 1481C PAL TV Waveform Monitor . £2375.00 
and PFG·I Pettern Generator . . . . £2490.00 191Constant Amplitude Sig . Gen. 350KHz, 
SPM·6 and PS-6 Level Measunng Set IOOMHz SmV-S.SV . .. . : .... . ... £350.00 
6KHz·l8 6MHz - I I OdB to + 20dB Matns I TM504 mainframe wtth SG503 + PG506 + 
battery operation . . £2150.00 DMSO I + TGSO 1 . . . . . . . . . £3500.00 

Please note: Prices shown do noUnclude VAT or carriage. 

I ::-t = I ::-t = I ::-t = I ::-t =-I ::-t 
:=114 = I ::-1 = I ::-t = I ::-t = I 

Electronic Brokers I ::-1 = I ::-1 = I ::-t 
Electronic Brokers Limited 
61/65 Kings Cross Road 
London WC1X 9LN 
Telephone: 01--278 3461 FU~"~~o~~~!.Ls 
Telex: 298694 Elebro G www.americanradiohistory.com
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* -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. 

n 

* HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1 kW INTO 6 
OHMS. . 

*PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION 
OSCILLATORS. 

*UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION. 
GENERATORS, AND MANY OTHERS. . 

*OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MAtCH .. 
VIRTUALLY ANY LOAD. 

* FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE 
INTO ANY LOAD. 

* TWO UNITS MAY BE CONNECTED TO PROVIDE 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 
ATILEBOROUGH 
NORFOL~ NR17 2PF 
Tel: 0953-452477 

Analogue Associates 
wW-020 

Happy Memor ies 
Part Type 
4116 200ns 
4116250ns 
2114 200ns Low power 
2114450ns Low power 
4118 250ns 
6116150ns CMOS 
2708 450ns 
2716 450ns 5 volt 
2716 450ns three rail 
2732 450ns Intel type 
2532 450ns Texas type 

1 off 
.95 
.90 

1.20 
1.10 
3.25 
4.95 
1.95 
2.25 
6.40 
4.25 
4.25 

25-99 
.85 
.80 

1.10 
1.00 
2.95 
4.45 
1.85 
2.15 
6.00 
3.95 
3.95 

100up 
.65 
.60 
.95 
.85 

2.65 
3.65 
1.65 
1.95 
4.95 
3.35 
3.35 

Z80A-CPU £4.75 Z80A-P1 0 £4.25 Z80A-CTC £4.25 

Low profile IC sockets: Pins 
Pence 

8 14 16 18 20 22 24 28· 40 
9 10 11 14 15 18 19 25 33 

Soft-sectored floppy discs per 10 in plastic library case: 
5 inch SSSD £17.00 5 inch SSDD £19.25 5 inch DSDD £21.00 
8. inch SSSD £19.25 8 inch SSDD £23.65 8 inch DSDD £25.50 

74LS series TTL, I~Hge stocks at low prices with DIY discounts 
startingat a mix of just 25 pieces. Write or telephone for list. 

Please add 30p post & packing to orders 
· under £15 and VAT to total 

Access & Barclaycard welcome 
24-hr. service on (054 422) 618 

Government & Educational orders welcome, £15 minimum 
Trade accounts operated : Telephone or write for details 

Prices are still tending to drop 
Telephone for a quote before you buy 

Happy Memories (WW} 
Gladestry, Kington 

Herefordshire HR5 3NV 
Telephone: 

(054 422) 61 8 or 628 

PROFESSIONAL INDUSTRIAL ELECTRONICS 

FlJRTHER DETAILS 

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

We can 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, ANQ PUB~IC APDRESS 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 tGJ post quota· 
·lions by return. 

E. A. Sowter Ltd~ 
Manufacturers and Designers 

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

P.O. Box36, Ipswich , IP12EL, England 
Phone: 0473 !i l 794 and 0473 219390 

Telex 987703G Sowter 

WW- 015 FOR FURTHER DE~~-hS 
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PNEUMATIC·. 
TELESCOPIC 
MASTS 

* NOW WITH A 2 YEAR WARRANTY 

*Fluke 8022B 
3Y2 Digit hand held LCD. DMM. AC/DC volts. . 
DC/AC current. resistance, d1ode test 0.25% bas1c 
DC accuracy. Overload protection. Vinyl carrying 
case C90 £8.00 . . . . . . . . . . . . . . . . . . . · £85.00 

* Fluke 8021 B. 
Same spec as 80228 with additional audio tone for 
continuity . V1nyl case C90 £8.00 . . £95.00 

*Fluke 80208 
3 Y2 digit 0. 1 % 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 Y2 digit 0 . 1% basic DC accuracy. DC/AC volts, 
DC/AC current. resistance . D1ode test, 
conductance, logic + continuity detect + 
temperature. Peak hold on voltage and current 
functions, continuity beeper. Vinyl case C90 
£8.00 . . . . ... . . . . . '£1 55.00 

FLUKE8050A 

FLUKE 8012A 
.• ~ 3 Y2 D1g1t LCD D MM With true RMS on AC volts 

and current DC volts 200m V- I K,V. I OOfAV 
resolution AC volts 200mV-750V IOOfAV 
resolution DC/AC current 200f1A-2A 0 I fAA 

-. t l resolu tion Resistance 200!1-20MQ 0 I Q 
• it~~ \ resolution Low resistance 2!1 and 20!1. I mn 
'"'CJ-fl1.. "'~ reso lution Conductance ranges 2mS-20!1S-200nS 

. ~*~· '"' £229.00 ma1ns model £25.9.00 ma1ns battery 

FLUKE8010A 
3 Y2 Digit LCD DMM Same spec as 80 12A plus a 
1 DAmp AC/DC current range. but not low 

l ....................... resistance range. £1 75.00 ma1ns model £203.00 
' mains battery 

ACCESSORIES 
AB 1-230 Battery eliminator . . ... £ 14.00 
C90 Carry case for hand held . . . £ 10.00 
80 I -600 Amp clamp . . . . . . . £68.00 
80J- I 0 Current shunt I OA . .... £22.00 
BOK-40 H.V probe 40kV. . . . . £56.00 
BOK-6 H.V probe 6kV . . . . . . . £40.00 
BOT- I SO' Temperature probe. . . .. £72.00 
80T-H Touch hold probe. . . . . . . . . . . . . . . £36.00 
83RF R.F. probe I OOMHz. . £40.00 
85RF R.F. probe SOOMHz... . ... £69.00 
Y8 102 Thermocouple probe . . . . . . . . . . . . . . . . . . . . . . . . . £41 .00 

YB I 03 Bead thermocouple . . E 18.00 
::::::;;iiiiiiiiiiiiiiiiiiii;~ .... Y8 I 04 K type thermocouple termination . . £8.00 
~ Y81 33 Deluxe test leads . . . . . £ 13.00 

The above pr ices do not Include carriage . 
or V AT{1 5% 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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FROM 
STOCK 

ROAD, WISBECH, 
PE13 2PS 

WW - 007 FOR FURTHER DETAILS 

WW- 032 FOR FURTHER DETAILS 

XLR CONNECTORS 
Line Female A3F . ... ...... ... ........ ..... .......... ... £1 .59 Chassis Fema le D3F . ..... .. .. .. ......... ... .. .. .. t2.i14 
Line Male A3M ... .. £1 .36 Chassis Male D3M ...... .. ... ....... .... ...... ..... .. . £1 .19 

@) : N4,~ alj·TeRsla~rge selecti;~~o ~a~;~·~~~ORS 
Late hies~ Chassis NC3-FZ... . .... .. £0.67 Latch less Chassis Male NC3-MZ ......... .... .. £0.59 · 

~~~~i~~~z;;i:~cciFP··.:·· · · ·· .. ·· ··· ·: ·:••-· :• N: ~~=s~i:~~~~~3N~f-MP .. . ........ .. ,. ~~-~; 
4,5-pin, PCB and black versions and large selection of audio adaptors available 

XLR LNE M AIN SERIES 
XLR LNE 11C .. .. ... ... .... .. .. ... .... ..... ....... .. ......... £3.87 .XLR LNE 12C..... .. .... .. £3.76 
. XLR LNE 32 ... .. .. .... .. . , ...... .. ............. ......... .. ... £2.89 .XLR LNE 31 .. .... .. .. ............................ .. . . .. . £4.14 

BELCLERE AUDIO TRANSFORMERS 
EN6422 .RiltiQ + 1:2+ 2.-Freq. 40Hz-35KHz. PRI 150/600!1, sec. 600/2.4Ki1 .. 1 ................ .. ....... . £3.64 
EN6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ-25KHz. PRI150/600!1. sec. 6.25K/25Ki1 .. ... .... ...... £3.64 
SKT-723 MuMetal Screening can, 39d8 reduction 50Hz ext. field.. ... . .. .... .. ... . . .. .... . £1.15 

Trade enquiries welcome; quantity discounts available. All prices subject to V.A.T. Ca ll. write or 
phone. Min. order £10. Please add £1 postage. Access, Amex, Barclaycard. 

K~LSEY ACOUSTICS LTD. 
28 POWIS TERRf.CE, LONDON W11 1JH 

01-727 1 046/0780 
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METER PROBLEMS? 

·• •6 

1 3 7 Standard Ranges in a variety of 
sizes and stylings available for 1 0-14 

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

Full Information f rom : 

.. 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD. W.C.1 Phone: Ot/837/7937. 

Telex: 892301 HART RO G 

3 frequency ranges DC to 180M Hz with 
1 Sec gate including phase locked loop 
1Hz-1KHz providing 0.01Hz resolution within 
10 seconds. 

e Period/Time ranges to 1~Sec, 1mSec and 1 Sec 
resolution. 

e Manual and logic gating on the time and event 
ranges. 

e 13mm 8 digit display with leading zero 
suppression. 

e Internal charger and NiCad batteries . 

Price £195.00 plus VAT (carriage inc!.) from 

WIRELESS WORLD-APRIL 1982 

HM307 
OSCILLOSCOPE 
Single trace. DC to I OM Hz. Risetime 
35nS. SmV/cm to 20V/cm. Timebase 
O.SJ.tS-0 2S Built in component tester. 
LPS technique provides stable and 
reliable triggering up to 30M Hz£ 138.00 

HM412-S 
Dual Trace . DC to 20M Hz 8 x I Ocm 
display with internal graticule . Rise time 
17.5nS. Variable input 2mV-20V/cm 
Add and invert modes Timebase 
0.5J.tS-02S with sweep delay I OOnS-1 S 
x 5 expansion . X-Yoperation Z 
modulation Trigger CHI, CH2. CHJ/2. 
Line or EXT . .. ... . £350.00 

HM 203 PORT ABLE 
O SCILLOSCOPE 
Dual Trace. DC to 20MHz. 8 x !Ocm 
display. Risetime 17.5nS. Sensitivity 
5mV/cm-20V/cm .. Timebase O.SJ.tS-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 . Weighs only 6Kg . Size 
(m.m.) H. 145. W. 285. D . 380 £220.00 

HM705 
Dual Trace DC-70MHz 8 x JOcm display 
w rth internal graticule. Risetrme SnS. 
Variable input 2mV-20V. Add and invert 
modes. 95nS Srgnal Delay Line. 
T1mebase SOnS-! Slcm with Sweep delay 
lOOnS-IS x !Oexpansion. XY 
operation. Z modulation. Tngger CHI . · 
CH2, CH 1/2 line or EXT . . . £580.00 

The above prices do not In clude carriage 
or ~AT (15%J. 

Simple Phone or 
Telex your order for 
Immediate dispatch . 

Electronic Brokers Ltd 
l1illl,_.Jr/ 61/65 Kings Cross Road 

London WC1X 9LN 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
WW - 202FOR FURTHERDETAILS -
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The Arc sinQie-board computer with 
BASIC 

o Z8671 MICRO PROCESSOR WITH ON-CHIP BASIC INTERPRETER 

o REAL TIME CLOCK/CALENDAR WITH ON-BOARD BATTERY BACKUP 

o RS232 INTERFACE WITH 8 BAOD RATES 110-19200 

o 4K BYTES OF RAM-PLUS DEMONSTRATION PROGRAMS IN 2K EPROM 
-CAN BE EXPANDED ON BOARD TO 20K BYTES OF RAM/EPROM 

o CHOICE OF TWO BUS SYSTEMS -64 WAY EURO CARD- 50 WAY RIBBON CABLE 

o jg UNCOMMITTED 1/0 LINES 

· This microcomputer represer;ns a breakthrough in single-board 
computer performance. Its BASIC interpreter, real-time· . clock and 
calendar, large memory capacity, serial and parallel 1/0, timers, 
interrupt and expansion capabilities make it the most cOst-effective 
solution for control problems. 

Using Zilog's 28 BASIC/DEBUG-interactive BASIC, programs can be 
entered into RAM and tested with a vdu or other RS232 terminal, 
then transferred to EPROM. The computer includes 4K bytes. of 
RAM; with provision for another 4K bytes on board. Some or all of 
this RAM may be replacJd with EPROM for stand-alone applications, 
and a sample EPROM with demonstration and utility programs is 
included. 

An 'exciting feature of the ARC is its real-time clo.ck and calendar. 
This greatly extends its usefulness in the fields of real-time control, 
monitaring, timing and security systems. • 

Arcom~ . 

ALSO AVAILABLE 

POWER SUPPLY MODULE 
Outputs 5v 30v (nom) 

12v -12v 

EPROM PROGRAMMER 
WITH 1200 BAUD 
CASSETTE INTERFACE. 
Programs may be stored on 
cassette. and transferred to 
2K or 4K EPROMS · for 
stand-alone controller appli
cations. 

FUTURE PRODUCTS
Opto isolated relay board 
a/a and d/a converters 
speech synthesiser. 

PRICES 

ARC 1 computer £135.00 

EPROM programmer £58.00 

Power supply £32.00 

Please specify bus connection (euro 
card or ribbon cable). 
Prices include carriage in U.K., but 
exclude VAT. · 

CONTROL SYSTEMS LTD. 

Head Office: 37 Grahame Close, Blewbury, O'Kon. OX11 9QE Tel Blewbury(0235) 850544 

WW- 074 FOR FURTHER DETAIL.S 

tell us ·. 
We'll deliver! 

QUALITY REEL TO REEL & CASSETTE TAPE HEADS 
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER. 

OUR FULL CATALOGUE (PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES, . 
PRE-AMPLIFIERS AND ACCESSORIES 

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS 
C21RPS18 MONO RIP .............. £4.62 Hole Centres 17mm Apart, 12mm From Head Face 
824-02 STEREO R/P ............ £7.66 C42RPH20 STEREO R/P SENDUST FOR 
824-07 STEREO R/P FOR DOLBY CHROME/METAL TAPES.. £10.67 

SYSTEMS .....•......•.. £9.05 C42RPH04 STEREO R/P GLASS FERRITE 
'C21ES18 MONO/STEm:O ERASE . THE ULTIMATE LONG LIFE, 

HEAD ...•.............. £2.13 HIGH PERFORMANCE HEAD £13.34 
POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRLCES INCLUDE V.A.T. 

The Monolith Electronics Co. Ltd., 
sn Church Street, Crewkerne. 
Somerset TA18 7HR 
Tel: 0460 74321. 
Telex: 46306 MONL TH G. 

MONOLITH 
electronic products 

·ww- 039 FOR FURTHER DETAILS 

We have the UK manufacturing facilities, experience and skills 
to give you the panel meter you want. With all aspects of panel 
meter construction under our control it means you can specify 
and get the sensitivity, movement ballistics and scale you want. 
Jt all adds up to greater flexibility and a wider 'Choice: 

TV TUBE REBUILDING 
Faircrest Engineering Ltd . manufacture a comprehensive 
range of equipment for. processing all types of picture tubes, 
colour and mono. Standard or custom built units for · estab- · 
lished or new business~s. We export world-wide and have an 
,eJ.<cellent spares service backed by a strong techn_ical team. 

You want them quickly? - of course! Low quantities or large 
quantities present no problems. Next time why not give us a 
call - ask for Colin Williams, tell him what you want - you could 
be surprised at what he may have to tell you! 

14 

L;1) 
Bach· Simpson 

Bach-Simpson (U.K.) Limited, 
Trenant Estate, Wadebridge, Cornwall, PL27 6HD. 

, Telephone: (020881) 2031 Telex: 45451 

WW- 025 FOR FURTHER DETAILS 

Full t·raining courses are individually tailored- to customers·· 
requirements. 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING LTD. 
4 Union. Road, Croydon, CRO 2XX 

01-6841422/01~6840246 --, 

WW - 033 FOR FURTHER DETAILS 
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TEST INSTRUMENTS 

SABTRONICS 
NEW 2033 HANDHELD DMM 
Housed in a tough ABS case with bench stand. Mains or Battery operated. 
Large 31f2 digit LCD display. 

'BASIC SPECIFICATION 
DC Volts 100J.LV-1000V 
AC Volts 100J.LV-1000V 
DC Amps 1 OJ.LA-2A 
AC Amps ' 1 OJ.LA-2A 
Ohms 10-20MO 

Only£36.75 
P&P£1 

Kit 
2035A Handheld DMM................................. .. .. ........... ....... £49 
Similar Basic spec. as 2033 except able to measure 
down to 0.1 t.tA A<;/ DC and 0.10 and with greater accur-
acy 
2015A Bench DMM ........................ .......................... .. ........ £83 / £73 
Similar Basic spec. as above except able to measure up to lOA AC/DC, 
with more facilities. 

P&P£1 

FREQUENCY METERS: 8 dig it LED 
A m. Kit 

8110A 20Hz-100MHz ......... .. .. .. .. ................. ·........................ £67 £56 
8610A 20Hz-600MHz ........................ ................. ...... ........... £82 £68 

8610A 

FREQUENCY METERS: 9 digit LED 
8610B 10Hz-600MHz .................................... ................... ... £99 £84 
8000B 10Hz-1000MHz .......... .. ................................ .. .. ........ £155 

P&P£1 

TOUCH AND HOLD PROBE: 
for use with SABTRONICS Multi meters. Enables you to hold a signal on 

· ~~~~~0': ........................ .. .... .... ........ ... .... ............................................ .. ....... .. £13 

I.C.E. Multitester 
Specification 
Volts DC 100mV-2000V 
Volts AC 2V-2500V 
Amps DC 50J.LA-1 OA 
Amps AC 2501lA-5A 
Ohms 0. Ul-100MO 
Frequency 0-5000Hz 
Capacity 0-20,000~AoF 

Size with case 
13.7cm x 10.4cm x 5.4cm 

Onlv£32 
P&P£1 

SAFGAN British-made Scopes 
*DUAL TRACE 
* 5mV/Div sensitivity 
*XY.facility 
* Z modulation 
* Calibration output 
*Portable/lightweight 

DT410 10MHz .......................... .. £179.00 
DT415 15MHz .............................. £185.00 
DT420 20M Hz .............................. . £198.00 
X1-REF-X10 prol;>e ........ .. .. .. ................. £11.50 

P&P£2 

DAROM SUPPLIES 
4 Sandy Lane 

Stockton Heath 
WARRINGTON 

Cheshire WA4 2AY 
Tel. 0925 64764 

Add 15% VAT on ALL prices 
All prices correct at 2-2-82 E&OE 

ACCESS or BARCLAYCARD Welcome 
Callers welcome Mon.-Fri., 9 a.m.-5.30 p.m. 

Catalogue FREE 

· WW 044- FOR FURTHER DETAILS 

VC1000L 

JOIN THE MICRO REVOLUTION WITH 
THE YC1000L DATA LOGGER 

This new laboratory grade instrument features 
microprocessor control for increased versatility. Its 
many funct ions include - a f requency counter 
(0.02ppm accuracy), a precision AC/DC volt
"!leter, a thermal sensor and a programmable 
t1 mer. The test resu lts may be read direct f rom the 
digital display or recorded on the integ ral logger. 

Price £725+VAT 

PMR HIGHBAND 
##COMPACT SMC1015L 1" 

T h e SMC 10 15L 1 "co mp act " V HF hi ghba n d 
transceiver is currently avai lable ex-stock at rea lis
t ic prices. Why pay more? We are satisfied that our 
standard of construction matches that of the 
leading names. Write for deta ils: 

South Midlands Communications ltd. 
Osborne Road, Totton 

Sout hampton S04 4DN, England. 
Tel : Totton (0703) 867333 
Teiex 477351 SMCOMM G 

WW - 052 FOR FURTHER DETAILS 

MICRO TIMES ORDERINGINFORMA110N il!tll ~ . Please add 50p P&P plus 15% IIISA _ . • 
VATtoallorders. - """"_.., , 

19 Mill St., Bideford, North Devon EXPORJ ORDERS · ACCESS/BAR~LAYCARD 
EX39 2JR E gl d (WWM) Add 15 Yo P&P WELCOME , n an VATnotapplicable S h I U · Off · 1 
Teleph~ne Bideford (023 72) 79798 o~d~~s ~el~~v,.;;e . 'c'a 

NEW ELECTRONIC DRUM KIT 
All items brand new, 

EPROMS 6 programmable rhythms, 5 instru-
full s_eec. 

2708450ns £2.30 ments: Snare, hi-hat. tom-tom, cymbal, CMOS A N D 74 LS SERIES 
2716 5v 450ns £2;46 bass drum. Optional stereo output AVAILABLE AT COMPETITIVE 
27321ntel type £6.00 £23.16 PRICES ON REQUEST 

KITS FOR BEGINNERS .lntersiiiCL7660 £2.00 

MEMORIES Wheel of Fortune ...... .... .......... .. .............. £5.00 Volt. Converter 

2114450ns £1.20 ~:~.~~~~~~Ts!~:dh::: : ::::: : :::: : : : :: : :: : : ::::;:~ AY-3-i910 
2114300ns £1.20 G.l. SOUND COMPUTER CHIP 
TC5514P 450ns ANTEX SOLDERING IRONS Special Price £8.15 

£3.50 Model CX 17W .. ....... .............. .... .... .... ..... £4.80 
4K Cm os RAM KitSK115W ....... ................ ..... ................. £8.50 ELECTROWARE DISTRIBU-
(1Kx4) Incl. Base, stand, solder TORS 
4116200ns £1.20 Kit SK317W ........... ... ....... .. .... .. ................ £8.50 Tools, kits, boards, etc. 
41 16150ns £1.35 Kit SK4 25W ........... ...................... ....... ..... £8.50 Catalogue available. 
5101 £3.00 ~eR~I::~~~t;:: :: :: : :::: : : :: ::::: :: ::: : ::::::: : : :::.~S:: 

Please send 30p P!!tP 
HM6116-3 £8.00 6809 SINGLE BOARD COMPU-(16K. 150ns) TERKIT 

COMBO ~IP (Z80) llls IEEE S-100 STANDARD 
MK38862't2m~ TIL32 45p Comolete Kit £175 

UNEARICs £1 .150 TIL209red 10p plus 15% VAT£1 P&P 
NE555 16p Data £1 . (26p S.A.E. TIL232 green 18p Bare Board £48 
NE55 48p please) TIL212yellow 1&p Uses 6809, 6850, 6821. 
RC4136 65p TIL216 red 18p ADSMON (2716) £24 
LM301AN 26p CPUs TIL218 red 20p DATA AVAILABLE ON 6809 
LM311P 45p 6502 £4.95 TIL220 red 12p S.A.E. please 
LM318 £1.45 6504 £6.20 TIL224yellow 18p 
LM324N 42p 6802 £5.70 TIL31 1 £5.25 S-100 KLUGE CARD 
LM339N 40p 6809 £15.00 TIL312-3 £1.00 SIMPLIFY YOUR 
LM348N 64p 8080A £3.50 TIL321·A £1.15 PROJECTS WITH A 
LM358P 38p 8085A £5.00 TIL330A £1.15 PROTOTYPE BREADBOARD 
LM380 65p Z80 £4.00 WITH EXTRAS I 
LM3900N 44p Z80A £4.80 Bare Board & Manual £33 
LM3914 £2.00 Delivery: 2 w eeks 
LM3915 £2.00 SUPPORT DEVICES LOWPRORLE 8-100 NEW LM13600 £1.20 6520 £3.10 
LM1871 £1 .90 6522 £5.00 

OIL SOCKETS PROM BlASTER 
LM1872 £1.90 6532 . £7.70 

8 pin Sp PROGRAMS MOST 
SN76477N £1.75 6810 · £1.35 

14pin 11p FAMILIES OF EPROMSI 16 pin 12p 
UA709 28p 6821 £1.70 18 pin 15p BARE BOARD £41 
LM741 14p 6845 £10.00 22 pin 22p PROMWRITER £40 
UA733 68p 6850 £1.75 24pin 24p KIT £17!i 
UA747 58p 6652 f2.45 28pin 26p 

Incl. all parts, sockets and 
UA748 26p 8212 £1.30 40 pin 29p Promwriter Del. 2 weeks. 
TL074CN £1.00 8216 £1.70 VERO PRODI.JC'nl TL081CP 38p 8228 £3.80 VEROBLOC : £3.85 TL082CP 55p 8255 £3.95 S 1 00 Prototypi ng Boards: TL084CN 95p ZBOCTC £4.00 FLOPPY DISC Microboard pattern 06-2175L 
LM3302 £1~g ZBOPIO £4.00 CONTROLLERS £17.15 
TL490 Z80ACTC £4.00 FD1771 £19.50 Sq. ad. Universal Patt. £17.15 1488 60p Z80APIO £4.50 FD1791 -2 £32.00 ~~~tng Board for Af&.I:S 1489 60p ZBODMA £11.50 WD1691D £14.50 8T26 £1.30 ZBOADMA £14.00 WD2143-01 £5.00 Other Vero Products available 
8T28 £1.35 Z80S10/0 £13.50 * SPECIAL * Com- on reauest. 
BT95 £1.35 ZBOAS10/0 £14.50 plete package in · 

Z80 S10/1 £14.50 eludes FD1791·2 + VOLTAGE 100mA 
29p ' 

SN76477N £1.75 Z80AS10/1 £1 4.50 WD1691D + REGULATORS 78L055v 

Sound Effects ZBOS10/2 £13.95 WD2143-01 £50 1A 78L1212v 29p 

Generator Z80AS10/2 £1 4.50 Set data available 7805 5v 45p 500mA 
Data 75p. Lge. 26p. £3 78121 2v SOp 79M12 12v 60p 

S.A.E. THYRISTORS (26p S.A.E. please) 7905 5v 1 55p 79M055v &Op 
C106D 28p 79.1 2 12v 55p 723 ' 31p 
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Data recording and analysis: 
meet the time shrinker! 

Ifyou need to record and analyse data analogue and digital inputs from most 
from multiple inputs, consider the transducers. Cards are available at low 

write, telephone, or return this 
advertisement clipped to your 

advantages of using the Micro data cost to condition virtually every type of letterheading. · 
M1600L data logger. . · electrical signal, to reconfigure the 

Magnet ic tape cartridge Because it instrument for different pr~j_e~ts. No other 
records on a standard l/4 inch magnetic data logger offers these faczhtws. 
tape cartridge in ECMA/ ANSI format, the Exception al versatility The M1600L 

MICRODATA LIMITED, MONITOR HOUSE, 

STATION ROAD, RADLETT, HERTS. WD7 8J)\, 
ENGLAND. Telephone: RADLETT (09276) 3333. 
Telex: 924937. 

output can be replayed at high speed into a is available either as a mains powered, 
computer, calculator or other data free-standing, laboratory instrument or in 
processing equipment. Alternatively, the the porta.ble weatherproof form operating 
internal replay facility of the data logger from its internal batteries. For more 
can be used. No other data logger has this permanent installation in existing 
capability. systems, it can be supplied in chassis form 

In dividual conditioning cards for mounting~ a 19 inc~ rack. N_o_ 9ther 
Individual, plug-in signal conditioning data logger d~splays thts versatzlzty. 
cards are used -one for each of the 20 input The Ml600L is now widely adopted 
channels (expandable up to 100). As a for projects in energy, transportation, 
result, each customer receives a bespoke agricultural and environmental research. 
instrument ready to handle mixed If you would like further details, please 

~U@~@[Q)&IJ£-leaders in the field 
WW - 055 FOR FURTHER DETAILS 

If you are looking fOr amplification, t ake advantage of the same superb quality Crimson modules that the BBC, IBA, KEF and numerous recording 
studios have been using fOr yearsl our expertise In t h is f ield of electronic design Is internationally renow ned, our reputat ion is based on quality, 
reliability and value for money and when it comes to technology, our modules Feature·posslblysome of the world's most advanced audio circuitry 
yet devised. The Crimson r ange Of audio amplif ier modules is available t10 industry and public alike and is backed by full t echnical data, f ree t echnical 
advisory service, f ast delivery and a full r ange of complimentary components available such as toroidal pow er supplies and heat sinks, etc. 

,SPECIFICATIONS 
0 / P 

&ohms• 
38 
44 
65 
85 

125 

0 / P 
4ohms 

70 

121 

Size 
80-120-25 
80-120-25 
80-120-25 
80-120-25 
80-120-25 

Type 
CE 608 
CE1004 
CE1008 
CE1704 
CE1708 
CE3004 
CPR1X 
MC1X 
X02/3 

170 250 

PSU 
CPS 80 
CPS150 
CPS150 
CPS250 
CPS250 
CPS250 

H/ sinks 
HS50 

HS50/100 
HS50/100 

HS100/150/FM1 
HS100/ 150/ FM1 

HS150/FM2 

Slew 
limit 
30VUS 
30VUS 
30Vu5 
30Vu5 
30VUS 
30Vu5 

S/ N 
110dB 
110dB 
110dB 
110dB 
110dB 
110dB 

sensitivity 
775mV 
775mV 
775mV 
775mV 
775mV 
775mV 
2.8mV 

THD ltypl 
0.0035% 
0.0035% 
0.0035% 
0.0035% 
0.0035% 
0.008 % 
0.008 % 
0.008 % 
0.01 % 

FRI- 3dBI 
1.5Hz-50KHZ 
1.5Hz-50KHZ 
1c5HZ-50KHZ 
1.5Hz-50KHZ 
1.5HZ-50KHZ 
1.5HZ-50KHZ 
10HZ -50KHZ 
10HZ -50KHZ 

161-102- 35 
138- 80-35 
80-120-35 

150- 50-20 

output 775mV REG1 
REG1 
REG1 

3Vu5 
3VUS 
9VUS 

70dB 
65dB 
90dB 

70/150UV 
775mV 

output 2mV 
Preset output 775-2500mV 

*Power output is quoted in WRMSand is given for two modules off the same power supply. Higher powers can be obtained if using our dual power suppl ies or 
one module oer PSU or if using a stabilised power supply. . -

Power amp modules 
CE 608 
CE1004 

, CE1008 
CE1704 
CE1708 
CE3004 

Pre amp modules 
CPR1X 
MC1X 
REG1 
TR6 

NEW: We now have a completely new Hi-Fi Kit package to offer: 
CK 1010 contains pre-amp ~rcuitry, all metalwork, connect<;>rs, wire, etc., to make a 

complete pre-amplifier. · - · · 
CK 1040 @nt~ins power amp modules, all metalwork, ~ual pow~r ~9pply, coiVIec-

tors, heatsinks, wire, etc., to make a complete 40 w/channel power amplifier. 
CS 1100 as CK 1-040 but at 100 w/channel - · 
Unlike other module manufacturers CRIMSON have a major share of the esoteric, 
specialist Hi-Fi market . Unlike many manufacturers we acknowledge the massive 
audible differences that small component/circuit changes can produce. H()wever 
our amplifiers are technically outstanding and have been subjectively 'tuned' to a 
stunning level of crisp and detailed reproduction. 

Power supply modules Heatsinks A.ll prices include VAT. Please add £1 .10fororders up 
£21 .00 . cys80 £26.24 HS so £ 1.84 to £20.00, £2.50 up to £50 and £2.65 £50 and over. 
£24.50 . CPSSOD £31 .77 HS100 £ 2.99 To allow for post and packing tUK oniVL 
£27.50 CPS150 £29.74 HS 50 £ 4.20 
£35.00 CPS150D £36.40 FM1 £36.95 Export-No problem . Please write for 
£35.00 CPS250 £36.83 Fl)ll2 £41.52 quotation or quote vour Visa I Master-
£49.00 CPS250D £45.34 Charge card number. 

~~~ : 88 A~~~e crossovers PRE-AMP CK1 g?o~~~~~-~.~~~~ .. ... ... .. .. £90.00 WE) 
£ 9.30 X03 POWERAMPCK1040 ................... ....... £119.00 
£ 3.30 MU1 POWERAMPCK1100 ......... ................. £149.00 'Wwzz 

(MOVING COlLADO-ON ......... ............ . £25.00) 
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Sinclair 1181 Personal Com 
th heart of a system 
that grows with you. 
1980 saw a genutne breakthrough -
the Sinclair ZX80, world's. first com
plete personal computer for under 
£100. Not surprisingly, over 50,000 · -
were sold. .· .· 

In March 1981, the Sinclair lead · 
increased dramatic·ally. For just · 
£69.95 the Sinclair ZX81 offers even 
more advanced facilities at an even 
lower price. Initially, even we were 
surprised by the demand -over 
50,000 in the first 3 months! · 

Today, the Sinclair ZX81 is the 
heart of a computer system. You can 
add 16-times more memory with the 
ZX RAM pack. The ZX Printer offers 
an unbeatable combination of 
performance and price. And the ZX 
Software library is growing every day. 

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

It uses the same micro-processor, 
but incorporates a new, more power
fui8K BASIC ROM -the 'trained 
intelligence' of the computeL This 
chip works in decimals, handles logs 
and trig, allows you to plot graphs, 
and builds up animated displays. 

And the ZX81 incorporates other 
operation refinements - the facility 
to load and save named programs 
on cassette, for example, and to 
drive the new ZX Printer 

Higher specification, lower price -
how's it done? 
Quite simply, by design. The ZX80 
reduced the chips in a working 
computer from 40 or so, to 21. The 
ZX81 reduces the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair 
and custom-built in Britain, this 
unique·chip replaces 18 chips from 
theZX80! 

New, improved specification 
e Z80A micro-processor- new 
faster version of the famous ZBO 
chip, widely recognised as the best 
ever made. 
e Unique 'one-touch' key word 
entry: the ZX81 eliminates a great 
deal of tiresome typing. Key words 
(RUN, LIST, PRINT, etc.) have their 
own single-key entry. 
e Unique syntax-check and report 
codes identify programming errors 
immediately. 
e Full range of mathematical and 
scientific functions accurate to eight 
decimal places. 
e GraJ.')h-drawing and animated
display facilities. 
e Multi-dimensional string and 
numerical arrays. 

. e Up to 26 FOR/NEXT loops. 

Every Z:X81 comes with a comprehensive. specially- written 
manual- a complete course in BASIC programming, from 
first principles to complex programs. 

e Randomise function -useful for 
games as well as serious applications. 
e Cassette LOAD and SAVE with 
named programs. 
e 1K-byte RAM expandable to 16K 
bytes with Sinclair RAM pack. 
• Able to drive the new Sinclair 
printer. 
e Advanced 4-chip design: micro
processor, ROM, RAM, plus master 
chip -unique, custom-built chip 
replacing 18 zxao chips. 

Built: 
£69.~ 
Kit or built- it's up to you! 
You'll be surprised how easy the 
ZX81 kit is to build: just four chips to 
assemble (plus, of course the other 
discrete components) -a few hours' 
work with a fine-tipped soldering iron. 
And you may already have a suitable 
mains adaptor- 600 rnA at 9 V DC 
nominal unregulated (supplied with 
built version). 

Kit and built versions come com
plete with all leads to connect to 
your TV (colour or black and white) 
and cassette recorder. 

WIRELESS WORLD APRIL 1982 

ter· 

16K· byte RAM 
pack for massive 
add·.on memory. 
Designed as a complete module to 
fit your Sinclair ZX80 or ZX81, the 
RAM pack simply plugs into the 
existing expansion port at the rear 
of the computer to multiply your 
data/program storage by 16! 

Use it for long and complex 
programs or as a personal data~ase. 
Yet it costs as little as half the pnce 
of competitive additional memory. 

With the RAM pack, yo~ can 
also run some of the more sophisti
cated ZX Software -the Business & 
Household management systems 
for example. 

Eiinr::lair 
ZX81 
6 Kings Parade, cambridge, Cembs., c 'B21SN. 
Tel: (0276) 66104 & 21282. 

WIRELESS WORLD APRIL 1982 

Available now~ 
the II Printer 
for only £49.95 

Designed exclusively for use with 
the zxa1 (and zxao with 8K BASIC 
ROM), the printer offers full alpha
numerics and highly sophisticated 
graphics. . . 

A special feature is COPY, wh1ch 
prints out exactly what is on the 
whole TV screen without the need 
for further intructions. 

At last you can have a hard copy 
of your program listings-p_articularly 

useful when writing or editing 
programs. 

And of course you can print out 
your results for permanent records 
or sending to a friend. 

Printing speed is 50 characters 
per second; with 32 characters per 
line and 91ines per vertical inch. 

The ZX Printer connects to the rear · 
of your computer-- using a stackable 
connector so you can plug in a RAM 
pack as well. A roll of paper (65ft 
long x 4 in wide) is supplied, along 
with full instructions. 

How to order your ZX81 . by cheque, postal order, Access, 
BY PHONE- Access, Barclaycard or Barclaycard or Trustcard. 
Trustcard holders can call EITHER WAY- pl·ease allow up to 
01-200 0200 for personal attention 28 days for delivery. And there's a · · 
24 hours a day, every day. 14-day money-back option. We want 
BY FREEPOST- use the no-stamp- you to be satisfied beyond doub~-
needed coupon below. You can pay and we have no doubt that you Will be. ----------:, r r:-s:-1~::.:;, ~. ;;E;;O;; .~a::::;;urrey, GU1S 3BR. . Order I 
I at Item Code Item prtee Total 

v £ £ I 
Sinclair ZX8J Personal Computer kit(s) . Price includes J 
ZX81 BASIC manual, excludes mains adaptor. 12 49.$5 . 
Ready-assembled SinclairZX81 Personal ~omputer(s). 
Price includes ZX81 BASIC manual and matns adaptor. 

Mains Adaptor(s) (600 rnA at 9 V DC nominal unregulated). 

16K -BYTE RAM pack . 

Sinclair ZX Printer. 

BK BASIC ROM to fit ZXBO . 

Post and Packing. 

0 Please tick if you require a VAT receipt 

11 69.95 

10 8.95 

18 49.95 

27 49.95 

17 19.95 

2.95 

roTAL£ ___ _ 

*I enclose a cheque/postal order payable to Sinclair Research Ltd, for £, ____ _ 

*Please charge to my Access/Barclaycard/Trustcard account no. 

*Please delete/complete as applicable. I I I I I I I I I I ·1 I I I I 
Please print. 

Name: Mr/Mrs/Miss I I . I I. I I I I I I I I . I I I · 
Address: I I I I I I I . I I I I I I I _I I I I I I I I 
1 I I I I I I I I I I I I ·I I · I I I I I I I I I I I I 

L~~~~~~~~~~~~~~~~--~--~=~ 
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Here is the expertise you can depend on 
When you choose a mast from the comprehensive Clark rang·e you 
are assured of a high standard of engineering and operational 
reliabi'lity. _ 
Why compromise? 

63/70 Trailer-mounted Mast- The ideal 21 
m'etre mobile communication HQ Mast, 
capable of supporting a head load of 40 kg 
at its maximum height of 70ft. 

Extended heights 4 metres-30 metres, capable of lifting head load 
1 kg-200 kg. Sectional or telescopic air _operated for field or vehicle 
mounting. Write or phone us for details today. 

CLARK MASTS LTD, Bin stead, Isle of Wight'· P033 3PA, · England, Telephone (0983)63691. Telex 86686. 

* CHl, CH2:5mv/div-20v/div. ger 
*Time Base : 1 sec/div-100ns/div. * Z-Modulation. 

*CAL output lv 1kHz. "'* XY Facility: Matched XY inputs. 
*Trigger: Level control, ± Slope * Graticule blue ruled 8x10 div. (4in. CRT~ 

*Size: H215mm, W165mm, D280mm. selection. 
*Auto, Normal, TV Triggering. *Weight: 4kg. 

OMEGA ROAD. WOKING, SURREY TEL. WOKING (04862) 69560 
Carriage: England & Wales £7.50 + V.A.T.; Scodand £10.50 + V.A. t . 

London Stockist: Audio Electronics- Tel: 01-124 3564 · 
North-West Stockist: Darom Supplies, Warrington, Ches.- Tel: Warrington 64764 

Avon Stockist: L. F. Hanney, Bath.- Tel: Bath 24811 
Cardiff Stockist: Steve's i Supply Co., Cardiff- Tel: 10222141905 

I Chesterfield Stockist: Chesterfield- Tel: (0246)31696 
Newcastle Stockist Newcastle- Tel: 0632 26129 
Birmingham - Tel: 021-327 2339 

Derby 41235 

LOW PROFILE 
KEYBOARD SWITCHES 

;=:::::1 f 

CR : 
I 

- q 
GOLD PLATED. FIVE MILLION OPERATIONS 

~cg~ufi: Iii! 'I!I!Di 

POTENTIOMETERS CONNECTORS MULTI METERS 

Full details on all these items and more in our 

NEW TRADE CATALOGUE. OUT NOW!! 
:a:arrison Bros. 

Electronic Distributors 

22 Milton Road, Westcliff-on-Sea, Essex. SSO 7JX 
Tel: South end (0702) 32338 
WW - 053 FOR FURTHER DETAILS 

WIRELESS WORLD APRIL ,982 

Unit price inc. P&P 15% VAT £193.20 I 
I 

I enclose cheque/P.O. for£ __________ or debit my Barclaycard/Accessl I 
American Express card no. exp. date I 
FOR IMMEDIATE ACTION -The G.S.C. 24 hour, 5 day a week service. tor FREE 
Telephone (0799) 21'682 and give us your Barclaycard, Access, American catalogue ow 
Express number and your order will be in the post immediately. tick box --- -- - -·- - - --- ---·-
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When your 
Two Way Radio 
supplier is 
acting like 
a monkey, 
the complete 
Zycomm range 
will put him in 
the background 
ZYCOMM ELECTRONICS LIMITED 
47/51 Pentrich Road,. Ripley, Derby DE5 3DS 
Tel: Ripley (0773) 44281 Telex: 377477 Agencies available throughout the UK and the World 

Ww- 078FORFURTHERDETAILS 

NEW PRODUCTS 
I.B.S. now manufacture Industrial quality S100 products in Scotland. 
I.B.S. 1903 and 1906. S100 19" Sub Rack System. . . . . . 
These racks were designed originally to the exacting spec1f1cat1on of the Electnc1ty 
Generating Board for use on nuclear power stations. . . 
1903 is a 3U high card cage and 8-amp power supply and wll~ take 6 S100 cards. 
1906 is a 6U high card cage and 16-amp power supply and Will take 12 SHill cards. * IEC mains connector, filter, fuse and tap change switch on rear panel. * Key operated ON/OFF/RESET for maximum security. * Heavy duty painted front panel. * Carrying handles. * Supplied assembled complete with Power supply, IEEE (696) motherboard, card 
guides. and cooling fans. 

::::~: ~:::::::::::: : :::::: : :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: : :::::::::::::::::::::::::::::::::::::::::::::g::~ 
6-slot Card cage, card guides, mother board and fan ...................................................... .£119.00 
12-slot Card cage, card guides, mother board and fans ...................................... : ............ £249.00 
I.B.S. &4K CMOS Static RAM/PROM Board for SUIO. 
This is a superior quality RanyProm board for the industrial us~. the board will accept 
either H6116-3 (2K x 8) Ram ch1ps or 2716 EProms 1n any combmatlon. * S100 IEEE (696) Compatible. i * Will run at 6Mhz witli standard Rams. * 24 Bit Addressing. * Wait state generation for Proms. * Can be used with any CPU. * Phantomable. * Prom/Ram selectable on 2K boundary. · .. * Prom/Ram can be disabled to suit popular memory mapped dev1ces. * Lowpower. 

PRICESBARE BOARD Assembled/ 16K 32K 48K 56K 64K 
tested £65.00 £J 79.00 £239.00 £299.00 £329.00 £359.00 

Educational and industrial discounts available. 

SOFTWARE SALE (whilst stocks last). 
Microsoft Basic 80 
Microsoft Basic Compiler 
Introductory offer 
MicroPro CALC STAR 

WAS £175 
WAS£180 

WAS£175 

NOW ...................... £149.00 
NOW ...................... £159.00 

NOW ..................... .£149.00 

* Visit our stand at the Thames Valley Business Show, on 23/24/25th March '82 

:: ~~~n~u~c~:~\entre * Slough 

The above prices exclude VAT at 15% 

IRVINE BUSINESS SYSTEMS LTD. 
P.O.BOX5 
10 NORTH VENNEL 
BOURTREEHILL 
IRVINE 
AYRSHIRE KA111NE 

TEL. 0294218888 
Telex 777582 
Mark: attn.IBS 

i 
Build yourself this professional 
specification bench power unit. 
You will have a development tool 
as good as units sold to research 
laboratories and industry at more 
than twice the price. 
The Kit comes complete with 
pre-punched, painted and 
silk-screened steel case. full 

· assembly and setting-up 
instructions and every item 
necessary to complete the unit 
as shown. 

Allow 14 days delivery 
Send cheque or Postal Order to: 

GRENSON ELECTRONICS LIMITED 
High March Ad~ Daventry, Northants, 
NN11 4HQ. Telephone: 03272 5521 

WW - 071 FOR FURTHER DETAILS 
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· CROTECH 3035 
10 MHZ Scope 
Plus Component 
Tester 
5" - 130mm Flat Face 

~~~~~=====~~Tube DC- 10 MHZ 
5mV/OIV 220/240V AC Trig. to 20 MHZ 

As advertised by us at £1 89.75 inc. VAT 

~· £168.50 lnc.VAT 
(UK c/p £3.50) Exclusive to Audio Electronics 

SABTRONICS EQUIPMENT NEW LOW PRICES!! 
New reliable range of DMM's and FUNCTION GENERATOR (UK c/p £1JQ 
frequency computers with those with mains adaptor 
extra facilities and competitive 5020A 1HZ-200KHZ Sine/Square/ 
prices. All battery operated Triangle/TIC Freq. sweep. Low 
(supplied). Except 5020A mains. . distortion £90.00 
Optional mains eliminators available. DIGITAL MULTIMETERS Two LCD 
8 DIGIT COUlTERS 0.1 HZ to 10HZ Res. hand held -one with temperature 
10mV sensitivity to 100 MHZ range. Also LCD and LED Bench 

(UK c/p £1.00) models. 0.1% basic accuracy. 
8110A 20 HZ-100 MHZ in 2 ranq_es 2035A 3% digit LCD hand 2A AC/DC 

· t:77.00 20Meg ohm ETC £71.00 
11110A 20 HZ-600 MHZ in 3 rang_~_ 2037A As 2035A with -50°C to 

1:94.00 •150"C Temp. range 0.1•c 
g DIGIT COUNTERS 30mV sensitivity resolution £77.00 
to 1GHZ. Resolution 0.1 HZ-10HZ 2010A 3¥1 Digit LED. Auto decimal & 
111108 10 HZ-600 MHZ in 3 ranges minus. 10A ACIOC. 20Meg ohm etc. 

£113.85 £81.50 
800011 10 HZ-1GHZ in 3 ranges THP 20 Touch and Hold optional 

£178.00 probe for DMM's £14.95 
2015A LCD version of above £9~ 
(c.p 2035137A 65p: All others £1.00) 

RF AND AUDIO $1&NAL &EN ERA T~RS Mains operated 
(UK ctp £1.00) Audle 20 HZ-200 KHZ4 band. Sme/Square o/p 
TE22D Distortion max 1% £69.95 
LAG28 Distortion 0.5-1% leader 
LAG120A 5 range 10 HZ-1 MHZ. Size/sq. O.OMJ.B% DIS 
LA8125low distortion version of LAG120A 0.02% 
A8202A Distortion 0.5-1% Trio 
AG20310HZ-1 MHZ 5 band max distortion 0.1% Trio 
RF All feature lnt/fxt. MOD: Variable output 
TE200 100 KHZ-100 MHZ 6 band (300 MHZ harmonics) 
LSG18100 KHZ-100 MHZ 6 band (300 MHZ harmonics) Leader 
88402100 KHZ-30 MHZ 6 band professional trio 

£, 
~ 

- . -

r!!jj 

-

HAMEG OSCILLOSCOPES 
Range of top quality scopes for Amateur and 
Professional (UK c/p ·~7' £3.00. other £4.00) 
3117 Single trace 10 MHZ. 5mV: 0.5 micro sec. Plus built in 
component tester 6 x 7cm display £158.70 
(Optional carry case £18.40) 
203 Dual20 MHZ: Trig to 30 MHZ SmV: 0.5 micro sees. 
8 x 10cm display (replace model 312) £253.00 
412-5 Dual20 MHZ delayed sweep: trig to 40 MHZ: SmV 
0.1 micro sec 8 x 10cm display. £402.50 
705 Dual70 MHZ. Delayed sweep: Single sweep: Delay 
line : Trig to 70 MHZ: 2mV: 0.1 micro sec. 8 x 10cm display 

. £667.00 
Options 203/4121705 Viewing hood £6.90 
Component tester 203, 412, 765 £29.951 
Carry case (state model) £21.85 
OpUnl Pnbll (All models) X1 £7.95: X10 £9.45 · 
X1-X10 £10.50: X100 £16.95 
HZ65 Add on component tester- Any Scope £29.95 

VARIABLE AID FIXED 
POWER SUPPLIES 

• 

(UKctp£1.00any model). 

SPECIAL PURCHASE 
~ IZ0513.8v5to7amp £1Z.95 

THURLBY DIGITAL 
MULTIMETER MODEL 1503 

•PP241 0/12-12-24V0/1 amp £35.00 
•p_ P243 0/12-12/24V 013 amp £59.95 
•RPI54 5-15V 0/3 amp £49.95 
•meter display 

AMATEUR/CB SPECIAL CB ACCESSORY 
4:Y4 Digit. 0.05% 7 Function . · TESTING-Full lists~ SAE PURCHASES (Post 55p) 

KDM11:5to250 MHZ6range CB20 SWR/Power twin meter 
DIP meter . £47.95 to 30 MHZ. 1 Kw £11,~~ 
HM20 20KIVOL T mult1range . . 

PRO~~ONALlCO 
MULnMETERS r· " '•L-~........, 

30 ranges: 1200V OC, 750V AC, lOA AC/DC, 32 Meg 
ohm. Also includes frequency measurement to 4 
MHZ and 4KHZ output 

multimeter. Plus SWR/Power _175 SWRI_F_Iel.d strength/aenal 
• meter 150 MHZ £28.95 matcher smg_le meter £11.95 

RC10000/10/100/1000 watts. 171 Twin meter SWR/Field 
SWRetc.150MHZmax. £52.50 strength0/10/100w 
M.-A 10 ch. Pocket 2 metre Power 144 MHz £11.95i 
scanner £!'9.00 IZ05G 13 Bv 5to ?amp 

~~~~~~~-~~·~~; M.aM Marine band verst on regulated power supply 
Ill II £89.00 (post£100) £12.95 

1<::'-1~1~1 UH74SWROttow Power. 
A A A 01501144/430 MHZ tester. Just a selection of a huge range 

· •-.......... • . . £21.00 in stock -send for latest lists 
FCtmi12V tl:XlMRZ"Freq. __ 

95 
including professional ranges. 

Counter £68. 

·~ '-7 : 
(UK c/p £1.50) 
All featuring AC/DC · 
Volts/Current & Ohms ranges. 

M1511043 range 20K/Volt: AC/DC lOA £67.50 
M1200 30 range 1001</Volt: AC/DC 15A 200 Meg ~~W:oo 

Kl400 26 ranae Iaroe scale 20K!Volt: 10A AC/DC£
95 00 20 Meg 9hm: 5kV AC/DC · 

K211039 range 10 Meg ohm input. 25HZ-I MHZ £105.00 
OPTIONS Cases: M 1500 & 1200 £16.5a K1400 £19.00 
Temperature Probe for K1400 £16.00 

Made to exacting standards in the UK. 
Price is with batteries, test leads and mains 
adaptor 

(optional carry case £20.45) 

DIRECT READ 
HV PROBE(uKc/p 65p) 

'Ot40KV: 20K Volt £18.40 

£171.00 
UK c/p £1.00 . 

LO&IC PROBES/MONITORS/PULSERS circuit 
powered (UK c/p 60p) _ . 
lPI DTLITILICMOS. 10 MHZ: Pulse: Memory £35.50 

· LP2 DTLITIL/CMOS. 1.5 MHZ: Pulse: £19.95 
LP3 DTLITIL/CMOS. 50 MHZ: Pulse: Memory £$5.95 
LMI Logic monitor fo~ 8 to 16 pin IC's £33.00 
DPI Digital pulser. Single or 100pps. £58.50 
LDP071 50 MHZ: 10Meg ohm: Logic Probe, with case £56.90 

WW- 016FORFURTHERDETAILS 
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ACOUSTIC & VIBRATION 
BRUEL & KJAER 
1621 Tunable Band Pass Filter 
2113 Audio Frequency Spectrometer 
2203 Sound Level Meter 
2215 Sound Level Meter inc. ·oct. Filter 
2218 Sound Level Meter inc. Leq. 
2305B Level Recorder inc. 50 dB pot. 
2625 Vibration pick-up amplifier 
2808 Power Supply/Mains Adapter 
2972 Tape Signal Gate 
4230 Sound Level Calibrator 
4423 Noise Dosemeter 
4424 Noise Dosemeter 

CASTLE ACOU3TICS 
CS181 Sound Level Meter & Calibrator 

C.E.L 
112 Environmental Noise Analyser 
144 Environmental Noise Analyser 

DAWE 
419C Audio White Noise Generator 
1461 CV Vibration Analyser 
1463B Y, Octave Filter 
1465 Octave Band Filter 

KISTLER 
504A Charge Amplifier 

WAYNE KERR 

Prices I 

fro] 
1400 
450 

1050 
1475 
1350 ' 
350 
90 

200 
95 

350 
375 

! 
295 

I 
300 
500 

190 
350 
200 
150 

200 

B731 B Vibration Meter inc. probe 270 

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

CINTEL I 
2773 Inductance Bridge 

HEWLETT PACKARD 
4261A Digital Automatic LC!'I Bridge 
4342 QLC Meter 22 KHz-70 MHz 

MARCONI 
TF868A Universal LCR Bridge 

MUIRHEAD 
D30A DC Bridge0.15% 

PHILIPS 
PM6302 RCL Bridge - direct reading 

WAYNE KERR 
B224 RCL Bridge0.1% 
B521 LCR Bridge 
B801 /CU681 /0801 /SR268 VHF 
Admittance Bridge with source and 
detector transistor adapter & D.C. Control 
Unit for transistor measurements 

COMMS & CABLE TEST 
EQUIPMENT 

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

HEWLETi PACKARD 

16q 

97~ 
1600 

I 

::l 
~j 

J 
I 

I 
80 

245 

3556A Psophometer 20Hz-20KHz 250 

MARCONI 
TF2809 Data Li!le Analyser 600 

NORTHEAST I;LECTRONICS 
TI537B Psophometer/VU Mett!r 200 

SEIMENS 
U2033 Psophmeter 475 

Carston 
Electronics Ltd 
01-267 ·5311 
Shirley House, 27 Camden Road, 
London NW19NR. 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 
CENTRONICS 
702 matrix printer 

TEKTRONIX 
4610-1_ Hard copy printer for4010 series 
computer display terminals 

Prices 
from£ 

600 
300 
300 

2000 
175 
500 
200 
800 
900 

2950 

500 

1800 

Prices 
from£ 

DIGITAL TESTING EQUIPMENT 
HEWLETT PACKARD 
1600A Logic Analyser 16 ch 20 MHz 1400 
1600S Logic Analyser 32 ch 20 MHz 2250 
1602A Logic Analyser 16 ch 10 MHz · 900 
1607 Logic Analyser 16 ch 20 MHz 950 

TEKTRONIX 
832 Datacom Tester R5232/V24 1150 
833 As 832 plus BERT I BLEAT feature 1300 
7DOIF/DFI Logic Analyser/Formatter 
16 ch 50 MHz P/in 2650 
7603/7DOIF/DFI As above with display 
mainframe 3600 

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

DATALAB 
DL019 Mains-Interface for DL905 300 

PHILIPS PM2454B 
£180 

A. C. Analogue millivoltmeter. 
Frequency range 10Hz- 12 MHz. 

12 ranges 1 mV-300V F.S.D. 
Voltage and dB scale provided. 

D.C. output proportional to 
meter reading. 

COUNTERS & TIMERS 
FLUKE 
1910A-1125MHz7digitCntr. AC/Batt 
1912 520 MHz.7 digit Counter 
1912A01 As 1912A but inc. re-charging 
batteries 
1920A 520 MHz 9 digit Counter inc. Brst. 
mode 
1920A 141250 MHz otherwise as 1920A 

HEWLETT PACKARD 
5243L20 MHz8 Digit Counter 
5245L 50 MHz 8 Digit Counter 
5300A/5304A 10 MHz 6 Digit Counter 
Timer 
5300A/5305B 1300 MHz 6 Digit Counter 
5345 500 MHz 11 Digit Counter Timer 

MARCONI 
TF 2432 560 MHz 8 digit Counter 

RACAL-DANA 
37118 GHz 11 digit Counter with Source 
Locking facility 
8110 50 MHz 8 Digit Counter Timer 
9024 600 MHz 7Yz digit Counter 
9025 1 GHz 8 digit Counter 
9520 10 MHz 4 D.igit 
9905 200 MHz 8 digit Counter Timer 

SYSTRON DONNER 
6053 3 GHz9 digit Counter BCD 0/P 
51039 Strip Printer for 6053/6054 

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

300 
375 

430 

575 
750 

150 
200 

250 
425 

. 2000 

350 

4950 
320 
220 
450 

95 
360 

790 
375 

180 

DRANETZ 
606 3ch Volts A~/ Spike/Time/ Printer 2950 
616 2ch AC 1ch DC Volts/ Av/Spike/ 
Time/Printer . 3300 

GAY 
LDM AC/DC/Spike/Time inc. Printer 1250 

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

BRADLEY 
192 Oscilloscope Calibrator 825 

COMARf< 
1601BLSThermom10ch87 + 1000°CtypeK 50 
N. B. Thermocouples not included 

CROW CON 
71 P Inflammable Gas Detector/ Alarm 126 

DATA LAB 
DL905 Digital Transient Recorder/Display 
Storage 1050 

FLANN 
16/11 RotaryVaneAttenuatorWG16 250 

HEWLETT PACKARD 
342A Noise Figure Meter 500 
X382A Rotary Vane Attenuator WG16 175 

MULTIMETRICS 
AF120 Dual H/Pass L7Pass active 
filter 20Hz- 2 MHz 600 

PHILIPS 
PM 5501 Colour TV Pattern Generator 199 

PM 6455 Stereo FM Generator 
PM 6456 Stereo FM Generator 

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

ROHDE & SCHWARZ 
BN252 Transistor Y Parameter Test Set 

S.T.C. 
74600J Attenuator 0-9 dB 50!2 in 1 dB 
steps 
74616A Attenuator 0-100 dB 600Q in 0.1 dB 
steps 

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

YELLOW SPRINGS 
YS 157 Water Pollution Measurement 
System 

NETWORK ANALYSERS/ 
PHASE METERS 

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

HEWLETT PACKARD 
8405A Vector Voltmeter 1-1000 M Hz 
8414A Polar Display for8410 N.W.A . 
8745P.. S Parameter Test Set 0.1-2 GHz 
11570A Accessory Kit for 8405A 
11600A Transistor Test Fixtures 
T018'/T0-72 . 
11602A Transistor Test Fixtures 
T05/T0-12 
11604A Universal extension arm for 8745A 
11605A Flexible arm for 8743A 

OSCILLOSCOPES & 
ACCESSORIES 

CROTECH 
I New CROTECH Oscilloscopes! 
3030 15 MHz 1 Trace 5mV built-in 
component tester 
303315 MHz 1 Trace 5mV battery operation 
303415 MHz 2 Trace 5mV battery operation 
303510 MHz 1 Trace 5mV built-in 
component tester 
313115 MHz 2 Trace 5mV built-in 
component tester 
3337 30 MHz 2 Trace 5mV with signal delay 

GOULD ADVANCE 
OS1000B 20 MHz 5mV 2 Trace 
OS3000A 40 MHz 5mV 2 Trace 2T base 

HEWLETT PACKARD 
182C 100 MHz Mainframe . 
182T 100 MHz Mainframe with digital 
normaliser interface 
1ao4A 50 MHz 20mV 4 Trace Plug-in 
1825A Dual Timebase Plug-in 
1805A 100 MHz 5mV 2 Trace Plug-in 

PHILIPS 
PM320715 MHz5mV2Trace TV trig 
PM321115MHz2mV2TraceTVtrig 
PM3212 25 MHz 2mV 2 Trace TV trig 
PM323310 MHz2mV 2Ch fixed delay Dual 
Beam 
PM3244 50 MHz 5mV 4 Trace 2T base 
PM3260 120 M Hz 5mV 2 Trace 2T base 
PM3262100 MHz 5mV 2 Trace 2T base 
TrView 

TEKTRONIX 
465100 MHz 5mV 2 Trace 2T base 
465B 100 MHz 5mV 2 Trace 2TB, inc Probes 
475 200 MHz 2mY 2 Trace 2T base 
475A 250 MHz 2mV 2 Trace 2T base 
485 350 MHz 5mV 2 Trace 2T base 
5B422 T/base plug-in 50 MHz Trig for 5000 
series Mainframe 
00501 Digital Events Delay - P lin for 
TM500 series 
661 /4S3/5T1A 1 GHz Sampling scope 
7A12105 MHz 5mV 2 Trace Plug-in 
7 A 18 75 MHz 5mV 2 Trace Plug-in 
7A19 500 MHz 10mV 1 Trace Plug-in 
7A22 1 MHz lOf'V Differential Plug-in 
7 A24 350 MHz 5mV 2 Trace Plug-in 
7A26200 MHz 5mV2Trace Plug-in 
7B53A 2 Timebase Plug-in 100 MHz Trig 
7880 Single Timebase 400 MHz Trig 
7B85 Timebase with delay 400 MHz Trig 
7403N 75 MHz 3 slot M/Frame 
7603 100 MHz CRT r/out 3 slot M/Frame 
7704A 200 MHz CRT r/out4slot M/Frame 
P6013A X1000 12KV Probe 

TELEOU I PMENT 
D63/V1/V115 MHz2 Trace 1mV 

All items have a 12 month guarantee unless otherwise stated. 

Prices 
from£ 

440 

650 

750 
295 
135 

280 
P.O.A. 

OSCILLOSCOPES (STORAGE) 
EWLETT PACKARD 

181A 100 MHz Mainframe 5cm/f<S 2500 
1703A35 MHz 10mV 2 Tr2TB 1000 Div/ms 1400 

TEKTRONIX 
466100 MHz 5mV 2 Tr2TB 1350cm/f<S 2950 
T91210 MHz 2mV 2 Tr 1TB 250cm/ms 895 
7313 25 MHz 3 slot M/frame split screen 
5cm/f<S 1700 
7613100 MHz3 slot M/frame 4.5cm/f'S 2700 
7834 400 MHz 4 slot M/frame 2500 em/ f'S 5300 

825 

430 

160 
160 
550 
550 
250 

220 

135 
475 

800 

&00 

450 

110 
225 
80 

420 
80 

'190 
85 

320 

.575 
450 

75 

495 

650 

290 

190 

475 

8016A Digital word generator to 50 MHz 

Prices 
from£ 

9 X 32 bit 340() 

LYONS 
PG73N 20 MHz 10V 50Q R.T. 5ns 390 

RECORDERS & ACCESSORIES . 
BRYANS SOUTHERN 
BS314 Chart.10" 4 Pen 16 speed 1900 
BS316 Chart 10" 6 Pen 16 speed 2500 

DCM 
8100W Wow & Flutter Analyser 800 

EM 
LVOT Linear Displacement & Transduc'er 50 

FYU)E 
154 Bridge supply and Amplifier 110 

HEWLETT PACKARD 
7015A XV 1 pen A4 size 700 
7046A XV 2 pen A3 size 995 

HONEYWELL 
56008 Instrumentation tape recorder 14 ch 
FM/DR ~ 

MICRO-MOVEMENTS 
M10-120/ A Compact UV 10 ch 7 speed 
recorder line. galvas) 1900 · 

PHILIPS 
PM8041 XY 1 pen A4 size 750 
PM8251 Chart 10" 1 pen 12 speed 375 

SELABS 
994 6 ch galvo preamp + DC bridge supply 460 
3006 UV chart 6" 6 ch 370 
6008 UV chart 8" 25 ch 16 speed 950 
6150/51 UV recorder 12 ch-ine 6 champs 1000 

SMITHS 
RE541 ChartS" 1 pen 8 speed 250 
RE501/4701 Cht4" + XY 1ch 10 spd 
AC Batt 200 

SOLAR'TRON 
3240 Modular Data Logger system P.O.A. 

RANK 
1740 Wow & Flutter meter 85 
Note: UV recorders are priced less galvas 

SIGNAL ANALYSIS 
EQUIPMENT 

AIRMEC 
210 AM/FM Mod Meter2.25 MHz-
300M~ m 
248A Wave Analyser 5-300 MHz 200 
853 Wave Analyser 30 KHz-30 MHz 200 

MARCONI 
TF791D FM Mod meter 170 
TF2304 Mod meter AM/FM 475 
TF2330 Wave Analyser 20Hz-50 KHz 475 
TF2330A Wave Analyser 20Hz-76KHz 900 
TF2331A DistOI\ion meter no 
RADFORD 
DM52 Distortion meter 20 Hz-20 KHz 200 

SOUND TECHNOLOGY 
1700A Distortion Meter 10 Hz-100 KHz inc. 
oscillator 800 
WAYNE KERR 
A321 Wave Analyser 20 Hz-20 KHz 180 
Nate: see also "Spectrum Analysers" 

SIGNAUFUNCTION/ + SWEEP 
GENERATORS . 

GENERAL RADIO 
1362 Generator 220-920 MHz 375 

GOULD 
J3B Generator 10 Hz-10 MHz 0/P level 
meter & Attn. 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 150 
2040 Oscillator 5 Hi-1.2 MHz inc. BOdS 
attenuator 175 
608E Generator 10-480 MHz AM/Pulse 400 

8601A Gen/Sweeper 0.1-110 MHz Attn . 
AM/FM 
8614A Generator 800-2400 MHz 
AM/FM/Pulse 

Prices 
from£ 

7603/7L 18 System with display 1.5-18 GHz 
1950 (60 GHz with external mixers! 

2800 
8660C/86632A/86603A Synthesised Signal 
Generator 1-2600 MHz AM/FM digital 
readout, push button controls, BCD 
programmable 15000 

VOLT/MULTI-METER 
(ANALOGUE) 

BOONTON 
92C AC/RF 10 KHz-1 .2 GHZ YzmV-3V 

HEWLETT PACKARD 8640B Generator 500 KHz-512 MHz 
AM/FM Phase Lock 
6188 Generator 3.8-7.5 GHz 
612 Generator 450-1230 MHz 
614 Generator 0.8-2.1 GHz 

IEC 
F51-A 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 
TF801 D Generator 10 MHz-470 MHz AM 
TF955/2 Generator 0.2-220 MHz AM/f'M 
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 96-140 MHz FM only 
TF2012 Generator 400-520 MHz FM 
TF2015Generator 10-520 MHz AM/FM 
TF2015/ 1 Generator as 2015 with narrow 
FM deviation 
TF2015/2171 Generator system with phase 
lock synchroniser 
TF2015-1 /2171 Generator system with 
phase lock synchroniser 
TF2171 Synchroniser for 2015 

PHILIPS 
PM5108L Function 0.1 Hz-1 MHz 
Sln/Sq/Tri 0/P meter- 50 and 600!2 
PM5127 Function 0.1 Hz-1 MHz Sin/Sq/ 
Tri/Rmp 
PM5129 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 
2003Sweepersystem0.1-130 MHzwith 
Attn. 

TEXSCAN 
' 9900 Sweeper 10-300 MHz 6/in CRT disp 

VS60 Sweeper 5-1000 MH<: 

WAVETEK 
143 Function0.0001 Hz-20 MHz 
Sin/Sq/Tri/Pulse 

SPECTRUM ANALYSERS 
HEWLETT PACKARD 
141T /8552B/8553B 1 KHz-110 MHz 
system 
141T/8552B/85548 100 KHz-1250 MHz 
system 
141T/8552B/8555A 10 MHz-18 GHz 
system 
3580A 5Hz-50 KHz with digi store disp 
8445A Pre-selectorO.Ol-18 GHz 
85588 0.1 -1500 MHz Plug-in for 180 series 

MARCONI 
TF2370 30 Hz-110 MHz Digi-store display 
built-in counter and tracking gen 

TEKTRONIX 
7L 131 KHz-1800 MHz Plug-in for7000 . 
series M/Frame 
7L 181.5-18 GHz Plug-in for7000 series . 
High resolution. Digital storage display. 
Built-in pre-selector 
7603/7L 13 System with display 0.1-1800 
MHz 
7613/7L13 System with storage/var. 
persist. display 

4500 
975 
750 
825 

400E 10 Hz-10 MHz 1mV-300V DC OIP 
400H 10 Hz-4·MHz 1mV-300V 
411A0.5-500 MHz 10mV-10V DC 0/P 
427 AC/DC/V/Q 
3400TRMS 10 Hz-10 MHz 1mV-300V 
DC-0/P 

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

M. L. ENGINEERING 
80 

NAMV - DC sensitive 11 Volt/ nAmp meter 
centre zero 

550 
180 
670 
690 

750 

MARCONI 
TF2600 10Hz~ 10 MHz 1mV-300V AC +DC 
0/P 
TF2603 50 KHz-1.5 GHz 300f'V-3V 
TF260420 Hz-1.5 GHz300mV-300V 

PHILIPS 
PM2404 Analogue Multimeter 

550 AC/DC/V/1/!l 

550 RACAL-DANA 
550 9301 RMS 10 KHz-1.5GHz 1001'V-300V 

1150 VIBRON/E.I.L. 

1350 

1900 

33B-21mV-1V Electrometer 

VOLT/MULTI-METER (DIGITAU 
BOONTON 

1950 
92AO 1999FSD 10 KHz-1.2 GHz 10f'V res 

1050 FARNELL 

425 

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

FLUKE 
450 8010A 2000 FSD TAMS AC/DC/VIQ 

645 

250 

750 

525 
890 

695 

7100 

9050 

10700 
2950 
2400 
4450 

7500 

noo 

10100 

8900 

9900 

8010A01 As 801 OA + re-charging batteries 
B020A 2000 FSD Handheld • 
AC/DC/VI!l + cond. 
8022A2000 FSD Handheld AC/DC/VIQ 
8030A-1 2000 FSD AC/DC/VI!l Batt + AC 
8050A 20000 FSD AC/DC/VIQ dB TAMS 
8050A-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 
8800A 200000 FS D AC I DC /V!l 

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

HEWLETT PACKARD 
3490A 100000FSD AC/DC/V/Q 

SOLARTRON 
A200 19999FSD DC only 1f'V-1 KV 
A203 19999FSD AC/ DC IV /Q 
A20519999FSD TAMS AC/DC/V/Q 

LOW COST CORNER 
Items in this box have 30 day 

guarantee only. 

M.L. ENGINEERING NAMV 
D.C. Sensitive nAmp/11Volt meter-
centre zero 

TEKTRONIX 
547 I 1 A4 50 M Hz Dual Trace Dual Timebase 
4 channel oscilloscope 

JEKTRONIX 
575 Transistor Curve Tracer 

TAYLOR 
62A AM/FM Signal Generator4-120 MHz 

WW - 035 FOR FURTHER DETAILS 

II details and specification of equipment listed, available. Because of long copy dates this list is not comprehensive__: ring for inventory 
Pdate or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.30 am -5.00 pm (lunch, l-2 pm). Prices exclude delivery and VAT. 

take Access or Visa. · 

rston Electronics Ltd 
01·267 5311 
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.MICROPROCESSOR
CONTROLLED I. LIGHTING 
· 1 . SVST~M . 

Stage and theatre lighting cpntrol is a co_mplex task- yet a task easily handled by a. 
microprocessor. As even the s1mplest of m1croproce~sors can be programmed to ~rov1de 
and accept data for controlling a lighting system, th1ese articles ~on. c_entrate on ustng an 
exi~ting microprocessor board t_o proce~s and state _complex l1ght1ng p~tterns se.t by 
conventional faders, and cover 1nterfactng from digital data, to human 1nput, to ltght · 

dimmers. Software for the 8085A processor used in fhe prototype will be discussed in the 
: third and final artijle. 

This system is designed to siniplify the 
control of complex lighting patterns as 
used in theatres and studios or at pop 
concerts. The prototype described in these 
articles made use of a commercially avail
able 8085A processor board to control up 
to 256 lighting channels with 8-bit accur-, 
acy phase control. Here, we discuss the 
system;s hardware and its ability to linear
ize the relationship between lamp bright
ness and fader position. 

Background 
Before the introduction of high-power 
semiconductors the brightness of lamps in 
lighting systems was controlled by variable 
resistors or inductors. The cost and size of 
such inefficient power-control methods 
meant that systems were kept small and 
were usually difficult to operate. With 
high-power thyristors, it was possible to 
construct very compact di~ers which 
could be controlled remotely. Initially, this 
improved power control was used to copy 
the previous systems; however, the com
pact nature of the dimmers meant that 
much larger lighting systems could now be 
built and controlled. At present, "port
able" lighting systems with 80 separate out
put ~hannels are in common use for pop
group concerts and even larger systems are 
employed in tv studios and theatres. 

All lighting-control systems may be split 
into two separate sections - the power
control section (the dimmers) and the 
control desk, which is used to control the 
dimmers. These are usually remote from 
each other, being connected by multi-core 
cable. Although the size· of lighting 
systems has increased over the years, the 
control facilities available have remained 
rudimentary. A small number of digitally 
controlled desks are commercially avail
able, though these are expensive and tend 
to be used in large, fiXed-installations. 

The most common type of circuit used 
in an analogue control desk is outlined in 
Fig. 1. Each row of channel faders 
(presets) is voltage driven by a master 
fader (master preset). Outputs from each 
preset for a given channel are then gated 
. together through diodes; thus the final 
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106V 

Channels I ~. ~ Master fader 

Fig. 1. This type of matrix is ofte'7 used in analogue lighting-control desks. In this way, 
lighting patterns stored at prese~ fader positions can 'be recalled using the master frders. 

i I 
I I 

! 

Matrix board Master 
faders 

Fig. 2. Using this type of matrix, with plug-in diodes, s grest number of lighting patterns csn 
be stored cheaply but the ability to vary lsmp brightness continuously is lost. 

WIRELESS WORLD APRIL 1982 

output from the control desk is the largest 
preset voltage for each channel. In this 
way, each master preset can be used to 
recall a stored lighting pattern (i.e. stored 
in a row of presets). Because of the cost of 
faders, the number of master presets is 
usually fairly small. For pop-group 
concerts and certain stage applications, the 
ability to control continuously the bright
ness of each light is forfeited to allow the 
storage of a greater number of lighting 
patterns. The patterns are created and 
stored by positioning pins, containing 
diodes, in interchangeable matrix boards, 
as indicated in Fig. 2. 

As the dimmers will use different mains 
phases (total power requirements may ex
ceed 500kW for a large system), a standard 
interfaee format between the control desk 
and dimmers is necessary. A direct voltage 
of 0-IOV has become the convention in 
most lighting systems, OV corresponding 
to the lamps being off, and IOV to full 
brightness. Figure 3 shows the schematic 
lay-out of a typical dimmer module. The 
d.c. control voltage is compared with a 
ramp synchronized with the line fre
quency, hence phase-control of the load is 
possible. 

Before considering the output hardware, 
one other question that needs answering; 
how many control bits are required to give 
apparently stepless light output variations? 
For a very wide range of lighting condi
tions, . it was found that seven bits were 
sufficient for "stepless" light control. 
Since the microprocessor is an 8-bit device 
and most of the integrated circuits used to 
construct the system are 4-bit devices, it 
was decided to use 8-bit codes throughout. 
This also provides some immunity to the 
effects of truncation errors in the output 
code from software calculations. 

R 

8 

Data bus Address bus 

WIRELESS WORLD APRIL 1982 

Circuit description , 
Because of the large number of output 
channels each dimmer unit must be kept 
simple and economical. Also, since one 
may wish to increase the number of output 
channels in the future, a modular design is 
advantageous. The overall outptlt-control 
layout is shown in Fig. 5. Each dimmer 
module is enabled so as to accept data from 
the microprocessor data bus by a 2-bit 
code derived from the 8 low-order bits of 
the address bus. Hence up to 256 dimmer 
modules can be given a unique address. 
Conventional output ports could have been 
used to enable data transfer to each dim
mer module; However, the 8085A proces
sor instruction set contains only one out
put-port instruction (OUT port) and this 
can only be used in a direct-addressing 
mode, i.e., the second byte of the instruc
tion must contain the port address. The 
restriction of direct addressing makes this 
method unsuitable for use in a lighting
control desk because of the large number 
of outputs required. The solution is to 
employ mapped-memory output, which 
uses a section of "memory locations" for 

B 

10V 
Control 

in 

l_oad 

Fig. 3. Outline of a typical circuit. A d. c. 
control voltage is compared with a ramp 
synchronized with the line frequency, 
making phase control at the load possible. 
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Fig. 4. Measured luminous intensity, as a 
function of conduction angle, for a 1000W 
lamp (see text). 

w 

Line 
frequency. 

Fig. 5. Outline of the system's dimmer control sections . 
Control 
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Dimmer enable 

Fig. 6. Address decoding and dimmer enable module. 

• 
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output. This arrangement allows any in
structions which write to memory to be 
used as output instructions, giving consid
erable advantages in the software as indi
rect addressing is permitted. A small 
amount of extra hardware is, however, 
required to decode the address lines to 
enable the outputs. 

The digital equivalent to the linear
voltage ramp in an analogue dimmer is an 
8-bit binary code counting from 0 to 255 in 
each line half-cycle. The 8-bit synchronous 
counter is clocked by 51.2 kHz signal de
rived by multiplying the line frequency. 
The counter is reset every line half-cycle 
by a zero-crossing detector. 

Each dimmer module compares the 
latched 8-bit code from the control desk to 
the 8-bit code from the counter. When the 
counter output is greater than the control
desk code, a 51.2 kHz signal is applied to 
gate the thyristors, hence accurate phase 

· control of the lamps is possible. 
The complete lighting system will con

tain one address-decoding and dimmer
enable module, one .frequency-multiplier 
module, three counter and reset modules 
(one for each phase used), and one dimmer 
module per output channel. 

Address decoding and dimmer 
enable module 
The eight high-order bits of the address 
bus are compared with a bit pattern set by 
8 wire-links to determine the location of 
the 256 output addresses in the memory 
map. J:wo cascaded 7485 4-bit magnitude 
comparators, see Fig. 6, generate a high
level signal when both ~ts are equal. 
This signal, the M/10 and W/R 
control signals and the system enable sig
nal, E, enter a NAND gate to give a. 
signal which is high when valid output 

WIRElESS WORLb APRIL 1982 . 

data is present on the data bus. The 808SA 
processor system employed in the proto
type design was a Quarndon Electronics 

·Ltd. QMS 85 8085 development system, 
which produces an overall system-enable 
strobe. E will be low whenever the 
WR, RD or INT A of the 8085A is low. 
·For "write" cycles, the data bus is stable 
while Eis active. · 

The valid-data signal is used to strobe 
the G1 and G2 inputs of two 74154 4-to-16-
line demultiplexers connected to the eight 
low-order bits of the address bus. Two 
dimmer enable signals, El and E2, from 
the 32 outputs of the demultiplexers, give 
2S6 unique addresses for the dimmer 
modules. 

Frequency multiplier module 
A 51.2kHz clock signal for the 8-bit coun
ters, shown in Fig. 7, is obtained by 
multiplying the line frequency by 1024. 
The phase-locked loop (NE565) has a feed
back divider chain consisting of five 7474 
dual D-type flip-flops. The capture range 
is set at ±2Hz. The t.t.l. input signal to 
the phase comparator is at half-wave recti-. 
fled mains frequency. Although t. t.l. com
patible, the square-wave output of the 
v.c.o. will only provide a current of about 
1mA, so the output is buffered to drive the 
counter and divider chain. 

Synchronous counter and reset 
module 
This circuit, shown in Fig. 8, generates a 
8-bit binary code which counts from 0 to 
255 in half a line period. The 51.2 kHz 
signal from the frequency ·multiplier is 
used to clock two cascaded 74161A 4-bit 
counters. The CLEAR inputs of these 
counters are used to reset them at the zero
crossing points of the mains. The full-wave 
rectified a.c. is applied to the voltage com
parator (741). The output of the; op-amp is 
inverted and converted to t.t.l. levels by 
the following common-emitter stage. · 

Dimmer module 
The 8-bit Gode from the control desk, 
through the data bus, is stored in two 
7475, 4-bit bistable latches, Fig. 9. These 
latches are enabled, i.e., data on the data 

· bus is transferred to their Q outputs, when 
the ·dimmer module is addressed . by its 
own 2-bit dimmer enable signal, E1 and 
E2. Data stored in the latches is compared 
to the output of the counter by two cas
caded 7485s. When the count from the 
counter is greater than the latch data, the 
51.2 kHz signal is gated to the thyristors 
through some buffer stage and pulse trans
former. Some interference and transient 
protection is provided by the inductor and 
capacitor. 

System performance 
Some advantages of feeding data to a large 
number of channels have already been 
mentioned. Also, since the access time for 
each dimmer is less than the 41 Ons (the 
maximum data-bus access, time permitted 
by the processor), no processor WAIT 
states are involved in trarlsmitting data. 
This, of course, maximizes 'the data trans
ference for updating the dimmers and 

WIRELESS WORLD APRIL 1982 

·Fig. 7. This circuit is used to multiply the A 
line frequency by 1024 to provide a 51 .2kHz 
clock signal for the 8-bit counters. 

Buttered 
data bus 

N 

Sx 7474 

Fig. 9. A dimmer module. The 8-bit code · 
from the control desk is stored in two 4-bit 
bistable latches, and passes to the outputs 
when the enable signal, derived from E1 
and E2, is given. When the counter input to 
the co(1Jparators is greater than the latch 
output data, the 51.2kHz signal is passed to 
the thyristors through a buffer stage and 
transformer. T 

[4 

Counter 
bus 

(3 

I 

Co 

7400 
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All diodes 1 N914 type 

helps to produce a highly interactive 
lighting system. 

The effect . of linearizing the · luminous 
output of the lamps with the position of 
the faders is indicated in Fig. 10. The 
output code FF corresponds to the lamp. 
being off, and the code 00 corresponds to 
full brightness. The slight delay at the start 
is due both to truncation errors in forming 
the inverse function mentioned earlier and 
to slight measurement difficulties. It could 
be removed by incorporating a suitable 
offset in the output coding, but from an 
operating point of view there are quite 

+SV 
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l [4 
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:::J 
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[3 
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J co 

51' 2kHz 

distinct advantages in having a definite 
"lamps off' position on the faders. In the 
system, the 256 values of this inverse func
tion are held in a "look-up table" in the 
operating software·. For a non-micropro
cessor system, there is no reason why these 
values could not be contained ina p.r.o.m. 

The complete operating system not only 
provides routines for inputting and out
putting data, but also various methods for 
processing the stored lighting patterns. In 
the next article, the control desk will be 
discussed. 0 
To be continued 

Fibre optics at ITT 
Joining optical fibres, especially in the field, 

is very difficult. ITT have developed a fibre 
optic splicing kit, the OFSK-10. Primarily in
tended for the jointing of 50/125!Jlll telecommu
nications grade fibres and other fibres of an all
silica construction, the kit uses an electric arc to 
fuse together the two ends. A V-groove jig has 
been developed to locate the ends accu~ately so 
that very high quality splices can be achieved. 

Testing fibres in the field can also be a prob
lem; it is very unlikely that the engineer has 
access to both ends of a cable but needs some 
method of locating a fault in a cable which can 
be up to lSkm long, between repeaters. An' 
answer has been provided by ITT in the 
OFR-3, an optical fibre reflectometer. If a short 
pulse of high intensity light is launched into an 
.optical fibre, a small proportion of the light is 
reflected back towards the source from every· 
point in the fibre. The reflections are 'backscat
ter' caused by imperfections in the molecular 
structure of the silica. The power of the re
flected light, measured at the source end, decays 
exponentially with time, and by inference, with 
distance of the pulse into the fibre. The OFR-3. 
uses a laser to launch a pulse into the fibre and 
can measure and record the response from the 
reflections. Joins along the cable can cause extra 
reflections causing a peak in the response. 
Faults in the cable will cause drops in the res
ponse. The OFR-3 can display that response on 
an oscilloscope which includes an alpha-nu
meric display of all the relevant parameters. 
With the use of a cursor any part of the response 
can be looked at in more detail and the oscillo
gram with all the data display can be printed out 
for permanent record. The 'scope and printer 
are incorporated into the equipment which all 
fits into a portable case. All the controls and the 
l~Jser are incorporated in .the lid The laser fits 
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The OFR·3 can trace faults in an optical fibre to 
within six metres over a length of 15000m. 

behind a locked hatch and cannot be switched 
·on unless ·connected to a cable. Any fault can be 
traced to within six metres resolution over a 
distance of 15km. ITI are already working on 
the OFR-4 which will be able to inspect a cable 
of even greater length- up to IOOkm~ 

ITT are particularly proud of two new ap
plications for fibre optics. There is a plan to link 
the British and French electricity grids. One 
hour's difference between the clocks in the two 
countries means that peaks occur at different 
times and an extra boost can be provided across 
the channel. To avoid the need for frequency 
matching, the link will be d.c. G.E.C. are build
ing the U.K. end of the link. Rectification will 
be by stacked thyristors each of which will work 

Fig. 8. Synchronous counter and reset 
module. An 8-bit binary code counting 
from 0 to 255 in a half-line period is 
generated. 

80 00 
WORKING CODE (in Hex) 

Fig. 10. The effect of linearizing the 
luminous outputs of the lamps in relation 
to the fader position. 

at a different potential and will therefore have to 
be isolated from the other in the stack. To avoid 
using a number of isolating transformers, the 
1switching pulses will be carried to the thyristor 
gates by fibre optics cables. A special cable has 
been developed to withstand voltage potentials 
of up to SkV/cm. In parallel with the de
velopment of the cable has been the design of an 
l.e.d. edge connector array for providing the 
individual pulse ftring signals for each thyristor. 
The link is to be commissioned in 1985/86. 

Another new application is a cable television 
link .which is to be given a trial by British 
Telecom to 18 houses in Milton Keynes. The 
trial will use optical transmission based on 
p.f.m. (pulsed frequency modulation) in which 
the tv signal frequency modulates a square wave 
carrier which then drives an l.e.d. source. All 
the transmitter and receiver modules including 
the modulators and demodulators have been 
supplied by ITT Leeds. 

BT are already running a cable tv service in 
Milton Keynes. For the trial, the programm~s 
are down-converted into baseband and 
separated into individual channels (0 to 6 MHz 
PAL, video with sound). In addition a channel 
is formed consisting of the f.m. radio pro
grammes on carriers in the range 0 to 7MHz. 
Each channel is fed to its own transmitter and a 
ten-ftbre cable carries the channels to a distribu
tion point. The cable used for the 3.Skm prim
ary link contains fibre of better than 11-dB/km 
loss and 400MHz-km bandwidth-distance pro
duct. From the distribution point the secondary 
link of between SO and 200m goes to each cus-' 
tomer. Signal information and channel selection 
are transmitted back from the customer's end to 
a microprocessor control which provides the · 
channel switching and can monitor information 
about transmission on both primary· and 
secondary links. In the home the signal is re
ceived optically, demodulated to baseband and 
then U:tJ-converted to u.h.f. so that it can be fed 
into the aerial socket of an ordinary tv. 
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555-TYPE INTEGRA TED CIRCUITS 
The 555 group of i.cs is one of the most popular ever made, with an enormous 
variety of applications in oscillators and timers. John Linsley Hood explains its 

internal design and method of operation 

If the 1950s were the decade in which 
linear electronic circuits, previously 
implemented using thermionic valves as 
their active components, were 
progressively taken over by transistors, 
then the '60s were the decade in which 
such circuits, built up frem an assembly of 
discrete components and transistors, were 
increasingly constructed using one or two 
simple packages of purpose-built circuitry, 
containing all the necessary active and 
passive components in a single lump. The 
term 'integrated circuit' was coined at this 
time to describe this packaged assembly of 
components. 

While it w~s the enormous progress in 
the field of digital computers; which 
convinced the i.e. manufacturers of the 
enormous benefits of scale, it was the 
consumer market which provided the 
chance of ·profitable manufacture away 
from the computer field. 
Th~ realization that there was a large 

potential market set the design 
departments of many of the larger 
semiconductor manufacturers exploring 
the possibilities for useful functional 
packages. Clearly, an i.e. functional block 
which could be used with a relay and a 
timing capacitor to provide time delays or 
timing cycles, as, for example, in a 
washing machine or a darkroom enlarger 
timer, would have a lot of uses, and several 
such i.cs were evolved at the end of the 
1960s. Of these, by far the most successful 
was the Signetics 555. A number of 
manufacturers have copied it in identical 
form - in the process of what is known as 
'second sourcing' - and produced in dual 
(556), quadruple (558) and c.m.o.s. 
(ICM7555) versions, along with sundry 
improved devices having the same pin 
configurations, such as the LM555C. 

With the possible exception of the 
ubiquitous i.e. operational amplifier, few 
integrated circuits have had such an appeal 
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by J. L. Linsley Hood 

to the hobby electronics constructor, with 
several complete books of circuits having 
been published showing possible 
applications for this device. Yet, in spite of 
this, to most of its users, its method of 
operation remains needlessly obscure, and 
many attempted applications founder on 
inadvertent incompatibilities between the 
internal and external circuitry. 

Circuit description 
The 555 is fundamentally intended to give 
an output voltage waveform, as -a 'one
shot' or in a repetitive manner, at a low 
enough output impedance to operate a 
reasonably sensitive relay. To simplify 
calculations for the timing RC chain - in 
which the time constant RC, in seconds, is 
the time taken for a capacitor C to charge 
through resistor R to 63.2% of the applied 
voltage - the internal voltage switching 
levels are chosen so that the external 
timing c~pacitor charges through about · 
this voltage differential. A simplified block 
diagram showing the internal arrangement 
is given in Fig. 1. 

Reset 

(a) 

Fig. 1. Operations inside the 555. 

1 
2 
3 
4 

Top view 

8 
7 
6 
5 

In this, the heart of the circuit is a 
bistable 'flip-flop' with an external over
riding reset input R. The two normal 

· inputs are the threshold and the trigger 
connexions, both of which are fed in 
through relatively high-impedance buffer 
amplifiers, connected, respectively, to 
reference voltages of 2f3Vcc and If3Vcc·, 
derivedfrom the 15k resistor chain. Two 
buffered outputs from the flip-flop are 
provided through amplifiers At and A2, 
the flrst of which is a normal 'totem pole' 
output arrangement, as typically used in 
t. t.l. logic, to give a fairly low output 
~pedance, and good current-sourcing 
characteristics. The second output, from 
A2, is derived simply from a single 
transistor 'open collector' stage. 

+Vee 

The way in which .. the 555 would 
normally be connected to operate as a 'one
shot' timer driving a relay, is shown in Fig. 
2(a). In this the threshold input and the 
discharge (open-collector amplifier) output 
are joined together, and taken to the 
junction of timing resistor R and timing 
capacitor C; the timing cycle is initiated by 

Fig. 2. 555 as a one-shot relay timer, with 
manual start and reset. 

5-15V ~ 
~ 

I 

OV \ 
(b) 

a momentary operation of a push-switch 
connected to the trigger input. This sets 
the Q output from the bistable, and both 
of the non-inverted outputs from At and 
A2, to a high state. In the case of Ah this 
will energize the relay RLt, and in the case 
of A2, the result will be that its output 
becomes an open circuit, so that the timing 
capacitor Cis free to charge up towards the 
+Vee line. 

Once the Threshold input level hils 
reached 213 Vee:' the 'reset' input to the· 
bistable, R in Fig. 1, is taken high, when it 
reverts to its initial state, with At output 
'low' - so that the relay is de-energized -
and A2 at a low impedance. This holds the 
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motor drive circuit is that normally 
supplied to the positive lead of the motor, 
switched by the various keys of the cassette 
deck. · 

Motor modifications 
. Both types of motor may be removed from 

their outer casings by careful removal of 
the back-plate. For motor type R14-7430, 
03Y8D, the built-in electronics should be 
completely removed. The tachogenerator 
output is identified by two yellow leads, 
whilst the motor contacts are two terminal 
posts to which the internal p.c.b. is sol
dered. The two yellow leads should be 
extended, and two wires, red and black, 
should be_ soldered to the two terminal 
posts of the motor, making certain which. 
is the positive and negative terminal. Re
versal of these two motor connections will 
result in the motor running backwards, 
but no damage will be done. 

With the back off the motor type MMX-
. 6H2LSB, the frequency output of the 

Hall-effect sensor should be identified be
fore any modifications are carried out. 
This is done by running the motor from a 
nominal 12V source and using an oscillo-. 
scope to identify the frequency output pin 
of the i.e. Having done this, remove the 
power transistor of the built-electronics: 
this automatically breaks the internal servo 
loop. A low-value resistor from the posi
tive supply line to the positive pin of the 
motor drive should then be removed, and a 
link made from the negative pin of the 
motor drive to the negative supply line. 
Connections then need to be made to the 
positive supply line of the built-in 
electronics, the positive pin of the motor 
drive, the negative supply line of the built
in electronics and the frequency output pin 
of the Hall-effect i.e. 

I 
Use of the reference frequency 
circuitry , 
When operated with the rest of the digital 
electronics of the recorder, the reference 
frequency for the speed control circuit is 
supplied by the 'reference frequency cir
cuitry', shown in block form in Fig. 11 of 
part 2. During the recording process, the 

+C>---:> .I 

I I 'I' 
24V I i 1N4001 I 

-o---o .~ ... ..... 

"\ 

reference frequency is the TC frequency of 
22,755.5Hz divided by SO, i.e. 4SS.1Hz. 
When this source is connected to the exter
nal frequency input of the motor speed 
control circuit, the internal v.c.o. source is 
automatically 'knocked-out'. The 4017 
counter of Fig. 47 is continually reset by 
the presence of the external frequency 
source with the result that CO remains at 
the logic 1level and the 5 output at logic 0. 
The external frequency source thus passes 
through N ands 2 and 4 to the input of the 
p.s.d., the output of Nand 3 being perma
nently maintained at logic 1. 

On playback, the reference frequency 
presented to the speed control circuit is 
that from a v.c.o. whose output frequency 
is dependent upon the average voltage at 
its input, which is the ftltered output of a 
p.s.d. comparing the crystal-controlled TC 
with the recovered TC from the recorded 
data of one track of the tape-recorder. 
Thus, on playback, the speed control of 
the tape is maintained by a p.l.l. servo 
system within another p.l.l. Some readers 
may t:Jiink this a very curious system and 
wonder why the output from the p.s.d. 
comparing the crystal and recovered tape
clocks is ·not simply connected to the 
motor driver circuit. The answer to this is 
that the dynamics · of the record and 
playback servo loops are totally different. 
On record, the tachogenerator is directly 
coupled to the motor, but on playback the 
recovered tape clock is mechanically 
coupled to the motor through the capstan 
and belt . drive. It is not impossible to 
achieve a p.l.l. by the more obvious 
method, but it is very unstable and easily 
disturbed, losing lock, by any vibration of 
the deck. The solution used here is very 
much more satisfactory, offering as it does 
a very convenient method of switching 

· from one reference frequency (on record) 
to another (on playback). by having a very 
much lower natural frequency for the p.l.l. 
of the reference frequency generator than 
for that of the motor speed control circuit, 
the instability produced by the belt drive 
mechanism is removed ~d there is no 

· instability produced by one p.l.l. upon the 
other. 

l.e.d. -:;::-

1k 

Power supplies 
The Hart version of the Linsley-Hood cas
sette recorder is mains-powered · but can 
very conveniently be made to operate from 
a 24 volt d-.c. source. Because there was a 
requirements for the recorder to be oper
able independently of a mains supply it was 
decided that it, too, should be capable of 
operating from 24 volts d.c. As a result, 
the power supply of Fig. 49 was designed 
and constructed. Since a very large 
number of c.m.o.s. i.cs are used in the 
digital circuitry it was decided that they 
were worth protecting from any over
voltage spikes. Consequently the 'crowbar' 
circuit was added: in the event of an over
voltage spike, the thyristor is triggered, 
causing the fuse in the positive supply rail 
to the 7815 regulator to blow. An over
voltage of approximately 16 volts is needed 
to trigger the 'crowbar' circuit. 

A switching inverter circuit, . shown in 
Fig. 50, is used to .generate the negative 
rail voltage. The heart of the circuit is the 
78S40 switching inverter. Using the values 
indicated, the output voltage from the 
switching inverter circuit across the 47~-tF 
capacitor should be approximately -18 
volts, at a load current of about 120 mA. 

This type of switching inverter does not 
operate very well under varying load con
ditions, so a shunt regulator is used to drop 
the -18 volts to -15 volts. Approximately 
100mA is drawn from the -15 volt rail by 
the various analogue and digital i.cs in the 
circuitry: there is thus no need for the 
2N3053 transistor to be fitted with a 
heatsink. The 2N2905 transistor of the 
switching regulator also dissipates little 
power and needs no heatsink. 

Modifications to tape-recorder 
The Miller-coded data recorded onto tape 
is effectively a series of square-shaped 
pulses, ranging in frequency from about 
S.SkHz to 11kHz, which should be mod
ified, or distorted by the recorder as little 
as possible. The transient response of the 

Fig. 49. Power supplies. 
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tape-recorder is more important, in its pre
sent use, than a flat frequency response . 

To obtain the desired record/replay 
characteristics, the signal level, bias level 
and equalization must be adjusted. Firstly, 
the frequency response of any tape-re
corder is the wider, the lower the signal 
level recorded. In normal use, the level of 
the signal to be recorded is a compromise 
between frequency response, distortion 
and signal-to-noise ratio: too high a level 
results in distortion and too low a level 
results in a poor signal-to-noise ratio. Sig
nal-to-noise ratio is not a problem in the 
present use of the tape-recorder since the 
Miller-coded data is recorded at a constant 
signal level with no amplitude variation. 
The recording level can thus be reduced, 
improving the quality of the signal in 
terms of frequency response ··and distor
tion, provided, of course, it is not reduced 
to a level where noise imposes itself on the 
signal. 

The level of the high-frequency bias can 
have a considerable effect upon the re
corder's frequency response; high levels of 
bias producing an attenuation to the high 
frequency signals but some reduction in 
distortion. 

Finally, adjustment of the equalization 
characteristic has a great effect upon the 
amount of high-frequency pre-emphasis 
and modifies considerably the transient 
response of the recorder. 

In addition to all the possible adjust
ments mentioned, it must not be forgotten 
that the quality of the tape used is of prime 
importance. The author formed a consid
erable liking for Maxell UDXL II cassette 
tapes, both C60s and C90s. It is a CrO
type tape, requiring a high bias level and a 
70~-ts equalization characteristic and has all 
the usual advantages of good frequency 
response, etc. The cassettes are also very 
sound mechanically. This is not the only . 
suitable tape available - other tapes may 
perform just as well - but the tape re
corder should be set-up using this tape. 
Having satisfactorily adjusted the tape-re
corder to operate with the digital electron
ics, other brands of tape may be tried to 
determine their suitability. 

When I began recording the Miller-en
coded data on to tape to discover how well 
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Fig. 50. Circuit diagram of switching . 
inverter and regulator block seen in Fig. 49. 

the recorder performed, a problem oc
curred with the transport mechanism that 
was not immediately appreciated. Tht: re
played signal, having passed through the 
peak detector and Miller decoder, was 
found to contain errors in the data stream 
which were initially thought to be due to 
the recorder's limited frequency response. 
Consequently, I experimented at length 
with the various adjustments mentioned 
earlier. Subsequently, the main reason for 
the errors in the replayed and decoded data 
was found to be due to jerkiness in the 
take-up spool of the tape-recorder, which 
was caused by incorrect operatjon of the 
slipping-clutch mechanism driving the 
take-up spool. The slipping:..clutch was 
not, in fact, slipping, but the brass bush on 
the end of the slipping-dutch spindle, in 
contact with the rubber-tyred pulley of the 
take-up spool mechanism, was slipping 
jerkily. The problem was effectively cured 
by taking the slipping-dutch mechanism 
apart and 'weakening' its compression 
spring. The author is pleased to be able to 
say that a second ·tape-recorder, bought 
from Hart electronics at a later date, has a 
cassette deck with a modified slipping
clutch mechanism that gave no such prob
lems. However, as a result of this fault, the· 
author discovered a number of adjust
ments that should be made to the recorder 
to improve its record/replay characteristic 
of the Miller waveform. 

e The OdB recording level of 2.25 
volts r.m.s. at the output of the 
recording amplifier should be reduced 
by about 4dB to 1.42 volts r.m.s~, 
which corresponds, on playback, to 
an output from the replay amplifier of 
about 250 mV r.m.s., i.e. 4dB down 
on the original 400m V level. The 
'VU' meter circuit sensitivity should 
be adjusted accordingly for a OdB 
reading when the output from the 
recording amplifier is 1.42 volts 
r.m.s . 

e The amount of high-frequency pre-
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emphasis should be reduced to a 
minimum by adjustment of Vr2 to 
maximum resistance on the recording 
amplifier board. 

e The bias oscillator frequency 
should be raised from about 55kHz to 
nearer 80kHz by replacing the capaci
tor, C23 (lOnF), of the bias oscillator 
circuit with one of 6.8nF and by 
changing Rso from ISO ohms to about 
200ohms. 

e The 70J.ts record/playback equaliza
tion characteristic should be·used and 
a slight improvement may be obtained 
by changing the valve of C6, on the 
replay board, from 27nF to 18nF. 

e The bias level should be high with 
the 47k variable resistor adjusted for 
the highest level possible. This should 
result in a bias voltage, as measured at 
the junction of the 47k variable resis
tor, and the 220pF capacitor C2o (L or 
R), of about IOV r.m.s. 

The actual bias level does not appear to 
be very critical, but a high level produces a 
steadier signal, on replay, with less ampli
tude flutter. As the recorded signal has no 
low-frequency content below S.SkHz the 
erasing effect of a high bias is of little 
consequence and the reduced distortion 
probably beneficial. 

With all the above adjustments carried 
out, and the cassette deck operating in a 
mechanically satisfactory manner, little or 
no errors should be observed in the result
ing replayed decoded data. Those errors 
that do occur should be due only 'to imper
fections in the tape. 

This concludes the series of articles. Strip
board layouts prepared by Mr Ewins are 
.available in photocopy form: please write, 
including a large, stamped and addressed 
envelope, if you would like copies. o 
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encountered was that programming 
requirements for different types of 
e.p.r.o.m. can be vary considerably. Also, 
there is no standardization in pin configu
rations. So, · taking into account the 
popularity, price and availability of various 
e.p.r.o.ms, it was decided that the pro
grammer should be designed for 2708 and 
2716 (5V supply) e.p.r.o.m. types. As the 
2532 looked promising at that time it was 
also included. The latter device is similar 
to the 2716 both in pin assignments and 
programming requirements, although its 
inclusion meant that an additional address 
line would be needed. Design . objectives 
were thus as follows: 
E.p.r.o.m. Org~nization Reguirements 
type 
2708 (3-rail) 1024 x 8 500flS programming 

pulse, sequential pro
gramming 

2716 (5V) 2048 X 8 50ms t.t.l. program-
ming pulse, bit
selectable program
ming 

2532 4096 x 8 50ms t.t.l. program
ming pulse, bit
selectable program
ming 

For the 2708, I used data published by 
Intel, which covers the subject of 
e.p.r.o.ms at length. This data was used to 

The author mounted the address d.i.l. 
switch and zero-insertion-force e.p.r.o.m. 
socket on a separate board which can be 
plugged into an edge connector on the 
programmable peripheral interface unit. 
The 30V-supply jack socket can also be 
seen here. 

Table 1: Wiring from the 8255 p.p.i. and' 
supplies to the e.p.r.o.m. programming 
board. Lines with prefix PA are for 
addressing and lines with prefix PB are for 
data. Prefix PC denotes lines used for both 
address and data. 

E.p.r.o.m. socket 
pin numbers 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 
15. 

16 
17 

18 i 19 
20 
21 
22 
23 
24 
(18)} 
(19) 

for 2708s 

for 2716/2532s 

(20)} 
(21 ) for 2716/2532s 

Supply and 
p.p.i. !lines 
PA7 
PA6 
PA5 
PA4 
PA3 
PA2 
PAl 
PAO 
PBO 
PB1 
PB2 
ov 
ov 
PB3 
PB4 
PB5 
PB6 
PB7 
PC5 
+12V 
PC4 
-5V 
PC1 
PCO 
+5V 
PC3 
PC2 
+30V 
PC7 
PC6 
PC5 
PC4 
Reset 
R/W. 
+5V 
02 
spare 

Fig. 2. Simplified block diagram of the programmer. 

defme the programming pulse rise-and-fall 
time limits of 0.5~-ts-2~-ts. For the 2716, 
Mostek data was used (which agrees with 
Fairchild and Hitachi . data), and for the 
2532, Hitachi data. The latter manufactur
er's data was easiest to understand*. Pin 
configurations and level requirements are 
given in Fig. 1.. 

Although these three devices are at pre
sent the most popular, readers designing 
new systems using e.p.r.o.ms might want 
to omit the 2708 programming facility, 
since one 2716 can be obtained for less 
than the price of two 2708's. Furthermore, 
the 2708 must be programmed in small 

* This could be a useful tip for aspiring tech
nical writers- Ed. 

stages sequentially - a process often 
called 'spray-coat' programming. This is 
inconvenient when developing using 1 K x 
8 devices but if 2 or 4K devices are used, 
the method is intolerable. Fortunately, 
later devices may be programmed bit-by
bit as required. Inclusion of the 2532 pro
gramming facility is now justified, since it 
can be obtained for less than the price of 
tWo 2716's. The reasons for not including 
the 1702 among the chosen e.p.r.o.ms are 
that in my view, programming of it re
quires twisted logic, it is relatively expen
sive and it cannot be used with the soft
ware for the chosen devices in read mode. 

The programmer was designed for use 
with a 6800 microprocessor system but is 
based on an 8255 programmable peri-
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pheral interface (Intel or National 
Semiconductor). Some extra logic .is n!
quired to drive the 8255 control pins but 
this p.p.i. provides three 8-bit ports and 
programming is relatively simple. If the 
6821 had been chosen, two i.cs would have 
b~~~ -req~ed and programming would, in 
my view, have been more difficult: there is 
no reason why support devices should not 
be chosen for their ability to fulfil objec
tives. 

The 8255 is used in mode 0 (see manu
facturer's data for further information) 
with the 8-bit ports A and Cas outputs and 
port Bas either input or output depending 
on the control word stored in one of the 
device's four memory locations. By chang
ing port B from output to input it is pos
sible to check that data entered into the 
e.p.r.o.m. has been correctly received. 
This function corresponds to the verify 
'function of expensive programmers. 

Since e.p.r.o.m. bits are all at logic 1 
when the memory is empty, it would be 
possible to check the amount of memory 
available in partly full 2716/2532 devices. 
Unfortunately, the 6800 uses instruction 
FF to store the index register so confusion 
could result if the end of the existing 
program used FF as an instruction or 
address. 

It is advisable to finish programs with 
three OO's to avoid the risk of placing a new 
program over the top of an existing one. 

Fig. 4. Address decoding for the 8255 and 
one other device (see text). . 

Reset ~.· ... . ~ .. · 
04 
. . . ------------------------------tV>'-----~ Reset p.pi. pin 35 

R/W 

VMA 

~------Oz 
Not needed by p.p.i. 

04 

81LS97 bus buffer (octal) 

:b-------- WR p p.i pin 36 

Fig. 3. Logic for converting outputs from a 6800 processor for use with an 8255 p.p.i. If an 
8080 processor is used to control the programmer, this conversion is not required. 

--~.-~~~--------~-+SV 

4 d.i.l. switches 
set address ~X~ 

5 X 2k7 

A12 ___ ..._ _________ -t--+-t---1 tt:;t;;Y 

Address bus 

A13_._ __ ~------~~-----l 

A14-~--~--------~------1 

A15 ----+--------------1 
DV 

. to B-in 

EX-OR .,_ _____ NAND gate 

74LS 136 ole 

Fig. 5. Circuit for selecting the most significant digit ofthep.p.i. address (see Fig. 4). 

} ----~~------------------------------------------~>2~,------1~. 
- ...... --...,...._...-...--- +5V 

R/W from 
Fig.3 
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Address 
selection 

(see Fig. 5) 

Data buffer enable ( active Low ) 

To 8255 (etc l 

3 X 2k7 

I 

: ~----·00 ' I . 

l_ - - - - - - - - i 
I 
I 
I 
I 
I __ , 

X700 
to 
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This photo is an example of the author's display and_illustrates the type of prompting that 
may be used. Because of the differences between mtcroproce~sor ~ystems, f! full software 
listing is not given, but a 'scratch-pad' and software out/me wt/1 be tncluded m the next 
article. 

Also, a careful note of the current program 
state of each e.p.r.o.m. should be made. 
Colour coding the i.cs makes it easy to log 
their history. 

Figure 2 is a block diagram of the pro
grammer, and logic conversion for driving 
the 8255s RD and WR lines from the 6800 
is shown in Fig. 3. If an 8080 processor is 
used to control the programmer, this 

• conversion is not required. 
The 8255 address, see Fig. 4, requires 

four consecutive locations. In my system 
the address is fully decoded, but the four 
most significant address lines can be al
tered using a d.i.l. switch as shown in Fig. 
5. The four locations are from XSOO to 
X503, where X may be from 0 to F de
pending on the d.i.l. switch setting. Being 
able to change the address is useful if the 
8255 is to be used as a general purpose 
port, as opposed to being dedicated to 
e.p.r.o.m. programming. 

Table 1 shows lines from the p.p.i. to 
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the board on which the programming 
socket, switching between 2708 and 
2716/2532 functions, and a voltage regula
tor were mounted. In the table, pins 18 to 
21 of the programming socket are shown 
connected for programming the 2708. In 
practice, pins 18 to 21 are conqected to a 4-
pole, 2-way d.i.l. switch so that they may 
be taken to fC3, PC2, PC6 and PC5 res
pectively when 2716/2532 e.p.r.o.ms are to 
be programmed. PC5 is a 25V signal and 
PC4 a 12V signal, the conditioning circuits 
of which will be shown later. PC7 is used 
to check logic but it could be used to detect 
changes on pins 18 to 21, or even omitted 
to reduce the number of lines from the 
p.p.i. circuit to the programming board. 
37 lines were used, as shown in the table 
but by omitting unwanted lines, combin
ing the OV rail and bringing in the 30V 
supply separately, the total may be re
duced to 30. D 
To be continued 
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Polytechnical compu 
I . 

The opening ol the new computer centre at 
Coventry Lancester Polytechnic was accompa
nied by a civic reception and a protest demon-· 
stration by some of the students. The centre has 
been constructed to house two Harris compu
ters which provide impressive processing power 
with storage capabilities for a high volume of 
batchwork and can service some 100 terminals 
distributed over the Polytechnic campus. 

The centre incorporates a Harris 800 compu
ter system which has 2 megabytes of memory, 
with four 300-megabyte disc drives and one SO
megabyte disc drive, a line printer, card reader, 
a 9-track magnetic tape unit and a CIL plotter. 

Also housed in the same building is a Harris 
H500 computer, a separate system with one 
megabyte of memory and one 300-megabyte 
disc drive with a line printer, a card reader, a 
magnetic tape unit and a paper-tape reader/
punch. 

Elsewhere on the campus is a Harris HI 00 for 
the polytechnic's Electrical and Electronic Engi
neering department. Eventually it is planned to 
connect all three computers . together by syn
chronous links into one processor network. 

The system is the biggest Harris system 
outside the United States and is claimed to be 

The Computer Centre atLanchester 
Polytechnic, Coventry, specially built to 
house the computer facilities, including the 

· two Harris Computers and some special 
terminals. ' 

the largest available to any further educational 
establishment in the UK. 

The student protest was very civil and was 
not about student grants, despite the presence · 

Tirllex to sell Sinclair in the U.S.A. 
You may know that the Sinclair ZX81 
Microcomputer is manufactured under a sub
contracting agreement by the Timex Cor
poration in their Dundee factory. The current 
production rate is about 30,000 units each 
month, which some clever mathematician has 
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worked out to be one unit every ten seconds. 
Timex seem to be impressed by the sales and 
have come to an agreement with Sinclair Re
search, whereby they can sell a Sinclair/Timex 
computer in North America. Sinclair are at pre
sent selling in the U.S. by mail order at a rate of 

l 
I 

of the Parliamentary Under-secretary· of State, 
Department of Education and Science, Mr Wil
liam Waldegrave; it was about the delay in get
ting the computer actually working, their work 
was being delayed by the lack of terminal time 
as only a few were actually running. Harris 
assured us that these were teething problems 
and that they were flying a team of specialists 
from their factory in Florida to assist in the 
initialisation of the system. · 

15 thousand a month; Timex have about 
170,000 retail outlets in North America, and 
could sell at a phenominal rate. 

The agre,ement is for Sinclair to provide the 
technical expertise and for Timex to manufac
ture a computer which will include their own 
brand name. The name is not to be more promi
nent than the Sinclair marque which will remain 
on the equipment. 

Timex will pay Sinclair a 5% royalty on all 
hardware that is related to the Sinclair 
microcomputer, even if it is not originated by 
Sinclair. They will also pay a 5% royalty on any 
Sinclair originated software. And they will even 
pay 21/z% On SOftWare from any Other SOUrCe 3S I 

long as it is intended for use on the Sinclair 
equipment. There will be a cross-licensing 
agreement for any hardware that Timex may 
develop themselves. 

Clive Sinclair says that he has been looking 
for a large marketing outlet for his products for 
some time. He intends to keep Sinclair Research 
as a compact research and development team, 
concentrating on improvements to existing pro~· 
ducts and development of new ones. The date 
for the probable launch of the Microvision flat 
tv is given as the last quarter of 1982. It has 
already been announced that the tv is being 
incorporated into a desk-top terminal for ICL, 
and there may be some clue as to the likely 
format of the next-generation ZX computer in 
that. Sinclair's research into electric vehicles is 
continuing. 

The Sinclair ZX81 which is to be 
manufactured, and marketed in North 
America, by Timex. The ZX81 is shown 
together with the add-on 76K RAM pack 
and the ZX Printer. 
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RECEIVERS FOR OPTICAL 
FIBRE COMMUNICATION 

During the next few years optical fibre systems will be used increasingly for long-distance 
telecommunications with emphasis on achieving greater bandwidth and greater spans 

between repeaters. In this rapidly developing subject it is essential to be aware not only of 
the latest published results but also of the underlying principles to fully appreciate the 
potential of optical communication. With this in mind, Dr Garrett reviews both the best 
reported performance in detectors and receivers and the areas where there is still room 

for improvement. 

Optical fibre communication systems are · 
beginning to be used extensively for data 
links and for long-haul systems. The first 
"generation" of systems operates in the 
near infrared - a wavelength of about 
0.85~-tm - where light sources may be 
made from gallium arsenide and detectors 
from silicon. At slightly longer 
wavelengths, 1.3 to 1.6~-tm, glass fibre is a 
better transmission medium, having 
enormous bandwidth and extremely low 
attenuation - 0. 5dB/km or even lower. 
Fibre systems are being used to carry 
telephone traffic at 140 Mbit/s over 
unrepeatered spans of 10 to 12 km iD. the 
UK. Within the next few years it will be 
possible to operate at ten times that rate 
over at least five times that distance. As the 

. market for fibre grows and the cost comes 
down, it will become economic to use fibre 
systems at lower data-rates as well, and 
also to transmit video either for 
entertainment or for teleconferencing. 

The three basic functions of an optical 
receiver are to convert the signal from an 
optical to an electrical form, to amplify the 
signal, and to regenerate the transmitted 
message. The first of these is.performed by 
an optical detector. Amplification is not 
specific to optical systems except for the 
special design of · the front-end of the 
receiver, which is inseparable from the 
detector in determining the sensitivity. 
Estimation and regeneration of the 
message involves dealing with the noise 
and various system impairments; only the 

Fig. 1. Silicon p-i-n photodiode is suitable 
for wavelengths from 0.8 to 1 pm (top), 
while lnGaAsllnP p-i-n diode covers 
wavelengtf?s from 1 to 1.6pm (bottom). 
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by I. Garrett 

more basic ideas are covered; for more 
depth refer to the bibliography. In these 
functions, an optical receiver seems similar 
to a radio receiver. However, current 
optical receivers are quite different in the 
way in which they perform. Heterodyne" 
detection, , universal in radio practice 
because of its excellent sensitivity and 
rejection of adjacent channels, is at present 
impractical in optical receivers. It requires 
a local oscillator which matches the 
arriving signal in frequency, phase, and 
polarization. Today's semiconductor 
lasers have spectral line-widths of 25MHz 
to 1000GHz, and current fibres do not 
preserve a predictable polarization at the 
output end. Although the possible 
advantages of increased sensitivity and use 
of frequency and phase-shift keying have 
stimulated research into overcoming these 
and other problems, today's systems use 
incoherent (direct) detection, in which 
only the variations in optical power are 
sensed. 
Unity-gain detectors 
The device which converts the optical 
signal to an electrical form must be 
efficient at the operating wavelength and 
must respond at a speed appropriate to the 
message data rate or frequency band. One 
may also require a linear response, 
operation at ambient temperature from a 
convenient voltage supply, and a 
preference for a small, light, cheap and 
reliable device. Semiconductor 
photodiodes fit all these requirements 
remarkably well, and there is little interest 
in other . types of detector for optical 
telecommunication, at least in normal 
terrestial environments. Photoconductive 
detectors have inferior noise performance 
except when the incident optical power 
level is high; pyro-electric detectors can 
only be made fast at the expense of 
sensitivity, and photomultipliers offer no 
advantage in sensitivity when, as is 
normally the case in fibre optic systems, 
the optical power level on zero bits is not 
zero. Phototransistors are convenient 
devices for low-speed data links, but are 

Ian Garrett~ MA, Ph.D, MIEE, is with British 
Telecommunications Research Laboratories, 
Martlesham Heath, Ipswich. 

generally not sufficiently fast and sensitive 
for telecommunication. 

A photodiode is a reverse-biased p-n 
junction formed in a semiconductor 
material. Photons are absorbed in the 
semiconductor and create electron-hole 
pairs. These carriers can be separated by 
an electric field, such as . exists in the 
depletion region of a p-n junction, and 
then give rise to a current in the external 
circuit. To convert light efficiently, the 
semiconductor material must have a high 
absorption coefficient at the wavelength of 
the light so that different materials are 
appropriate for different wavelength 
ranges. 

The speed of response is governed by 
the time taken for the photogenerated 
electrons and holes to reach the terminals 
of the device, and by the RC time constant 
of the measuring circuit, which may be 
affected or even dominated by the junction 
capacitance. Photo-generated carriers 
travel across the device to the terminals 
from the points at which they are 
generated by diffusion and by drift in any 
internal field. The rate of diffusion is 
generally so slow that except in very thin 
layers most carriers are lost by 
recombination and do not contribute to the 
photocurrent. The device is made fast and 
efficient by ensuring that the incident 
photons are absorbed in the high-field 
depletion region of the junction. 

Figure 1 illustrates a photodiode 
structure used in practice. It is a silicon 
device designed for the wavelength range 
0.8 to 0.9f..tm, and has a thick depletion 
region 30 to lOOf..tffi thick formed in low
doped material. The absorption coefficient 
of silicon in this wavelength range is 950 to 
350cm-1, so that several tens of microns of 
material are needed for almost complete 
absorption. Very little of the incident 
radiation is absorbed in the undepleted 
n+layer at the surface, which is only about 
1~-tm thick. The device is designed so that 
the field required to deplete it fully is well 
below the breakdown field strength, but 
. sufficiently high to accelerate the carriers 
to their scattering-limited velocity (around 
107 em s-1 in many semi-conductors at 
room temperature) resulting in a response 
time of about 10 ps per micron of depletion 
region. Depletion region doping is very 
low so that fast response is obtained with a 
moderate applied voltage. Such a device is 
known as a p-i-n photodiode, the i-region 
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Fig. 2. Silicon p-i-n diode chip, top, is 1 mm 
square with circle 100p.m diameter and 
bonding pad beside it. Chip capacitance is 
below 0. 1 pF, and reverse bias leakage 
current is around 50 pA at -10 V bias. 
Quantum efficiency at 0.85p.m wavelength 
corresponding to gallium arsenide 
injection lasers, is 0.95. Active area of 
lnGaAs/lnP photodiode isolated by mesa 
etching is 100p.m in diameter in scanned 
electron micrograph (bottom). A small 
bonding pad is formed on the top surface 
as the device was intended for front 
illumination. Capacitance is 0.3 pF and 
reverse bias leakage current below 10 nA at 
-10V bias. Quantum efficiency is only about 
0.4 because many carriers recombine in 
the undepleted surface layer but this can 
be overcome by illuminating through the 
substrate; anti-reflective coatings also 
increase efficiency. 

being nearly intrinsic. The wide depletion 
layer reduces the junction capacitance too. 
The device illustrated is IOO!lm in 
diameter and has a capacitance ofless than 
0.1 pF. 

At wavelengths beyond 1 11m, silicon 
becomes increasingly transparent and a 
different material is required for 
photodiodes intended for communication 
systems. An obvious choice is germanium 
which has a bandgap of 0. 66 e V and so 
should be sensitive out to 1.8 rtm or so, 
well beyond the optimum transmission 
wavelengths of 1.3 and 1.55 [tm. The small 
bandgap of germanium is something of a 
disadvantage: coupled with the high 
density of states in the conduction band it 
means that the reverse bias dark current is 
large, which degrades the performance of 
an optical receiver. The ot}ler possible 
materials are the so-called group III-V 
compounds, binary compounds of 
elements from groups IIIb and Vb such as 
gallium arsenide and indium phosphide. 
To detect light at 1.55 11m, a material with 
a bandgap near 0.8 eV is needed. None of 
the binary III-V compounds has such a 
bandgap, but many of the III-V · 
compounds form extensive solid solutions 
with each other, and the mixed 
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compounds have properties intermediate 
between those of the binaries. So it looks 
as, if there ought to be a wide choice of 
materials. In practice the choice is limited 
by the techniques available for preparing 
these materials in sufficiently pure and 
perfect form~ The most usual materials for 
detectors in this range are the ternary 
compound (Ga,In)As and the quaternary 
(Ga,In)(As,P). In either material, the 
bandgap can be adjusted over a wide range 
by selecting a suitable composition. 
Reverse-bias dark current is smaller than 
in germanium by one or two orders of 
magnitude typically because of the much 
smaller density of states in the conduction 
band. Recently, the II-VI compounds such 
as (Cd,Hg)Te have also been studied for 
use as fast photodiodes in communication 
systems. 

The second device illustrated has an 
absorbing layer of InGaAs deposited on an 
InP substrate, with the p-n junction 
formed by diffusing a dopant such as zinc 
into the absorbing layer. This device is 
designed for the wavelength range 1 to 1.6 
f..tm, in which the InGaAs layer has a high 
absorption coefficient, around 104 cm-1, so 
only a thin absorbing layer is needed, 
about 3 to 10 [tm. This makes the response 
fast, but an important fraction of the 
incident radiation ·is absorbed in the 
undepleted p + region at the surface even if 
it is only 1 ~-tm thick. Many of the carrier 
pairs formed in this region are lost by 
surface recombination or by 
recombination within this layer, so that the 
efficiency is reduced considerably. It is not 
easy to control the thickness of this layer 
much below 1 [tm, but the problem can be 
surmounted by arranging for the light to 
be incident through the back of the device, 
i.e. through the InP substrate, which is 
transparent at wavelengths beyond 0. 95 
f..tm. 

The quantum efficiency of a photodiode 
is the number of carrier pairs formed on 
average for each incident photon. It is less 
than unity in practical devices for three 
main reasons: some of the incident light is 
reflected; some carrier pairs are formed in 
undepleted material and so do not 
contribute to the photocurrent at high 
frequencies; and some carrier pairs 
recombine before reaching the terminals of 
the device. To improve the quantum 
efficiency, the surface of the device is often 
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Fig. 3. Depletion voltage and junction 
capacitance as functions of the depletion 
layer thickness for a 100p.m diameter 
diode, taking the relative dielectric 
constant to be 10, typical of many 
semiconductors. 
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Fig. 4. Avalanche gain as a functibn of field 
strength - the breakdown characteristic. 
Parameter k is the ratio of ionization rates 
for electrons and holes. 

given an anti-reflecting dielectric coating 
like the blooming of a camera lens; the 
surface reflection coefficient may be 
reduced from around 30% to almost zero. 
If the light has to pass through undepleted 
material, as in the lower diagram, this is 
kept as thin as possible or made of a 
semiconductor which is transparent at the 
wavelength of interest. Recombination of 
carriers within the depletion region is 
generally minimized by reducing deep
level impurities and crystal defects as far as 
possible. 
The depletion layer thickness d is 
determined by the applied voltage V and 

· the doping level N b: 

V + Vbi = qNbd2
/2EE0 

where q is the electron charge and E is the 
relative dieclectric constant, typically 10 to 
15. Junction capacitance is 

where A is the area of the junction. These 
relationships are plotted in Fig. 3, 
assuming a device diameter of 100 11m. 
Doping levels of 1012 to 1013 cm-3 are 
available in silicon, so that a few tens of 
microns can be depleted at 5 to 10 volts. In 
the mixed III-V compounds levels of 1015 

cm-3 are the best normally available, so 
that IS to 20 volts are required to deplete a 
few microns. Junction capitance is 
typically 0.1 to 0.5pF for a high-speed 
device so that the capacitance of a 
packaged device is usually dominated by 
the package. 

The reverse-bias leakage current (dark 
current) of a photodiode is important 
because the shot noise on this current can 
be the dominant receiver noise in some 
situations. The dark current is caused by 
current leakage over the surface of the 
device as well as through the depletion · 
region (bulk leakage). Surface leakage is 
minimised by careful processing and by 
coating the device with a passivating layer: 
methods vary ' from one material to 
another. Bulk leakage is due to diffusion of 
minority carriers from the undepleted 
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Low-power grid 
blanking 
Electron-beam blanking at the frrst grid 
can involve much higher voltages than ca
thode blanking but is sometimes desirable. 
This circuit was designed for digitally
controlled grid blanking of a camera tube 
used for quantitive light measurements. 
The grid voltage· (equal to V _) can be 
accurately controlled during the active pic
ture line and transitions to and from the 
blanking potential are short, at 40ns and 
300ns respectively, with no ringing when a 
Schottky t. t.l. input is used. 

Because grid-leakage . current is ex
tremely low, the high voltages required 
can be achieved by switching the connec
tions of a charged capacitor. When the 
input ;,logic signal goes low, Tr2 is turned 
off and Tr1 and Tr3 turned on so that the 
voltage over capacitor C, V c, is the dif
ference between the rail voltages, V + -
V -· The output to gl is held at the nega-

. tive rail, which controls the beam current. 
. When the input goes high, Tr1 -and Tr3 

are turned off and Trz turned on, so that 
the more positive side of C is taken to V
and the negative side conseq~ently to the 

Telephone-line interface 
Conventional telephone-interface circuits 
use relays and/or transformers for loop 
detection and speech coupling. In this cir
cuit, a SV positive-voltage regulator is used 
to feed a constant current to the telephone 
line. The line current is set by R1 and the 
regulator output provides a logic signal 
that will 'follow' dialling pulses from the 
telephone. 

As this circuit provides unbalanced 
transmission to the telephone, it is only 
suitable for internal (intercom type) ex
changes. A ring .circuit could be provided 
by a third wire to the telephone. Acknow
ledgement to the Director of Research* for 
permission to publish this information. 
F. T. Lyne 
*British Telecom Research Labs 
Ipswich 

r 1gr Telep~one 
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blanking potential, V _ - V c which is also 
2V _ - V +. The droop in blanking poten
tial caused by leakage through Tr3 is neg
ligible in normal·use. There is no droop in 
the beam-control voltage as Tr3 remains 
sufficiently conductive throughout the ac-

74LS164 
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OV 

Output 

tive line. The gl lead must be kept well 
away from the target connection to avoid 
interference . 
D.J. Thomas 
MRC 
Cambridge 

To CS and OE ot 
2716 2k byte eprom 

To CS ot 2k 
byte r.a.m. 

ZBO memory mapping 
R.a.m. area for interrupt restart vectors 
and e.p.r.o.m. write protection are pro
vided by ~s automatic memory map and 
switch for a Z80 microprocessor system. 
On power-up, or after a reset, a 2K-byte 
e.p.r.o.m. (2716) occupies addresses 0000 
to 07FF and a 2K-byte r.a.m. is address 
mapped to F800-FFFF. After a reset, the 
Z80 will perform an op-code fetch from 
location 0000. The e.p.r.o.m. will be selec
ted after MREQ is activated. The instruc
tion at locations 0000 to 0002 is JP F803 

·a.nd the circuit will automatically switch 
r.a.m. and e.p.r.o.m. locations after the 
third memory access. The next op-code 
fetch will occur at location F803, causing 
execution to continue from the next ·con
tiguous location in e.p.r.o.m. Locations 
0000 to 07FF are now occupied by the 2K 
r .a.m. so it is possible to initialize and 
modify the interrupt restart vectors, hence 
prov1ding a greater degree of flexibility. 
G.Jay . 
Fairchild Camera and Instrument Ltd 
Bristol ' 
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Testing p.r.b.s.' 
generators 
Readers experimenting with p.r.b.s gener
ators may . fmd this circuit usefUl for 
evaluating possible feedback configura
tions. Driven by an external clock at any 
speed up to a few hundred kHz, it gates 
clock-pulses to an external counter for 
exactly the duration of one complete sequ
ence, maximal or otherwise, so that the 
fmal counts shows the number of steps, in 
the sequence. The generator is preset so 
that the count begins almost immediat,ely. 

The shift-register shown has n effective 
stages and is negative-edge triggered (e.g. 
4006's); for a positive-edge triggered shift
register the inverted clock-signal is used. 
· When the system is at rest, both flip
flops are in the reset state and no clock
pulses appear at the output. Point A is low, 

so the auxiliary counter is held at zero and 
the input to the shift-register is held high. 
Mter a maximum of n clock-cycles all the 
stages of the shift-register will be in the 
high state, and the system ready to start. 

The start button sets the start flip-flop 
on the next negative-going transition of the 
incoming clock-signal; contact-bounce has 
no effect. Point A goes high. This allows 
the generator to run normally, with its 
output (from stage n of the shift-register) 
controlling the auxiliary counter. When 
the generator output is high, the counter 
advances one count on each positive-going 
transition of the incoming . dock-signal; 
when the generator output is low the coun
ter is held at zero. 

Once per complete sequence the genera
tor output remains high for n consecutive 
dock-cycles; the counter .then reaches the 
count of n causing point B to go high until 

-------- ---l 

n -stage shift-register 
(negative- edge trigge,red) 

2 3 

I 

I 

I 

I 

I 

I 
P. r.b.s. generator I 

. _ under~t~ _ j 

._--------------------~( 

Reset 

4011/4 

Output to counter 
lnegative:-going pulses) 
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Start 
t lip flop 

the counter is reset (nominally a half clock
cycle later). 

Because all stages of the shift-register 
were initially preset to the high state, the 
frrst signal at B occurs during the n'th 
clock-cycle from the start. This signal sets 
the gate flip-flop. This in turn allows 
clock-pulses to appear at the output, and 
also resets the start flip-flop while main
taining point A high so that the system 
continues to run. These conditions con
tinue until the next signal appears at B 
exactly one sequence later, and resets the 
gate flip-flop; then the clock-pulses cease 
to appear at the output, pointA goeslow, 
the generator ceases to run, and, after a 
maximum of n clock-cycles, the system is 
back in the ready state. 

Pressing the reset button will return the 
system to.the ready snite at any time. 
E. L. Jones 
Bucknell 
Shropshire 

Auxiliary counter 

B'-

Gate control 
flipflop 

4011/4 

4011/4 
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DESIGNING WITH 
MICROPROCESSORS13 

Clear-cut step-by-step procedures for the design and implementation of d.m.a. 
interfaces are described. Specifically, it is proved that in the case of action/status 

· peripherals the interface reduces to two wires. 

The block diagram of a d.m.a. system is 
shown in Fig. 1. The function and opera
tion of the address decoder, the d.m.a. 
controller and the cycle-steal logic has 
been explained in the previous · article 
(February, 1982). Briefly what happens is 
this. The programmer sends to the d.m.a. 
controller (by means of i/o instructions) 
three items of information specifying (i) 
the starting memory address, (ii) the size 
of the block, and (iii) the direction of 
transfer' followed by the 'go' coiillruind. 
On receipt of the 'go' command, the d.m.a. 
contr<:>ller activates the peripheral interface 
by pulling enable signal E in Fig. 1 high (E 
:= 1). When activated, the interface moni~ 
tors the status signals of the peripheral, 
and requests a cycle steal when the peri~ 
pheralis ready. When the microprocessor 
responds, the interface and the . d.m.a. - . -
controller generate the appropriate com
mand signals needed by the peripheral and 
the memory chip for the transfer of one 
item of information (usually a byte) be
tween them. At the end of each cycle steal, 
the memory address is incremented/deere· 
mented, and the word count is decre
mented (n := n-1). This process contin~ · 
ues until the word count reduces to zero (n 
= 0), at which time the interface is 
disabled and the end-of-transfer signal, E , 
is generated. 

D.m.a. interfaces 
The function of d.m.a. interfAces is to · 
request the microprocessor to go on hold 
when the main memory is to be accessed, 
and to generate the appropriate signals 
needed by the peripheral when the 
memory becomes accessible. In the case of 
cycle-steal systems, as we have already 
seen, the hold request is generated each 
time the memory is to be :1ccessed, and 
removed after a memory cycle is granted. 

The block diagram of a suitable d .. m.a. 
interface, assuming logic signals 
throughout, is shown in the shaded section 
of Fig. 2. It operates in the following 
manner. 

When logic block 1 recognizes that the 
peripheral is ready to be accessed, it sets 
flip-flop 3 by pulsing its clock terminal. Its 
output is Anded with the ennble signal E to 
produce the cycle request signal c. (As
sume e= 1). When the requested memory 
cycle is granted, lin~ h is pulled high and a 
pulse is generated online k. Signal h being 
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high, and E = 1, activates logic block 2, 
which responds by generating the appro
priate command · signals needed by the 
peripheral for accepting or receiving · an 
item of information. Similarly, pulse k 
activates the d.m.a. controller, which ini-
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. tiates either a memory read or a memory 
write cycle. At the end of the memory 
cycle the microprocessor resumes normal 
activity, until the peripheral becomes · 
ready, which causes logic block 1 to pulse 
the clock terminal of FF3. This pulls the 
cycle-steal line c high and sometime later a 
link between memory and logic block 1 is 
established for a memory cycle. The 
process repeats itself until the last item has 
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Fig. 1. Block diagram of a d.m.a. svstem using cycle stealing. 
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Fig. 5. Circuit implementation of d.m.a. 
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been transferred between the peripheral 
and memory. At this time the d.m.a. 
controller generates end-of-transfer signal, 
E, to inform the system that the requested 
block transfer has been completed. The 
system responds by turning signal E off; 
this disables the interface. 

h 

I 1 
Memory VI 

~ 
address r-- ~ l ;£ 

~ 
Counter 2 L....,_ 

I Address 
h v decoder 

'-- l 
I 

Aq 1- J • R.., 
--l}R.w/r / 

. .., 
d.m.a READ pulse -a 

'ti 
FF1 E i£ Qj 

It ..... 
II) 

0- K CLR "" VI 
'C h -Q) 
II) 

l::l 
.s::J 
I 

To prevent the word count from wrap
ping round, that is changing from all Os to 
all ls, after the last piece of information in 
our block has been transferred in or out of 
the main memory, it is necessary to disable 
the interface before the peripheral be
comes ready. Because software responses 
invariably involve a time lag, depending on 
system activity at the time and on the level 
of priority assigned to theE flag, it cannot 
be used for this purpose. The most 
straightforward method in such a case is to 

. use signal e in Fig. 3 of the previous article 
to disable the interface. Signal e, the 
reader will recall, changes to 1 at the end of 
the block transfer, th~t is when the word 
count becomes zero. Otherwise, the design 
and implementation of peripheral in
terfaces in d.m.a. systems, as indeed in all 
digital systems, is uncomplicated and is 
carried out using well-defined step-by-step 
procedures. 

The two-wire interface 
In the case of action/status devices and no 
external signals, signal rn is generated 
directly by the peripheral, thus eliminating 
the need for logic block 1 and FF3 in Fig. 
2. This reduces the peripheral interface to 
logic block 2, as shown in Fig. 3. 
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Components 

Resistors 
1 to 23 a set of music scale resistors 
from 100 upwards 
24 165 1% 
25 162 1% 
26,27,28 33k 
29,30,31 IOk 
32,33 33k 
34 68 
35,36 lOOk 
37 220k 
38 20k5% 
39,40 - 20k 5% 
41 lOk 
42 lk 
43 1.2k 5% 
44 470 
45 ll.Sk 
46 23k 1% 
47 20k 5% 
48 20k 5% 

'49 47k 
50 15k 
51 15k 
52 15k 
53 . 15k 
54 lOk 
55,56 lOOk 
57 220k 
58 lOk 
59 lOOk 
60 33k 
61 165 1% 
62 162 1% 
63 IOk 
64 3k preset (tuning) 
65 lOk 

Capacitors 
I 2.2n 
2, 3, 4, 5 0.1~ 
6 220~ 
7 0.18~ 
8 15n 
9 0.47!-L 
lOR 0.025~ (right-hand 

generators) 
lOL 0.1~ (left-hand generators) 

(Both 2Y2% polystyrene) 
.u 0.1~ 

ICh IC2, IC3 
IC4, ICs, IC6 
Tr1 
Tr2, Tr3, Tr4 
DhD2 
s1 
s2 
S3 

709 
741 
BC149 or similar 
BC307 or similar 
1N4148 
(8ft flute) 
(8ft open diapason) 
(4ft flute) 

Component kits are available from the 
author at 87 Oakington Manor Drive 
Wembley, Middlesex. ' 

Reference 
1. Asbery, J. H. Multiphonic Organ, 
Wireless World, June 1973, p.303. 
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Fig. 1. Multiphonic organ system based on six triangle-wave generators. 

COMPUTING 
Practical Trouble-shooting Techniques for 
Microprocessor Systems, by J. W. Coffron. 
246 pages, hardback. Prentice-Hall, £13.95 . 
Fault-finding techniques for the hardware of 8-
bit systems using 8080, 8085, Z80 and 6800 
microprocessors. Final chapter devoted to TRS-
80 microcomputer. 

The S-100 and other Micro Buses, by E. C. 
Poe and J. C. Goodwin, 206 pages, paperback. 
Prentice-Hall, £6. 95. 
The S-100 and 20 other buses, as applied to 
most of the popular microcomputers. Includes a 
description of methods of converting signals on 
other buses to S-100 signals. Provides pin 
designations of various bus systems. 

Microprocessor and Microcomputer 
Technology, by Noel M. Morris. 255 pages, 
hardback/paperbakck. Macmillan £15.00/£5.95. 
An introduction to the use of logic devices and 
microcomputers, starting from very simple 
description and progressing to programming 
and application. 

Leam Computer Programming with the 
Commodore VIC, by L. R. Carter and E. 
Huzan. 100 pages, paperback. Hodder and 
Stoughton, £1.95. 
A short course in the use of Basic on the VIC 
microcomputer. A number of appliCations and 
programs are given, and there are problems 
(with answers). 

Microelectronics and Microcomputers, by L. 
R. Carter and E. Huzan. 232 pa~es, paperback. 
Hodder and Stoughton, £1.95. 
Rather more general than the previous book, 
this is intended as an introduction to computing 
for the business or scientific user, and for those 
working on industrial control and 
measurement. 

The 68000: Principles and Programming, by 
L. J. Scanlon. 238 pages, paperback. Prentice 
Hall, £10.45. 
A full description of the 68000 16-bit 
microprocessor, its capabilities and operation. 
Many programs are used as illustration in the 
text. 

Microprocessors and Microcomputers, 
llardware and Software, by R. J. Tocci and L. 
P. Laskowski, 404 pages, hardback. Prentice
Hall, £15.70. 
Micros introduced in a practical manner. First 
section is on basics of logic and number 

systems; second section deals with computer 
architecture; last part is on programming in 
machine code and assembly language. 

PROPAGATION 
Adaptive Array Principles, by J. E. Hudson. 
253 pages, hardback. Peter Peregrinus, £13.00. 
The design of adaptive aerial arrays, which 
automatically present nulls in their polar 
diagrams to sources of noise. Such aerials are 
used in radar, sonar, communications and radio 
monitoring . . 

Wave Propagation Theory, by J. R. Wait. 348 
pages, paperback. Pergamon Press, £22.50. 
Primarily on electromagnetic wave propagation 
in, on or about the earth, but methods described 
can also be applied to acoustic waveguides. 

Aperture Antennas and Diffraction Theory, 
by E. V. Jull. 173 pages, hardback. Peter 

'Peregrinus, £27.00. 
The analysis of radiating apertures, using two 
complementary techniques. One is the Fourier 
relation between aperture field and far-field 
pattern, giving results for the forward radiation. 

· Second method is based on diffraction at the 
aperture edge,and can be used for rear and side 
radiation. 

Microstrip Antenna Theory and Design, by J. 
R. James, P. S. Hall and C. Wood. 290 pages, 
hardback. Peter Peregrinus, £31.00. 
Design and fabrication of flat plate, 'printed' 
microwave aerials, with a resume of recent 
advances and a chapter on trends and possible 
developments in the future. An appendix 
compares microstrip materials. 

VIDEO 
Video Handbook, by R. V. Van Wezel, edited 
by G. J. King. 403 pages, hardtack. Newnes 
Technical Books, £19.90. 
Tel~vision, video recording on tape and disc, 
aud1o and tv production, measurements and 
descriptions of some typical commercial 
equipment. Written for the video amateur and 
technician, using a practical approach. Includes 
information on building a monochrome tv 
camera. 

Home Video Yearbook 1982. 323 pages, 
paperback. Link House, £7.50. 
In three parts. Firstly, hardware concerned with 
television reception and video recording, prices 
and suppliers; secondly short descriptions of 
commercially available video tapes; thirdly, lists 
of addresses of manufacturers and tape 
suppliers. 
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DISC DRIVES 
Read/write head assemblies involve aerodynamic, mechanical and electro-mechanical 

techniques and are the most critical aspect of disc-drive design. But an equally important 
aspect of the sys_tem is how serial data is stored and recalled on a magnetic medium 

moving at high speed using a sing.le low-mass head. These subjects form this chapter. 

As previously stated, hard discs have a 
thin coating of magnetizable material and 
rotate at high speeds. Readers familiar 
with other magnetic recording systems will 
realize that ideally, the read/write head will 
be forced against, or at least touch, the 
recording medium. But because of the 
speed at which the disc rotates and the 
_fragility of the medium, a gap is essential. 
Therefore, the head is designed to float, or 
'fly', on the layer of air rotating with the 
disc. Consequently, the head is of low 
mass, so the gap between head and disc 
can be kept constant over the whole sur
face . of the disc and a small degree of 
• warping can be compensated for. Fig1,1re 1 
outlines the read/write head's structure. 
. The magnetic head is carried by the 
slipper and consists of a permeable core 
with a coil wound round it. A paramag-

. netic barrier on the head core forces the 
flux out of the head onto the medium. 
Reluctance of the magnetic circuit depends 
mainly on the air gap between the head 
and the disc so the write flux is a function 
of the flying height. The air gap limits the 
recording wavelength to about ten times 
that of the flying height. 
Slippers. Current 'state-of-the-art' slip
pers fly at less than 20 micro-inches (0.5 1 

micron) above the disc. It is obvious that 
the lower the flying height, the more effi
cient reading and writing becomes, but 
what isn't perhaps so obvious is that the . 
major design .problem is making the slip-· 
per fly low enough. Lift rises rapidly as the 
separation reduces· so to get the head closer 
to the disc, some of the lift has to be 
dumped. Early slippers had two small 
bleed holes, as shown iri Fig. 2(a) to dump 
lift. These slippers had a flying height of 
around 100 micro .. inches. Figure 2(b) 
shows a second generation slipper, with a 
large longitudinal bleed groove, designed 
for flying heights of about 50 micro-· 
inches. The third example, Fig. 2(c), is 
designed for use below 20 micro .. inches 
and has substantial bleed grooves and ves
tigial working s~rfaces. Although the sur
face of this slipper appears flat to the 
naked eye, it is actually formed to a high 
degree of accuracy in a compound curve. 

Suspensio~. The slipper is mounted at the 
end of a rigid cantilever sprung toward the 
medium. The force with which the head is 
pushed toward the disc by the spring is 
equal to the lift at the flying height for 
which the head is designed. Because of the 
spring, the head may rise and fall over 
small warps in the disc; it would be vir
tually impossible to manufacture discs flat 
enough t~ allow this feature to be 
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dispensed with. As the slipper negotiates a 
warp it will pitch and roll, in addition to 
rising and falling, but it must be prevented 
from yawing. Dowiithi'ust is applied to the 
slipper at its aerodynamic centre by a 
spherical thrust button and the required 
degrees of freedom are provided by a flex
ural gimbal. 

The mass of the head/cantilever and the 
spring compliance have a natural reso-

Slipper 

Flying 

~ Jheight 

Substrate Magnetic oxide 

Fig. 1. An outline of the read/write head in 
relation to the disc. The slipper carries the 
head and is aerodynamically designed so 
that it flies on the air rotating with the disc. 

Fig. 2. Three generations of slipper design. 
The first generation, shown at (a), had two 
bleed holes to reduce lift and flew at 
around 100 micro-inches above the disc. A 
subsequent design, (b), had a longitudinal 
bleed groove and flew at around 50 micro
inches. This was superseded by the current 
head, (c), with substantial bleed grooves 
for flying heights of less than 20 micro
inches. The head shown in (c) has a 
compound curve on its working surface 
which aids aerodynamics but is invisible to 
the naked eye. 

Write current 

bisc track 

FIIJ. S. In digital recording the polarity of 
the medium, either N-S or S-N, is 
controlled by the direction of the write 
current. Flux reversal, at points marked a, 
are referred to as tran1itlons and determine 
the read waveform. 

nance which must be set away from ex
pected warp frequencies. Some cantilevers 
are fitted with synthetic-rubber dampers 
to control unwanted resonances. 

Other essentials of the cantilever are the 
head separating ramp, which lifts the head 
clear of the disc as the positioner retracts, 
and some receptacle for an adjusting tool 
to align all · of the heads to the same 
distance fro~ the spindle at a given cylin
der. 

Handling and setting head assemblies 
requires care and skill; in some cases skin 
acid from a fingerprint is sufficient to etch 
the slipper surface and destroy its aerody-
namic contour. · 

Encoding techniques 
With the exception of some non-inter-. 
changeable disc drives, only one head is 
active at any one time. A production 
tolerance exists between the actual lateral 
position of the head gap and the ideal, and 
this dimension may be several wavelengths 
at the densities used. As a result ii'is not 
generally possible to use parallel encoding 
in disc drives. This constraint largely de
fines the encoding techniques used. 

As in all modern digital recording, the 
medium has only two states ofmagnetiza
tion, N-S and S-N. Devices have been 
made using the unmagnetized state, but 
these must be considered obsolete. The 
write process consists of supplying suffi
cient current to almost saturate the 
medium first in one direction, then the 
other. No erase process is necessary, as 
writing to saturation · will erase a previous. 
recording. Some heads do, however, have 
erase poles, the use of which will be de
tailed. 

The output voltage from a read head is 
proportional to the rate of change o( flux, 
hence an output pulse will only b'e ob
tained at the point where the write current 
changes direction, i.e. at a transition. 
Figure 3 shows that the pulses alternate in 
polarity. The pulse amplitude is a function 

-of the cylinder address, as the relative 
speed of the outer cylinders is higher. 

Data to be written: enters the write cir
cuitry as serial binary with a separate 
clock. Encoding consists of merging these 
two signals into one channel in such a way 
that they can be subsequently separated. 
Perhap.s the simplest form ofencoding is to 

-reverse the write current every time the 
data is a binary one. It can be seen from 
Fig. 4(a) that this approach is of no use in a 
single channel, as when successive zeros 
occur, it is not possible to reconstitute the 
clock. · 

11 
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Fig. 7 (a). Two bits can be expressed as 
three code bits without successive 
transitions. In (b), adjacent pairs can break 
the encoding rule and in these cases 
substitutions are made. Write curre~t 
waveforms for seven different data 
streams using 213 encoding are shown at 
(c). The time steps between transitions are 
uniform, allowing phase-locked data 
recovery in the presence of noise. A 
maximum of six transitions are required 
for eight data bits; when compared with 
m.f.m. encoding, this gives a saving of 
33%. 

(C) 

(a) 

(b) 
Data 
0000 
0001 
1000 
1001 

Data 
00 
01 
10 
11 

Illegal code 
101101 
101100 
001101 
001100 

Code 
101 
100 
001 
010 

Substitution 
101000 
100000 
001000 
010000 

Data Period Write current waveform 

0 0 0 1 1 0 0 0 8 T 

0 0 0 1 1 0 0 1 7 T 

00010001 6T 

1 0 0 1 0 1 1 0 · 5 T 

0 1 1 1 1 0 0 0 4T 

1 1 1 1 1 ·1 1 1 3T 

0 0 1 1 0 0 1 1 2 T 

WRITE CLOCK T 

For com par is on 
mJm.1 1 1 1 1 1 

Write current 
isolator 

l 
l 
l 
l 

I 
Head select 
diodes 

Head select L 

Read amp. 
isolation gate 

L 

+Ve 

~--+._+E;.;.:nc;.:.od:.::e;.:.d ~write do ro Fig. 8. This diagram shows how 
one of a number of heads is 
selected electronically for either 
read or write using diodes. 

K 

-ve 

Current level 1 } 
From current 

'-----1~--- Current level 2 cylinder register 

-40V 

Fig. 9. A progr~mmable write-current generator. Write current is generated by holdmg the 
. b~se of a tra'!s1stor ~t a_ temperature-comp'ensated reference voltage, and by selecting · 

different em1tter r:es1stors using transistor switches. 

80 

Out 

a 
·Campara tor 

Fig. 10 (a). A simplified delay-line peak 
detector, and associated waveforms (b). A 
differential phase-lead peak detector is 
shown at (c). 

encoding is to decide at what time to clock 
the bistable so that a. transition is written 
by the current reversaL 

Reading. When not actually writirig, the 
write-current generator is turned off and 
the write-isolation diodes are reverse 
biased. The read isolation gate is enabled, 
allowing the differential read signal into 
the read linear amplifier. This amplifier 
~aises the amplitude of the read signal to a 
constant level suitable for data recovery, 
and filters out unwanted signals. To this 
end the linear amplifier often contains 
both bandpass filters and an a.g.c. loop. In 
some cases, the linear amplifier's input and 
the a.g.c. capacitor are shorted during· 
the address mark to stabilize the gain in 
the shortest possible time after entering a 
block. The address mark is a short section 
of the track preceding a data block and 
contains no transitions. A.g.c. squelch is 
released as the block is entered, and the 
linear-amplifier gain reduces from maxi
mum using the fast attack slope of the 
forward-biased signal rectifier. 

The constant-amplitude read signal now · 
passes to the p~ak detector, as the position 
of the signal peaks corresponds to the posi
tion of the transitions on the disc. In Fig. 
lO(a) an analogue waveform is compared 
with a delayed version of itself. The com
parator changes state at the signal peak. A 
differential version of this type of peak 
·detector is shown in Fig. lO(c). The prin
ciple holds equally well if one signal is 
phase. advanced, and thus the delay is 
sometimes substituted by the RC network 
shown. 

The detected signal is fed to an appro
priate· data separator, which splits the sig
nal into data and clock information to pass 
to the deserializer, which recreates data 
words. 
To be continued 0 
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16-CHANNEL DATA 
ACQUISITION SYSTEM· 

·A 4'h-digit, 16-channel data acquisition system (d.a.s.) is described which · 
functions as a talker-listener on the IEEE-488 bus ((3PIB). It uses a 4'h/5'h-digit a
to-d subsystem, AD7555, with ± 1.9999V full scale, as an easy interface with the 
. Fairchild 96LS488 GPIB circuit. · 

Figure 1 shows a block diagram of the 
GPIB 16-channel data acquisition system. 
The 96LS488 connects directly to · the' 
IEEE bus and controls all the other sec
tions. (For clarity, a number of the control 
signals have been omitted.) A set of eight 
transceivers determines the flow of in
formation (talking or listening) and the 
'listen decode' circuitry sends . the appro
priate address to the 16-channel 
multiplexer. On selection of a channel, a 
start conversion signal is sent to the 
AD7555 a-to-d converter. 
· When conversion is complete, a service 
request is transmitted to the 96LS488, 
which in turn interrupts the IEEE bus: the 
bus can then interrogate the device for · 
status or data information. Status informa
tion includes the last channel selected and 
the conversion status, while data informa
tion consists of a 4Vz-digit b,c.d.-encoded 
representation of the analogue voltage. 

The IEEE bus in brief 
A full description and specification of the 
GPIB system is published in the IEEE 
document . "IEEE . Standard Interface for 
Programmable Instrumentation", lEE Std 
488(1978), which should be feferred to for 
a fuller explan.ation. 

GPIB communication lines consist of 
eight data lines, three hand-shake lines, 
five control lines and eight ground lines, as 
·shown in FJK: .£. (the IEEE connector). 
Data lines (Dl-08) contain the bidirectio
nal data or information. and are true low 
signals. · 
Handshakes.~' DAV and NDAC 
are the three bidirectional handshake sig
nals. DAV (Data Valid) is pulled low by a 
talker when the data has been placed on 
the bus, which tells the listener that the 
data is valid. NRFD (Not ready for data) is 
brought high (or released) by each instru
ment on the bus: when all the instruments 
have released it, it acts as an indication to 
the talker that a data transfer can begin. 
~(Not Data accepted) is controlled 
·by the device receiving the data, a low 
indicating that the data has not been cap
tured and a high that this has been done. A 
simplified data transfer sequence is shown 
in Fig. 3. 

A timing sMuence starts when the lis
tener brings RFD high (1), saying it is 
ready to receive the data. The talker places 

. the data on the bus (2), allows. it to settle 
and brings DA V low (3); telling the 'lis
tener that the data is valid. The listener 
.brings 'NRFn low (4), indicating that it is 
not ready for another data transfer until 
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_by Pat Hickey· 

this transfer is completed. When the data · 
has been processed, the listener brings 
NDAC high (5), saying that it has received 
~ta. The listener responds by taking 
DAV high (6) (data is no longer valid) and 
removing the data from the bus (7). The 
listener brings NDAC low (8), acknow
ledging this, .and NRFD high (9), indicat.: 
ing that it is ready for the next data byte. 
The timing of this sequence is not 
discussed here, since the 96LS488 IEEE
interface circuit takes complete control of 
the procedure. 
Control. The five control lines are A TN, 
IFC, REN, SRQ, and EOI. The ATN 
(Attention) is asserted only by the control
ler and, when low, indicates that informa
tion on the line is address or control in
formation: it is high when data is being 
transferred. The IFC (Interface Clear) line 
is asserted low by the controller to reset all 
GPIB devices. 

REN (:Remote Enable) allows local (i.e. 
front panel) control of devices if it is 
allowed to become high. When low it en
sures that the controller is in command. 
SR(l (Service Request) is forced low by a 
talker/listener when it wishes to indicate to 

.AnalOg Devices, Limerick, Ireland 

the controller that it needs service. EOi 
(End or Identify) can be pulled low by a 
talker to signify the last byte in . a multi
byte transfer. 

All the aforementioned signals are taken 
care of by the 96LS488. 

96LS488 GPIB circuit 
Figure 4 shows a block diagram f~r the 
96LS488, and the following description 
should be referred both to that and Fig. 7 
(full circuit diagram). a> is a lOMHz clock 
which controls all internal timing, and can 
be generated using a 1500 resistor and 
150pF capacitor connected to an internal 
Schmitt trigger. 

TXST (Transmit Status) and TXRDY 
(Transmit Ready) signals are used in trans
ferring data from the AD75SS a-to-d 
converter to the 96LS488, as shown in Fig. 
5. When the d.a.s. is requested to transfer 
information to the IEEE bus controller, 
the 96LS488 checks that TXRDY is high 
(meaning a byte is waiting). If it is high, 
the 96LS488 will read the data and bring. 
TXST high (1), indicating that it has the 
information. TXRDY is then brought low 
(2), acknowledging this fact and TXST is 
brought low (3) again. When the next byte 
is ready (4), the AD7555 brings TXRDY 
high (5) and the sequence is repeated. 

RXST (Receive · Status) and RXRDY 
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Table 1. Contents of IC6 r.o.m. for decoding ASCII information to binary. 

A4 
0 

R.o.m. inputs 
(addresses) 

A3 A2 AI 
0 0 0 

R.o.m. outputs · 
(data) 

06 OS 04 03 02 01 
1 1 1 1 1 1 

0 
0 
0 
0 
0 
0 

0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 

AO 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

"A" (0100 0001) 
"B" (0100 0010) 
"C" (0100 0011) 
"D" (0100 0100) 
"E" .(OlOO 0101) 
"F" (0100 0110) 

' 1 1 1 0 1 0 
1 1 1 0 1 1 
1 1 1 1 0 0 
1 1 1 1 0 1 
1 1 1 1 1 0 
1 1 1 1 1 1 

0 1 1 1 1 1 1 
0 1 0 0 1 1 1 1 1 1 
0 1 0 (}. 1 1 1 1 1 1 
0 1 0 1 

1 0 1 
"*" (0010 1010) 0 1 1 1 1 1 

0 1 1 1 1 1 1 
0 1 1 0 1 1 1 1 1 1 
0 1 1 0 CR (0000 1101) 1 0 1 1 1 1 
0 l l 1 1 l l 1 1 1 
0 1 1 1 1 1 1 1 1 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 

"0" (0011 0000) 
"1" (OOll 0001) 
"2" (0011 0010) 
"3" (0011 0011) 
"4" (0011 0100) 
"5" (0011 0101) 
"6" (OOll 0110) 
"7" (0011 0111) 
"8" (00111000) I 

"9" (0011 1001) 

1 1 0 0 0 0 
1 1 0 0 0 1 
1 1 0 0 1 0 
1 1 0 0 1 1 
1 1 0 1 0 0 
1 1 0 1 0 1 
1 1 0 1 1 0 
1 1 0 1 1 1 
1 1 1 0 0 .0 
1 1 1 0 0 1 

1 1 0 1 
1 1 0 1 
1 l 1 0 
1 1 1 0 
1 1 1 1 
1 1 1 1 

transceivers (MC3441) and are designed to 
meet the IEEE standard 488- 1975. The 
data direction is controlled by the DRB 
output of the 96LS488 (IC3): When it is 
low, data is transferred to the. bus, and 
transferred from the bus when DRB is 
high. Switches S1·Ss are used to select the · 
address of the device. As an example:- For 
an address of 16, Ss is open, while S4, S3, 
S2 · and S1 are closed. (Address is 
10000 = 16). Switches S6-S9 are used to 
select the operating mode of the 96LS488 
(the Fairchild data sheet gives more in
formation on this). For a talker/listener on 
low speed, MO and Ml are high, and M2 
and M3 are low (ie, S6 and S7 are open, 
while S8 and S9 are closed). 

Since all information is transmitted in 
parallel ASCII code, it is necessary to _de
code this to binary. The 6331 (IC6) Is a 
32x8 bit r.o.m. which is used for this 
purpose, whose contents are outlined in 
Table I. The address latch, IC7 (74C175), 
holds the address of the selected channel, 
its output being connected to the input of 
IC14 (AD7506), a 16 channel multiplexer, 

Data 1 AD7SSSI __ oa_t_a _ __,m Next data 

TXRDYIAD7SSS~ 

TXSTI96LS4881~ 

Fig. 5. Simplified talking sequence. 
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1 1 1 1 1 1 
1 1 I 1 1 I 
1 1 I 1 1 I 
1 1 .I 1 1 1 
1 1 I 1 1 1 
1 1 1 I 1 1 

Data(96LS4881 ~ 

RXST 196LS48Bl __ _,QJ Q\.-__ 
RXRDYIDASI ~ 
Fig. 6. Simplified listening sequence. 

which in turn selects the appropriate anal
ogue sig~al to the a-to-d conver.ter 
subsystem (AD7555) IC9. On completion 
of a conversion, the b.c .. d. data is held in 
internal latches, and can be accessed by 
control of the DMC pin. The IEEE 
transmit handshake signals are used to 
access this information during a read..,ack 
cycle. A data selector ICu (756157) send 
4Vz digits and a ~rriage return to the 
96LS488: When DS is high, b.c.d. data 
from the a-to-d converter is selected, and 
when Ds is low a CR code is selected. 

The hex. c.m.o.s.-t.t.l. inverter (IC1s) 
generates the 4.096 MHZ clock with the 
crystal, whilst IC16 (7493), a 4-bit binary 
counter, .divides this by four, producing a 
1.024 MHz clock for the AD7555. 

The two multiplexer/selectors (IC23,24) 
are used to transfer either data or status 
information to the 96LS488. When D/S is 
low, data information is selected (TO-T5 ), 
and when high the status byte is sent. 

The concluding article will continue this 
circuit description and include a .program 
for scanning 16 channels. o 

23/24/25th March 
Electro-optics/Laser International '82 UK, at 
Metropole Convention Centre, Brighton. 
Details from: Cahners Exposition Group, 
Cavridy House, Ladymead, Guildford, Surrey 
GU11BZ. 
25th March 
Computational Techniques in Image 
Processing, at Queen Elizabeth College, 
London. Details from: The Meetings Officer, 
The Institute of Physics, 47 Belgrave Square, 
Loqdon, SW1X 8QX. 
30th March/1st April 
ETM '82 and Sensors & Systems '82 (Electronic 
testing and measurement) at Wythenshawe 
Forum, Manchester. Details from: Trident 
International Exhibitions Ltd, 21 Plymouth 
Road, Tavistock, Devon PL9 8AU. 
30th March/1st April 
CAD '82, (Computer-aided design conference 
and Exhibition) at Brighton Metropole, Sussex. 
Details from: IPC Exhibitions Ltd, Surrey 
House, 1 ThrowleyWay, Sutton: Surrey SM1 
4QQ. 
4th-7th April 
National Association of Broadcasters, 
Exhibition, at Las Vegas, Nevada USA. 
6th April 
Current Research in Magnetism, at the 
Insitutue of Physics, London. Details from: 
The Meetings Officer, The Institute of Physics, 
47 Belgrave Square, London SW1X 8QX. 
12th-15th April 
Electrostatics Conference, at St Catherine's 
College, Oxford. Details from: The Meetings 
Organiser, Insitute of Physics. 
13th-16th April 
Basic Electronics for Teachers, at University of 
Salford. Details from: The Administrative 
Assistance (Short Courses) Room 110, 
Registrar's Department, University of Salford, 
Salford MS 4WT. 
20th April 
Satellite Development in Broadcasting: M. W. 
Harman, at Room SG27, University of Aston, 
Gosta Green, Birmingham at 6.30pm. Details 
from: The IETTE, 2 Savoy Hill, London 
WC2ROBS . . 
20th-22nd April 
International Conference on Video and Data 
Recording (I.E.R.E.) University of 
Southampton, Southampton. Details from: 
Conference Registrar, IERE, 99 Gower Street, 
London WClE 6AZ. 
20th·22nd April 
All Electronics Show, at the Barbican 
Exhibition Centre, London. 
20th-23rd April 
Communications '82, lEE Conference and 
Exhibition at the National Exhibition Centre, 
Birmingham. Details from: lEE Conference 
Department, Savoy Hill, London WC2R OBL. 
22ndApril 
Microprocessor in Building Services: M. W. 
Harman, at University of Strathclyde, Glasgow 
at 6.30pm. Details from: lEETE, 2 Savoy Hill, 
London WC2R OBS. 
23rd-25th April 
The Computer Fair, at Earls Court. (Sponsored 
by Practical ComoutinM and Your Computer) 
Details from; Exhibition Manag_er '· 
IPC Exhibitions Ltd, Surrey House, 
1 Throwley Way, Sutton, Surrev. 
28th April . 
Propulsion. Research - Impact on Fuel/Emergy 
Conservation, at Hawthorns Hotel, Woodland 
Road, Bristpl at 7.30pm. Details from: lEETE, 
2 Savoy Hill, London WC2R OBS. 
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SYMMETRICAL-OUTPUT 
DIVIDERS 

!Expanding on February's article, the author first shows how further hexadecades 
may be added to the previously described binary-programmable counter. A basic 

b. c. d.-programmable counter follows and to conclude, details of how to add further 
decades. These circuits are designed to accept and provide equal mark-to-space ratio 

digital signals, and are programmable in integer steps. As frequency-dependent 
components are not used, the speed of each circuit is only limited by the speeds of the 

logic devices used. · 

For dividing in the range l6~N~256, 
whether or not N is a prime number is 
important. If N is not prime then N = N 1 
Nz and the divider can be made using two· 
programmable divide-by-1-to-16 circuits 
described in the previous article. These 
may be connected either asynchronously 
or synchronously, the latter method being 
the fastest. To divide synchronously it is 
necessary to · enable the 74C163 inputs as 
shown in Fig. 9. To divide asynchro
nously, the output of the divide-by-N1 cir
cuit has to be connected to the input of the 

I 

I 
I 

• I I 
I I 
I I 
1 N1 I 
L __________ _j 

by Gerard Girolami 
and Philippe Bamberger 

divide-by-N2 circuit. The latter solution is 
not much simpler than connecting the di
viders synchronously so the sacrifice in 
speed is usually unwarranted. 

On the other hand, if N is prime, this 
solution no longer applies and it is neces
sary to design a programmable divide-by-
1-to-256 counter using a slightly different, 
approach. The procedure is identical to 

'-------i..,.. Output 
1 =Ho/N1N2 
I 
I 
I 
I 
I 
I 
I 
I 

__ _j 

Fig. 9.Synchronous cascading of programmable ~ivide-by-1-~o-16 cirC?uits. Ho is the input 
and N1 N2 is the divisor, N. This method only appltes where N ts not prtme. 

"( .. , .. 

Fig 10. Connecting binary adders for a programmable 1-to-256 divider, applying equations 
(5) and (6). I 3 of the most significant decade is not used. · 

WIRELESS WORLDAPRIL1982 

that used for the 1-to-16 programmable 
counter except that the relationships in 
equations (1), (2) and (3) given in the 
previous article must be changed to 'force 
the counter to 'oscillate' around the transi-:
tion between counts 127 and 148. The new 
equations are: 

L+D=255=28 -I 
D - I 12 = 12 7 if I is even 
and 
D - (I+ 1)/2 = 127 if I is odd. 

( 4) 
( 5) 

( 6) 
These relationships can again be imple
mented using two binary adders as shown 
ifFig. 10. 

As shown previously, it is possible to 
find the logic relationships between input 
and load data as follows, 

Lo = Io;~ I1 
Lr = (lo + lr)~h 

and so forth up to 
L6 = (I o + I 1 + I 2 + I 3 + 

I4 + Is + I6) ~ l7 
L1= 0 
D=L 

B.c.d. programmable counters 
If division ratios from one to nine only are 
required, the previously described binary
programmable circuit may be used. If, 
however, a similar circuit is designed using 
a decade 'counter, and the maximum divi
sor range of one to ten is required, the 
counter will have to 'oscillate' at the 4-5 
transition, rather than at the 7"8 transition 
as was the case with the binary-program
mable circuit. This means that as Qn is 
used as the output, the signal obtained will 
not be square. In fact, if the dividing ratio 
is from 1 to 6, there will be no output at 
all. It is easy to get round this problem by 
producing a logic 0 for states zero to four 
and logic 1 for the · remainder, but this 
creates new problems; 
- more circuits are required 
- even with a synchronous counter, it is 
difficult to avoid spikes on the output, so 
the clock will have to latch the output 
signal 
- the maximum operating frequency is 
lowered. 

So, for division ratios from one to nine, 
it is more practical to use a binary-counter 
circuit. But the decade couiuer can be used 
to advantage if division ratios up to 100, or 

85 

www.americanradiohistory.com

www.americanradiohistory.com


www.americanradiohistory.com

www.americanradiohistory.com


www.americanradiohistory.com

www.americanradiohistory.com


www.americanradiohistory.com

www.americanradiohistory.com


www.americanradiohistory.com

www.americanradiohistory.com


www.americanradiohistory.com

www.americanradiohistory.com


. -~aHWtm,'$ \liiiiil' ' (ELECTRONICS) LTD. 

HEAVY DUTY ISOLATION 
TRANSFORMERS 

240·240V e?'-computer equipment. 
Large select1on available 10-15 amps. 
Fraction of maker price. Telephone for 

INDUSTRIAL AUTOMATIC 24 VOLT 
20 AMP BATTERY CHARGERS 

AC input 240V 50Hz. DC output 24V 
20A. Built in steel case size 15 x 12 x 
9'Y.! ins. Complete with battery leads 
£65 + VAT. Callers onlv. 

ISOLA nON TRANSFORMERS 
Pri tapped 220-240V sec 240V 500 watts. 
Open frame type, top panel connections. 
Ex-equipment, but in perfect condition, 
£15, carr £3, VAT. £2.70. 

94 

9 & 10 CHAPEL STREET, t.'ONDON, NW1 
·01-723 7851 01-262 5125 
ADJACENT TO EDGWARE ROAD MET. LINE STATION 

. PLEASE ADD 15~. TO ALL ORDERS INC. CARR: 
CURRENT RANGE.OF NEW L.T. TRANSFORMERS 

OPEN TYPE TAG CONNECTIONS 
ALL PRIMARIES 220·240V 

Type Sec. Taps Amps Price Carr. 
1 24-30-40-48-60v 12 £36.50 £2.00 
2 24-30-40-48-60v 10 £31 .50 £2.00 
3 24-30-40-48-60v 8 £27.50 £1.75 
4 24-30-40-48-SOv 5 £16.75 £1.75 
5 24-30-40-48-60v 3 £11.50 £1.25 
6 24-30-40-48-60v 2 £7.50 £1.25 

7 
8 
9 

10 

11 
12 

·13 

14 
15 
16 
17 
18 

6-8-1 0-12-16-18-20-24-36-40-48-60V 
CAN BE OBTAINED FROM THE ABOVE RANGE 

19-25-33-40-50V 10 £27.50 £2.00 
19-25-33-40-50V 6 £19.50 £1.75 
19-25-33-40-SOV 3 £9.25 £1.25 
19-25-33-40-SOV 2 £7.75 £1.25. 

5-7-8-1 0-'13-15-17 -20-25-30-40-50V 
OR 25-0-25V OR 20-0-20V CAN BE 

OBTAINED FROM THE ABOVE RANGE 

12-15-20·25-30V 10 £18.50 0 .75 
1 2-15-20-25-30V 5 £10.50. £1.50 
12-15-20-25-30V 2 £6.25 £1.25 . . 

3-4-5-6-8-9-1 0-12-15-18-20-24-30V 
. OR 12-0-12V OR 15-0-15V CAN BE 

OBTAINED FROM THE ABOVE RANGE 

12-24v- 1 2v 60A. 24v 30A £39.50 
12-24v 12v30A, 24v 15A £19.50 
12-24v 12v20A,24v 10A £15.25 
12-24v 12v 1DA. 24v 5A £8.75 
12-24v 12v 4A. 24v 2A £4.25 

£3.50 
£2.00 
£2.00 
£1.50 
£1.25 

HEAVY DUTY OP TRANSFORMERS 
Type OT28EL 100 watts, 3.75!1, 7.5!1, 15!1, 1.75K CT, 4 EL34 2x25 
m/a de max. £15.50, P&P £1.25. Type OT29EL 50 watts, 3.75!!, 15!!, 
3.5K CT, rated2x125 m/a dcmax £8.95, P&P £1 . 

AUTO STEPDOWN TRANSFORMERS 
FOR AMERICAN EQUIPMENT 

240/110 Volts. 80-2250 watts. Regular stock line. Types 80-1500 
watts are fully shrouded. Fitted with American two or three pin 
socket outlets and 3 core 240V mains lead. Types 1750 and 2250 
watts are steel cased with two America·n socket .outlets. Neon 
indicator, three core mains lead and carrying handle. Send SAE for 
price list and further details. American sockets, plugs, adaptors 
also avai lable. 

SPECIAL OFFER. HINCHLEY MAINS 
ISOLATION TRANSFORMERS 

Prim 240V. Sec 240V 250 watts. Open frame type. Tag connections. 
Fused input. £10, p.p. £2, VAT. £1.80. Parmeko pri tapped 115-
220-240V. Sec 240V 6amps. Fully shrouded top panel connections. 
Sec can be wired to give 120·0-120V. £25, carr. £5, VAT. £4.50. 

· further details. 

SPECIAL OFFER HEAVY DUTY 
TRANSFORMERS 

Pri 240V sec 50V 15 Amps. Twice 
will give 100V CT or 50V 30A Open 
frame type. Terminal block primary. 
Sec heavy wire leads. Frame size 
at/2 X 7 X 5 inches. Screen winding 
between pri and sec. Brand new, 
fraction of list price, £32, carr £5, 
VAT. £5.55. 

HEAVY DUTY LT C CORE 
TRANSFORME-RS 

Pri 110-220-240V Sees 14V, 3V, 
1 1/ZV, 1V. Separate windings. All at 
40Amps. 14-15-15'Y.!-17-18-181/2-19-
19'Y.!V can be obtained. £25, carr £4, 
VAT. £4.35, _ .. 

HIGH·GRADE TRICKLE CHARGERS 
Input 240v AC. Output 12v DC 2 Amps. 
With mains lead. red and black batte:y 
leads with attached clips. Completely 

~~~~d~iz~o6u~e~~nx 'Ji~~ £~-~~~~~'1: £s1t~~ 
plus VAT. Total £6.90. 

HEAVY DUTY LT TRANSFORMERS BY 
FAMOUS MAKERS 

Pri 220-240V sec 70-0-70V 10A C core 
type top panel connections £20, carr £4 
VAT. £3.60. Pri 1 15-220-240V sec 22.8V 
1 0.5A and 10V 14A open frame tag panel 
connections £10, PiliP £2, VAT. £1 .80. 
Pri 220-240V sees 40V BA. 38V 4A. 20V 
4A 30V 2.6A. 26V 2.6A 28V 2.5A. 51V 200 
M/ A £15, carr £3. Pri 1 1 0-220-240V sees 
14V SA. 14V 2'Y.!A. 12V 10A. BV 10A. 24V 
1A. Separate windings £10, carr £3, 
VAT. £1;95. 

IMPORTANT NEWS II 
We would like to announce the opening of our new branch at 21-23 BELL ST NW1 It 
will. of course, stock our fantastic range of products that have made us famou~' over the 
past 25 years, PLUSII many n~ ranges, i.e. ~omputer and electronic components, test 
equipment, panel meters, mult1meters, semiconductors, ICs and a large selection of 
plugs and sockets. 

WHY NOT PAY US A VISIT - IT COULD SAVE YOU POUNDS II 

POTTED HT CHOKES 
4.5H 280 M/A £3.95, P&P £1.75, VAT. 
70p. 1 OH 180 Ml A £3.95, P&P £1.75, 
VAT. 70p. 10H 120 M/A £3, P&P £1, 
VAT. 60p. 5H 180 M/A£3, P&P£1, VAT. 
60p. 15H 300 M/A £5, P&P £2, VAT. 
£1.05. 100H 10M/A £1.75, P&P £1, VAT. 
40p. SOH 25 MIA £2. P&P £1, VAT. 45p. 
10H 75 Ml A £2, P&P £1, VAT. 45p. Open 
types top panel connections SH 350 M/ A 
£3.50, P&P £2, VAT. 82p. 1 H 1 amp 
£3.95, P&P £2, VAT. 90p. 25H 60 M/A 
£1.75, P&P£1, V.A.T. 40p. 15H 75 M/A£2, 
P&P £1, V.A.T. 45p. Gardners enclosed 
type 180H 24M/A £4, P&P £2, VAT. 90p. 
30H 120 M/ A £4, P&P £2, V .A. T. 90p. 

.. LT CHOKES 
'C' core 8 M/H 15A £6.75, P&P £2, VAT. 
£1 .32. 4.8 M/H 10A open frame type 

~P!~- 1~P M~~~A Vf!:Jo. 8~Ki> ~~~;~ 
V.A.T. 90p. 130 M/H 1. 15A £2.50. P&P £1, 
VAT. 52p. 2 MIH 12A x 2, 2 M/H 24A or 4 
M/H 12A £4.50, P&P £1.50, VAT. 90p. 

~E~;~~.i~l:p.3·~· ~~~~ 1~~~~12~ 
£10, Carr £3, VAT. £1.95. 'C' core 200 
M/H BA size 9 x 8 x 7 in, £20, Carr £5, 
VAT. £3.75. 

MONITORS 
12 inch mono?hrome chassis, suit
a~le for use w1th home computers. 
V1deo 1nput. Overall size of chassis 
16 X 14 x 14 ins, £45, VAT. £6.75 . 
Callers only. 

I 
SPI:CIAL OFFER OF ERIE 

ELECTROL YnC CAPACITORS 
22,000 MFD 63V DC WKG £4.50 inc. 
postage and VAT. 6800 MFD 100V DC 

~~ ~0~ ~~- ~~s~aii.~din~~p~s~~~~ 
and VAT. 10,000 MFD 16V DC WKG five 
for £2.50 inc. postage and VAT. 100 
MFD 25V DC WKG ten for 1!11 inc. postage 
and VAT. 4.7 MFD 50V DC WKG ten for 
75p, inc. posta!ile and VAT. 22,000 MFD 
l~~ ~~-f.KG f1ve for £2.50 inc. postage 

AC WKG BLOCK CAPACITORS 
15 MFD 250V AC WKG £2. 8-4 MFD 250V 
AC WKG £1.50. 5 MFD 440V AC WKG £2. 
2.5 MFD 360V AC WKG £1. 2.7 MFD+0.1 
MFD 700V AC WKG £2. 1.5 MFD 370V AC 

~2\GM~b ~l~~xg :~~ £~~ 4~~g is~ 
ACWKG£1 . 

SPECIAL OFFER VARIABLE 
TRANSFORMERS 

Brand new, boxed, input 240V, out
put 0-265 volts 5 amps. Base or 

g~2~~ r:'o~~n~i~~ ~~~r~~~~~~~~~~~~ 
£26 inc. carr. and VAT. 
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BERCO VARIABLE. TRANSFORMERS 
Type 42A panel mounting, input 240V, 
output D-270V 2A with control knob. Ex· 
equipment, but in perfect condition, £10, 
P&P £2.50, VAT. £1.88. 

DC WKG BLOCK CAPACITORS 
8 MFD 1000V DC WKG £3, P&P £1, VAT. 
60p. 8 MFD 350V DC WKG £1.25, P&P 
50p, VAT. 26p. 6 MFD 350V DC WKG £1, 
P&P 50p, VAT. 22p. 4 MFD 500V DC 
WKG £1, P&P SOp, VAT. 22p. 2 MFD 
600V WKG 60p, P&P 20p, V.A.T. 12p. 1 
MFD 1000V DC WKG 60p, P&P 20p, 
VAT. 12p. 1 MFD 600V DC WKG 5 for 
£1.50, P&P 50p, VAT. 30p. 0.25 MFD 
500V DC WKG 5 for £1.25, P&P SOp, 
V.A.T.16p. 0.1 MFD 1500V DCWKG5for 
£1 .25, P&P 50p, VAT. 16p. 2 MFD 100V 
DC WKG ten for £1.50, P&P 75p, VAT. 

~fo ~~~~'abt~~~s:lt~a~r; ~~~t~ 
SOp, VAT. 52p. 

LOW CURRENT L T 
TRANSFORMERS 

Open frame clamped type, split 
bobbin. All primaries 240V No. 1 
sec tapped 12-15-20-24-30V 750 
MIA £4. No. 2 sec 9-0~9V 1A and 
6.3V 200 M/ A £2.50. No. 3 15-0-1 6V 
600 M/A and 6.3V 200 MIA No. 4 
sec 12-0-12V 750 M/A and 6.3V 200 
M/A £4. No. 5 sec 13V 'Y.!A £1.50. 
No. 6 sec 8V 1/ZA 6.3V 600 MIA, 6.3V 

;~2 n~\;~~tig)~;~75~:: ~0se~ 
16.5V 1/ZA x 2 £1.75. No.9 sec 18V 
2A £4. No~ 10 sec 24V 2A £4.50. No. 
1 1 sec 1 5V 2A £3.50. All prices in
clude postage and V.A.T. 

~~~~~..::R'; 
~~~fo"l~~,J~~~~ t~io.1!t~~evo. ~l': 
175V 100M/A. Separate windings, 
open frame type, top panel connec
tions, £3.95, postage £2.40, V .A. T. 
94p. 

LATEST PURCHASE. COMPUTER 
GRADE T TRANSFORMERS. All Prima· 
ries 240V. No. 1 sees. 26V 6A £6.5(), car
riage £1. 50. 
~i>~;_ec. tapped 26-3t-3sv. 11.2A £12. 

No. 3 sec. 36V 6A £8.50. P&P £1 .50. 
No. 4 sec. 43V 3A £4.75. P&P £1.50. 
No. 5 sec. 24V 2A £2.75. P&P £1.25. 
No. 6 sec. 27.5-0-27.5V 1.2A and 7-0-7V 
0.75A£3.60. P&P£1.25. 
No.7 17V 1A £2 P&P 75p. 
No. 8 13V 3A and 15V 1A £3.50. p&,p 
£1.25. 
No. 9 18V 2A £2.50. P&P £1 . 

PLEASE ADD V .A.T. 

POWER UNITS 
,...........~~FO~T~O~LA-----K--.. 

. . . . _POSITIVE i..IGHT SENS-ITIVE AEROSOL LACQUER 
Now available with 

3 OUTPUTS 

Type 250VRU I 30125 

OUTPUT l: 0-30v. 25A DC 

OUTPUT 2: 0-70v, 10A AC 

OUTPUT 3: 0-250v, 4A AC 

ALL 
Continuously 

Variable 
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Enables YOU to produce perfect printecr<::ircuits in. m-inutes! 
Method Spra_y cleaned board with lacquer . When dry, place positive master of 
requ1red CirCUit on now sensitized surface. Expose to daylight. develop and etch. 
Any number of exact copies can of course be made from one master . Widely 
used in industry for prototype work . 

-P-re~coated 1 1 1 6 · · Fibre-glass boa rei 

FOTOLAK .................. .. .... .. ... .. ..... .... £2.25 204mm x 114mm [1.50 
Deve loper .. ...... ..... .. ...... .... ... ..... . , ......... . 35p 204mm x 228mm £3.00 
Ferric Chroride ......................... .. .. .. ...... 55p .408mm x LLtlmm £600 · 

467mm x 305mm £9._00 

Plain Copper-clad Fibre-glass . . Single-sided 
iApprox. 1.00mm thiCk ft. sq. . . . . . . . . . . . . £2.00 
Clear Acetate Sheet for makin_g _ n;~ster, 260mm x 26-0~m 

Double-sided 

£1 .75 

15p 
Postage and packing 60p per order. VAT 15% on total 

IfF. MILL_WARD ELECTRONIC COMPONENTS LIMITED 
P.O. Box 19, ·Praa Sands, Penza nee, Cornwall TR20 9TF 

Telephone GERMOE (073-676) 2329 
TRADE ENQUIRIES .INVITED 

ELECTRON GUNS 
TV TUBE COMPONENTS 
If you are Rebuilding or Manufacturing TV Tubes - We are the leading 
suppliers of Electron Guns and TV Tube Components to the TV Tube 
Industry. We specialise in all asp~cts of Electron Mount Technology. 
Our product range includes more than 250 gun types for Colour, In Line, 
Mono and Display Tubes along with Mount Parts, Bases, Getters, Seal
offs, and all other associated items for TV Tube Production. 
A Full Technical Back-up and Advisory Service is available to all custom-
ers World-wide. _ -

Please request our current catalogues and Data Information. 

R GRIFTRONIC i~l::MIIIEET 
-EMISSION LTD ~~R~~CD~SHIREB495DP 
Telephone: (0789) 764852/ 764100 Telex: 312354 Grifem G 
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WIRELESS WORLD APRIL 1982 

U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE 
BSR DE LUXE AUTOCHANGER £20 
Plays 12", 1 0" or 7" records, 
Auto or M~nuaL A high 
quality unit backed by BSR 
reliability. Stereo Ceramic 
Cartridge. AC 200/250V. Size 
131hx11Y4in. 3 speeds. 
Above motor board 3:Y4in. 
Below motor board 21hin. 
Post £2 Board £1 extra 

HEAVY METAL PLINTHS Post£2 
Cut out for most BSR or Garrard decks. 
Silver grey finish, black trim. Size 16x13:Y4in. 

DECCA TEAK VENEERED PLINTH. Post £1 .50 

£4 

£5 Superior finish with space and panel for 
small amplifier. Board is cut for B.S.R. 
18:Y4in.x141J4inx4in. Black/silver facia trim. Also with 
boards cut out for Garrard only £3. Plastic cover £6 

TINTED PLASTIC COVERS 
177Aix13'A!x3Y4in. £6 181J4X121hx3in. 
17Y4x9%x31hin. £3 14%x121hx2718in. 
13:Y4X12x2V4in. £5 16%x13x4in. 
151J4X131hx4in. £6 141J2X13"18x2:Y4in. 
17x12718x31hin. £6 171f4X13:Y4x4"181n. 

· Callers Only (not suitable for post) 

211f2x14Y4x21hin. £6 21x13718x41;8in. 
23:Y4x14x37!8in. £6 30¥4x 13%x31f4in. 

BSRSINGLE 
PLAYER DECKS 
BSR P232 BELT DRIVE 
QUALITY DECK 
Manual or automatic play. 
Precision ultra slim arm. 
Cueing device. Bargain price 
With stereo ceramic cartridge 

Post£2 
£6 
£5 
£6 
£5 
£6 

£6 
£6 

BSR P204 SPECIAL SINGLE PLAYER ideal for portable 
two-speed Hi-Fi system with ADC QLM30 stereo 
magnetic cartridge and cueing device. £24 Post £2 
BSR ready cut mounting board. Only f1 extra. 

GARRARD 6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge 
and Diamond Stylus, 3-speeds. Manual and Auto 
Stop/Start. Large Metal Turntable. 
Cueing Device. 
Ready cut mounting board £1 extra. £22 Post£2 

BATTERY ELIMINATOR MAINS to 9 VOLT D.C. 
Stabilised output, 9 volt 400 m .a. U.K. made in plastic 
case with screw terminals. Safety overload cut out. Size 
5 x 31f4 x 21f2in. Transformer Rectifier Unit. SUitable 
Radios, Cassettes, models, £4.SO. Post 65p. 

DE LUXE SWITCHED MODEL STABILISED. £7.SO. Post 
£1. 3-6-7'\l:z-9 volt 400ma DC max. Universal output 
plug and lead. Pilot light, mains switch, polarity switch. 

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy to build kit. 
Controls up to 480 watts AC mains, £3. Post 65p. 
DE LUXE MODEL READY-BUILT 800 watts. Front plate fits 
standard box, £5. Post 65p. 

EMI131f2 X Bin. LOUDSPEAKERS ( 
Model 450, 10 watts R.M.S. with 
moving coil tweeter and two-way 
crossover; 3 ohm or 8 ohm. 
£9.50 post£1.50. "Final Clearance". 

SUITABLE BOOKSHELF CABINET £6.50. 

RELAYS. 12V DC £1.ZS. 6V DC 9Sp. 18V £1.25. 
BLANK ALUMINIUM CHASSIS. 6x4-£1.45; 8x6-£1.80; 
10X7-£2.30; 12X8-£2.60; 14x9-£3; 16X6-£2.90; 
16x10-£3.ZO. A1121f2in. deep. 18 swg 
ANGLE All. 6X:Y4X:Y4in. 18 swg. Z5p. 
ALUMINIUM PANELS, 18swg. 6x4-45p; 8x6-7Sp; 
14X3-7Sp; 10X7-9Sp; 12X8-£1.10; 12X5-75p; 
16x6-£1.10; 14x9-£1.45; 12X12-£1.SO; 16x10-£1.75. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4x4x11f.! £1. 4x2V:zx2 £1. 3x2x1 £1. 
6x4x2 £1.60. 7x5x3 £2.40. 8x6x3 £2.SO .. 10x7x3 £3. 
12x5x3 £2.7S. 12x8x3 £3.60. All with lids. 
BRIDGE RECTIFIER 200V PIV 2a £1. 4a £1.50. 8a £2.SO. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. 
RESISTORS. 100 to 10M. 1f4W, lf.!W, 1W, 1p: 2W 10p. 
HIGH STABILITY. tnw 2% 10 ohms to 1 meg. 8p. 
Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p. 
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt ZOp 
PICK-UP CARTRIDGES SONATONE 9TA £2.50. 9TAC £3.80 
BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3. 
PHILIPS PLUG-IN HEAD. Stereo Ceramic. AU1020 (G306-
GP310- GP233 -AG3306 - AG3310) £2. 
LOCKTITE SEALING KIT DECCA 118 . Complete £1. 
ANTEX SOLDERING IRON 240V 15W. 3mm bit £4.75. 
JACK PLUGS Mono Plastic Z5p; Metal30p. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. 
JACK SOCKETS Mono Open 20p; Cl<fsed 25p. 
JACK SOCKETS Stereo Open 2Sp; Closed 30p. 
FREE SOCKETS - Cable end 30p. Metai4Sp. 
2.5mm and 3.5mm JACK SOCKETS 20p. Plugs 20p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin 10p. Free Sockets 3-pin, 5-pin 2Sp. 
Plugs 3-pin 20p; 5-pin 2Sp; Speaker plugs 20p; Sockets 1Sp 
PHONO PLUGS and SOCKETS aa. 1Sp. 
Free Socket for cable end 20p. Screened Phono Plugs 25p. 

U.H.F. COAXIAL CABLE SUPER LOW LOSS, 25p yd. 
COAX PLUGS 30p. COAX SOCKETS 20p. 
NEON PANEL INDICATORS 250V 30p. 

POTENTIOMETERS Carbon Track 
5k!1 to 2MO. LOG or LIN. L/S 50p. DP 90p. Stereo LIS 
£1 .10. DP £1 .30. Edge Pot 5K. SP 45p. 

MINI-MULTI TESTER 
Deluxe pocket size precision moving 
coil instrument. Impedance + Capacity 
- 2000 o.p.v. Battery included. 
11 instant ranges measure: 

ll:i-,.......~--"1 DC volts 10, 50, 250, 1000. 
AC volts 10, 50,250, 1000. 
DC amps 0-1 OOmA. . . 
Continuity and resistance to 1 meg 

_ ; ohms in two ranges. 

' · De Luxe Range Doubler Model, 
£6.50 Post65p S0,000o.p.v.£18.SO. 7 X 5 X 2in. Post£1 

NEW PANEL METERS £4.50 
50~-ta 1 OOr-ta. 500~-ta. 
1 rna, 5ma, SOma. 1 OOma, 
500ma, 1 amp, 2 amp 
25 volt, 50 volt, VU Meter. 
2%x2x11f4in. P.ost65p 

RCS SOUND TO LIGHT CONTROL KIT 
Kit of parts to build a 3 channel sound to light · · £15 
unit. 1,000 watts per channel. Suitable for home 
or disco. Easy to build. Full instructions supplied. Post 95p 
Cabinet £4.50 extra. Operates from 200MV to 1 OOW. 

200 Watt Rear Reflecting White light Bulbs. Ideal for 
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.SO. 
Post 65p. Suitable panel mounting holders 8Sp. 

RCS "MINOR" 10 watt AMPLIFIER KIT £14. 
This kit is suitable for record players, guitars, tape 
Playback, electronic instruments or small PA systems. 
Two versions available: Mono, £14; Stereo, £20. Speci· 
fication lOW per channel; size 9'\l:z x 3 x 2in. SAE details. 

~ full instructions supplied. 240V AC mains powered. 
Post£1. 

RCS STEREO PRE-AMP KIT. All parts to build this 
pre-amp. Inputs for high, medium or low imp £ 
per channel, with volume control and PC Board 2.95 
Can be ganged to make multi-way stereo mixers Post 65p 

MAINS TRANSFORMERS Post 
250-0-250V 70mA, 6.5V, 2A £4.50 £2 
250-0-250V SOmA, 6.3V 3.5A. 6.3V 1 A £5.00 £2 
350-0-350V 250mA, 6.3V 6A CT £12.00 £2 
300-0-300V 120mA. 2x6.3V2AC.T.; 5V 2A £12.00 £2 
220V 45mA. 6.3V 2A £2.50 £1 

AUTO 1 15V to 240V 150W £9. 250W £10. 400W £11. 500W £1~. £2. 

GENERAL PURPOSE LOW VOLTAGE 
Tapped outputs available 
2 amp. 3, 4, 5, 6, 8, 9, 10, 12, 15, 18,25 and 30V 
1 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
2amp.6,8, 10, 12, 16, 18,20,24,_30,36,40, 48,60 
3 amp. 6, 8, 10, 1 2, 16, 1 8, 20, 24, 30, 36, 40, 48, 60 

~-~~g:M: ~'a1~p~6' 1:Z.~~ ~:o, 3~2~,1~-~0amps 
6V. 112 amp. £2.00 £1 15-0-15V. 2 amps 
6-0-6V. 'Y.! amp. £3.50 £1 20V 1 amp 
9V. 250ma. £1.50 BOp 20-0-20V 1 amp 
9V. 3 amp £3.50 £1 20-40-GOV 1 amp 
9-0-9V. SOma £1.50 BOp 25·0-25V 2 amps 
10-0-10V. 2 amps £3.00 £1 28V 1 amp Twice 
10-30-40V. 2 amps £3.50 £1 30V 1112 amp 
12V.100ma £1.50 BOp 30V5ampand 
12V. 750 ma £2.00 SOp 17-0-17 2a 
12V 3 amps £3.50 £1 35V 2 amps 

CHARGER TRANS 
6-12 volt 3a 
6·12volt4a 

Post 
£4.00+£2 
£6.50+£2 

RECTIRERS . 
6-12volt2a 
6-12volt4a 

OPUS COMPACT 
SPEAKERS £22 Dair Post £2 
TEAK VENEERED CABINET 
11 x8V:zx7in, 15 watts 
50 to 14,000 cps. 4 ohm or 8 ohm 

OPUS TWO 15x 10Yzx7%in 25 watt 
2-way system £3lt pair. Post £3. 

. "£6.00 £2 
£6.00 £2 

£10.50 £2 
£12.50 £2 
£16.00 £2 

£3.50 £1 . 
£3.75 £1 
£3.00 £1 
£3.50 £1 
£4.00 £2 
£4.50 £1 
£5.00 £2 
£3.50 f1 

£4.50 £2 
£4.00 £1 

Post 
£1.10+80p 
£2.00+80p 

LOWVOLTAGEELECTROLYnCS 10p 
1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100 
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47 
mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/ 
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v; 220 
mf/4v/10v/16v; 330 mf/4v/10v; 500 mf/6v; 680 
mf/6v/1 Ov/16v; 1000 mf/2.5v/4v/1 Ov; 1500 mf/ 
6v/10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v. 
500mF 12V 15p; 25V 20p; SOV30p; 1200mF76V SOp. 
1000mF 12V 20p; 25V 35p; 50V SOp; 100V70p. 
2000mF 6V 2Sp; 25V 42p; 40V60p; 2000mF 100V£1.20. 
2200mF 63V 90o: 2500mF 50V 70p; 3000mF 50V 65o. 
4500mF 64V £2. 4700mF 63V £1.20. 2700mF/76V £1. 
HIGH VOLTAGE ELECTROLYTICS 
8/450V 45p 8+8/450V 7Sp 32+32+ 16/350V 90p 
8/BOOV £1.20 8+16/450V 75p 100+100/275V 65p 
16/350V 45p 20+20/450V 7Sp 150+ 200/275V 70p 
32/500\1 75p 32+32/;350V SOp 220/450V \ 95p 
32/350V 50p .32+32/SOOV £1.80 32+32+32/32SV 75p 
50/500V £1.20 50+50/300V SOp 50+50+50/350V 95p 
CAPACITORS Various 1 Opt to 1 OO,OOOpf Sp. 
PAPER 350V-0.1 7p; 0.5 20p; 1mF 150V 20p; 2mF 150V 20p; 
SOOV-0.001 to 0.05 12p; 0.1 15p; 0.25 25p; 0.47 35p. 

VALVE OI,JTPUT Transformers (small) 90p. 
TRIMMERS 10pF, 30pF, 50pF, 5p. 100pF, 150pF, 15p. 
MIC.ROSWITCH SINGLE POLE CHANGEOVER 30p. 
SUB-MIN MICRO SWITCH, 30p. SinQie pole changeover. 
TWIN GANG, 120pF 50p; 500_+ 200 pF £1. 
GEARED TWIN GANGS 25pF 95p. 365pF £1 . 
GEARED 365+365+25+25pF £1. 
TRANSISTOR TWIN GANG. Japanese Replacement SOp. 

HEATING ELEMENTS, WAFER THIN 
Size 11 x9x'A!in. Operating voltage 240V, 250W approx. 
Suitable for Heating Pads, Food Warmers, Convector 
Heaters, Propagation, etc. Must be clamped between 
two sheets of metal ceramic, etc. 
ONLY 60p EACH (FOUR FOR £2) ALL POST PAID. 

NEW I baker I Star sound 
high power full range 
quality loudspeakers 
produced to give 
exceptional 
reproduction. Ideal for 
Hi-Fi, music P.A. or . 
discotheques. These 
loudspeakers are 
recommended where 
high power handling is 
required with quality 
results. The high flux 
ceramic magnet ensures clear response. 
MODEL INCHES OHMS WATTS TYPE 
MAJOR . 12 4-8-16 30 HI-FI 
DELUXE MK II 12 8 15 HI-FI 
SUPERB 12 8-16 30 HI-FI 
AUDITORIUM 12 8-16 45 HI-FI 
AUDITORIUM 15 · 8-16 80 HI-FI 
GROUP45 12 4-8-16 45 PA 
GROUP75 12 4-8-16 75. PA 

· PRICE POST 
£14 £2 
£14 £2 
£24 £2 
£22 £2 
£34 £2 
£14 £2 
£18 £2 

BAKER 150 WAlT MIXER/POWER 
AMPLIFIER £89 Post£2 SLAVE VERSION £75 
For Organs, Discotheque, Vocal, Public Address. Three loud
speaker outlets for 4, 8 or 16 ohms. Four high gain inputs, each 20 
mv, 50K ohm. Individual volume controls "Four channel" mixing. 
150 watts into 8 ohms R.M.S. Music Power. Distortion less than 
1%. Slave output 500 M.V. 25K.ohm. Frequency Response 25 Hz 
- ZOkHz ± 3d B. Integral Hi-Fi preamp separate Bass & Treble .. 
Compact - 16" X 8" X 5Yz''. Lightweight - 141b: Master volume 
control. Made in England. 12 months' guarantee. 200/250v A.C. 
mains or 120V to order. All transistor and solid state devices. 
100 Volt Line £15 extra. 
New Stereo Sian Model150 + 150 watt £125. Post £4. 
BAKERS NEW PA150 MICROPHONE PA AMPLIFIER £129. Post £3 
4 channel 8 inputs, dual impedance, 50K-600 ohm 4 channel 
mixing, volume, treble, bass. Presence controls, Master volume 
control, echo/send/return socket. Slave input + output sockets. 

BAKER 
50 WATT 
AMPLIFIER 
£69 Post£2 
Ideal for PA systems, Discos and Groups. Two inputs, 
Mixer, Volume Controls, Master Bass, Treble Gain. 

RCS offers MOBILE PA AMPLIFIERS. Outputs 4-18-16ohms 
20-watt AMS 12v DC, AC 240v, 3 inputs. SOK . £46 (PP £2). 
40-watt RMS 12v DC, AC 240v, 4 inputs. 50K 100V Une £75 (PP £21 
Mic 1; Mic Z; Phono; aux. outputs 4 or 8 or 16 and 100v line 
&0-watt RMS, Mobile 24 volt DC & 240-volt AC mains. inputs SOK. 
3 mics + 1 music. Outputs 4-8-16 ohm + 100 volts line £95 

FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES" 
MAKE MODEL SIZE WATTS OHMS PRICE POST 
SEAS TWEETER 4in 50 8 £9.50 £1 
GOODMANS TWEETER 3~in 25 8 £4.00 £1 
AUDAX TWEETER · 4in 30 8 £6.50 £1 
SEAS MID-RANGE 4in 50 8 £7.50 £1 
SEAS MID-RANGE Sin 80 8 £12.00 £1 
SEAS MID-RANGE 4~in 100 8 £12.50 £1 
GOODMAN$ HIFAX 71hx4V4 100 4111/16 £22 £2 
AUDAX WOOFER Bin ·40 8 £14.00 £2 
GOODMANS WOOFER Bin 25 4/8 £6.50 £1 
GOODMANS HB Bin 60 8 £12.50 £1 
CELESTION DISCO/PA. 10in ZO 8116 £11.50 £2 
CELESnON DISCO/PA. 10in 60 · 8/16 £21.50 £2 
RIGONDA GENERAL 10in 15 8 £5.50 . £2 
AUDAX WOOFER 10in 50 8 £16.00 £2 
GOODMANS PP12 12in 75 8115 £24.50 £2 
GODDMANS GR12 12in 90 8115 £27.50 £2 
GOODMANS HPD 12in 1ZO 8115 £27.50 £2 
EMI HI-FI 13x8 10 318 £9.50 £1 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
B.A.F. LOUDSPEAKER CABINET WADDING 18in wide 35p ft. 
CASSETTE MONO REPLAY. Complete work ing £12.50 
CASSETTE MOTOR. 6 volt £1 
CASSETIE MECHANISM. 6 or 12V STereo Heads £5 
CROSSOVERS. TWO-WAY 3000 cis 3 or 8 or 15. ohm £1.90. 3-way 
950 cps/3000 cps. 20 wan rating. £2.20. 3 way 60 watt £6. 
LOUDSPEAKER BARGAINS 
3 ohm, Sin, 7 x 4in, £2.50; 6\ilin, 8 x 5in, £3; Bin, £3.50. 
8 ohm, 2%in, 3in, £2; 5in, £2.50; 61hin, £3; Bin, £4.50; 12in, £6. 
15 ohm, 3\ilin, 5 x 3in, 6 x 4in, £2.50. 
lSi oiJm, 3in, £2; 5 >< 3in, 7 x 4in, £2.50. 120 ohm, 31/4in dia. £1. 

l MOTOROLA PIEZOELECTRIC HORN TWEETER, 33!fl square .. £5 
_:oo watts. No crossover required. 4-8-16 ohm, Hl!x31!fl £10.50 1• 

THE "INSTANT" BULK TAPE ERASER £9.50 Post 95p 
Suitable for cassettes and all sizes of tape reels. 
AC mains 200!250V. Hand held size with switch 
and lead (120 volt also in stock). 
Will also demagnetise smatl tools. 
Head £5. 

PACK £3.95 Post65p 
All parts and instructions with Zener diode printed circuit, 
mains transformer 240V a.c. Output 6 or 71f2 or 9 or 12Vd.c. 
up to 100mA or less. Please state voltage required. 

RADIO COMPONENT SPECIALISTS 337 WHITEHORSE ROAD, CROYDON 
Open 9-6. Closed all day Wed. Open Sat. 9-5. 

Radio Books and Components Lists 31p stamps. (Minimum post/packing charge 6Sp.) Access or Barclaycard Visa. Tel: 01-6841665for SAME DAY DESPATCH. Cash prices include VAT. 

www.americanradiohistory.com

www.americanradiohistory.com


VIDEOTEX 
SYSTEMS'82 

CONFERENCE 
Cunard International Hotel 
Hammersmith, London W6 

May5,6,7, 1982 

This important two day conference will cover in 
depth, both technical and marketing aspects of 
videotex technology. 

Presentations will be made by experts, drawn from 
the industry's leading equipment manufacturers. 
system operators and users. 

Subjects inclu.de: Day One-The politics · Gateway 
• Direct transfer • Hardware and Software compatability 
• International networks. Day Two- Marketing th~ 
product • Economics • Umbrella services · The Canadian 
experience • Private systems · The next ten 

Speakers include: John Wakeham, MP. 
John Durham, Alan Haimes. David Gilbert, Ken Knight, 
Ted Sedman, J Doring, Murray Cook, Tony Book. Jenny 
Clayton, lim Chapman, Colin lipping, Geoff Hutt, 
Andrew Lighting, Anthony Harris. James Smith, John 
Marsh, Chris Singer, Mike Aston and Malcolm Smith. 

Conference organised on behalf of A VIP The 
Association of Viewdata Information 
Providers Limited. 

••••••••••••••••••••••• 
•• Full details from: Sue Bonnell. WW • 

IPC Conferences Ltd. Surreoy House. • 
• ThrowleyWay. Sutton. Surrey SM1 4QQ. • 

~ Tei:6438040Ext.4889and4891 ~ 
• 

Please send details about Videotex Systems '82 • 
conference/exhibition to: 

• Name • 

• Cqrnpany • I Address • 

• = . , . , . . .. . . . Tel: . . . • •••••••••••••••••••••• 
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ANI 
AN2140 
AN240P 
AN612 
AN7150 
8A521 
8RC1330 
8TI822 
ETI6016 
HA1151P 2.50 
HA 1366W 2.95 
LA3350 2.50 
LA4031P 2.70 
LA4032P 2.50 
LA4400 4.15 
LC7120 3.50 
LC7130 3.50 
LC7131 5.50 
LC7137 5.50 
M51513L 2.30 
M51515L 2.95 
MB3712 2.00 
MC1307P 1.00 
MC1327 0.95 
MC1330P 0.76 
MC1349P 1.20 
MC1350P 0.76 
MC1351P 1.50 
MC1352P 1.00 
MC1357 2.35 
MC1495 3:oo 
MC140118CP 

0.32 
ML2318 1.75 
ML2328 1.75 
ML2378 1.95 
ML238B 4.20 
ML239B 2.10 
ML920 4.12 
ML922 3.29 
ML928 1.65 
MSM5807 6.75 

AC126 
AC127 
AC128 
AC12BK 
AC141K 
AC142K 
AC176 
AC176K 
AC187 
AC187K 
AC1BB 
AC1BBK 
AD142 
AD143 
AD149 
AD161 
AD162 
AD161/2 
AF124 
AF125 
AF126 
AF127 
AF139 
AF150 
AF239 
AU106 
AU107 
AU110 
AU113 
8C107 
8C107A 
8C1078 
8C108 
8C108A 
8C1088 
8C109 
8C1098 
8C114 
8C116A 
8C117 
8C119 
8C125 
8C140 
8C141 
8C142 
8C143 
8C147 
8C148A 
BC1488 
8C149 
8C157 

0.22. 
0.20 
0.20 
0.32 
0.34 
0.30 
0.22 
0.31 
0.25 
0.28 
0.22 
0.37 
0.90 
0.82 
0.70 
0.39 
0._39 
0.90 
0.34 
0.32 
0.32 
0.32 
0.42 
0.42 
0.42 
2.06 
1.75 
2.00 
1.48 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.11 
0.12 
0.19 
0.24 
0.12 
0.31 
0.25 
0.21 
0.24 
0.09 
0.09 
0.09 
0.09 
0.10 

19 0.08 
8A102 0.17 
BA115 0.13 
BA145 0.16 
8A148 0.17 
BA154 0.06 
8A155 0.13 
8A156 0.15 
BAX13 0.04 
BAX16 0.06 
BB1058 0.30 

. PLL02A 6. 75 
SAA1020 8.95 
SAA1021 7.50 
SAA1024 4.50 
SAA1025 7.25 
SM5000A 3.05 
SAA501 0 6.35 
SAS560S 1.60 
SAS570S 1.60 
SAS580 2.85 
SAS590 2.85 
SAS660 1.85 
SAS670 1.85 
SL490 1.96 
SL9018 4.35 
SL9178 6.25 
SL918A 6.00 
SL1310 1.60 
SL1327 1.10 
SL13270 1.10 
SL1431 1.37 
SL3046 0.95 
SL76544 2.05 
SN16848N 1.00 
SN16861AN 1.00 
SN76003N 1.65 
SN76013N 1.65 
SN76023N 1.65 
SN76033N 1.85 
SN76110N 0.89 
SN76115N 1.25 
SN76131N 1.30 
SN76226DN 1.55 
SN76227N 1.05 
SN76532N 1.40 
SN76533N 1.30 
SN76544N 1.30 
SN76650N 1.05 
SN76570N 1.00 
SN76620N 0.95 
SN76650N 0.95 
SN76651 N 1.50 

8C158 
8C159 
8C160 
8C161 
8C1708 
8C171 
8C171B 
8C1728 

, 8C1738 
8C174 

· 8C182 
8C182L8 
8C183 
8C183L 
8C184LB 
8C204 
8C2088 
8C212 
8C212L 
8C213 . 
8C213L 
BC237 
8C238 
8C251a 
8C252A 
8C258A 
8C300 
8C301 
8C303 
8C307 
8C327 
8C337 
8C338 
8C461 
8C47B 
8C547 
8C548 
8C549A 
8C550 
8C557 
8C5578 
8C558 
80115 
80116 
80131 
80132 
80133 
80135 
80136 
80137 
80138 

0.09 
0.28 
0.28 
0.10 
0.08 
0.10 
0.10 
0.10 
0.09 
0.09 
0.10 
0.12 
0.09 
0.09 
0.10 
0.13 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.12 
0.15 
0.39 
0.30 
0.30 
0.26 
0.09 
0.10 
0.10 
0.09 
0.30 
0.20 
0.10 
0.10 
0.08 
0.07 
0.07 
0.07 
0.07 
0.30 
0.52 
0.32 
0.35 
0.40 
0.30 
0.30 
0.28 
0.30 

BY126 0.10 
BY127 0.11 
BY133 0.15 
BY164 0.45 
8Y176 1.20 
t!Y179 0.63 
BY206 0.14 
BY208-800 0.33 
BY21 0-800 0.33 
8Y223 0.90 
8Y298-400 0.22 
BY299-800 0.22 
SYX10 0.20 

WIREWOUND 
RESISTORS 

PREFERRED VALUES 
4Watt 4R7-1K8 0.13 

7Watt 

11Watt 

2K2·6KB 0.16 
10K 0.22 

R47-4K7 
5K6·12K 
15K·22K 

11~-~0K 
15K 

18·10K 
15K·22K 

0.14 
0.15 
0.18 

0.18 
0.21 

0.24 
0.25 

5N76660N 0.80 
SN76666N 0.70 
SW153 2.74 
TA7061AP 3.15 
TA7063P 0.80 
TA7073AP 1.80 
TA710BP 1.00 
TA7120P 1.85 
TA7130P 1.50 
TA7171P 1.85 
TA7172P 1.85 
TA7176AP 2.50 
TA7203 2.95 
TA7204P 2.15 
TA7205AP 1.95 
TA7222AP 1.80 
TA7310P 1.80 
TA7313 2.95 
TAA310A 2.15 
TAA320A 2.00 
TAA370A 2.50 
TAA470 3.50 
TAA550 0.25 
TAA570 1.80 
TM621AX1 3.00 
TAA6305 3.15 
TAA661 B 1.20 
TAA700 1.70 
T8A120A 0.70 
TBA 120AS 0. 70 
T8A1208 0.70 
TBA120S 0.70 
TBA120S8 0.70 
TBA120SQ 0.70 
TBA120T 0.70 
TBA120U 1.00 
TBA395 1.60 
TBA396 0.75 
TBA440N 2.55 
TBA4800 1.25 
TBA510 1.65 
TBA510Q 1.65 
T8A520 1.10 
T8A5200 1.10 
TBA530 1.10 

801 0.32 
'80140 0.30 
80159 0.65 
80166 0.46 
80179 0.72 
80182 0.70 
80201 0.83 
80202 0.65 
80203 0.78 
80204 0.70 
80222 0.46 
80223 0.48 
80225 0.46 
80233 0.35 
80234 0.35 
80236 0.45 
80237 0.30 
80238 0.33 
80410 0.55 
80434 0.55 
80437 0.50 
80517 0.60 
80520 0.65 
8DX32 1.50 
8F115 0.35 
8F127 0.24 
8F158 0.18 
8F160 0.27 
8F167 0.24 
BF173 0.22 
8F177 0.38 · 
BF178 0.26 
BF179 0.34 
BF180 0.29 
8f1B1 0.29 
BF182 0.29 
8F183 0.29 
BF184 0.26 
BF1B5 0.28 
8F.194 0.11 
8F195 0.11 
8F196 0.11 
8F197 0.11 
BF198 0.10 
BF199 0.14 
8F200 0.30 
8F241 0.15 
BF256 0.28 
8F256/LC 0.28 
8F257 0.26 
BF258 0.25 
BF259 0.26 
8F271 0.26 
8F273 0.13 

8YX36-150R 
0.20 

8YX38-600R 
0.60 

BYXSS-600 0.30 
BYX71-600 0.60 
OA47 0.09 
OA90 0.05 
OA91 0.06 
OA95 0.06 
OA202 0.10 
IN60 0.06 
IN914 0.04 

BASES 
ETC. 
87G 0.15 
B7G Skirted 

0.30 
BiiG 0.70 
89A 0.20 
89A Skirted 

o.3o 
BlOB 0.16 
8138 Q.SO 
8 Pin OIL 0.10 
14PinDIL 0.12 
1.4 Pin DILIQ 

0.30 
16PirlDIL 0.15 
OCTAL 0.35 
CANS 0.27 

T8A5300 
TBA540 
TBA5400 
T8A550 
T8A5500 
T8A560C 
TBA560CO 
TBA570 1.00 
TBA641A12 

2.50 
TBA641811 

3.00 
TBA641-811 3.00 
TBA651 1.75 
TBA673 2.45 
T8A7000 1.80 
T8A720A 2.45 
TBA720AO 2.45 
TBA750 1.85 
TBABOO 0.89 
TBA810AS 1.35 

· T8A810S 1.35 
TBA820 1.45 
TBA890 2.50 
TBA920 1.65 
TBA9200 1.65 
TBA950/2X 2.35 
TBA990 1.49 
TBA9900 1.49 
TBA1441 2.15 
TCA270 1.10 
TCA270S 1.10 
TCA270SQ 1.10 
TCA640 2.50 
TCA650 2.50 
TCA800 2.15 
TCA830S 1.40 
TCA940 1.65 
TCEP1 00 1.95 
TDA440 2.20 
TDA 1002 1.25 
TDA 1004A 2.20 
TDA1006A2.50 
TDA1010 2.15 
TDA1054 0.90 

8F336 0.34 
8F337 0.29 
8F338 0.32 
8F355 0.37 
8F362 0.38 
8F363 0.31. 
8F371 0.20 
8F394 0.19 
8F457 0.23 
8F458 11.23 
8F459 0.36 
8F595 0.23 
8F597 0.25 
8FR39 0.23 
8FR41 0.28 
BFT42 0.28 
BFW92 0.85 
BFX29 0.30 
BFX84 0.26 
8FXB5 0.28 
8FX86 0.30 
8FX88 0.25 
BFYSO 0.21 
BFY51 0.21 
BFY52 0.25 
8FY90 0.77 
8R100 0.19 
8R101 0.30 
BRC4443 0.85 
BT106 1.00 
BT108 1.22 
8T116 1.20 
8U105 1.22 
8U108 1.89 
8U124 1.00 
BU126 1.22 
8U204 1.55 
BU205 1.30 
8U208 1.39 
BU208A 1.52 
8U208/02 1.89 
8U326A 1.42 
BU407 1.24 
8U500 1.75 
MJ3000 1.98 
MJE340 0.40 
MJE520 0.48 
MRF450A 11.50 
MRF453 13.50 
MRF477 10.00 
MRF475 2.50 
R20088 1.70 
R20108 1.70 
R2322 0.58 

IN4001 0.04 
IN4002 0.04 
IN4003 0.04 
IN4004 0.05 
IN4005 0.05 
IN4006 0.05 
IN4007 0.06 
IN4148 0.02 
IN4448 0.10 
IN5401 0.12 
IN5402 0.14 
IN5403 0.12 
IN5404 0.12 

TDA1170 1.95 
TDA1170S 1.95 
TDA1190 2.15 
TDA 12700 3.95 
TDA1327 1.70 
TDA13270 1.70 
TDA13528 1.43 

. TDA1412 0.85 
TDA2002 1.95 
TDA2020 2.45 
TDA2030 2.80 
TDA2140 3.75 
TDA2522 1.95 
TDA2523 1.95 
TDA2524 1.95 
TDA2530 1.54 
TDA2532 1.95 
TDA2540 2.15 
TDA2541 2.15 
TDA2560 2.15 
TDA2581 1.15 
TDA2590 2.95 
TL>A2591 2.95 
TDA2593 2.95 
TDA260o 2.95 
TDA2611A 1.95 
TDA2640 2.60 
TDA2650 2.15 
TDA2653 2.15 
TDA2680 2.15 
TDA2690 1.35 
TDA3950 2.50 
TDA9503 3.95 
UPC1185H 3.95 
UPC566H3 2.95 
UPC575C2 2.95 
UPC1001H 2.50 
UPC1025H 2.50 
UPC1156H2.95 
UPC1182H 2.95 
UPC1350C 2.95 
UPC2002H 1.95 
ZTK338 0.37 
555 0.35 
741 0.35 

R2323 0.86 
R2540 2.48 
RCA16334 0.90 
RCA 16335 0.80 
TIP29 0.40 
TIP29C 0.42 
TIP30C 0.43 
TIP31C 0.42 
TIP32C 0.42 
TIP33B 0.75 
TIP41C 0.45 
TIP42C 0.47 
TIP47 0.65 
TIP120 0.60 
TIP122 0.79 
TIP161 2.95 
Tl P2955 0.84 
TIP3055 0.86 
TIS91 0.20 
1V106/2 1.50 
2N2219 0.28 
2N2905 0.40 
2N3054 0.59 
2N3055 0.52 
2N3702 0.12 
2N3703 0.12 
2N3704 0.12 
2N3705 0.12 
2N3706 0.12 
2N3708 0.12 
2N5294 0.38 
2N5296 0.48 
2N5298 0.52 
2N5496 0.86 
2SA715 0.95 
2SC495 0.80 
2SC496 0.80 
2SC1096 0.80 
2SC1172Y 2.20 
2SC1173 1.15 
2SC1306 1.25 
2SC1307 1.85 
2SC1449 0.80 
2SC1678 1.25 
2SC1945 2.10 
2SC 1953 0.95 
2SC1957 0.80 
2SC1969 1.95 
2SC2028 1.15 
2SC2029 1.60 
2SC2078 1.45 
2SC2091 0.85 
2SC2314 0.80 
3N211 1.50 

IN5405 0.13 
IN5406 0.13 
IN5407 0.16 
IN5408 0.16 
ITI44 0.04 
ITI827 0.48 
ITI921 0.09 
ITI923 0.15 
ITI2002 0.11 

SPECIAL TUBE 
M17.151 GV/R 

198.00 

ZENER DIODES 
BZX61 0.15 

6V2 7V5 8V2 9V1 10V 11V 12V 13V 
15V 16V 18V 20V 22V 24V 27V 30V 
33V 36V 39V 47V 

BZY880.07 
2V7 3V 3V3 3V6 3V9 4V3 4V7 SV1 
5V6 6V2 6VB 7V5 8V2 9V1 10V 1111 
12V 13V 15V 1BV 24V 27\i 

VA1040 
VA1056S 
VA1104 
VAS650 

WIRELESS WORLD APRil Hi82 

I 

PHONE P.M. COMPONENTS LTD TELEX BA;;D 
0474 813225 SELECTRON HOUSE, WROTHAM ROAD 965966 

3 LINES ME<?PHAM GREEN, MEOPHAM, KENT DAI30QV WEST ST G A. 

• • • • • . . : . . . . 
..:.. •,t!: 
A2087 11.50 
A2134 14.50 
A2293 7.20 
A2426 22.50 
A2521 19.00 
A2599 37.50 
A2900 19.00 
AC/HL/DD 3.00 
AC/THI 2.50 
AC/PEN 3.50 
AC/SP3 4.50 
ACP 3.00 
ACVP1 3.50 
ACVP2 1.50 
AH201 4.00 
AH221 39.00 
AH238 31.50 
AP4 1.50 
APV4 1.50 
ARB 0.70 

_ARP12 0.70 
ARP34 2.00 
ARP35 1.50 
ARP37 1.00 
AV3 1.50 
AU13 1.50 
AX224 12.00 
AZ31 1.00 
82A 6.00 
836 1.85 
865 0.69 
8349 0.75 
8719 0.60 
8729 1.20 
8L63 1.20 
8T58 43.50 
BT17A 95.00 
8T19 32.50 
BTI9 12.50 
CIK 14.00 
C3JA 10.00 
C143 18.50 
C160 18.50 
C1108 30.50 
C1111 15.50 
C1112 52.15 
C1134 15.50 
C8L31 2.00 
CCA 2.60 
CL30 1.05 
CMG25 9.00 
CMG29 10.85 
CMV25 10.00 
CV Nos prices 

on request 
D3a 35.00 
063 0.60 
DA107 6.00 
DAC32 1.20 
DAF91 0.45 
DAF96 0.65 
DC70 1.75 
DC90 1.20 
DCX4·1000 

00620 
DDR3 
DDT 
OET10 
DET22 
DET24 
DF33 
DF63 
DF91 
DF92 
DF93 
DF96 
DF97 
DH76 
DH77 
DH79 
DH81 
DH149 
DK91 
DK92 
DK96 
DL35 
DL63 
DL69 
DL70 
DL73 
DL92 
DL94 
DL96 
DLS10 
DLS15 
DLS16 
DM70 
DM160 
DN143 
DW2 
DX2 
DY30 
DY51 
DY70 
DY80 
DY86/B7 
DY802 
E1C 
ElF 
E1T 
E55L 
ESOCC 
ESOCF 
ESOF 
E80L 
E81CC 
E81L 
E82CC 
E83CC 
E83F 
E86C 
E88C 
EBBCC 
E8BCC-01 
E90CC 
E90F 
E91N 
E92CC 
E130L 
E167 

35.00 
1.20 
1.00 
3.00 
6.00 

26.00 
45.00 

2.50 
2.50 
0.45 
0.60 
1.20 
O.S5 
1.50 
1.00 
0.90 
0.56 
2.00 
2.00 
0.90 
1.20 
2.60 
1.00 
1.00 
1.20 
2.50 
2.50 
0.60 
1.20 
1.00 
9.00 

11.00 
10.00 

1.10 
2.50 
1.50 
1.50 

12.00 
1.00 
1.00 
5.00 
1.20 
0.55 
0.60 
0.60 
0.50 

15.00 
14.00 
4.75 

10.00 
9.50 
9.50 
2.50 
9.50 
2.50 
2.50 
2.50 
6.00 
6.00 
2.60 
3.65 
1.25 
9.00 
2.00 
1.05 

13.00 
4.00 

E180F 5.25 
E186F 8.50 
E235L 11.00 
E236L 9.00 
E280F 19.50 
E283CC 8.25 
E810F 12.50 
E2134 12.00 
EASO 1.00 
EA76 2.00 
EAA91 0.60 
EAA901S 1.50 
EABCBO 0.56 
EAC91 0.90 
EAF42 1.40 
EAF801 1.40 
E834 1.50 
E841 2.30 
E891 0.52 
EBC21 1.50 
E8C33 2.00 
EBC41 0.85 
E8C81 0.85 
EBC89 0.85 
EBC90 0.75 
E8C91 0.75 
E8F33 2.50 
E8F85 0.95 
E8f89 0.70 
EBF93 0.95 
E8L 1 1.50 
E8L21 2.00 
E8L71 4.00 
EC52 1.25 
EC80 3.50 
EC81 4.50 
EC86 1.00 
ECBB 1.00 
EC90 0.60 
EC91 7.00 
EC93 0.80 
EC95 7.00 
EC8010 6.00 
ECC32 3.00 
ECC33 4.00 
ECC34 4.00 
ECC35 4.00 
ECC40 2.30 
ECCBO 1.50 
ECC81 0.55 
ECC82 0.55 
ECC82 Mullard 

1.10 
ECC83 0.60 
ECC83 Mullard 

1.10 
ECC84 0.80 
ECC85 0.60 
ECC86 1.65 
ECCBB 0.155 
ECCBB Mullard 

1.85 
ECC91 0.65 
ECC1BO 0.72 
ECC189 0.78 
ECC230 4.50 
ECCB01S 2.50 
ECC803S 2.50 
ECCB04 0.40 
ECC807 1.30 
ECC808 3.15 
ECC2000 12.00 
ECF80 0.65 
ECF82 0.60 
ECF86 1.50 
ECF802 1.20 
ECFB04 6.00 
ECF806 10.25 
ECFB12 1.20 
ECH3 2.50 
ECH4 3.00 
ECH35 1.50 
ECH42 1.00 
ECH81 0.58 
ECH83 0.78 
ECH84 0.93 
ECLBO 0.56 
ECL82 0.58 
ECLB3 1.13 
ECL84 0.74 
ECL85 0.74 
ECL86 0.74 
ECLL800 13.50 
EF22 2.50 
EF37A 3.60 
EF39 1.75 
EF40 2.50 
EF41 3.50 
EF42 2.50 
EF50 1.50 
EF55 2.25 
EF71 1.50 
EF72 1.20 
EF73 1.00 
EF80 0.48 
EF83 3.50 
EF85 0.48 
EF86 0.70 
EF89 0.75 
EF91 1.22 
EF92 . 2.50 
EF93 0.65 
EF94 0.55 
EF95 0.60 
EF96 0.65 
EF97 0.90 
EF98 0.90 
EF183 0.65 
EF184 0.65 
EF190 1.51! 
EF731 1.80 
EF800 11.00 
EF8065 9.85 
EH90 0.72 
F.K90 .0.72 
EL32 0.95 
EL33 4.00 
EL34 1.54 
EL34 Philips 

2.45 
EL36 1.60 
EL37 5.00 
EL38 4.50 

EL81 2.75 
EL82 0.58 
EL84 0.66 
EL85 3.85 
EL86 0.80 
EL90 0.82 
EL91 6.00 
EL95 0.70 
EL360 9.00 
EL504 1.40 
EL509 3.75 
EL519 4.50 
EL821 10.00 
EL822 10.00 
ELL22 2.50 
EM1 4.00 
EM4 9.00 
EM34 11.00 
EMBO 0.70 
EM61 0.70 
EM84 0.70 
EMB5 0.85 
EMB7 1.10 
EMM803 2.50 · 
EN10 8.00 
EN32 9.00 
EN91 0.95 
EN92 4.00 
ESU101 11.50 
ESU103 12.00 
ES1500 115.00 
ET1 11.00 
EY3 2.50 
EY51 0.80 
EY84 8.00 
EY84W 10.00 
EY86/87 0.50 
EYBB 0.60 
EY91 1.00 
EY500A 1.50 
EZ35 0.60 
EZ40 2.00 
EZ41 1.25 
EZ80 0.75 
EZ81 0.58 
EZ90 0.96 
F6059 3.20 
F6060 2.50 
F6158 2.75 
F6870 6.00 
FW4/500 2.00 
G1/371K 30.00 
G55/1K 8.00 
G120/18 8.00 
G150/2D 4.00 
G180/2M 7.00 
G400/1K 14.00 
G550 11.50 
GC108 11.50 
GC10D 11.50 
GC10/4B 11.50 
GC10/4E 11.50 
GD85M/S 2.00 
GD87M 1.75 
GD90M 2.10 
GN4 4.00 
GN10 15.00 
GN24 1.50 
GR10G 4.00 
GR10J 4.00 
GSIOC 12.00 
GT1C 17.00 
GT1 C S/S 13.50 
GTE175M 8.00 
GTR150W 1.00 
GU50 11.50 
.GXU1 13.50 
GXU3 24.00 
GXU50 12.50 
GY501 1.20 
GZ30 1.00 
GZ32 1.00 
GZ33 4.50 
GZ34 2.00 
GZ37 4.50 
H63 1.20 
HAA91 1.00 
HABCSO 0.90 
H8C90 0.75 
H8C91 0.80 
HF61 2.50 
HF93 0.75 
HF94 0.60 
HK90 1.05 
HL2K 3.00 
HL23DD 1.50 
HL41 1.50 
HL41DD 3.00 
HL42DD 2.00 
HL90 0.70 
HL92 1.50 
HL133/DD 1.60 
HM04 0.72 
HP6 1.30 
HR2 4.00 
HVR2 1.50 
HY90 1.00 
KT2 3.00 
KT24 3.00 
KT30 1.50 
KT32 1.00 
KT33 1.15 
KT33C 3.50 
KT36 2.00 
KT41 4.00 
KT42 4.00 
KT44 3.00 
KT45 3.00 
KT61 4.00 
KT63 2.00 
KT66 USA 6.00 
KT66 GEC 9.00 
KT67 2.00 
KTI6 2.00 
KTI7Gold 
Lion 9.50 
KT81 2.50 
KT88 USA 7.00 
KTBBGEC 

11.50 
KT88Gold 
Lion 12.50 
KTW61 1.50 
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KTW63 
KTZ41 
KTZ63 
KY50 
KYBO 
L63 
L77 
L102/2K 
L120/2K 
LS731 
LZ319 
LZ329 
LZ339 
M502A 
M537A 
M6079 
M8083 
M8091 
MB096 
M8100 
M8136 
M8137 
M8162 
M8163 
M8190 
M6195 
M8196 
M8204 
M8223 
M8224 
MB225 
ME1400 
ME1402 
ME1403 
ME1501 
MH4 
MH41 
MHLD6 
ML4 
MS48 
MU2 
MU12 
MU14 
N78 
N118 
N119 
N154 
N308 
N329 
N369 
N379 
N709 
N727 
NGT1 
NR14 
NR48 
NR64 
NR68 
NR73 
NR61 
NR82 
NU3 
NU7 
NU17 
NU18 
NU20 
OA2 
OA2WA 
OA3 
082 
OB2WA 
OCJ 
003 
OE3 
OG3 
OM3 
OM4 
OM 58 
OM6 
OM9 
OM10 
ORP50 
ORP93 
P41 
P51A 
PABCBO 
PC84 
PC86 
PC88 
PC92 
PC97 
PC BOO 
PC900 
PCC84 
PCC65 
PCC88 
PCC89 
PCC189 
PCC805 
PCC606 
PCE82 
PCFBO 
PCF82 
PCF84 
PCF86 
PCF87 
PCF200 
PCF201 
PCFSOO 
PCF801 
PCF802 
PCFB05 
PCF806 
PCF808 
PCH200 
PCL82 
PCL83 
PCL84 
PCL85 
PCL86 
PCL200 
PCL800 
PCL805 
PD500 
PEN4DD 
PEN25 
PEN45 
PEN46 
PEN220 
PENA4 
PF618 
PFL200 
PL21 
PL33 
PL36 
PL36 
PL81 
PL81A 

1.50 
2.00 
1.25 
0.66 
0.90 
1.00 
0.60 
8.00 

12.00 
28.00 
0.85 
0.65 
0.40 

135.00 
160.00 

6.00 
3.25 
7.50 
3.00 
2.85 
7.00 
5.50 
3.85 
3.85 
3.85 
3.00 
3.25 
2.00 
1.50 
1.50 
1.20 
4.00 
4.50 

10.00 
14.00 
2.10 
2.10 
1.50 
4.50 
5.00 

11.75 
1.50 
1.50 
8.90 
1.00 
0.78 
0.60 
0.52 
0.60 
1.50 
0.65 
0.86 
0.82 
1.00 
9.00 
1.00 
1.50 
1.20 
3.50 
1.00 
0.85 
1.50 

11.75 
1.50 
1.50 
0.65 
0.60 
1.50 
3.95 
0.65 
1.25 
1.05 
1.15 
5.40 
2.00 
0.60 
1.00 
3.60 
1.75 
4.00 
1.50 
8.50 

11.50 
1.50 
1.50 
0.50 
0.80 
0.80 
0.80 
0.85 
1.10 
1.10 
0.95 
0.45 
0.54 
0.80 
0.80 
0.80 
0.60 
0.80 
0.80 
0.65 
0.60 
0.65 
1.20 
0.40 
1.35 
1.36 
0.40 
1.35 
0.72 
2.00 
1.00 
1.48 
1.10 
0.80 
2.00 
0.80 
0.80 
0.80 
1.60 
0.80 
0.90 
3.50 
1.50 
1.50 
3.00 
1.50 
3.00 
4.00 
0.95 
1.13 
0.95 
0.75 
1.05 
0.80 
0.75 
0.75 

PL82 
PL83 
PL84 
PL86 
PL95 1.00 
PL302 1.00 
PL345 12.50 
PLSOO 1.12 
PL504 1.20 
PL508 1.75 
PL509 3.15 
PL519 3.35 
PL801 1.50 
PL602 2.95 
PL820 3.00 
PL806 2.75 
PL6574 9.00 
PM04 0.50 
PMOS 0.60 
PM07 2.00 
PT4 4.00 
PT15 4.50 
PY31 0.60 
PY32 0.60 
PY33 0.60 
PYB1 0.70 
PY82 0.55 
PY83 0.70 
PYBB 0.74 
PY500A 1.45 
PYSOO 0.70 
PY801 0.70 
PZ30 0.60 
013·1108A 

47.50 
083-300 30.50 
OE03-1 0 3.50 
OP25 1.00 
OOE02-5 12.75 
OQE03-12 4.50 
OOE03·20 

27.00 
OOEOS-40 

19.50 
OOV02·6 12.75 
OOV03-10 3.75 
OOV03-20A 

15.50 
OOV06-40A 

18.00 
OOZ06-40A 

45.26 
0575/20 2.50 
0575/40 3.00 
OS83/3 2.00 
OS95/10 4.85 
05106/45 4.00 
05150/15 5.00 
05150/30 1.15 
05150/40 1.15 
05150/45 7.00 
OS1200 3.95 
051202 3.95 
051203 4.15 
051205 3.95 
051206 1.05 
051207 0.90 
051208 0.90 

'051209 2.00 
OS1210 1.50 
051211 1.50 
051212 3.20 
051213 5.00 
051215 2.10 
OU37 15.00 
dV03-12 3.50 
OV04-7 5.00 
OV05-25 1.75 
OY3-125 30.50 
OY4·250 52.15 
OY4-400 82.00 
OY5·500 99.00 
OY5-3000A 

379.00 
Rl 1.50 
R2 1.50' 
R3 1.50 
R10 4.00 
R12 0.80 
R16 12.00 
R17 2.00 
RIB 8.00 
R19 . 1.20 
R20 1.20 
RGI -125 3.50 
RG1·240A 

11.75 
RG3-250A 

11 .75 
RG3-1260 

45.00 
RG4-1 000 10.00 
RK·20A 12.00 
RK22 1.00 
RK33 1.00 
RK34 1.00 
RL16 1.50 
RPL16 12.00 
RPY13 2.50 
RPY43 2.50 
RPY82 2.50 
RR3·250 37.00 
RRJ-1250 65.00 
RS613 45.00 
RS631 60.00 
RS685 30.50 
RS686 52.15 
RS687 99.00 
S6F17 35.00 
S6F33 35.00 
S11A 1.50 
S11E/2 35.00 
S104/1K 6.00 
5109/1 K 15.00 
S130P 2.50 
S130P 3.00 
SCI/800 5.00 
SCI/1200 5.00 
SD3 1.00 
SD61 1.00 
SP41 4.00 
SP42 2.50 

•SS501 79.00 
ST11 1.50 
51V280/40 8.00 
S1V280/80 

30.00 
T41 2.00 

TB2·300 45.00 
TDl -100 19.00 
TD03-1 OF 28.00 
TD3-12 4.00 
TP25 1.50 
TI11 1.50 
TI21 19.50 
TI22 14.75 
TY2-125A 

45.00 
TY3·250 45.00 
TY4-350 90.00 
TY4-400 60.00 
TY4-500A 

60.00 
TY7·6000A 

315.00 
TY8-600W 

315.00 
TYS2/250 

750.00 
U10 1.50 
U12 1.50 
U14 1.50 
U15 1.50 
U17 1.50 
U18-20 2.00 
U19 11.95 
U22 1.00 
U24 2.00 
U25 0.66 
U26 0.90 
U27 1.50 
U37 12.00 
U41 0.70 
U50 2.00 
U52 1.00 
U54 4.50 
U82 3.00 
U191 0.70 
U193 0.65 
U281 1.00 
U282 1.00 
U291 0.60 
U301 0.60 
U309 0.60 
U801 0.80 
UA8C80 0.65 
UAF42 1.00 
U8F80 0.60 
UBC81 1.00 
UBF89 0.60 
U8L21 1.20 
UC92 0.80 
UCC84 0.70 
UCC85 0.80 
UCH21 120 
UCH41 1.20 
UCH42 1.20 
UCH81 0.65 
UCL82 0.78 
UCL83 1.75 
UF41 1.15 
UF42 1.15 
UFBO 0.80 
UF86 1.10 
UFB9 1.10 
UL41 1.85 
UL84 0.78 
UU5 2.50 
UU7 8.00 
UU6 8.00 
UY1N 0.90 
UY41 1.95 
UY85 0.70 
UY224 2.50 
V339 3.50 
V884 2.50 
V914 2.00 
V1103 4.50 
V1135 16.50 
VLS631 13.00 
VP6 2.50 
VP41 1.50 
VP133 2.00 
VR37 1.50 
VR54 0.60 
VR75/30 3.00 
VR91 1.50 
VR101 1.50 
VR102 1.50 
VR105/30 1.05 
VR150/30 1.50 
VT4C 12.50 
VT25 5.00 
VT75B 3.00 
VT120 1.15 
VT138 4.25 
VT501 1.00 
VU39 1.50 
VX6120 5.00 
VX9133 5.00 
VX9181 5.00 
W25 0.60 
W61 1.50 
W63 0.70 
W77 5.00 
W107 0.70 
W142 1.111 
W147 1.75 
W727 0.65 
W729 1.00 
X24 1.00 
X65 1.00 
X66 1.00 
X79 3.00 
X719 0.58 
XB2 1.00 
XC12 1.50 
XC15 1.50 
XC25 0.35 
XFW47 1.00 
XFW50 1.00 
XG5-500 19.50 
XL1·5V 0.70 
XR1·1600A 

29.00 
XR1-6400A 

126.00 
X5G2 1.00 
Y63 2.50 
y J 1 060 265.00 
YL 1020 29.00 
YL1 060 15.00 
YL1 070 115.00 
YL 1071 98.50 
YL1370 5.50 
Z63 1.00 

Z66 1.00 
Z77 1.20 
Z300T 5.00 
Z303C - 9.00 
Z502C 12.00 
Z504S 13.50 
Z700U 1.00 
Z749 0.48 
Z759 16.00 
Z800U 4.00 
Z801U 4.00 
Z803U 13.50 
Z7014 9.00 
ZA101 5.00 
ZA1000 9.00 
ZA1002 1.48 
ZC1040 8.00 
ZM1001 5.00 
ZM1005 8.00 
ZM1020 4.00 
ZM1021 8.00 
ZM1023 6.00 
ZM1041 13.00 
ZM 1202 78.00 
ZM1263 4.00 
ZM1612 3.00 
ZX1000 5.00 
ZX1061 5.00 
1AC6 1.20 
1AH5 0.65 
1AJ4 0.65 
1822 10.00 
183GT 1.00 
185 2.50 
1C1 1.20 
1C2 1.20 
1C5GT 1.00 
105 1.00 
1FD1 0.90 
1G3GT 1.00 
1L6 1.50 
1LA6 1.00 
1M1 1.10 
1N5GT 2.50 
1S2 0.55 
1T4 0.55 
1U5 1.00 
1X2A 1.15 
1XB8 1.15 
2A3 3.00 
2AS15A 11.00 
2835 1.00 
2846 4.95 
2C21 1.00 
2C34 1.00 
2C39A 19.00 
2C42 4.00 
2C51 0.75 
287 1.50 
2021 0.95 
2D21W 2.00 
2K25 17.50 
3A/147J 7.50 
3A/167M 10.00 
3A2 3.00 
3A3A 3.00 
3A4 0.60 
3AT2 1.75 
3AW2 3.35 
3828 12.00 
38P1 12.00 
3C4 1.00 
3C45 12.50 
306 0.50 
3D21A 24.00 
3W4GT 2.50 
4-125A 46.00 
4-250A 42.00 
4-400A 48.00 
4CX2508 
E1MAC 37.50 
Ex Gov'tas 
new 12.00 
4CX350A 52.00 
4CM4 0.80 
4DL4 0.80 
4HA5 Q.95 
4X150A 29.50 
4X600A 215.00 
5A163K 10.00 
5A·170K 5.25 
5A189K 2.00 
SANS 1.20 
5AR4 2.00 
5B·254M 14.50 
58·255M 14.50 
58-257M 5.00 
5C-100A 18.50 
506 4.00 
5021 15.50 
5022 38.00 
5R4GB 2.80 
5R5GY 2.80 
6U4G 0.86 
5U4G8 1.50 
5V4G 0.85 
5Y3GT 0.85 
5Z4GT 0.85 

6/30L2 0.70 
6A/203K 9.00 
6A6 1.50 
6A8G 1.50 
6A87 0.60 
6ABB 0.86 
SAO 1.00 
6AF4A 1.20 
6AG7 1.20 
6AH6 1.00 
6AJ7 1.00 
6AK5 0.60 
6AK6 2.00 
6AL5 0.52 
6AM4 2.50 
6AM5 6.00 
6AM6 1.30 
6AM8A 2.00 
6AN5 2.00 
6AN8A 2.50 
6A05 0.82 
6AR5 2.00 
SARB 2.00 
6A55 1.50 
liAS6 2.50 
6AS7G 4.50 
6AT6 0.80 
6AV5GTA 1.50 
6AU6 0.55 
6AV6 0.72 
6AW8A 2.50 
6AZ8 1.80 
688G 0.75 
6810 2.50 
68A6 0.50 
68A6W 3.00 
68A7 3.75 

~~~~ t: 
6806 1.10 
68E6 0.72 
68F5 1.10 
68H6 . 1.60 
68H8 1.00 
6BJ6 1.05 
68K4 :.1.75 
68K7A 1.50 
68MB 0.58 
68N4 1.25 
68N6 1.30 
68N7 3.50 
68NB 2.00 
6805 0.60 
6806GA 2.00 
6807A 0.72 
68L8 0.65 
6BR5 0.70 
68R7 3.75 
68R8 1.20 
6BR8A 1.20 
68S7 3.30. 
6858 1.88 
68U6 2.00 
68UB 1.15 
68W4 1.30 
68W6 4.50 
68W7 0.75 
6BW8 4.00 
68X7GT 2.00 
68Z6 2.00 
68Z7 2.50 
68Z8 0.95 
6C4 0.50 
6C6 0.50 
6C8G 1.25 
6C11 2.50 
6C15 2.50 
6C18 2.50 
6C31 1.50 
6CA4 0.60 
6C85 1.50 
6C86 1.50 
6CD6GA 4.00 
6CF6 1.50 
6CG8A 1.00 
6CH6 10.00 
6CL6 2.50 
6CS6 0.75 
sen 1.40 
6CW4 4.00 
6Cxa 2.00 
6CY5 1.00 
6CZ5 2.00 
6DC6 2.00 
6DC8 0.70 
6DK6 0.65 
6005 2.30 
6DR7 2.00 
6DW4 1.20 
6DX8 0.74 
6EA8 1.80 
6E88 . 1.10 
6EU8 1.10 
6F1 2.00 
6F6G 2.00 
6F8G 1.50 
6F11 1.30 
6F12 1.30 

6F14 
6F15 
6F17 
6F1B 
6F19 
6F21 
6F22 
6F23 
6F24 
6F25 
6F26 
6F28 
6F33 
6F36 
6FG5 
6FH5 
6FN5 
6FL2 
6GH8A 
6GK5 
6GK6 
6H2N 
6H3N 
6H6 
6H6GT 
6HG8 
6HZ6 
6J5GT 
6J6 
6J7 
6J7GT 
6J86A 
6JE6 
6JS6C 
6K4N 
6K7 
6K7G 
6K8GT 
6KD6 
6L1 
6L6GC 
6L6GC 
6L6GT 
6L7 
6L15 
6L17 
6L18 
6L19 
6LD3 
6LD20 
6P15 
6P25 
6P28 
607 
6S2 
6S2A 
6S7 
6SC7 
6SG7 
6SJ7 
6SK7 
6SK7GT 
6SL7GT 
65N7GT 
6SS7 
6U4GT 
6U5G 
6U8 
6U8A 
6V4 
6V6GT 
6W4GT 
6X2 
6X2N 
6X4 
6X5GT 
6XBA 
7A3 
7A6 
7A7 
7AD7 
786 
787 
7C5 
7C6 
706 
7FC7 
7GV7 
7H7 
7HGB 
707 
7S7 
7Y4 
8C7W 
803 
808 
8F07 
98W6 
10C1 
10C2 
10C14 
1002 
10F1 
10F9 
10FD12 
10F18 
10GK6 
10P13 

1.00 
1.00 
3.00 
1.50 
0.48 
2.50 
0.70 
0.48 
1.25 
1.25 
0.48 
1.25 

19.00 . 
1.00 
1.50 
1.50 
1.50 
1.50 
0.80 
1.00 
2.00 
0.70 
0.70 
1.00 
1.20 
1.50 
1.00 
0.75 
0.55 
1.05 
1.25 
3.95 
2.10 
2.55 
1.00 
1.50 
0.70 
1.75 
3.95 
2.50 
1.25 
1.90 
1.20 
0.55 
1.50 
1.50 
0.60 
1.00 
0.95 
0.60 
0.60 
4.00 
.2.00 
1.20 
0.50 
0.50 
1.10 
1.20 
1.20 
1.20 
0.80 
1.20 
0.72 
0.89 
1.50 
1.75 
2.50 
0.60 
1.00 
0.75 
0.90 
1.00 
0.80 
1.00 
0.96 
0.60 
2.25 
4.00 
2.00 
2.00 
1.75 
2.00 
uo 
2.50 
2.00 
1.40 
0.80 
2.00 
1.50 
1.20 
2.00 
3.00 
1.00 
3.00 
1.22 
2.75 
1.40 
1.20 
6.50 
0.70 
0.65 
1.25 
0.76 
0.75 
0.60 
0.60 
1.95 
1.00 

10P14 
10LD11 
10LD12 
10Y 
11E2 
11E3 
12A4 
12AC6 
12AD6 
12AE6 
12AG8 1.50 
12AH7GT 0.85 
12AH8 5.50 
12AL5 1.00 
12AT6 0.59 
12An o.55 
12ATIWA 2.50 
12AU6 0.60 
12AU7 0.55 
12AV6 0.80 
12AX4GT 1.00 
12AX7 0.60 
12AX7WA 2.50 
12AY7 4.00 
12AZ7A 1.50 
1264A 1.50 
128A6 0.75 
128E6 1.05 
128H7 0.95 
12BH7A 0.95 
128L6 0.70 
128Y7A 3.75 
12CBGT 0.70 
12CX6 1.20 
12E1 16.50 
12E14 28.00 
12GN7 3.25 
12HG7A 3.25 
12J5GT 0.48 
12J7G;T 0.70 
12K5 1.00 
12K7GT 0.60 
12KB 1.10 
1207GT 0.50 
12S7 1.00 
12SA7GT 1.00 
12SJ7 0.60 
12SL7 1.50 
12SN7GT 1.65 
12SR7 0.70 
12U7 1.50 
12Y4 0.60 
1303 3.20 
1307 3.20 
1308 3.20 
13E1 97.50 
14K7 1.20 
1457 1.00 
15A6 1.00 
1502 1.00 
15E 1.00 
17DW4A 1.75 
17JZ8 1.60 
1803 1.60 
19A05 0.70 
19G6 9.00 
20A2 4.00 
2001 0.70 
2004 1.75 
20F2 0.75 
20K ·· 1.00 
20L1 0.95 
20P1 0.55 
20P3 0.60 
20P4 1.05 
20P5 1.15 
29C1 19.50 
30 2.85 
30C1 0.70 
30C15 0.40 
30C17 0.40 
30C18 2.00 
30F5 0.95 
30FL 1 0.95 
30FL2 0.95 
30FL12 1.10 
30FL 14 1.85 
30L1 0.45 
30L15 0.60 
30L17 0.60 
30P4MR 1.00 
30P12 1.00 
30P16 0.60 
30P18 0.60 
30P19 1.00 
30PL1 2.50 
30PL13 0.80 
30PL 14 2.25 
31J56A 2.95 
35L6GT 2.00 
35W4 0.70 
35Z3 1.85 
38HE7 3.50 
40KD6 3.25 
50C5 0.95 
50CD6G 1.15 
50L6GT 2.00 
52KU 0.85 

6063 
6096 
7581 
75C1 
80 
83A1 
84 
85A1 
85A2 
89 
90AV 
90C1 
90CG 
91AG 
92AG 
92AV 
15082 
15083 
150C4 
150CV 
155UG 
185BT 
257A 
329 
408A 
431U 
708A 
715A 
715C 
801A 
803 
807 
808 
811A 
813 
833A 
836 
845 
866A 
868 
885 
954 
955 
958A 
1267 
1299A 
1927 
2050 
4212E 
5557 
5636 
5642 
5651 
5654 
5670 
5675 
5683 
5692 
5696 
5718 
5725 
5726 
5727 
5749 
5750 
5751 
5763 
5814A 
5840 
5842 
5876 
5879 
5899 
5915 
5963 
5965 
5993 
6005 
6057 
6059 
6060 
6064 
6067 
6072 
6080 
6080WA 
6132 
6146A 
61468 
6201 
6360 
6545 
6870 
7025 
7032 
7199 
7318 
7360 
7475 
7551 
7556 
7586 
7581A 
7591A 
7695 
7868 
8012 

*
WE HAVE NOW MOVED TO ·* 
~ LARGER PREMISES 

CALLERS WELCOME 
*ENTRANCE ON A227 

BY THE "LITTLE BLUE HOUSE" 
50 YDS SOUTH OF MEOPHAM GREEN 

CAR PARKING AVAILABLE 

2.00 
2.85 
1.50 
1.20 
1.40 
7.00 
0.85 
5.40 
2.00 
1.20 

- 111.00 
2.10 

10.85 
10.00 
10.00 
10.00 
3.00 
3.90 
1.50 

150.00 
• 25.00 

1.50 
6.00 
5.00 
4.00 
2.00 
5.00 
6.00 

15.50 
2.00 

16.00 
1.50 
3.00 
9.00 

18.50 
115.00 

7.00 
8.00 
3.00 
5.00 
2.00 
0.50 
0.90 
0.90 
7.00 
0.60 
5.00 
6.00 

230.00 
19.50 
3.00 
5.00 
1.75 
1.95 
3.50 
6.15 

14.00 
3.50 
2.55 
3.50 
3.50 
1.50 
2.00 
2.00 
2.00 
1.50 
3.50 
2.75 
2.50 
6.50 
8.25 
3.90 
2.00 
2.00 
1.50 
2.25 
8.00 
3.50 
1.85 
3.75 
1.50 
1.85 
1.50 
4.20 
4.50 
8.50 

10.00 
4.45 
4.45 
1.50 
4.50 
8.50 

11.50 
2.50 
2.00 
3.20 
9.00 
7.50 
1.00 
4.50 

11.50 
6.00 
3.00 
2.35 
4.50 
3.50 
4.20 

*HOURS: MON.-FRI. 9.00-5.30. SATURDAY 9.30-12.00 ' 
* 24 HOUR ANSWERPHONE SERVICE* 

ACCESS AND BARCLAYCARD ORDERS WELCOME 
*MANY OTHER ITEMS AVAILABLE* 

UK ORDERS P&P 50p PLEASE ADD V.A.T. AT 15% 
EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST 

WW - 041 FOR FURTHER DETAILS 
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~11!!!!,~-LI~ COMPUTER KIT 
17t.~~::l ~ DIVISION TAIGERIIE ~~:iE~:R 

LONDON & HOME COUNTIES STOCKISTS 

AND~~~~~~~~~~IONS 404 EDGWARE RD. LONDON, W21ED TEL: 01-'402 6822 

TliGEBIIE• TAIGERIIE •TAIGEBIITE.•TAIGEBIIE • TAIGEBIIB 
MICROTAN, 65 

High quality. plated thru hole printed ~l rcuit board. solder resist and silk 
screened component ident ification. 6502 microprocessor . 1 K monitor 
TANBUG. Now with 'V' Bug. 1 K RAM for user programme. stack and 
display memory. VDU alphanumeric display of 16 rows by 32 characters 
MICRDTAN 65 system file bmder. 136 page. bound. users harnware I 

software manual with constructional details and sample programmes 
Logic and discrete components to fully expand MICROTAN 65 

KIT FORM £69.00 + V.A T. 
MICROTAN 65 assembled and tested. 
Specification as above. but assembled and fully bench tested by ourselves 

£79.00 +£11.85 VAT. total £90 85 

TAN BUG V2.3 Kit £21.85 inct 

POWER SUPPLIES 
Input 240V AC. Output 5 Volts at 3 Amps Regulated. 
Will power both MICROTAN and TAN EX fully expanded. Built on . 
the same size printed circuit board as MICRDTAN etc. Available as a 
fully built and tested unit 

£23.00 = VAT. £345. total £26 45 

X MPSZ +5V 6A. + 12V. - 5 and - 12V switch mode system PSU 

£69.13+VAT 

71 KEY ASCII KEYBOARD £56.34+vAT 
NO EXTRAS NEE DEn 
Uses gold crosspoint keys. Includes numenc keypad and ribbon cable 
Available as fully assembled and tested. . ,. 

SUPER METAL CABINET IN TANGERINE/BLACK 

£20.00 +VAT £3 OO.total £23.00 

FULL MANUALS: MICROTAN. 
TANEX, BASIC, X BUG 

All£5each 

TAN RAM 
TAN EX £43.00 Minimum 

Con fig Kit 
+VAT. £6 45. total £49 45 . CONTENTS 

AVAILABLE NOW TAN RAM - 40K Bytes on 
one board1 Single hoard of hulk memory 
oflenng : 7K Static RAM (2114). and 32K 
Dynamic RAM (4116) Onhoard refresh is 
totally transparent to CPU · operation and ts 
unaffected by normal DMA's . TAN RAM fully 
expands the available address space of the 

High quality plated thru hole printed circuit board. solder resist and silk 
screened component identification. I.C socRets for maXImum expansiOn 
64 Way D.l N. edge con hector. 1 K RAM. cassette interface. 16 parallel 
1/0 lines. a Tll. serial I/O port, two 16 bit counter timers. data bus 
buflenng. memory mapping. log1c and discrete components 

6502 n11croprocessor. MICRDTAN. TAN EX and TANRAM together 
prov1de 16K RAM. 48K RAM. and 1 K 1/0 that's a lot of memory 
and a lot of l/01 Built ann tested . TMfRAM ASSEMBLED 

4DK RAM CARD with 16K DYNAMIC RAM£76 •VAT 
CONTENTS High quality plated thru hole printed wcu1t board. solder 
rests! and silk screened component identification Full complement ol 
I. C. sockets lor maximum expansiOn 64 way DIN edge connector 
1 K RAM (2114) Data bus buffering. TAN RAM users manual 

EXTRA RAM: 
1KSTATIC(2114) f2 .95each 16KOYNAM1Ci4116) £150 each 

maxtmum expims10n TAN EX users manual 

TAN EX (Minimum configuration) Assembled 

£53.00 + V.A.T. £7 95. total £60 .95 

TANEX EXPANSION 
Expanded. TAN EX offers 7K RAM. 
locations for 4K EPROM (2 716). 
locations for 1 OK extended 
MICROSOFT BASIC. 32 parallel I/O 
lines. ~o TTL serial I/O ports. a 
third serial!/ 0 port with 
RS232120mA loop. full modem 
control and 16 programmable baud 
rates. four 16 hit counter timers. 
cassette interface. data bus 

r--. ---------------------1 buffertng, and memory mapping 

MEMORIES EXPAND YOUR SYSTEM WITH OUR TANGERINE EXPANDED TANEX KIT !Excludes ROM. XBUG and BASIC) 
Discounts 10% for 4. 15% for 8. 20% for j 6 APPROVED CHIPS 

£89.70 +VAl £1346. total £103 16 
2102 1 K x 1 Stat ic RAM 80p IM 6402 UART £4.50 
2708 £3.50 2114 1 K x 4 Static RAM fl_ 95 EXPANDED TAN EX ASSEMBLED 

27 16 £6.50 4118 1 K x 8 S(a(ic RAM fl.SO £99.70 +VAT £14.96. total £114 66 
MK 4116 16K x 1 Dynamic RAM OPTIONS TO FULLY EXPANDED TANEX 

f1.SO All including VAT 1 OK Extended MIC~DSOFT BASIC in EPROM (with manual) 
r--------------------~-1 £49.00 +VAl f7 35. total £56 .35 

MONITORS (PROFESSIONAL) Extra RAM 1K 12 x 21141 f5.20+VAT 7Bp. total £5 .98 
RECONOiliONEO AND NEW- FROM £35.00 to £129.95 SERIAL I/O KIT fiO.z6 +VAT £1 .60. total £1180 

CENTRONICS Ideal for Tanger--Ine 6522 VIA £8.00 +VAT £1 .20. total £9 20 
XBUG £17.35 + V.AT f2 60. total £19 95 

~~~~!!.~:+VAT @.· ._er · . ·• · __ ... ' .. _ ... _... A±0
12

Dv~T0£9N.211incl. 
- :u~fa~feafc~r 1~s~u~ti~~ keypad 

Model 730 £350 + V.A.T · 4 KEYPAD keyboard to extend its functions 
Mode l 737 £395 +VAT Ill ·plus four extra keys. Supplied 

brand new with with data. A 
3 x 4 non-encoded single mode 

LIST PRICE 
£22.00 

OUR PRICE 

£7.95 
• VAT 

POST OFFICE APPROVED - PROFESSIONAL ASCII KEYBOARDS 
NEW MICROTANTEL ~ keyboardinslopedformat 

PRESTEL- VIEWDATA Ideal f·or 
·---------------------1 • FULLCOLOUAGAAPHICS• MICAOTAN ~~~~~---- -- -- --

NEW PRODUCTS laiiVAT.incu grH~Etl'Ct~~~o~~~~~~~~t~b~HNEtr £170 Tangerine ~.=_-: ~~ ~~~-~·· 
SYSTEMMOTHERBOAROI4CONNECTORJ .. .. .. £44.25 £29 95 ~ .,._--- -SYSTEM MOTHERBOARD 112 CONNECTOR) ............... £72.55 USED AS AN EDITING TERMINAL • CAN BE 
EXTRA EDGE CONNECTIONS........................... .. ....... £3.50 INTERFACED WITH PET. APPLE AND +VAT • • VA 1 

98 

SYSTEM RACK FRONT PANEL......................... .. ..... £15.64 NASCOM · 52 key 7 bit ASCII coded 
SERIAL I/O BOARD MIN. (Z PORTS) ................ · .............. £1l6.JO Just connect to the aerial socket of any colour or hlack and whne · Positive strobe +5V -12V 

• Superbly made 

SEND FOR 
FREE BROCHURE 

. domesttc TV recetver ann to yow Post Qff ,ce mstalled 1ack socket and • Full ASCII characters 
you are 11110 the eXC1t1nu world of PRESTEL Via stmp le p11sh button use • Parallel output with strobe 
you are able to v1ew 170.000 pages of up to the m~r1ute information on • Power light on control 
many servtces. order goods from compantP.s . all this without leav 111g • Chip by General Instrument 
yom armcha111 (GJ) TTL output 

·Size 13 x 5.5 x 1.5.i ns 
• Black keys with whtte ledgens 
• Escape shih return & 

reset keys 
- Control repeat & bell 
- Complete with DATA 

BilE • •TAIGEBIIIE •TAIIGERIIE •TAIGERIIE •TAIGERIIE •TAIGERINE •TAIGERIIIE 
All orders pre~paid and official advertised here to be 
forwarded DIRECTLY to 

FULLY GUARANTEED 'BUY WITH CONFIDENCE 

BRITISH DESIGN & MANUFACTURE AND ON DEMONSTRATION 
IN OUR COMPUTER DEPT 

USING SELF
CONTAINED 
HYDRAULIC POWER PACK 

FEEDBACK 
CLOSEDLqOPCONTROLSYSTEM 

COMPUTER DEPT., 11/12 PADDINGTON GREEN, LONDON 

ROBOTS FROM POWERTRAN 
MICROPROCESSOR CONTROLLED 

USING DEDICATED SYSTEM OR EXTERNAL 
COMPUTER VIA ON-BOARD RS232C INTERFACE 

UP TO SIX PROGRAMMABLE AXES 
READY-BUlL TOR KITS FROM £355 

CURRENTLY BEING PUBLISHED IN 

PRACTICAL ELECTRONICS 
For further details please contact: 

POWERTRAN CYBERNETICS 
PORTWAV INDUSTRIAL ESTATE 

ANDOVER, HANTS SP10 3MM 
TeL Andover (0264) 64455 

yYIRELESS WORLD APRIL 1982 

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

through VHF and UHF frequencies in I%", 3 Xt" or 6W' coax lines. 
Three models cover 1-IOk:W. 1·25kW and 1-SOkW ranges with calorimetric 
accuracy of ± 2Vz% of Indication (above 5kW). 
Self-cooled MODULOAD Termination assures low SWR in 50-ohm lines, 
can be permanently mounted - or 
wheeled in place on dolly. ... else IIIII: To measure power, push a button, 
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 

Bii\D 
Aspen Electronics Limited 

. YOUR EXCLUSIVE UK REPRESENTATIVE 

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

WW- 075 FOR FURTHER DETAILS 

PRINTED CIRCUITS 
FOR WIRELESS WORLD PROJECTS 

·striphne r .t . power amp-Sept~ -197 5- f d.s. . .... . 
Audio compressor/limiter-Dec. 1975-1 s.s. (stereo) ...• , . . . 
F.m. tuner (advanced)-April 1976-1 s.s. . .... ... ... . , . . 
Cassette recorder-May 1976-1 s.s . . ......•... . . . ... . . 
Audio compander-July 1976-1 s.s. . ........ ....... . . . 
Ti,me code clock-August 1976-2 s.s . 3 d.s. . .. 
Date, alarm, b.s.t. switch-June 1977-2 d .s. 1 s.s. . . .. . . _ . . 
Audio preamplifier.,--November 1 976-2 s.s. . ... . ....... . . 
Additional circuits-October 1977-1 s.s. . ..... , .. . 
Stereo coder-April 1977-1 d .s. 2 s.s. . ...... . 
Morse keyboard and memory-January 1977-2 d.s. 

£5.00 
£4.25 
£5.00 
£5.00 
£4.25 

£15.00 
£9.50 
£8.50 
£4.00 
£8.50 

(logic board 1 01.4in. x Sin.) (keyboard and matrix 13in. x '1 Oin.) £14.00 
Low distortion disc amplifier (stereo)-September 1 9 7 7- 1 s.s. . · £2.00 
Low distortion audio oscillator-September 197 7 .,--1 s.s . £3.50 
Synthesized f.m . transceiver-November 1977-2 d.s. 1 s.s. £12.00 
Morsemaker-June 1978-1 d .s. . . . . . . . . £4.50 
Metal detector-July 1978-1 d.s. . ..... . .. ... .. . . _. , . . £3.75 
Oscilloscope waveform store-October 1978-4 d.s. £18.00 
Regulatorfor car alternator-August 1978-1 s .s. . .... , . . . £2.0D 
Wideband noise reducer-November 1978-1 d.s. . .. , .. , . . £5.00 
Versatile noise generator-January 19 79-1 s.s. . . . . . . • . . . . £5.00 
200MHz frequency meter-January 1979-1 d.s . . . . . . . • . . . £7.00 
High performance preamplifier-February 1979-1 s.s. £5.50 
Distortion meter and oscillator-July 1979-2 s.s . . . . . £5.50 
Moving coil preamplifier-August 1979-1 s.s. £3.50 
Multi-mode transceiver-October 1979-10 d .s. . . . . . . • . £35.00 
Amplificatiol}_ system-Oct. 1979-3 preamp 1 poweramp .•• • •.. • £4.20 each 
Digital capacitance meter-April 1980-2 s.s. £7.50 
Colour graphics system-April 1980-1 d.s: £18.50 
Audio spectrum analyser-May 1 980-3 s.s. £10.50 
Multi-section equalizer-June 1 980-2 s.s. £8.00 

· F.l~ating-bridge power amp·- Oct. 1980 _:_ 1 s.s. (12V or 40V) £4.00 
Nanocomp- Jiiri. 1981 - 1 d.s. 1 s.s. . . . . . . . . . . . . . . . . . . £9.00 
Logicprobe-Feb.1981- 2d.s .. , .. , .. . .... _ .. , . •• ,,. £6.00 
Modularfrequencycounfers-March 1981::-Bs.s., , -_- •· ..•.• .. , , . . ,£20.00 
Opto-e_lectro11J.£.conta_ct qreak~r (D~Ico)-:-Aprii1SB1-2 §.S?. , . . ..... · _. £4,_0,9 

i Boards are glassfibre, roller-tinned and drilled. Prices include 
' 1/.A.T. and U.K. postage. 

A.irmail add 20%, Europe add 10%, fnsurance 10%. 
Remittance with order to : 

M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 
WW - 009 FOR FURTHER DETAILS 

WIRELESS WORLDAPRIL1982 

New production capacity at Canterbury has increased our range, 
decreased our prices, improved our special customer · 
design service . Choose from toroidal transformers in 
a range of 98 types . 

TVPE SERIES SECONDARY RMS 
No VoltS f.ur rer.t 

30VA 1X010 6+6 ?oo 
70x30mrn 1X01 i 9+9 166 
041 Kg 1X011 11 +11 111 

Regutat1on 1X013 10+11 100 
18"'o IX014 18+18 083 

PRICE 
me VAT 

£128 
+08/p 

p, p 

PRICE 
ex VAT 

[448 
+0 87o 

• .PtP 

Order using 
the FREEPOST 
coupon below. 
Trade enquiries are welcome. 
Supplied with rigid mounting kit wtth centre bolt. 

1X015 22+22 0 68 
1XOI6 25+25 0 60 steel and neoprene washers. GUARANTEED 5 YEARS. 
IX017 30+30 o oo 

50 VA 2X010 6+6 •16 £583 £493 TYPE SERIES SECONDAqy RMS PRICE PRICE 
No Valls Current InC VAT ''VAT 

8.0x35rrm 1X011 9+9 277 +[I 10 +[110 
09Kg 2X011 12+ 12 ? 08 PIP PIP 

Regu!C! IICJ1 1X013 II+ II I 66 
13°'· 1X014 18+ 18 138 

1X015 22+11 113 
1X016 11+11 I 00 
1X017 30+30 0 83 
1X018 110 0 41 
1X019 120 0 21 

2Z5VA 6X012 1?+12 9 38 £1183 [10 06 
110x41mm 6XDI3 15-1411 750 +£173 +[1 73 

22Kg 6X014 18+18 625 PIP PIP 
RegulatiOn 6X015 22+22 511 

7% 6X016 15+25 450 
6X017 30+30 371 
6X018 35+35 321 
6X026 40+40 281 

1X030 240 010 6X025 45+45 2 50 

80 VA 3XOIO 6+6 6 64 £511 £547 
90x30mm 3XOII 9+9 444 +£1 43 +£143 

I Kg JX012 11 + 11 ~~ 
PIP PIP 

Regulallon 3XOI3 II+ 15 
11% 3X014 18+ 18 222 

3X01J 22+22 181 
3X016 15+15 I 50 
3X017 30 +30 133 
3X018 110 071 
3X029 220 036 

6X033 50+50 225 
6X028 110 2·04 
6X019 210 1 02 
6X030 240 0 93 

300VA 7X013 15+15 1000 £13 67 [1166 
110x50mm 7XOI4 18+18 8 33 +£173 +£173 

2 6Kg 7X01 5 22+22 6 82 PIP PIP 
RegulatiOn 7X016 21+25 6 00 

601 .. 7X017 30+30 500 
7X018 35+35 4 28 

3X030 240 0 33 7X026 40+40 375 

110VA 4X010 6+6 10 00 £755 £638 
90x40mm 4X011 9+9 666 +£1 43 +£1 43 

I 2Kg 4X011 11+ 11 100 PIP PIP 
Regutatton 4XOt3 15+15 400 

11% 4X014 18+18 333 
4X015 21+22 271 
4X016 25+15 140 
4X017 30+30 200 

7X025 45+45 3 33 
7X033 50+50 3 00 
7X028 110 272 
7X029 220 136 
7X030 240 121 

500VA 8XOI6 21+25 1000 £1817 [1513 
140x60mm 8X017 30+30 833 +£205 +£2 05 

4Kg 8X018 35+35 714 PIP PIP 
4X018 35+35 171 
4X028 110 1 09 

Regula1ton 8X026 40+40 6 2~ 
4% 8X025 45+45 551 

4X019 1;>0 014 8X033 50+50 5 co 
4X030 240 050 8X042 55+55 414 

160VA 5X01 1 9+9 889 £9 91 £844 
110x40mm 5X011 12+11 6 66 +[143 +£1 43 

1 8 Kg 5X013 15+ 15 133 PI P PIP 
Regulallon 5X014 18XI8 444 

8% 5X015 22+21 3 63 

8X028 110 454 
8X029 m 227 
8X030 140 2 08 

625VA 9X017 30+30 1041 £2510 £21.54 
140X75mm 9X018 31+35 8 92 +£2 20 +£2.20 

5XOI6 25+25 320 5 Kg 9X026 40+40 781 PIP PIP 
5X017 30+30 166 Regulallon 9X025 45+45 6 94 
5X018 35+35 218 4%. 9X033 50+50 625 
5X026 40+40 200 9X042 51+55 5 68 
5X028 110 145 9X028 110 568 
5X029 220 072 9X029 220 284 
5X030 240 0 66 9X030 240 260 

IMPORTANT: Regulation - All voltages qu01ed are FULL LOAD. Please add regufalion figure 10 secondary 
voltage to obtain off load voHage. , 

The benefits of llP toroidal transformers 
ILP toroidal transformers are only half the weight and height of their laminated 

equivalents. and are available with 110V. 220V or 240V primaries coded as follows: 
For 110V primary insert "0" in place of "X .. in type number. 
For 220V primary (Europe) insert "1" in place of "X" in type number. 
For 240V primary (UK) insert "2" in place of "X" in type number. 
How to order Freepost: 
Use this coupon, or a separate sheet of paper, to order these products, or any 
products from other ILP Electronics advertisements. No stamp is needed if you 
address to Freepost Cheques and postal orders must be crossed and payable to 

' ILP Electronics Ltd: cash must be registered. C.O.D. - add £1 to total o-rder value. 
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of 
order for single and small quantity orders. 
Also Jvailable at Electrovalve. Maplin. Marshalls. Technomatic and Watford Eleclrontcs. --------Please send me the following 
ILP modules -------,-~----------------1 Totalpurchaseprice I 

I I enclose Cheque 0 PostaiOrdeis 0 Int. Money Order 0 I 
Please debit my Access I Barclaycard No. · 

I Name I 
Address ------------------------

1 Signature WW l/4 I 
I Post to: ILP Electronics Ltd. Freepost 2. Graham Bell House. Roper Close . I 

Canterbury CT2 7EP. Kent . England 
Telephone (0227) 54778: Technical (0227) 64723 Telex 965780. 

I (a division of '--<-- I 
ILP Electronics Ltd 1 

'- .J:..~!!!f2B.MEJ3!L ,/ 
·sTAY AHEAD.STAY WITH us, 
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VALVES Minimum VALVES VAT 
Order £1 IS INCLUDED 

--
A1065 1.40 EL509 3.95 OV03-12 4.20 6AM5 420 12AT6 0.70 6067 2.30 
A2293 8.80 EL802 1.70 SC1/400 4.50 6AM6 1.50 12AT7 0.85 6080 5.30 
A2900 9.20 EL821 8.20 SC1/600 4.50 6ANBA 2.50 12AU7 0.60 6146 4.95 RF POWER'VMOS e ARB 0.76 EL822 9.95 SP61 1.80 6A04 ' 3.40 12AV6 0.95 61468 5.20 
ARP3 0.70 EMBO 0.85 •TI21 17.50 6A05 1.00 12AX7 0.85 6360 2.85 
ATP4 0.60 EMB7 1.30 U25 . 1.15 6A05W 1.80 128A6 0.90 6550 6.60 
B12H 3.90 EY51 0.95 U26 1.15 6AS6 1.15 128E6 1.25· 6870 14.00 

LOW-NOISE GASFET CY31 1.40 EY81 0.85 U27 1.15 6AT6 0.90 12BH7 1.65 8552 8.20 
OAF96 0.70 EY86/87 0.60 U191 0.85 6AU6 0.60 12CB 0.65 . 7199 2.85 
DET22 26.95 EY88 0.85 U281 0.70 6AV6 0.85 12E1 18.95 38P1 11.00 
DF96 0.70 EZBO 0.70 U301 0.85 6AX4GT 1.30 12J5GT 0.55 5FP7 18.00 
DH76 0.75 EZ81 0.70 U600 11.50 6AX5GT 1.30 12K7GT 0.70 4EP1 32.00 
OL92 0.60 GM4 5.90 UB01 0.90 6BA6 0.55 12K8GT 0.80 88J 14.00 
DY86/87 0.65 GY501 1.30 U8C41 1.20 6BE6 0.60 1207GT 0.60 88L 14.00 TYPE9051 VMOS LINEAR POWER AMPLIFIER. lOW. RF output. Frequency as 
DYB02 0.70 GZ32 1.05 UABCBO 0.75 68G6G 1.60 12SC7 0.65 CV1526 16.00 specified in the range 1-250 MHz ............ .............. .. ............................. £65 
E55L 14.90 GZ33 4.20 UAF42 1.20 6BJ6 1.30 12SH7 0.65 OG7-32 34.80 TYPE 9054 VMOS LINEAR POWER AMPLIFIER. 20W. RF output ......................... £85 
EBBCC 1.60 GZ34 2.75 UBFBO 0.70 6807A 0.85 12SJ7 0.70 OG7-36 36.00 
ESBCC/01 3:10 GZ37 3.95 UBF89 0.70 6BR7 4.80 12507 . 1.45 OPM9·11 38.40 TYPE9053 VMOS LINEAR POWER AMPLIFIER. 8W. RF output. Frequency as 

E92CC 1.20 KT66 6.30 U8L21 1.75 6BW6 6.20 12S07GT 0.85 013-33GM specified in the range 250-600 MHz ................................. .................... £85 

E1BOCC 2.80 9.20* UCC84 0.85 6BW7 0.90 12Y4 0.70 41 .80 TYPE 9045 VMOS WIDE BAND LINEAR POWER AMPLIFIER. 30 KHz.-20 MHz. 
E180F 6.30 KTBB 8.95 UCC85 0.70 6C4 0.50 1303 0.70 • specO Without tuning. 4W. RF output.. ....................................... ............... £39.50 
E182CC 4.95 13.80* UCF80 1.30 6C6 0.55 1305 0.90 TYPE9050 VMOS WIDEBAND LINEAR POWER AMPLIFIER. 20-200 MHz. Without 

MH4 2.50 ueH42 1.65 6CH6 8.20 1306 0.80 PLUMBICON EA76 2.25 
TYPE 90sz ~u~8s· ~~-~~~~~~ic .. RANG·E·Ar:iPL:ii=ieii"o~!p~i .. ,w .. + .. sl~~~~ EA8CBO 0.80 ML6 2.50 UCH81 0.75 .6CL6 2.75 1457 1.15 P8003LF 

EB91 0.60 MX10/01 21.50 UCL82 0.95 . 6CXB 3.60 19AQ5 0.85 PBOO IR 
EBC33 1.15. N78 9.90 UF41 1.35 6CY5 1.15 19G3 11.50 PSOO IB N.F. 2.5 dB. Ga in 20 dB. Frequency as specified in the range 1-250 
EBe90 0.90 OA2 0.70 UF80 0.95 606 0.70 19G6 8.50 X01020R MHz .................. ... ........ .. .................. ................................................... £49.50 
EBFSO 0.60 062 0.80 UF85 0.95 6F6 1.60 19H5 39.55 XQ1020B TYPE9049 VMOS HIGH DYNAMIC RANGE AMPLIFIER. Output 1W + 30 dBm. 
EBF83 · 0.60 PABCBO 0.60 UL84 0.95 6F6GB 1.10 2001 0.80 
EBF89 0.80 PCBS 0.75 UMBO 0.90 6F7 2.80 20F2 0.85 SPECIALV N.F. 1.0 dB. Gain 60 dB. Adjustable-40 dB. Frequency as specified in 

EC52 . 0.85 PCBS 0.95 UM84 0.70 6FBG 0.85 20E1 1.30 4CX1000A the range 1-250 MHz .. ... ........ ............................................................ £59.50 

EC91 4.40 PC88 0.95 UYB2 0.70 6F12 1.50 20P1 0.65 4CX5000A TYPE 9000 GASFET STRIPLINE PREAMPLIFIER. 250-500 MHz. N.F. 0.5 dB. Gain 
EC92 0.85 PC97 1.50 UYB5 0.85 6F14 1.15 20P3 0.75 BM25L 25 dB. Masthead/local use ........... .. .. .. ........................... .................. £49.50 
ECC81 G.65 PCSOO 1.15 VR105/30 1.25 6F15 1.30 20P4 1.25 BW153 TYPE 9001 GASFET STRIPLINE PREAMPLIFIER. 450-900 MHz. N.F. 0.6 dB. Gain 
ECC82 0.60 PCC84 0.50 VR150/30 1.35 6F17 1.15 20P5 1.35 OM 25LB 

20 dB. Masthead/local use .... ............ .............................................. £49.50 
ECC83 . 0.85 PCC89 0.85 X66 0.95 6F23 0.75 25L6GT 0.95 YL 1420 
ECC84 0.60 PCC189 1.05 X61M 1.70 6F24 1.75 25Z4G 0.75 YL 1430 TYPE 9015 UHF TELEVISION PREAMPLIFIER. N.F. 2.8 dB. Gain 16 dB. Channel 'A' 

ECC85 0.&0 PCF80 0.80 XR1-6400A 6F33 10.50 30C15 0.50 YL 1440 21-34, 'B' 39-51, 'CD' 49-68 ............ .. .............. ................ ................... £14.50 
ECC86 1.70 PCF82 0.70 82.90 6FHB 4.20 30C17 0.50 GXU6 TYPE 9025 RF PREAMPLIFIER. Aligned to your specified frequency in the range 
ECC88 0.80 PCF84 • 0.75 Z759 19.00 6GAB 1.95 30C18 2.45 CV1597 1-250 MHz. N.F. 1.0 dB. Gain 40 dB .... .......................... .. ... .............. £29.50 
ECC189 0.95 PCF86 1.50 Z749 0.75 6GH8A 0.95 30F5 1.15 CV2116 

TYPE 9030 WIDEBAND RF PREAMPLIFIER. 10 KHz.-100 MHz. Withouttuning. N.F. 
ECC804 0.90 PCF87 0.50 Z800U 3.45 6H6 1.60 30FL2 1.40 BR 189 
ECF80 0.85 PCF200 1.60 Z801U 3.75 6J4 1.35 30FL 12 1.25 BR 179 3.0 dB. Gain 40 dB. Increases sensitivity of instruments by 100 times 
ECF82 0.85 PCF201 1.85 Z803U 16.00 6J4WA 2.00 30FL14 2.15 CV6131 ........... ........ .............. .. ......... ............................................................... . £29.50 
ECF801 1.06 PCFBOO 0.50 ZSOOT 2.45 6J5 2.30 30L15 1.10 GMU2 TYPE 8032 PHASE LOCKED SIGNAL SOURCE. 1-1000 MHz .. .... .. ........... ........ £54.50 
ECH34 2.25 PCF801 1.75 1A3 0.85 6J5GT 0.90 30L17 1.10 TY4-500 TYPE 8026 FREQUENCY CONVERTER. Input in the range 100-1500 MHz. Output 

PCF802 0.85 1L4 0.50 6J6 0.65 30P12 1.15 BK485/5552A ECH35 1.70 
2.10* PCF805 2.45 1R5 0.60 ' 6J6W 0.90 30PL 13 1.25 MIL 5948/1754 in the range 1-1500 MHz ..... ......... .............................................. .... £164.50 

TYPE 9075 FREQUENCY COUNTER. 150 MHz .......... ........................................ £74.50 ECH42 1.20 PCF806 1.20 1S4 0.45 6JE6C 2.95 30PL 14 2.45 
ECHB1 0.70 PCF808 2.75 155 0.45 6JS6C 2.95 35L6GT 1.40 IC TYPE 9060 FREQUENCY DIVIDER BY 10. 600 MHz ........................................... £19.50 
ECH84 0.60 PCH200 1.36 1T4 0.45 6K7 0.80 35W4 0.80 SN5402N 0.28 TYPE 9055 FREQUENCY DIVIDER BY 10. 1200 MHz ........................................ . £49.50 
ECL80 0.70 PCLB1 0.75 1U4 0.60 6L6M 2.80 35Z4GT 0.80 SN5410F 0.32 
ECL82 0.75 PCL82 0.95 1X2B 1.40 6L6G 2.50 50C5 1.15 SN5470F 0.48 
ECL83 1.40 PCL84 0.90 2021 1.10 6L6GC 2.10 , 50C06G 1.35 5N54196J 1.20 
ECL85 0.80 PCL86 1.05 1.85* 6L6GT 1.25 7561 125 5N7407N 0.29 POST A N D PACKING £1 .50 PER U NIT 
ECL86 0.90 PCL805/85 1.25 2K25 16.95 6L7G 0.85 75C1 1.70 SN7408N 0.18 
EF37A 2.15 POS00/51 0 4.30 24.50* 6L18 0.70 76 0.95 SN7445P 0.85 

PLEASE ADD VAT 15% ON TOTAL 
EF39 1.25 PFL200 1.10 2X2 1.15 6L06 2.95 78 0.95 SN74453P 1.10 
EFBO 0.85 2.80* 3A4 0.70 6L020 0.70 80 1.70 SN7453N 0.18 
EF83 1.75 PL36 1.25 3AT2 2.40 6KG6A 2.70 85A2 1.40 SN74L73N 0.38 

RESEARCH COMMUNICATIONS EF85 0.60 PL81 0.85 306 0.50 607G 1.30 2.55* SN7474N 0.30 
EF86 0.75 PL82 0.70 3022 23.00 6SA7 1.00 807 1.25 SN7485N 0.95 
EF89 1.05 PL83 0.60 3E29 19.00 6SG7 1.15 1.90* SN74L85N 1.10 LIMITED EF91 1.50 PL84 0.95 354 0.60 6SJ7 1.05 813 19.32 SN7491AN 0.32 
EF92 2.90 PL504 1.45 4832 18.25 6SK7 0.95 68.50* SN74123N 0.42 
EF95 0.85 PL50B 1.95 58/254M 16.90 6SL7GT 0.85 8298 14.00 DM74123N0.38 
EF96 0.60 PL509 2.90 58/255M 14.50 6SN7GT 0.80 832A 8.90 SN15836N 026 43/A COURT STREET, FAVERSHAM, KENT ME13 7AL 
EF183 0.80 PL519 3.20 56/258M 12.50 6SR7 1.10 B66A 3.80 cX4 0.95 
EF184 0.80 PL802 3.20 5C22 29.90 6507 0.95 866E 6.25 SN76013N 1.80 TEL. 010.33 45 96 36 39 
EF812 0.75 PY33 0.70 5R4GY 1.80 6V6G 1.50 931A 13.80 SN76003N 1.60 
EFL200 1.85 PYBO 0.70 5U4G 0.75 6V6GT 0.95 954 0.60 SN76033N 1.35 
EH90 0.85 PY81/BOO 0.85 5V4G 0.75 6X4 0.95 955 1.20 MCSBOOP 5.80 
EL32 1.10 PY82 0.65 5Y3GT 0.95 6X4WA 2.10 956 0.60 MC68BOOP WW -073 FOR FURTHER DETAD..S 
EL34 1.80 PY83 0.80 5Z3 1.50 6X5GT 0.65 957 1.05 6.40 

2.90* PY88 0.85 5Z4G 0.75 6Y6G 0.90 1625 1.80 MC14511BA 
EL37 4.40 PY500 1.70 5Z4GT 1.05 6Z4 0.70 1629 1.85 2.20 
EL81 2.45 PY809 6.45 6/30L2 0.90 787 1.75 2051 2.90 81702AL 3.30 
EL82 0.70 PY801 0.80 6A87 0.70 88N8 2.95 5763 4.20 MM6300-IJ 

FINAL RADIO AND ELECTRONICS EL84 0.80 OOV03/10 2.85 6AC7 1.15 902 0.70 5842 7.50 3.80 
EL86 0.95 OOV03-20A 6AG5 0.60 906 2.90 5881 3.40 MCM6810AP 
EL90 1.00 14.40 6AH6 1.15 10C2 0.85 5933 6.90 3.40 

EXHIBITION AT BELLE VUE EL91 4.20 OOV03-25A 6AK5 0.66 10F18 0.70 6057 2.20 6340-1J 3.60 
EL95 0.80 21.20 6AK8 0.60 10P13 1.50 6060 1.95 MIC945-50 028 
EL504 1.70 QQV06/40A 6AL5 0.60 11E2 19.50 6064 2.30 MIC936-50 022 

by the NORTHERN RADIO SOCIETIES ASSOCIATION EL803 5.90 16.,0 6AL5W 0.85 12A6 0.70 6065 3.20 
in the 

VALVES AND TRANSISTORS FIELD TELEPHONES TYPE "J". LANCASTER HALL 
Telephone enquiries for valves, transistors, etc: Tropical, in metal cases. · BELLE VUE, MANCHESTER retail749 3934, trade and export 743 0899. 10-line MAGNETO SWITCH-

"010" CABLE FIELD TELEPHONES BOARD. Can work with every on SUNDAY, 4th APRIL, 1982. Doors o~en at 11 a.m. Geiger Muller Tubes GM4, MX12/01 and others. 
type of magneto telephones. The North's Premier Amateur Radio and lectronics Event 

TEST SET FT2 FOR TESTING Transceivers A40, PRICES MAY VARY Features: Inter-club quiz; grand raffle; construction contest; amateur A41, A42 and CPRC26. -
HARNESS "A" S. "B" CONTROL UNITS "A" "A" POSTAGE: £1-£345p; f3-£555p; computer stands; RSCB b~()k stall; ~adio Society stands and Trophy "J1" "J2." Microphones No 5, 6, 7 connectors, 
frames, carrier sets, etc. £5-£10 60p; £10-£15 SOp; £15- Home Office and Raynet stands DRUM CABLE continuous connection YC 00433. £20 100p. 

• Signal Generators MARCONI TF 144HI4S; TF144H/8S 10 kHz-72MHz Belle Vue has ample car parks 

FM talk-in on GB3NRS and G8NRS/A on 145MHz Chs22 R2 R6 and on Prices on application 

COLOMOR 
(ELECTRONICS LTD.) 

170 Goldhawk Rd., London W.12 

100 

433MHZ Chs SU8-RB4 RB14 
Tel. 01-743 0899 or 01-749 3934 ADMISSION 60p BY RAFFLE TICKET AND EXHIBITION PLAN 

Open Monday to Friday Enter at rear of Belle Vue, opposite main car park off Hyde Road A,57 
9 a.m.-5.30 p.m. 

The Hitachi V~SSOB combines a host of professional features with unrivalled 
quality, reliability and cost-effectiveness. 

Features include full dynamic-range bandwidth to over SOMHz, dual timebases 
with B trigger and calibrated multiplier. variable hold-off, l mV/cm sensitivity, 
Snsec/cm sweep, trigger view and an internal graticule C.R T. At around £700 it 
offers the bes.t value available. 

Equally important, the whole Hitachi range including the V-550 is available 
from stock now! 

The range covers bandwidths from lSMHz to lOOMHz and includes battery mini
portables. All models carry a two year warranty and are supplied with probes. Prices 
start at around £230 ex VAT. 

For full colour brochures giving detailed specifications and prices ring t0480) 

Reltech Instruments Coach Mews, St. lves, Cambs. PE17 4BN 63570. 

WIRELESS WORLD APRIL 1982 

TRANSFORMERS 
CONTINUOUS RATINGS 

MAINS ISOLATORS (screened) 12 or 24-VOLT RANGE 
Pri 0-120; 0-100-120V (120, 220, 240V) Sec 60 Separate 12V windings Pri 220-240V 
55-0-55 60 twice to give 55, 60, 110, 115, 120, Ref. 12v Amps 24v £ · P&P 
125, 175,180,220,225,230,235, 240V. 111 0.5 0.25 · 2 42 95 
Ref. VA {Watts) £ P&P 213 1 0 0 5 2.90 1'00 

~~t ~g ;·;; gg 71 2:0 1 :o 3:86 1 :oo 
1so 100 s'3s 1 ·44 18 4·0 2.o 4 .46 1.20 
151 200 12,28 1.72 85 5·0 2.5 6.16 1.20 

. . 70 6.0 3.0 6 99 1 20 

~ ~~ ~~g ~:::} ~ :~~ 1 oa a.o 4.o a: 16 1:44 
154 500 22 52 2 20 72 10·0 5.0 8.93 1.60 
155 750 32.03 OA 116 12·0 6.0 9.89 1.60 
156 1000 40.92 OA 17 16.0 8.0 11 .79 1.72 
157 1500 56.52 oA 115 20·0 10.o 15.87 1.84 
158 2000 67.99 OA 187 30.0 15.0 19.72 2.04 
159 3000 95:33 OA 226 60.0 30.0 40.41 OA 

161 6000 203.65 OA 
*115 or 240v sec only. State volts required. 30 VOLT RANGE (Split Sec) 
Pri 0-220-240V. Sec. Volts available 3, 4, 5, 6, fl, 9, 10, 12, 

15, 18, 20, 24, 30V or 12V-0-12V or 15V-0-1 

50 · VOLT RA NGE Amps 
Sec. Volts available 5, 7, 8, 10, 13, 15. 17, 20, 
25, 30, 33, 40 or 20V-0-20V or 25V.{)-25V 

Ref. 30v 15v £ 
112 0.5 1 2.90 

Amps 
50v 25v 
.5 1 
1 2 
2 4 
3 6 . 
4 8 
6 12 
8 16. 

10 20 
109 12 24 

60 
Pri 220-240V 

Voltages available 
18, 20, 24, 30, 36, 48, 60V, or 
24V-0-24V or 30V·0·30V 

Amps 
Ref. 60v 30v £ P&P 
124 .5 1 4.27 1.20 
126 1 2 6.50 1.20 
127 2 4 8.36 1.60 
125 3 6 12.10 1.72 
123 4 8 13.77 1.96 
40 5 10 11.42 1.84 

120 6 12 19.87 2.04 
121 8 16 27.92 OA 
122 10 20 32.51 OA 
189 12 37.47 OA 

'400/440V ISOLATORS 
400/440 to 200/246 

Ref. £ . P&P 
243 7.37 1.20 
246 4.61 2.04 
247 18.07 2.04 
248 22.52 OA 
250 45.94 · OA 
252 67.99 OA 
253 95.32 OA 

. 254 189.D2 OA 

CASED AUTOS 
240V cable input USA 115V outlets 
VA Price - P&P Ref 

20 £6.55 .95 56W 
.75 £8.50 1.20 64W 

150 £11 .00 1.44 4W 
200 £12.02 1.44 65W 
250 £13.38 1.44 69W 
500 £20.13 2.04 • 67W 

1 000 £30.67 2.20 84W 
2000 £54.97 OA 95W 

AVO TEST M ETERS 
8 Mk. 5 Latest Model £122.10 

79 1 2 3.93 
P&P 3 2 4 6.35 
1.20 20 3 6 7.39 
1.20 21 4 8 8.79 
1.44 51 5 10 10.86 
1.60 117 6 12 12.29 
.1.72 88 8 16 . 16.45 
1.84 89 10 20 18.98 
2.20 90 12 24 21.09 
OA 91 15 30 • 24.18 
OA 92 20_ 40 32.40 OA 

SCREENED MINIATURES Pri 240V 
Ref. rnA Sec Volts £ P&P 
238 200 3-0-3 2.83 .50 
212 1A, 1A 0-6,0-6 3.14 1.00 

13 100 9-0-9 2.35 .50 
235 330, 330 0-9, 0-9 2.19 .60 
207 500, 500 0-8-9, 0-8-9 3.05 .95 
208 1A, 1A 0-8-9, 0-8-9 3.88 1.20 
236 200,200 0-15,0-15 2.19 .60 
.239 SOMA 12-0 -12 2.88 .50 
214 300,300 0-20,0-20 3.08 1.00 
221 700 (DC) 20-12-0-12-20 3.75 1.00 
206 1A.1A 0-15-20,0-15-20 5.09 1.20 
203 500,500 0-15-27 , 0-15-27 4.39 1.20 
204 1A,1A 0-15-27,0-15-27 6.64 1.20 

TRA NSFORMERS 
Voltages available 105, 115 .. 190, 200, 210, 220, 
230,240. For step up or stP.n rln\11/n . 
Ref. VA (Watts! TAP~ . £ P&P 
113* 15 0-10-115-210-240V 2.77 1.00 
64 80 0-10-115-210-240V 4.41 1.20 
4 150 0-10-115-200-220-240V 5.89 1.20 

67 500 0-1 0-115-200-220-240V 12.09 1.84 
84 1000 0-10-115-200-220-240V 20.64 2.20 
93 1500 0-10-115-200-220-240V 25.61 OA 
95 2000 0-10-115-200-220-240V 38.31 OA 
73 3000 0-1 0-115-200-220-240V 65.13 OA 

80s 4000 0-10-115-200-220-240V 84.55 OA 
15-200-220-240V OA 

For 'clean' mains to SPECIALIST 
computers, peripherais. TRANSFORM ER 
250VA £95.00 WIN DING 
500VA £127.00 ++ Vp&ATP SERVICE 
1kVA £147.00 

TOROIDALS NOW 
AVAILABLE 

71 (Electronics & £45.80 fA"Zm~~C":':::O::-:":"":'::'":-;.,.;,;.--------J 
73 TV Service) £63.90 
MM5 Minor £40:50 , ___ "_,_,::·- .. -
DA211 LCD Digital £58.50 
DA212 LCD Digital £81.90 
DA116 LCD Digital £121 .70 r-----'----:...;:_..;.;.;::..::;.._:_ __ "----__;, 
Megger70143500v • £97.20 PANELMETERS£6.70ea+76pPIP +VAT 
Megger Battery BM7 £65.30 43 x 43mm or 82 x 78mm V.U. Indicator 
Avo Cases and Accessories 50f.IA, 500!JA, lmA, 30V d. c. £1.95+30p P6P+VAT 

P&P £1.32 + VAT 15% ~ducational Meter 10A8 30V£4.50+VAT 

BRIDGE RECTIFIERS 
200v 2A 45p 
400v 2A SSp 
100v 25A+ £2.10 
1 OOv 50 A £2.60 
200v 4A 65p 
400v 4A SSp 
400v 6A £1 .40 
500v 12A £2.85 

P&P 20p. VAT 15% 

Precision De-Solder Pumps· - Spring loaded 
quick act 1on button release tor one hand 
work'ing . Large £5.86 P&P 35p+ VAT. Small £5.17 
P&P 30p+VAT. Replacement tips : Small 
65p+ VAT. La 86p + VAT. 

ANTEX SOLDERING IRONS 15W CCN240 or C 
£4.50 25W X25 £4.80. 12V 25W car solder kit 
£5.30. Safety stand £1.75. P&P 55p + VAT 

Get maximum power at minimum price. yet still with hi -li 
specifications and a wide choice of outputs ILP Bipolar power 
amps. now with or without heatsinks are unbeatable value for 
domestic hi -fi- but for disco. guitar amplifiers and PA choose 
the new range of heavy duty power amps. again with or without 
heatsinks. with protection against permanent short circuit. 
added safety for lhe disco or group user. Connection in all cases 
is simple -via 5 pins. 

Every item has a 5 year no quibble guarantee and 
includes full connection data. So send your order FREEPOST today I 

Load_ i~pedance, all models. 4 ohm- infinity. Input impedance, all models 100K ohm.lnput 
sensitiVIty, all models. 500 mV. Frequency response, all models 15Hz-50kHz-3db. 
BIPOLAR Standard, with heatsinks 

DISTORTION 
Output TH .D. I.M.D Supply 

Wt Price Price Model No power Typ 50Hz/7kHz voltage Sizemm 
Wattsrms at 1kHz 4.1 ' Typ/Max gms inc. VAT ex . VAT 

HY 30 15w/4·8fl \ 0.015% <0.006% ±18± 20 76x68x40 240 £8.28 £7.29 
- -

HY 60 30w/ 4·8fl 0.015% <0.006% ±25±30 76 x68 x40 240 £9.58 £8.33 

HY 120 60w/4·8fl 0.01% <0.006% ±35±40 120X78X40 410 £20.10 £17.48 

HY 200 120w/ 4·8fl 0.01% <0 006% ± 45± 50 t20x78x 50 515 £24.39 £21.21 

HY 400 240w/4fl 0.01% <0 .006% ±45:t50 120 X 78 X 100 1025 £36 60 £31.83 

BIPOLAR Standard, without heatsinks 

HY 120P 60w/4 ·8fl 0.01% <0.006% ±35± 40 120 x26 x40 215 £17.83 £15.50 

HY 200P t20w/ 4·8fl 0 01% <0.006% ±45±50 t20 x26 x40 215 £21.23 £18.46 

HY 400P 240w/4fl 0.01% <0.006% :t45:t50 120 x26 x 70 375 £32.58 £28.33 

Protection: Load l1ne.momentary short CirCUli (typically 10 sec).Siew rate 15V /fAS Rise time: 
5~JS SIN rat10 100db. Frequency response (-3dB) :15Hz-5DkHz. Input sensitivity 500mV 
rms. Input impedance 100kQ Damping factor (8Q/100Hz)>400. 

HEAVY DUTY with heatsinks 

DISTORTION 
Outpul lH.D. I. M.D. Supply 

Wt Price Price Model No. power Typ 50Hz/7kHz voltage Sizemm 
Wattsrms at 1kHz 4.1 Typ/Max gms inc . VAT ex. VAT 

HD 120 60w/4·8fl 0.01% <0.006% ±35± 40 120 x78 x 50 515 £25.85 £22 .48 

HO 200 120w/4·8r1 0.01% <O 006% ±45±50 120x78x60 620 £31.49 £27.38 

HD 400 240w/411 0.01% <O 006% ±45+50 120x78x100 1025 £44.42 £38.63 

HEAVY DUTY without heatsinks 

HD 120P 60w/4·8fl 0.01% <0.006% ±35±40 120 x 2'6 X 50 265 £22.82 £19.84 

HD200P 120w/4·811 0.01% <0.006% ±45±50 120x26x50 265 £27.17 £23.63 

HD400P 240W/411 0.01% <0.006% ±45±50 120x26x70 375 £39.42 £34 .28 

Protection: Load line. PERMANENT SHORT CIRCUIT (ideal for 
d1sco/group use should evidence of short circuit not be immediately 
apparent) . The Heavy Duty range can claim additional output power 
dev1ces and complementary protec:ion circuitry with pertormance spec~ 
as for slandard types. 

How to order Freepost: Use this coupon . or a separate sheet of paper. to order these products . 
or any products from other I LP Electronics advertisements. No stamp is needed 11 you address 
to Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd : 
cash must be reg1stered. C.O.D. -add £1 to total order value. Access and Barclaycard 
welcome. All UK orders sent post free within 7 days of receipt of order. --------Please send me the following 
ILP modules ____________ ...;__:_ _______ _ 

Total purchase price 

lencloseCheque D Postal Orders D Int. Money Order[] 

PleasedebitmyAccess/BarclaycardNo. _ _________ __,_ ___ _ 

Name ---------~---------------------~----~--~ 
Address _______________________ ;;_, 

Signature WW2/4 

Post to ILP EleCironics Ltd. Freepost 2. Graham Bell House . Roper Close. 
Canterbury CT2 7EP. Ken I . England . 
Telephone (0227) 54778 Technical (0227) 64723 : Telex 965780 
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RHODE. & SCHWARZ 
Selective UHF VI Meter. Bands 4 & 5 . USVF 
Selectomat Voltmeter USWV £450. 
UHF Sig . Gen . type SDR 0.3-1 GHz 
UHF Signal Generator SCH £175. 
XUD Decade Synthesizer & Exciter. 
POLYSKOPS SW08 I and II. 
Modulator I [lemodulator 8N 1 7 9 501 2 . 

MARCONI 
TF995B/2 AM/FM Signal Generator. 
TF2500 Audio power meter 
TF1101 RC oscillators £65. 
6551 SAUNDERS . 1400-1700MHz. FM . 
TF10668/1 . 10-470MHz. AMIFM. 
TF1152A1 ,1. Power meter. 25W. 500MHz 
£50. ' 
TF1370A RC Oscillator £135. 
TF791 D Carrier Deviation Meter 

BECKMANTURNS COUNTER DIALS 
Miniature type {22mm· diam.). Counti~g up 
to 15 turn "Helipots". Brand new with
mounting instructions. Only £2.50 each. 

* VIDEO EQUIPMENT SALE * 
CONTENTS OF COMPLETE -_ 

MONOCHROME STUDIO 
MARCONI Video/Audio mixing desks. 
Monochrome Video cameras com
plete with on-board monitors. 
Video monitors types CONRAC II (9" 
tube) PROWEST 13". 
To be sold in first-class working condi
tion. 
Offers invited for complete lot. 

SEALED LEAD ACID BATTERIES 
Gould .GEL YTE type PB660. 6V. 6A.H. Measures 
3¥4x23/4x23/4 inches. Excellent condition. £4.50. 
(75p post). 

20-WAY JACK SOCKET STRIPS. 3 pole type £2.50. 
each (+ 25p p.p.). Type 316 three-pole plugs for 
above-20p ea. (p.p. free). 

P. F. RALFE ELECTRONICS -
10 CHAPEL STREET, LONDON, NW1 

TEL: 01-72~ 8753.- ' 

RANK KALEE 1742 Wow & Flutter Meter. 
AIRMEC 314A Voltmeter. 300mV (FSD)-300V. 
AIRMEC Wave Analysers types 853 & 248A. 
DERRITRON 1 KW Power Amplifier with control equipment 
for vibration testinQ, etc. 
TELONIC type 1204 0-500MHz sweep generator .......... £150 
TELONIC type 1.21 Display scopes .... ............................... £90 
TELONIC type 101 l?isplay scopes ................................... £75 

· WAYNE KERR AF s1gnal generator S121 model ............. £85 
RADIOMETER Distortion Meter BKF6 £125. 

Tektronix 454 DC-150MHz dual-beam 
oscilloscopes in stock now. 5mV/cm Y-am
plifier (1 mV cascaded). 2.4ns risetime. 
Calibrated sweep delay. We can offer . 
these units in first-class operational condi
tion complete with three months' guar
antee, for a once only price of £850. 
Full specification sheet upon request. 

*APT 10459/8, 12·14V@ 5 Amps £25 (£2 p.p.) 
*APT 10459/8, 24V@ 5 Amps £25 (£2 p.p.) 
*We can supply the above power supply at any 
fixed voltage between 5Vand 3.6V at SA £25. 
*Mullard Dual supplies. Brand new with 
handbook. Pos & Neg 12V at 1A and 0.4A respecti- _ 

Dimensions 9x4x5ins. £10 + (£1 p.p.) 
NELL Current ited. Dimensions 7x5x4ins. 

e: 13-17 VQits 2A £15. 

SPECIAL 
_ LAMBDA POWER SUPPLIES 

Excellent LXS Series DC power units at less than a 
tenth of new price. The snag?- they're aii110VAC 

, Input. Prices as follows: . · 
, 5Yllt 24A. LXS D5QY_It £25. (L_il!V:350). ca;~~h~~e 
5V at 14A. LXS CC 5 OV. £20. (£258). . · 
24Vat 3.1A. LCS C 24.£15. (£223). £2.50 extra 
Special note: The 5V power supplies may be· 
operated (both primary from 230V) and DC output 
to give a maximum output voltage of 12.5DC when 
connected in series. Deduct 10% from price for two 
off or more, i.e., 12V DC at 24A for £45 + Tax! Very 

Variable voltage DC power supplies for workshop 
use. Constant voltage, variable 0-30V output at 1A. 
Cased, free standing, volt-metered output. Short 

proof. Size 4 x 5>< 7". Only £30-each (pp 

--~ * OSCILLOSCOPES 
TEKTRONIX 500 SERIES SCOPES AT . ! 1 HOTRON INSTRUMENT 

BARGAIN PRICES: ..- COOLING FANS 
All in good working order. Available to callers only * Supplied in excellent condition , fully 

TYPE 5438 with 'CA' plug-in 25MHz DB .......... ; ..................... SOLD OUT Jt- tested: 
TYPE 5458 with 'CA' plug-in 25MHz DB ......................... ... .... SOLD OUT *~ 11 5V, 4.5 X 4.5 x 1. 5" £4.50. 230V 

~-TY_PE_58_5_A_w_it_h_'8_2_'_un_it_._ao_M~H_z_. _Fe_w_le_ft_~ __ · R_e_d_u_ce_d_t_o_ .. _ ... _.~ _£2_o_o_. --fi £5. 115V, 3 x 3 x 1.5" £4 +postage 

PLEASE NOTE. All the pre:owned equipment shown has been · It-, . ea . 35 
carefully tested in our workshop and reconditioned where neces- 10-OV DC ELEC. TROLYTIC-
sary. it is sold in first-class operational condition and most items., 
carry a three months guarantee. For our mail order customers we CAPACITORS ' 
have a money-back scheme. Repairs and servicing to all equipment - Sprague 'Powerlytic' 36D. 10,000uF. lOOV. 
at very reasonable rates. PLEASE ADD 15% VAT TO ALL PRICES. Brand new at su £4 ea. pp 

What's going on in Computer Aided Design- and how 
will it develop? Ever wondered about the maths behind 
interactive 3-D graphics? Want to know about the 
graphics capabilities of the powerful Hewlett Packard 
HP-83? 
Our April issue e~amines three aspects of 
graphics in computing. We review 
Grandstand, a game for gamblers 
with a Pet computer: show how 
microprocessor control has 
come to the farm ... 
That's just a sample of 
Practical Computing, 
together with 
advice for users 
of Pet, Apple, 
Tandy and Sinclair 
zx 80/81 computers. 
Buy Britain's leading 
personal computer 
magazine. 

."'.- · 

APRIL ISSUE OUTNOW. BOp AT-YOUR NEWSAGENT'S -BUT HURRY. 
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CHILTERN ELECTRONICS 
B.C.M. Box 8085, LONDON, WC1N 3XX 
BRAND NEW SURPLUS DISK DRIVES 

. ' 

Due' to bulk purchase of bankrupt stock, we are able to offer these Floppy and Hard 
Disk drives at a fraction of their usual cost. Both are brand new in original boxes dated 
1979/80; They are both manufactured by the famous Data Recording Equipment Co. 
whl? are known worldwide for their high engineering standards. 

* DRI SERIES 32 5-MEGABYTE CARTRIDGE DRIVE 
Successor to the famous Series 30, these are similar in design but double the density 
on the same type of cartridge. It will either operate as' a single 5.6 Megabyte drive or 
emulate two 2.5 MByte drives. and can be daisy chained on to all similar drives such 
as AKOS, Partee, Wangco, etc. 

._ Manufacturer's list price is over £3,000. Our price £4201 

Controllers available for S-100 Bus Systems for £400, complete with all documenta
tion and software. This gives you a beautiful hard disk system for less than the cost of 
many floppies. Controllers also available for PDP11 and LSI-11. 

* DRI SERIES7200 FLOPPY DISK DRIVES 
These ·are new 8-inch double-sided single or double density units, giving up to 1.6 
Megabytes unformatted capacity on a single disk. Interface is the same as Shugart, 
die cast alloy construction, top quality. · 

Our price only £250 or two for £4501 

OTHER COMPUTER BARGAINS 
MINIATURE !I VOLT 2D-AMP POWER MODULES 
These beautiful little pocket-sized power supplies weigh less thari 41bs, and yet deliver 
a massive 22 amps at 4 to 6 volts with 0.1% regulation and full overvolts and 
overcurrent protection. Standard 230v mains input. • 
Usu~tfiY these units cost over £250 each - manufactured by Farneii/Gould. 

' ·. Our price £34.50 brand new, INCLUDING VAT AND POSTAGE 

PERTEC 9-Track Magtapes. (Model6840) 
For, callers only we have some of these beautiful tape drives available for only £130 
each. Originally these cost over £2,500 each-and they are only a few years old. They 
are sold wi_thout guarantee and need a good clean-up, but we have spares available 
cheaply and they are very easy to interface to a micro. 
ASCII.-84 Key Professional Keyboards in case ................................................................ £30 
Video Monitors,-9 inch with PSU .................. : ................................................................. £27 
Video Monitors, Ball Inc. 14 inch ........................................................... ........................... £40 
Vid~o Monitors, 14 inch green screen in case ............................................................... £99 
Proto cards: Over 350 TTL ICs and sockets-none are soldered, and 5V 3A Regulated 
PSU for £25 or £30 inc. VAT /Postage. 
Please add 15% VAT and carriage to above. · 
We stOck wide range of DEC Systems from PDPSE to PDP11/70 and have lots of one
off bargains. Why not visit our office near High Wycombe sometime. 

, _ Please telephone Nigel Dunn on 0494 714483 any time 

1 , . 

WW -065 FOR FURTHER DETAILS 

WRONG TIME? 
MSF CLOCK is ALWAYS CORRECT - never gains or 

loses, SELF SETTING at switch-on, 8 digits show Date, 
Hours, Minutes and Seconds, auto GMT/BST and-leap 
year, can expand to Years, .Months, Weekdays and 
Milliseconds, also parallel BCD output for computer or 
alarm, etc., receives Rugby 60KHz atomic time signals, 
built-in antenna, 1000Km range, GET the RIGHT TIME 
£62.80. 

V.L.F.? EX_PLORE with a 1 0-150KHz Receiver, £16.50. 
60KHz RUGBY RECEIVER, as in MSF Clock, serial data 
· ou4Jut for computer, etc., decoding details, £17.90.

Each fun-to-build kit (ready made to order) includes all 
parts, printed circuit, case, postage, etc., instructions, 
money back assurance so GET yours NOW. · 

CAMBRIDGE KITS 
45 (WD) Old School Lane, Milton, Cambridge. Tel: 860150 

STEPPING MOTOR ROTARY TABLE 
MICRO-PROCESSOR CONTROLLED 

Stepping motor driven rotary table machined from cast aluminium pans, table diameter 
BOuun:, gear rstio 120: 11 motor 200 steps per revolution, 24,000 motor P.ulses per table 
revoluuon, max. speed m start/stop mode 10 degrees per second. Easily stackable to 
p~uce a pan and tilt mechanism, £192 each. Motor .drive pcb type 440 to interface to 
DllCroprocessor port, £32 each. Other machines made to order. Complete 8085 based 
computer systems with software ayailable. . 

F.H. PRECISION ENGINEERS 
24 Belvoir Avenue, Trentham, Stoke-on-Trent ST4 8SY 

Tel. 0782-643278 (Ansaphone) 

WIRELESS WORLD APRIL 1982 

Because _ILP MOSFET power amps give you ultra-fi 
performance without costing big money. Performance you 
thought you couldn't afford at a price you know 
you can. 

AIIILP modules are compatible with 
each other- you 'II find many more in other ILP 
ads in this magazine. Choose ILP MOSFET power 
amps when you need the fastest possible slew 
rate . low distortion at high frequencies , better 
thermal stability. MOSFET power amps work 
with complex loads without difficulty and 
without crossover distortion. Connection is simple 
-via 5 pins. With other ILP modules you can 
create almost any audio system, whatever your age 
or experience. 

ILP MOSFET power amps are now available with _ 
integral heatsink (no extra heatsink required), or ready. for 
mounting on to your own heatsink or chassis. Full dissipation detail on data sheet, 
available on request Each carries a 5 year no quibble guarantee and comes with full 
connection data. 

Send your order FREEPOST today on the coupon at the foot of this rd. 
01''1-

I 
F'lKHz l0A0•80 
EXCEPT MOS 400 Load impedance, all 
LDA0,40 

~ § models, 4 ohm- inlinity 

~ 
~ 

§ i § Input impedance, all 
~ 001, ~ models tOOK ohm 

I j _} Input sensitivity, all 
• OISTORTtON CONTENT models. 500 mv 

;!. IS BELOW NOISE LEVEL Frequency response, 
~ OOOI~IW •w •ow IOOW ?OOW 250W al l models 15Hz·50kHz-3db 

OUTPUT POWER 

MOSFET Ultra-Fi, wtth heats10ks 

DISTORTION 
Output T.H .D I. M.D. Supply Wt Price Price Model No power Typ 50Hz/7kHz voltage Size mm gms InC . VAT ex VAT Wattsrms al1kHz 4.1 Typ/Max 

---- r--- ~- -- --·-- --··--- --- ·- t- --
MOS 120 60w/HH <0.005% <0.006% ±43±50 120x78x40 420 £29.76 £25.88 

- - -- 1-- ----- -· -- -- - -
MOS 200 · 120w/4-8!1 <0 005% <0.006% ±53±60 120 x 78x80 850 £38.48 £33.46 
-- -- --·- - --- · --·-- ---- - - --

MDS 400 240w/4!1 <0.005% <0 006% ±53±60 120x78 x 100 1025 £52.20 £45.39 

MOSFET Ultra-Fi without heatsinks 

MOS120P 60w/HH <0.005% <0.006% ±45±50 120x26x40 215 £26.82 £23.32 

Mos2ooP' 12owr4-8i1 <o.oo5~o <oao~~~- ~55±60 12ox26x-so 42o £32.81 £28.53 
----- ---- --- - - - --- --· -~- - - - -
MOS 400P 240w /412 < 0.005% < 0.006% ±55±60 120 x 26 X 100 525 £44.75 £38.91 

Protection: 
Able to cope with complex loads . withoutthe need for very special protection circuitry 

(fuses will suffice) · 
Ultra-fi specifications: 

Slew rate 20VJ1S Rise time3J1S SIN ratio 100db. Frequency response (-3dB) 
15Hz-100kHz. Input sensitivity 500mVrms. Input impedance 100k. Damping factor 
(8Q/100Hz)>400. 
How to order Freepost: 

Use this coupon . or a separate sheet of paper. to order these products . or any 
products from other ILP Electronics advertisements. No stilmp is needed if_ you address to 
Free post. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd : cash 
must be regtstered. C.O.D. -add £1 to total order value. Access and Barclaycard welcome . 
All UK orders sent post free within 7 days of receipt of order. ---------Please send me the following 
ILP modules _____________________ _ 

I Total purchase price I 
'I I enclose Cheque D Postal Orders D Int. Money Order D r 

Please debit my Access/Barclaycard No. _ • 

I ~~ I 
Address ___ ~----~~---~---~--~........, 

I . Signature WW3/4 I 
I Post to: ILP Electromcs Ltd. Freepost 2. Graham Bell House. Roper Clost:. I 

Canterbury CT2 7EP. Kent. England 
Telephone (0227) 54778: Technical (0227) 64723 Telex 965780. 

I I 
\..._ .!!i-E.T.f!.D~'=!.I.IEJ ,/ 
STAYAHEAD.STAY WITH US 

wW- 081 FOR FURTHER DETAILS 
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CXBOcoLOUR 
MATRIX PRINTER New low price 

£795 + V.A.T. 

At last a low-cost Colour Matrix Printer for 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 

Colour printout is quickly assimilated, 
makes graphics more understandable 
and is an ideal medium for the presen
tation of complex data or concepts. 

Compatible with most microprocessors, prints in 7 colours - sophisticated internal 
programme makes the CX80 easy to use. 

Dot Addressable + 15 user programmable characters, 96 ASCII and 64 graphics 
characters in rom. Centronics interface '.~Vith RS232 and IEEE488 options. Apple II 
interface gives dot for dot colour dump. New viewdata interface prints out two pages 
side by side in full colour. See Prestel200650. 

The CX80 is a product of our own design and de~elopment laboratories. It r-epresents 
a British breakthrough in colour printer technology. Colour brochure on request. OEM 
pricing available. 

IDTEGREH LimiTED 

Metal cased 9" PM101 

CROFTON 
MONITOR 
10 MHZ Bandwidth 
P4 Standard 

Also available 
with P31 

Price on application 

NEW-PRicNCE MONITOR 
High resolution 
24 MHZ Bandwidth 

P31 (green) Standard 
P4 high resolution 
standard 

Price on application 

DEALER OEM enquiries welcome 

CROFTON ELECTRONICS L TO 
35 Grosvenor Road, Twickenham, Middx TW1 4AD 

01·8911923/1513. Telex: 295093 

Portwood Industrial Estate, Church Gresley 
Burton-on-Trent, Staffs DE11 9PT , 
Burton-on-Trent (0283) 215432. Telex: 377106 

POWER SUPPLIES 
HIGH QUALITY COMBINATION SWITCH MODE AND STATIC 

POWER SUPPLIES 

Model No. 
AV81 
AV82D 
AV83 

AV84 
AV86 

Price 
5V Ss .............. : .. .. ........... ... .' ..................................... £2S 
12V 5A + 1A disc drive supply ............ : ................ £29 
+5V SA+ 12V 800mA -12 SOmA. -5V 10mA. + 
25V 30mA ................. ; ............................................ £33 
+5V SA.+ 12V SOmA. +25V 30mA .. .................... £33 
Transformer/Rectifier and Mounting Plate, Fuses 

. ................................................................................. £18 
Prices inc. VAT 

Please add £1.20 p.&p. to order. All units are supplied on a satis
faction or money back basis and carry a full guarantee. 

Send cheque/P.b. to: 

AVALON ELECTRONICS 
Ship lane, Farnborough, Hants 

Tel. 0252511098 
Trade and other enquiries welcome 

WW- 072 FOR FURTHER DETAILS 

ANY MAKE-UP 
OR COPY 

QUERIES CONTACT 
BRIAN BANNISTER 

-01-661 3500 
extensio.n 3561_ 

WIRELESS WORLD APRIL 1982 

,.f 

·.Audio power meter 

Wide range: 
* 30Hz to 30k Hz * 10J.1W to 50W 

* 1·2 to 1000 R * mains/battery 

*decibel scale-18dBm to+ 47dBm 

Farnell 
FARNELL INSTRUMENTS LIMITED 
SANDBECKWAY·IITHERBY 
WEST YORKSHIRE LS22 4DH 
TELEPHONE (0937)61961 

WW- 077FORFURTHERDETAILS 

SUPERSEM 
PLYMOUTH 0752 21256 

MEMORIES AT UNFORGETTABLE PRICES 

1-24 
4116 P-3 200ns ................. :....................... .90 
2114LP 450ns .......................................... .90 
2708k 450ns ............ ,................................. 2.70 
2716k 450ns.............................................. 2.45 
2732k 450ns.. ................. ...................... ..... 3.85 
8981 P-45 Cmos ....................................... 2.25 
8725 S 200ns ............................................ 7.05 
K4164 200ns ............ .. ............................... 5.00 
8039 8-bit .......................................... ~....... 3.05 
8080AP CPU ............................................. 2.15 
8085A CPU................................................ 2.80 
8155P 4- Timer .......................................... 3.10 
8156P +Timer ......................................... · 3.45 
8212P i/o Port ........................................... 1.10 
8216 Bus Driver ....................................... -1.05 
8224P Clock Gen ..................................... 1.30 
8226P Bus + B/Drives ........................... .92 
8228P System Cont .......... :...................... 2.25 
8243P i/o Exp............................................ 2.00 
8251AP Prog. lnt./Face ........................... 2.60 
8253P Prog. lnt.!Time ............................. 3.60 
8255AP Perip./lnter................................. 2.25 
B257P DMA Cant..................................... 3.75 
8259 Inter Cant ...... :................................. 3.60 
B279P Key Disp........................................ 4.60 
4044 P-3 300ns ......................... ,............... 1.90 

25-99 
.85 
.87 

2.50 
2.30 
3.65 
2.15 
6.55 
4.75 
2.90 
2.05 
2.65 
2.95 
3.25 
1.05 
1.00 
1.20 

.87 
2.15 
1.95 
2.50 
3.40 
2.15 
3.65 
3.40 
4.50 
1.80 

Please add V.A.T. to all orders 

FAST DELIVERY: TOP QUALITY 

Phone 0752 21256 

100+ 1,000+-
,80 . .75 
,85 .80 

2.30 2.25 
2.10 2.00 
3.60 3.25 
2.05 1.85 
6.05 5.55 
4.50 4.25 
2.75 2.45 
1.95 1.75 
2.50 2.20 
2.80 2.50 
3.05 2.65 
1.00 .85 

.95 .85 
1.15 1.05 
.82 .75 

2.05 1.85 
1.90 1.80 
2.40 2.30 
3.20 2.85 
2.05 1.85 
3.35 . 3.00 
3.20 2.85 
4.00 3.50 
uo 1.55 

SUPERS EM 
Export enquiries welcome 

3rd Floor 
Britannic House 
Drake Circus 
Plymouth PL4 BAQ 

. WW - 085 FOR FUR'tHER DETAILS 
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Just some of the 28 new ama:zingly compact modules from ILP Electronics. Britain's 
leader in electronics modules- you'lllind more new products m the amps and pre-amps 
advertisements. , , 

All ILP modules are compatible w1th each other- you can comb1ne them to create 
almost any audio system, Together they form the most exc1t1ng a_nd versatile modular assembly 
system lor constructors of all ages and expenence. _ . . , 

Every item from ILP carries a 5 year no qu1bble guarantee and 1ncludes lull 
connection data. So send your order on the Freepost coupon below today 1 

MIXERS 
Model Module What it does 

No 

HY7 Mono mixer Mixes eight signals into one. 

HY 8 Stereo mixer Two channels , each mixing five signals into one . 

HY11 Mono mixer Mixes five s)gnals into one - with base/treble 
controls. 

HY 68 Stereo mixer Two channels. each mixing ten signals into one 

HY74 Stereo mixer Two channels, each mixing five signals into one 
- .with treble and bass controls 

AND OTHER EXCITI~G NEW MODULES 

What it does 

HY t3 MonoVU meter Programmable gain/LED overload dnver. 

HY 67' Stereo head- Will drive stereo headphones in the 4 ohm-
phone driver 2K ohm range. 

HY 72 Voice operated Provides depth/delay effects . 
stereo fader 

HY 73 Guitar Handles two guitars (bass and lead) and mic 
pre-amp with separ~te volume/bass/treble and m1x . 

HY 76 Stereo switch Provides two channels. each switching one of 
matrix four signals into one. 

HY 77 Stereo VU Programmable gain/ LED overload dnver 
meter driver 

Current Price Price 
required inc. VAT ex. VAT 

10mA £5.92 £5.15 

10 rnA £7.19 £6.25 

10mA £8 .11 £7 .50 

20mA £9.14. £7.95 

20mA £13.17 £11.45 

Current Price Price 
required inc . VAT ex . VAT 

10mA £6.84 £5.95 

SOmA £14 .20 £12 .35 

20mA £15 07 £13 .10 

20mA £14 09 £12 .25 

20mA To be announced 

?OmA £10.64 £9.25 

WW- 083 FOR FURTHER DETAILS 
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~c SE 
NOWOPEN 

MONDAY-SATURDAY 
9.30-5.30 

LK RAM SCOOP 
BU .. 4116200NS8for£12.95 100+ 

0.95 
1.00 

WIRE WRAP SKTS. 
24 Pin Vera 28p C10 

RF CONNECTORS 
50n BNC P1.G SOp 
7Sfl BNC PLG SOp 
PU59 PLG 40p 
S0239 SICT 3Sp 

BUY 4164 200 NS £B.SO each 25p 
25S 

1.70 14 Pin Gold 22p 
16 Pin Gold 24p 

DATA CASSETTES 

10 for £5.75 
Inc. VAT 

100 PCS MIN ORO. 100 PCS Min Ord. SPECIALS 2102·6SO NS 8 for£S.50 
INC VAT 

TELETYPE ASR33 .. OLIVETTI TE300" EXPER-r:~NTORS HIGH SPEED 
1/0 TERMINALS PRINTER/TERMINALS tSv .. 12v-12v+24v DATA MODEMS 

I 

r ; -;:::::.."" ., -~ f(r . .-
-~ 

From £195 ! S~~ . 
Fully fledged industry standard ASR33 data "ter· 
minal. Many features including: ASCII keyboard 
and printer for data 1/0, auto data detect ctrcu1try, 
RS232 serial interface, 110 baud, 8 bit paper tape 
punch and reader for off line data preparation and 
ridiculously cheap and reliable data storage. Sup
plied in good condition and in working order. 
Options: Floor stand £12.50 + VAT .. • 

·KSR3:5 With 20ma loop interface £125.00 +VAT. 
- .+ VAT 

111111.Wilil"-~ 

*12HOUR 
*ALARM 
*50/60HZ 
The same module as used in most ALARM/CLOCK 
radios today, the only difference is our price!_AII 
electronics are mounted on a PEB measuring only 
3" x 1l" and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 
fraction of cost. Other features include snooze 
timer, am pm, alarm set, power fail indicator, flash
ing seconds cursor. modulated alarm output etc. 
Supplied brand new with full data only £

5 
25 

Suitable transformer £1.7'6. • 

Due to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of I. C.'s, Transistors, 
Relays, Cap's., P.C.B.'s, Sub-assemblies, Swttches,, 
etc . etc. surplus to our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads .. we are packing all these items 
into the" BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveawa~· prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads. 
for unbeatable value!! Sold by we1ght 

2.5kls £ 4.75+pp £1.25 5lds £ &.75+pp £1.80 
10kls £11.75+pp £2.25 20kls £19.99+pp £4.75 

116 

A complete 1/0 terminal with integralS hole 
paper tape punch and reader. full ASCII 
keyboard, 120 column printer, and control 
unit The printer is capable of 1 50 baud wtth a 
serial TIL or balanced input-output sold tn 

good overall condition but untested. Co_mplete 
with circuit unguaranteed. Connect dtrect to 
your microatONLY£99.00 +£11 .50 carr+ 
vat 

POWER SUPPLY 

Once again we are very ~eased to offer tlis superb Power 
Sup~y Unit ·and hope to satisfy most of our previous 
customers who were disappoin1ed when we scld out due to 
demand last time they were advertised!!! These units may just 
have weli been made for your lab., they consist of a sam~ 
enclosed chassis measuring 160mm x 120mm x 350mm 
containing all silicon electronics to give the following ful~ 
regulated and short circuit proof outputs ot 
+ 5v @ 2 amps OC + 12v @ BOO ma OC 
-12v@ BOO ma DC + 24v@ 350 ma DC 
andathafsnotenoughafullyfloating5voutput@ 50 maDC 
which may be seriesed to give a host of other voltages. All 
outpiJts are brought out to the front panel via miniature jack 
sockets and. are also duplicated at the rear on short flying 
leads. Units accept standard 240v mains input They are 
ex GPO and may have minor scratches on the front panels, 
they are sold un1ested but in good internal condition. 
£16.50 each+ £2.50 p+p complete with circuit 
and component list Transformer guar.mteed. HURRY 
WHILE STOCKS LAST!! 

perlJ p g ng 
oo cost spared" spec fur the GPO, the Modern 12 is 

synchronous Modem fur use an DATEl2412 seNices, 
other data ioo. Many faatum inclllle switthable V26 
modulation, 2400 balll flj d~ex 600/1200 standby, 
auto allSWIIf, 4 wi111 or 2 wn operatioo. Self test, 
status indication, CMOS leehnology, modiAarc:onstructitJn,l 
orJojinal cost owr £700 each Beiewd brand 
supplied compete with PSU 811:. 
£185.00 + £9.50 camage +VAT. 
•Perm~ ·:Ill may be required for connection to PO · 

THE PRINTER SCOOP OF THE YEAR 
THE LOGABAX ZBO MICROPROCESSOR CONTROLLED 

LX180L MATRIX PRINTER 

Straight from the U.S.A. made by the worid famous R.C.A. Co., the 
VPSOO Series of cased freestanding keyboards meet all requ_tre
ments of the most exacting user, right down to_ the pnce! 
Utilising the latest in switch technology. Guaranteed rn excess tJf 
5 million operations. The keyboard has a host of other features 
including full ASCII 128 character set, user definable . keys, 
upper/lower case, nollover pnotection, single 5V rail, keyboard 
impervious to liquids and dust, TIL or CMOS outputs, even an 
on-board tone generator tor keypress feedback, and a 1 year full 
R.C.A. backed guarantee. 
VP601 1 bit fully coded output with delayed 
strobe, etc. 

ine:(ces;sofl• VP611 Same as VP601 with numeric pad. 
£43.95 
£54.95 

Dept. W.W .• 64-66 Melfort Rd .. Thornton Heath. MAIL OR 
Croydon. Surrey. Ttsl: tn-689 7702 or 01-689 6800 INFORMATI 
Unless otherwise stated all prices inclusive ofV.A.T. Cash with order. Minimum 
order value £2.00 Prices and Postage quoted for UK only. Where post and 
packing not indicated please add 60p per order. Bona Fida account orders 
minimum £20.00. Export and trade enquiries welcome. Orders despatched 
same day wt.ere possible. 3% surcharge on Access and orders. 

WW- 094 FOR FURTHER DETAILS 

VP606 SeriaL AS232, 20MA and TTL output, with 
6 ;electable Baud Rates. 
VP616 Same as VP606. with numeric pad, 
Plug and cable for VP601, VP611 £2.25 
Plug for VP606, VP616 £2.10 
Post, Packing and Insurance. 
ORDER NOW OR SEND 

recent · 

£64.26 
£84.34 

3 amp P. .U. we have managed to secure a large quan
tity of ex-computer systems P.S.U.'s with the following 
spec.; 240 or 11 Ov A .C. input. Outputs of 5v @ 3-4 

. amps, 7.2v@ 3 amps and 6.5v@ 1 amp. The 5v and 
7 .2v outputs are fully regulated and adJustable_ w1th 
variable current limiting on the_ 5v supply .• Untt..ts .. 
contained on a P. C. B. measunng only 12 x 5 x 3 . 
The 7 .2v output is ideal for feedinp "on board" regu-
lators or a further 3 ;lmp LM323K regulator to give an 
effective 5v @ 7 amj supply_. 
Supplied complete With ctrcu1t at only £10.95 +£1.75pp. 
Believed working but untested, unguaranteed. 
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DISPLAYED APPOINTMENTS VACANT: £13.50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £2.50 per line, minimum Slines. (Prepayable.) 
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ALWAYS AHEAD WITH 
THE BEST! 
£5,000-£15,000 
COMMUNICATIONS: VHF - UHF - !V!ICROWAVE - TROPO 
SATCOM 
COMPUTERS: MINI - MICRO - ATE - PROCESS CONTROL 
SIMULATION: Hardware & Software 
DATACOMMS: MODEM - MUX - TELEGRAPHY - MESSAGE 
SWITCH - PACKET SWITCH 

Where does your skill and interest lie -
Design? Test? Service? Software? Consultancy? or perhaps Research? 

* Our clients are drawn from all sectors of industry: . 
* There are opportunities for Managers, Project Managers, Engineers and Technicians. 
* Most UK locations and some Overseas. 
* Make your first call count- Contact MIKE GERNAT on 076 384 676/7 (usually unti/8 p.m.) 

ElECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS liMITED 
148-150 High St., Barkway, Royston, Herts SG8 8EG. 

BBC TRANSMITTER DEPARTMENT 
MOTSPUR PARK, SURREY 

(1471) 

CAPITAL HOUSE 
29-30 WINDMILL 
STREET CAPITAL LONDON W1 P 1 HG 

.APPOINTMENTS LTD. TEL:01-6375551 

ENGINEER, VACUUM DEVICES 
£8,950-£10,924 p.a. 

(according to qua,ifications and experience) 

' We require an Electronic Engineer, with C.Eng/de
gree/HNC qualification, plus a minimum of three 
years' post-qualification experience in the design, 
manufacture or application of vacuum devices 

· used in broadcast transmission. 

Specific areas of involvement and responsibility 
include the application, acquisition, testing and 
distribution throughout the BBC of all types of 
vacuum devices and in particular the valves and 
klystrons, etc., used at transmitting stations, com
puterised stock control and in staff management. 

Relocation expenses will be considered and bene
fits include 5 weeks' annual holiday. Men and 

·women are equally eligible to apply. 

Requests for application forms to The Engineering 
Recruitment Officer, BBC, Broadcasting House, 
London W1A 1AA, quoting reference 
82.E.1140/WW and enclosing an addressed enve
lope at least 9" x 4" . . 

THE UK's No. 1 ELECTRONICS AGENCY 
Design, Development and Test to £14,000 

Ask for Brian Cornwell 

SALES to £15,000 plus car 
Ask for Maurice Wayne 

FIELD SERVICE to £12,000 plus car 

Ask for Paul Wallis 

We have vacancies in ALL AREAS of the U.K. 

Ask for a Free Jobs List 

Telephone: 01-637 5551 (3 lines) 

Sound Attenuators Limited require an 

(291) 

Electronics Engineer 
to work on the acti-...:e co':ltrol of sound in ducts. We require a 
graduate in electronics yv1th at least two years' practical exper
ience and an interest ~n acoustics. The project involves the 
implementation of bas1c research already undertaken at the 
University of Essex_. The s~~cessful candidate must demonstrate 
self-reliance, practical ability and a keen interest in seeing the 
project through to a successful conclusion. 

Write in the first instance, enclosing a full c.v. to: 
I 

Mr. A. T. Fry 
S<?und Attenuators Ltd. 

J 

(1544) 
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Eastgates, Colchester, Essex 
Tel: 0206 866911 

(1566) 
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SyStems Design 
... Team 

Satellite Communications 
Ground Terminals 

Marconi Space and Defence Systems are Europe's acknowledged leaders in the 
development of advanced systems for aerospace and satellite communications. 

To meet the growing interest in satellite communications we are strengthening 
the specialist teams working on sophisticated satellite ground terminals - offering total 
involvement from initial design and development through to implementation. 

We need ambitious and enthusiastic men and women with several years' 
post-graduate experience in the design, development or operation of ground terminals 
or in other communications systems drawing on similar RF techniques. A knowledge 
of military satellite communications would be a distinct advantage. 

SYSTEMS MANAGER 
Aged 30+ must be able to combine high level technical expertise with the 

man-management skills necessary to weld a group of systems professionals into a 
closely knit team. At least 4 years' experience in a similar role is essential. 

SENIOR SYSTEMS ENGINEERS 
Applicants should be in their late 20's to early 30's and have had relevant 

in-depth experience. 

SYSTEMS ENGINEERING 
We have a number of openings for graduates in their mid-20's with an Honours 

degree in Engineering, Physics or Mathematics and 1 o2 years' post~graduate experience. 
. These are key career positions carrying salaries that fully reflect their importance, 

as well as an attractive range of benefits, including 'telocation assistance where. 
necessary 

To discuss any of these posts with one of our senior specialists or project 
managers, telephone Bill Seton, Ext. 18, or Liz Kahn, E:xt. 22, on (01) 954 2311 or write 
to them at Marconi Space and Defence Systems Ltd., The Grove, Warren Lane, 
Stanmore, Middlesex, HA7 4LY 

Marcoale 
Space & Defence Systems~ 1546 

CAMBRIDGE HEALTH DISTRICT 
(TEACHING) 

PHYSICS DEPT. 
ADDENBROOKE'S HOSPITAL 
~ILLS ROAD, CAMBRIDGE 

Medical Physics 
Technician Grade II 

(£6,668-£8,31 6 p.a.) 

An electronics technician is re
quired to provide maintenance 
and support services to the CT 
Head Scanner at Addenbrooke's 
Hospital and to electro-medical 
equipment in the thoracic surgical 
unit, Papworth Hospital. 
Applicants should hold an approc 
priate HNC or equivalent qualifica
tion and have several years' exper
ience in the field of electronics, 
(Mini-computer experience advan
tageous). 

For further details contact 
Mr P. E. Ward, 

Principal Physics Technician 
Addenbrooke's Hospital 

Hills Road, Cambridge CB2 2QQ 
Tel: (0223) 245151 ext. 471 

Application form and job descrip
tion from the Personnel Dept. Ext. 
7350. ··~ ' . 

· INSTITUTE OF PSYCHIATRY · 

AUDIO·VISUAL TECHNICIAN 
A vacancy exists for an Audio-Visual 
Technician at this postgraduate medical 
school and associated teachinQ hospital. 
Applicants should be expenenced in 
maintenance of television equipment 
and preferably hold relevant technical 
qualifications: eg City & Guilds Course 
222 or224. 

Salary according to experience and 
qualifications on Whitley Council Medi
cal Laboratory Scientific Officer scale 
currently £4,958 p.a. to £6,993 p.a. plus 
London Weighting £932 p.a. 

For application form wJth job description 
please w rite to the Assistant Secretary. 
Institute of Psyt hlatry, De Cresplgny 
Park, Oenmark Hill, London SE5 8AF or 
telephone 703 5411 Ext 214 quoting re
ference MJCIWW. 

(1547) 

LEADING LONDO~ 
ADVERTISING AGENCY 

Requires 

YOUNG ENGINEER 
to take chllrge of all in-hOuse audio 
and Video equipment including Rank 
Cintel, Sony 1 '' and studio cameras. 
Applicants should send details of ex
perience to Box 1552, c/o Quadrant 
House, The Quadrant, Sutton, Surrey 
5M2 5AS. (1552) 

HIGH-LEVEL VACANCIES FOR 
HIGH-FLYING ENGINEERS! 

THE THOMSON FOUNDATION tELEVISION COLLEGE 
Ah 

GRADUATE SENIOR SYSTEMS £ NGlNEER to take charge of design and development of 
microwave frequency synthesizers , navigation transponders and other sub-systems . Must have 
strong techmCal batkgrountd , have experience, lind be over 30. Salary at least £10 ,000: 
Bedfordshire. 
TECHNICAL SlJPPORT ENGINEER, OC~ systems. Largeperiphetal expel'ience essential 
1nclud111g CDC/Pertec/Data Products range. National ahd international travel. 'To £9,500. 
S.W. London . . • 
SENIOR DlGI~AL b ESIGNER: Applied research in radar signal processing. Experience 
high speedreal-nme HW/SW. knowledge of bitslice proceSsors, array multipliers u~eflll. To 
£11,000. South Coast. 
SENIOR ENGINEER to estabiish feasibility of LSI or VLSI chip sets for signature verifica• 
non product~ and carry through the design up to prOduction, whilst also assisting in design of 
discrete verswn. Salary uJ:no £H),OOO . Sutfey . · 
Please telephone or send c. v. to : 

ENGINEERING LECTURER 
and an 

ASSISTANT 
ENGINEERING LECTURER 

are required at the College to join a team of staff training 
engineers from developing countries, in Television and 
Radio. The succesSful candidates will have had a minimum 
of 5 years' or 3 years' experience respectively and broad
casting technology, and will hold an appropriate degree, 
HND or eqUivalent. · 
Salaries: Lecturer' - £9,251 hy 5 increments to £11 ,504; 

Asst. Lecturer - £7,284 x 5 to £9,052. 

Cha.rles. Airey Associates 
the posts are pensionable, based at Glasgow where the 
residential training is conducted, but involve also short 
assignments abroad each year for in-country traihing . 
Please write or phone for application form to Principal, 
Thomson Foundation t v College, Kirkhill House, Newton. -
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Electronics-upto£ ,500 
Have you an Electronics QualifiCation? 
Could you apply it to Scientific Instruments? 

' then this could be just the job you're looking for. It offers 
variety and real opportunity to apply both skill and design 
initiativeto the solution of a whole range oftechn ica I problems 
of a one-off nature. 

We are : 

* a leading pharmaceutical company with world-wide 
interests. 

You will: 

* help to design, modify and where necessary repa ir 
advanced scientific instruments and computers in the 
Physical Chemistry Department. · 

The~tre Project~ Special Proje<:ts Group is a manufacturing company speCialising in 
audio and llghtmg control eqUipment for the broadcast, fi lm and theatre industries. 
We are cu~rently seeking the following additional staff to provide a firm foundation 
for expansion. · 

·PRODUCTION MANAGER 
Must be capable of plannin!j and controlling all aspects of a mixed batch production/ 
custom manufacturing environments often workmg to tight schedules. Will be re
quire? to plan and ~et up own manufacturing facility when we shortly move to new 
prem1ses. The applicant should have 2-3 years in a related area of responsibility and 
be educated to HNC or degree standard. He/She will be part of the core of manage
ment of this part of the company. 

PROJECT ENGINEER -
BROADCAST AUDIO SYSTEMS 
The candidate must have prior engineering design experience and a broad under
standing, of. the design/manufacturing environment. He/She will be required to 
oversee proJects from concept/quotation through to installation. Specialist skills in 
eith!lr circuit or mechanical design are required along with familiarity of the broadcast 
environment. 
Both posts command a salary from £7,500, which is negotiable according to the skills 
and experience of the applicants. 

Theatre Projects, 11 Marshalsea Road, London SE1. Tel: 01-403 3838 
(1562) 

WIRELESS WORLD APRIL 1982 

Probably in your 20's, male or female, you should ideally 
have : · 

* formal training up to HNC or equivalent 

* an interest in scien~ific measurement techniques 

* sound practical experience of electronics. 

We offer : 

* a competitive salary dependent upon experience and 
·abil ity . 

* day release opportunities for further study 

*. Flextime working , 

* very modern facilities in a newly opened building. 

Interest ed? For an application form please ring our automatic 
telephone answering service on 01-650 6541, giving your 
name, address and quoting reference no. WRL/176. 

Alternatively write to A. G. Murdoch, Personnel Officer, The 
Wellcome Research Laboratories, Langley Court, Becken ham, 
KentBR3 3BS. 

~ 
-Well come (1543) 

.. ~ .. 

• 1 9 7 9 

REPORTER/STAFF WRITER 
. MIDDLE EAST ELECTRONICS 

An enthusiastic journalist, ideally with technical qualifications 
(Degree. or HND) and experience, to work on M iddle East 
Electromcs. . 

This ma~azine_,whic~ is going monthly in May, is read by senior 
electromc en~lheers lh the Middle East and the Editor is looking 
for a responstb':e number two to develop the journal's potential. 

Writing and subbing skills e~sential plus knowledge of the in
du~try and, preferably, expenence of developing countries and 
the1r technology problems. Computer science background an 
advantage. 

Ou~ ~K office is located in Morden, Surrey, but we offer oppor-

tt~mt)les for travel. Salary £7,613 p.a. (subject to NUJ consulta
lon. 

Fo~ an application, please write to, or telephone Ray Ashmore 
Ed1tor, M1ddle East Electronics, Crown House, London Road' 
Morden, Surrey. Tel: 01-543 3051. · ' 

Salary and conditions is accordance with the IPC/NUJ agree-
ment. · 
We are an equal opportunity employer. 
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Research & Development Engineers 
YOUR OPPORTUNITY TO ADVANCE BROADCAST 

TELEVISION TECHNOLOGY 
Tremendous growth and success has resulted in career oppo.rt~nities at S<?ny 
Broadcast Ltd ., a company established four years ago to specialise 1n the h1gh 
technology t1eld of broadcast television equipme~t. The A.dvanc~d Developments 
group is part of an international R&D team comm1tted to p1oneenng n~w t.echnology. 
Applications are i~vited f~om expenenced eng1neers capable of contnbut1ng to one or 
more of the following act1v1t1es : 

• Digital Video Systems· 
e Digital Aud1o Systems 
e Audio/Video Digital Record1ng 
e Mathematical Modelling 

e Computer Control Systems 
e Microprocessor Applications 
e Analogue Video Development 

The successful candidates will jo1n one ot the following sections :-
Research & Development Special Desi~n Projects 
Established as a world leader p1oneenng d1g1tal ln~reas1ng use 1s be1ng made of computer and 
record1ng we are currently extending our microprocessor ba~ed equ1pment for s1gnal 
range of actiVities. The R/0 team IS responsible routing and control in studiO centres. . 
for studying the development and appl1cat1on Hardware/Software engmeers are requ1red for 
of digital video and audio process1ng . the development of automated broadcasting 
techniques. In addition increasing support IS and remote control systems .. This can mclude 
required from theoretical stud1es and computer "one off'' developments des1gned to customer 
s1mulat1on . requirements 

Appointments will be made at alllevels.and applicants should have an honours degr~e or 
eqUivalent qualif1cat1on Attract1ve salanes are o~ered together w1thf1rst class cond1t1ons of 
employment and relocation assistance w1ll be g1ven where appropnate. 

If you are rnterested contact: - Mik~ Jones, . 
Semor Personnel Off1cer 

SON~~ 
Broad~ast 

Sony Broadcast Ltd. 
City Wall House • 
Basing View, Basingstoke 
Hampshire RG21 2LA 
United Kingdom 
Telephone (0256) 55 0 11 

(1540) 

An Electronics Engineer 
Is needed to make original contributions within a lively 

internationally collaborative space sciences progra~me. The. ~ ........ ~..~~~ 
post will be concerned initially with a magnetosphenc soundmg 
satellite and will include some travel to Germany and the U.S.A. 

Applicants, holding a degree or equivalent chartered 
institution status, should be able to offer two or t~ree years of 
proven practical design experie~ce, prefera_bly w1th VHF/UHF 
systems, digital and analogue c1rcmts or micro processor 
application. 

The appointment, at Professional and Te.chnical 
Officer Grade II level, attracts a startmg 

The Laboratory, situated 18 
miles south of Oxford, offers 

excellent working conditions. Benefits 
include an extensive bus system, 

generous holidays and sickne~s leave and a 
non-contributory superannuatiOn scheme .. 

salary between £6,557 and £7,520, 
with increments to £8,697. 

Some assistance 
with the expenses 

incurred in house sales/ 
purchase may be 
available. 

Apply by phone or letter to Lorna Bird, 
Ext. 510, quoting VNO 17. . . 

Closing date: 8th April1982. 

Science and Engineering Research Council 

Rutherford Appleton Laboratory 
Chilton, Didcot, OXON. OXll OQX. Telephone Abingdon 21900. 

(1548) 
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£25,000? 
SIW QUALin ENGINEERS 

with PDP 11/34 and RSX experience to 
work on Software to 0521 standards. To 
£10,000 - Hants. 

SERVICE ENGINEER 
To carry out field maintenance on Busi-
~=~~ I~~fou~~r Systems. To £10,000 + 

PROJECT MANAGER 
To control the development of Industrial 
Process Control Systems. To £11,500 -
Bucks. 

DEVELOPMENT ENGINEER 
to work on Static Invertor Systems. To 
£12,000- London SIW. 

R.F. DESIGN ENGINEER 
to lead the development of a new Low 
Power Transmitter. To £10,000- Yorks. 

DIESIGN ENGINEERS 
with R.F. Micro Wave, Analogue, Digital 
or Software experience to work on new 
Instrumentation Systems. To £11,000-
Herts. 

CLIVEDEN CONSULTANTS 
87 St. Leonard's Road 

Windsor, Berks. 
Windsor (07535) 57818/58022 

24·hour service (1119) 

CLIVE DEN 
- - -

CHARING CROSS 
HOSPITAL MEDICAL 

SCHOOL 
(University of London) 

MEDICAL 
PHYSICS 

TECHNICIAN 
An enthusiastic person is required in the 
Department of Anaesthesia in Charing 
Cross Hoseital Medical School . 

Work in olves a full range of physio
logical measurements on patie~ts in the 
operating theatres and lnte~s1ve Care 
Unit, and maintenance of eqUipme':'t· 

Assistance will also be requ1red 1n the 
development of instrumentation for 
measurements and techniques in the 
cardiovascular, respiratory and electro
physiological fields. 

The successful candidate should be 
qualified in at least one of these fields 
and show an interest and willingness to 
learn about the others. 

An aptitude for meeting the many de
mands that working in a small team 
places on the individual will also be 
50~~~~~ will be within the range of 
£4,958-£6,993 per annum plus £85~ Lon
don Weighting Allowance, accordmg to 
qualifications and experience. 

Applications on forms obtainable 
from The Secretary, Charing Cross 
Hospital Medical School, The Reynolds 
Building, St. Dunstan's Road, London 
W6 SAP (tel : 01-748 2040 ext 2067) 
within three weeks of the appearance of 
this advertisement. 

(1533) 

DIGITAL EXPERIENCE? 
FIELD sUPPORT .. 

R & D AND SALeS 
VACANCIES IN COMPUTERS 

NC, COMMS., MEDICAL 
VIDEO, ETC. 

Forfree registration ring 
0453 883264 

tcijjfx 
ELECTRONICS RECRUITMENT SERVICE 

LOG EX HOUSE, BURLEIGH, STROUD 
GLOUCESTERSHIRE GLS 2PW 
TEL. 0453 883264, 01-290 0267 1321) 
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Electronics Engineers 
Glaxo have the following opportunities at their Research Central Services Unit at Greenford, 
which is mvolved in the design and maintenance of electronic equ ipment needed for experi
mental work: 

ELECTRONICS DESIGN ENGINEER 
£6705 pa to £9475 pa 
to carry out design work on a wide range of laboratory equipment employing analogue, digital 
and microprocessor techniques. Candidates, aged 25+, should be qualified to degree level or 
equivalent with several years general design experience. 

SERVICE TECHNICAL OFFICER/ ENGINEER 
£5874 pa to £9210 pa 
to be responsible for general servicing work. Candidates, qualified to Higher National Certifi
cate or City & Guilds Full Technical standard should have several years experience of analogue 
and digital equipment, preferably in a laboratory environment. 

Starting salaries will be between the figures quoted which include London Allowance and will 
reflect qualifications and experience. 

In addition the Company operates a bonus scheme and non-contnbutory pension scheme. 
Assistance with relocation expenses will be available in appropriate cases. 

Please write or telephone for an application form to: Miss E. M. Butler, Personnel Department, 
Glaxo Group Research Limited, Greenford Road, Greenford, Middlesex UB6 OHE. Tel : 
01-422 3434, ext. 2707 quoting reference number ZH/418. 

G/BXO Group Research Ltd. 

GWENT HEALTH AUTHORITY 

ELECTRONIC AND BIO-MEDICAL 
EQUIPMENT 

MAINTENANCE TECHNICIAN 
GRADE II 

This is an established post offering wide scope and opportunity in the 
development of electronic and bio-medical services. The s~ccessful c~n
didate will be responsible to the Area Engineer for the testmg and mam
tenance of a variety of electronic and bio-medical equipment through<;~ut 
the area, and will also be responsible for the development of policy 
regarding maintenance contracts. 

The technician will be based at a purpose-built workshop at Allt-Yr-Yn 
Hospital, Newport, and will be responsible for an establishment of two 
junior grade technicians, but authority has been given for the further 
development of this service. 

Applicants should be in possession of ONC/HNC (or equivalent qualifica
tions) in Electrical/Electronic Engineering, and should have wide exper
ience of Health Service electronic equipment and safety aspects involved. 
In addition to these requirements, the applicant should be capable of 
preparing reports and be able to develop and operate a planned preven-
tive maintenance scheme. · 

Hours: Normally 38 per week. 

Salary: £6,668-£8,316 

Application form and job description are available from: 

The Area Personnel Department 
Mamhilad, Pontypool, Gwent 

Closing date: 31.3.82 

W IRELESS WORLD APRIL 1982 

(1559) 

(1541) 

TRAINEE BROADCAST 
ENGINEERS 

.. ··. 

ITN needs more engineers to support its expanding programme 
of news coverage - expansion which is expected to continue 
through the 80s with the development of the Channel Four news 
service. 

We have a number of vacancies for Engineering Trainees, va
cancies which could give you the opportunity to start a career in 
Broadcasting Television Engineering with lTV. 
First, we need you to have a firm interest in pursuing a career in 
the technical branch of broadcasting. 
Then you should have completed, or expect this year to com
plete, theoretical training in Electronic Engineering with a bias 
towards Television or Audio applications. Qualifications most 
suitable are T.E.C. Higher Technical Diploma, T.E.C. Higher 
Technical Certificate or the HND/HNC equivalent. 
Initially, you would be involved in a 9-12 month familiarisation 
period by a rotational attachment to our four maintenance areas 
and the Projects Department. 
After successful training you would be employed on the main
tenance or operation of a wide range of broadcast equipment in 
our Central London Studios near Oxford Circus, from which the 
ITN national news programmes are networked. 
Successful applicants will join ITN in early September, 1982. 
~t~rting salaries would lie within the range of £5,120 (at 18) 
nsmg to £6,472 at age 20. 

If you ~ave the qualifications and the drive to work with us in a 
busy, hvely environment then call us on 01 -637 8644 ext 275 or 
write to 

The Manager, Technical Training 
ITNHouse 
48 Wells Street 
London W1 P 4DE 

for an application form quoting reference 476099 
~ 

(1532) 

:·:·: 
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Senior Engineer 
- Broadcast Video 
Equipment 
A challenging role in high technology 
Quality Assurance 
Due to significant continued expansion, an excellent 
opportunity has arisen at the international headquarters of 
Sony Broadcast. a wo rld leader in professional broadcast 
television equipment. The Company has an expandrng 
range of high technology products which includes video 
cameras, VTRs, editing control systems, digital time base 
correctors and monitors . 

An experienced engineer is required to JO in the 
Qual ity Assurance team and assume responsrbilrty for the 
th~oughput of cameras and other products. Activities wil l 
Include Close I raison With Other engineenng departments 
and will necessitate working to stringent specifications. 
A knowledge of current camera measurement practices 
would be advantageous. 

Age 25 + applicants should be educated to at least 
HNC Electronics and have several years engineering 
experience. The position would suit a self starter who also 
has the abili ty to lead and motivate a small team. 
Prospects for career development are considerable. 

We offer a first class working environment in our new 
prestigious eng ineering complex, together with an 
attractive salary and excellent conditions of employment, 
which include Company pension/life assurance 
schemes, private medical cover and staff restaurant 

If you are interested please write, giving details 
of experience and present salary, to Mike Jones , Senior 

Personnel Officer. 

Sony Brolldcast Ltd. 
City Wall House 

So ... ~ Bas1ng V.1ew. Basingstoke 
~, ~ ® Hampshrre RG21 2LA 

B de t 
Un1ted K1ngdom roa 3S Telephon e (0256) 55 011 

1529 

HF-VHF-UHF 
and Microwave 

A challenging and full career in 
Governn1ent Service 

Candidates, normally aged under 30, 
should have a good honours degree or equiv
alent in a relevant subject, but any candidates 
about to graduate may be considered. 

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

Please apply for an application form to 
the Recruitment Officer (Dept WW 4.82), 
H M Government Communications Centre, 
Hanslope Park, Milton Keynes MK19 7BH. 

ommunications 
Proposals Engineer 

to £10,500 
Join the UK's leading Commun ications System House 
specialising in oil field locations. 
Palmer EAE requ ire a Proposals Engineer wit h a broad 
experience of Multi-Channel M icrowave links, P.A. and 
entertainments systems, standby power supplies, SO LAS 
and telephone plant. 
Applicants shou ld be educated to HNC/DEGREE standard 
and be famil iar with recognised international standards, ,i.e., 
C.C.I.R., C.C.I.T.T., etc. Duties will include preparing technical 
proposa ls, procurement specificat ions and procedures 
relating to installation/commission ing. 
This post is based in Great Ya rmouth and occasional 
overseas t ravel wi ll be required. Excellent terms and 
conditions are offered including pension scheme, BUPA, 
relocat ion expenses, etc. · 
There are also a number of vacancies for suitably qualified 
COMMUNICATIONS ENGINEERS and TECHNICIANS to work 
both in the UK and overseas. 
For further informat ion rega rding these opportunities on an 
application fo rm fo r the post of Communication Proposals 
Eng ineer, please te lephone: 
Mike Futter on Great Yarmouth (0493) 58541 
Palmer EAE Limited, Offshore House, Gt. Yarmouth, Norfolk 

PALMERfEa~, 
TECHNICAL/SERVICE 

MANAGER 
Due to the expansion of our business we are urgently seeking a person 
capable of setting up and runn ing a pager service department, of maintaining: 
transmitters and of evaluating and commissioning both paper and mobile 
systems. This is an exciting posit ion in an established company and w ill 
appeal to t he person who has technical experience and wishes to become 
involved also in the commercial side of a company with expansion plans for 
the future. A high salary, car and other be,nefits are available for the right 
person. 

Send CV to : P. Sin not, Managing Director 
Pageboy Services (UK) Ltd., Westley House 
Trinity Avenue, Bush Hill Park, Enfield 
EN11HP. Tel. 01-367 4545 (1516) 

CAPE WARWICK LTD. 
require 

Electronics, Control & 
Instrumentation 

Engineers 
As an expanding independent 
testing laboratory we require 
suitably qualified/experienced 
engineers to design, arrange, 
manufacture, commission 
and maintain test equipments. 

Send c.v. or telephone for ap
plication forms to: 

Mrs. E. Archer 
Cape Warwick Ltd. 

Cape Road, Warwick 
Warks CV34 5Dl 

Tel: Warwick (0926) 496421 
(A Thomas Tillings Comparly) 

(1535) 

UNIVERSITY COLLEGE CARDIFF 

FACULTY OF SCIENCE 

ASSISTANT 
EXPERIMENTAL 

OFFICER 
Applications are invited for the post of 
Assistant Experimental Officer in the fac
ulty. of s~ien.ce electronics workshop. 
Dut1es Will Include the design, de· 
velopment and maintenance of 
electronic equipment, part i cularly 
microprocessors for both research and 
teaching. 

Applicants should have a degree in 
electronics or related subject or an equi· 
valent qualification. Experience in · 
microprocessor interfacing techniques 
and electronic instrument design would 
be an advantage. 

Salary scale O.R. 18£5,285-£8,925 

Applications to the Vice Principal (Ad· 
ministration) and Registrar, University 
College Cardiff, P.O. Box 78, Cardiff, 
from whom further particulars may be 
obtained. 

Closing date 2nd April. Ref. No. 2348a. 
(1556) 

APPOINTMENTS 
IN 

ELECTRONICS 
to £15,000 

MICROPROCESSORS 
COMPUTERS - MEDICAL 
DATA COMMS - RADIO 

Design, test, field and support ~n
gineers - for immediate ac;tron 
on salary and career advance· 

ment, please contact 

HARROW COLLEGE OF HIGHER EDUCA· 
TION. Audio·visual Aids Technician. Saljtj' ~0 
maximum of £6,009 p.a. To supervtse t~e c ose -
circuit television studio irt the Educauonal d~e
sources Centre and to assist with other au !0 " 

visual service~ . Ability. to provide first·hnAe m1j~: tenance of Vtdeo eqmpment essennal. PP . 
tions are invited from men or women. Application 
form obtainable from the Adrninistratiof~ffhe, 
returnable by IS April, Harrow CollegeModd\g s!! 
Education, Northwick Park, Harrow, I e 
HAl 3TJ>. Telephone Oi-S64 5422, extn 232(1554) 

R & D OPPORTUNI't lES. Senior level va.::an· 
des for Communications Hardware aCd S~ftthf~; 
Engineers, based in West Sussex .. om Redif
~alaries offered . Please ring David B1rd at 0162 
fusion Radio Systems on 01-874 7281. 

WIRELESS WORLD APRIL 1982 
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Microwave 
Specialists 
Communications Satellite 

Payload Equipment 
Marconi Space and Defence System~. Europe's acknowledged No l,in the 

development of advanced satellite systems, are seeking the following specialists to play 
key roles in new communications satellite proJects at their Stanmore location We 
would like to hear from swtably qualified and experienced men or women who want 
the chance to work in a high technology environment that offers total involvement and 
lots of excitement. 

MICROWAVE EQUIPMENT MANAGERS 
Will be respo~sible for an Equipment forming pa?t of the Communication 

Payload programme This will involve original design, manufacture and test of 
breadboards; erigineenng; quahfication and flight model hardware; and will entail 
liruson with European pnme contractors on all aspects of the programme. The 
programmes are usua'lly of an international nature, requiring high technology 
designs, coupled with demanding timescales 

MICROWAVE DEVELOPMENT ENGINEERS 
Will report to the Equipment Manager and will be responsible for development 

work on the payload equipments. Tasks will include the design of microwave circuits 
with the emphasis being on lightweight, high reliability designs including extensive use 
of MIC technology 

Applicants for both positions should hold a degree or equivalent quahfication 
and have had at least 2 years' relevant experience. 

Salaries will be negotiable and accompanied by an excellent range of benefits. 
To find out more details, write or telephone Bill Seton, Personnel Manager 

with brief details of your career to date. 
Marconi Space and Defence Systems, The Grove, Warren Lane, Stanmore, 

Middx. HA7 4LY Tel: 01-954 2311 Extn 18 

Ma .. coni~) 
Space & Defence Systems ~ 

1558 

ELECTRONICS DEVELOPMENT AND 
SERVICING : 

CANCER HOSPITAL AND RESEARCH 
INSTITUTE 

WILTSHIRE COUNTY COUNCIL 
Department of Architectural Services 

An 

ELECTRONICS TECHNICIAN Appointment of 

. CHIEF SERVICES 
ENGINEER 
(Salary £11,220-£12,408) 

is required to join an established !;!roup 
work1ng on development and mamten
anc!! of medical and cancer research 
eqUipment. The job will entail a fair de· 
gree of responsibility and calls for some
one able and willing to work as a mem· 
ber of a team. Interest and ability in 
computing and/or r.f. work would be an 
advanta;ge. The work will be located at 
our lnstr~ute(Hospital site at Sutton, Sur
rey, ..y~1cn 1s well provided w ith staff 
am~nlttas. Salary on either Research 
Offl((er (£5,6QQ.f:7,336 p.a.) or Technician 
(£4,958-£6,993 p.a.) scale plus London 
Al.lowance of £557 p.a. Starting point 
~Nifl depend on qualifications and exper
~~nce, and opportunities tor later promo· 
t1on to. higher scales. Cand idates should 
hold C1ty & Guilds Final Certificate, HNC, 
BSc or ~n equivalent qualificat ion in 
electr<'l~lcs or telecom m un ications. 
Further Information may be ol::ltained 
from Mr. John Phelps (01 -643 8901). 

Appl ications are invited fo r this post, ~he duties of which 
concern the design and provision of electrical and mechanical 
services for building projects and fc:>r th~ ~ssociated mainten
ance and energy conservation work tn butldrngs th roughout the 
county. 

Applications in dupl icate w ith the narfl es 
a~d addresses of two referees should be 
sent to the Secretary, h1st itute of Cancer 
Research, 34 Sumner Place London 
SW7 lNU, quoting ref. 301/EJ/14. 

(1549) 

The successful candidate shou ld be a Member of the Chartered 
Inst itution · of Bu ilding Services w ith sound experience of 
Mechanical Services and should also be a Member ofthe Institu
tion of Electrical Engineers. 
Application fo rms and full deta i~s may be obtained from the 
County Architect, County Hall, Trowbridge (Tel. 3641 ext. 211 5) 
quoting reference AR.82.35 and should be returned to him by 
19t h March, 1982. 

(1'526) 
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COMPUTER APPRI;CIATION 
86 High Street,_Bietchingle.y, Redhill, Surrey RH1 4PA. Tel: God stone (0883) 843221 

~~~~~~=~r:o'fg~~~~~~~i'::"~t~~~~~~~~9·~~~~·i~·;··MH'~:·Ii;m&;y·~~~;;;;{A5'N'f.'iii::: gg 
TEKTRONIX Model483 DUAL BEAM PORTABLE OSCILLOSCOPE. 75 MHz version of 465. Almost as new 

L.Asiii':lssociATis·P.id''G'L.Ass··L.AseR:·i·:oa·;:;;i~;i;~·~;~~·~~~iii'h·:·;·:2·'j··;;~~·;;~i&&:·A·&iii'ili~·-p·;;l~~ ·t~c;;n ~': 
laser burns a hole through a steel rule. Complete with coiling system and output monitor. FULLY 
OPERATIONAL ................................................. ...... ................. .................... .... ................ .. , .... , ............................... . £860 
HOUSTON INSTRUMENTS Model EDP-1 high resolution digital plotter using fan-fold paper. With Model 

rJf4~~"i~t~~~~~::';~r~~~~~~=o~~:~:~?r~~~g~eitr!:~cch~~~~:~~:~:t;T!'fr~r::~&:C'8~~~.:!~;~~~i!~~r~:~r~ 
~A~~M~!~S:O;-·;·ooc;·~;;;.;·~~;;;.;c:i18i'i·~~·;;~;;8·;·i;.;;;8·~~~da~::::::::::::::: :::::: :: : ::::: ::::::: ::: : :::::::::::::::::::::: ::::::::::::: :::r,: 
~Ngv~~=::,ocr~cs~~r:~~e~~~~·~·it·h·Ai<s.kevboiirCi .. iiiiCi· ·o·K2·~viJOiirci."ciJir&~1··i:iiiii:~~~ 
~r;op;~,;,,:,~~·.:. .. ;;;i;i~c;~~i·th·a:H'·iii;;;'P ::::::::: ::: :::::: ::::::::::::::::::::::: :::::::::::::::::::::: ::::: :::::: : : : :: : :: : :: :::::::::::::: : ::: :.~ 
MULnDYNE synthesized communications receiver complete with FSK demodulator and EXTEL Model AF 
baudot coded printer ............................................................................................ ................... ................................ £350 

PINMnote: * VAT and carriage extra all items · * Visitors welcome. but by a!'pointment please * We are keen to bid competttivelyfor all good used equipment 
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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-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. 

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 

PT206 

22J5 60 MHz O$C11 LOSCOPE 

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 2213 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 theG 
instrument into a power socket supply
ing anything from 90 to 250 volts, 
48-62 HZ, switch on and you are 
ready to measure. 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 

WW~03 FOR FURTH ER DET AILS 

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 I div, 50 MHz to 2 mV I div. 
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 JlS (to 5 
nsl div with x1 0 magnification). 
Sensitivity 
Scale factors from 1 00 VI div (1 ox 
probe) to 2 mV I div (1 x probe). 
Accurate to ± 3%. AC or DC coupling. 

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

COMMITTED TO EXCEUENCE 
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Tektronix 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 £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-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 2213 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 measure. 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 (131/2 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 xto magnification). 
Sensitivity 
Scale factors from 100 V/div (1 Ox 
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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