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THE ATARI VIDEO COMPUTER1 
GAMES SYSTEM 

Atari's Video Computer System  
now offers more 
than 1300 different game 

variations and options in twenty 

Game ProgramTM cartridges! 

Most Cartriages only £13.90 -VA 
Prices may vary with special 

editions Basic Maths, Airsea 
Battle. Black Jack, Breakout, 
Surround, Spacewar, Video 
Olympics, Outlaw, Basketball, 
Hunt Et Score*, Space War, 
Sky Diver, Air Sea Battle, 

Codebreaker*, Miniature Golf. 

Extra Paddle Controllers  'Keyboard Controllers 
— £14.90 • VAT  — £16.90  VAT 

SPACE INVADERS NOW IN STOCK £25 

Pv‘" GET YOURSELF 
PRINTER FOR -co 0 r,0 
Ss"  YOUR PET AND SAVE 

A FORTUNE 
Only £299 • VAT 
Interface Cards for Apple, 
Pet, TRS80, Nascom and 
Compukit — £49 + VAT 

Full Pet Graphics including 
cables. Ready to go.  EX-STOCK. 

o n £325 

TRS80 
LEVEL 2 16K 

Fully converted to UK T V Stand,  •' 
easy to follow manuals UK Power S..: . .  Cassette • • 
- Sample (apes Special box to enat.. ,.  to plug intl.,,,,• 
own TV Recommended tor first time buyers Just plug 
and Ni  Full Range of Software Available 

Interface to Centronics Parallel for TRS80 £75.00 - VAT 

only £295  TRS80 
Ewa ,  At. EXPANSION 
32k 

Sfr  INTERFACE 

We give a full one year's 
guarantee on all our products. 

Send £1 and S.A.E. for the 

1981 SPRING CATALOGUE 

EUROPE'S FASTEST SELLING ONE BOARD COMPUTER 

ompuKIT UK101 
* 6502 based system — best value for money on the market. * Powerful 8K 
Basic — Fastest around * Full Qwerty Keyboard * 4K RAM Expandable to 8K 
on board. * Power supply and RF Modulator on board. * No Extras needed — 
Plug-in and go. * Kansas City Tape Interface on board. Iv Free Sampler Tape 
including powerful Dissassembler and Monitor with each Kit. * If you want to 
learn about Micros, but didn't know which machine to buy then this is the 

machine for you. 

40 pin Expansion Jumper Cable for Compukit expansion £8.50 + VAT 

PrOgralll your own 
Computer or only a small outlay 

KIT ONLY £179 - VAT 
NO EXTRAS NEEDED 

Available ready assembled, tested Et ready to go E229 + VAT 

NEW MONITOR FOR COMPUKIT UK101 
• In 2K Eprom 2716 • Allows screen editing • Saves data on tape • Flashing cursor •Text scrolls down £22.00  VAT 

Special Bonus SAVE £22. New Super Monitor inc. in each kit or sold separately for £22 + VAT. 

FOR THE COMPUKIT 

Assembler! Editor  1 

Game Packs 

£14.90  1 Four Games 

Screen Editor Tape 

Super bocce Invaders 

Space Invaders 

£5.00  Chequers 

£5.90  2. Four Games 

All Prices exclusive VAT 

£8.50 

E5.00 

E3.00 

E5.00  Real Time Clock 

3. Three Games 8K only 

WE ARE NOW STOCKING THE 
APPLE II AT 

REDUCED PRICES 

48K 659) 

16K £599 , 
2K £649 • 

Getting Started  APPLE II is faster, smaller, and more 
powerful than its predecessors. And it's more fun to use too 
because of built-in features like: 
• BASIC — The Language that Makes Programming Fun. 
• High-Resolution Graphics in a 54,000-Point Array) for 
Finely-Detailed Displays. • Sound Capability that Brings 
Programs to Lifer • Hand Controls for Games and Other 
Human-Input Applications. • Internal Memory Capacity of 
48K Bytes of RAM, 12K Bytes of ROM; for Big-System Per-
formance in a Small Package. • Eight Accessory Expansion 
Slots to let the System Grow With Your Needs. 
You don't need to be an expert to enjoy APPLE II. It is a 

complete, ready-to-run computer. Just connect it to a video 
display and start using programs (or writing your own) the 
first day. You'll find that its tutorial manuals help you make it 
your own personal problem solver. 

LL 
P ill 

111111011111W i 
"Europes Largest Discount 
Personal Computer Stores" 

E3.00 

£5.00  Case for Compukit  E29.50 
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l wOUR N E 

SHOWROOM Et 
SALES CENTRE AT 
311 Edgware Road, 
London W2. 

Telephone: 01-262 0387 

RE 

GUE4VEZ TrEPO 

THE VIDEO GENIE SYSTEM 
Ideal for small businesses, schools, colleges, homes, etc. 
Suitable for the experienced, inexperienced, hobbyist, 
teacher, etc. 

EG3000 
Series 

16K 

£299 

WITH 
NEW 
EXTRA 
KEYS! 

• 16K user RAM 
plus extended 12K Microsoft 

BASIC in ROM • Fully TRS-80 Level II 
software compatible • Huge 

range of software already available • Self contained, PSU, 
UHF modulator, and cassette • Simply plugs into video 
monitor or UHF TV • Full expansion to disks and printer 
• Absolutely complete — just fit into mains plug. 

NASCOM 2 GAMES TAPE £7.50  
featuring Space Invaders and Android Nim, 
Re-numbering program and other goodies!  + VAT 

HITACHI 
PROFESSIONAL 
MONITORS 

9" -  £99.95 
12" — f..-V39" £149 

• Reliability Solid state circuitry using an IC and silicon 
transistors ensures high reliability. • 500 lines horizontal 
resolution Horizontal resolution in excess of 500 lines is 
achieved in picture center. • Stable picture Even played 
back pictures of VTR can be displayed without jittering. 
• Looping video Input Video input can be looped through 
with built-in termination switch. • External sync opera-
don (available as option for U and C types) • Compact 
construction Two monitors are mountable side by side in a 

standard 19-inch rack. 

NE W REDUCED 
PRICES 

8K E399 
16K 449  \, A I 
32K £499 
RRP £795 for 32K 

The PEDIGREE PETS ,\,/oerr,Ye7bu.trZ, 
Per 32K Ei 16K with 

' ;reef, screen 
Cassette Deck £56 extra  Full range Or 5ortware available 

Interface PET IEEE — Centronics Parallel 
Decoded £77.00 + VAT 

COMP POCKET COMPUTER 
GREATEST BREAKTHROUGH 

-----  YET 

0,•• •  £99.90 
4)%xxvegtigio n%  VAT 

,...u..U• 001111  
W OO  COMPUTER 

PO WER THAT 
ONCE FILLED A ROOM 

CAN NO W BE CARRIED IN YOUR POCKET, 

• Programs in BASIC • "OWERTY" Alphabetic 
Keyboard • 1.9K Random Access Memory 
• Long Battery Life. 

Computer power that once filled a room can now be carried 
in your pocket! It's easy to load with ready-to-run software 
from cassette tape (interface and recorder optional) or 
program it yourself in easy-to-learn BASIC. 24-character 
liquid crystal readout displays one line at a time. Special 
feature is advanced non-volatile memory allows you to 
power on and off without losing the contents of memory. 
Note: Memory must be transferred to tape before changing 
batteries. Automatic statement compaction squeezes every 
ounce of memory space. Features power-off retention of 
programs and data. Powerful resident BASIC language 
includes multiple statements, math functions, editing, 
strings, arrays and much more. Multiple program loading 
capability subject to RAM availability. Carrying case and 
batteries included. 

Delivery is added at cost-Please make cheques and postal orders payable to CO MPSHOP LTD., or phone your order 

quoting BARCLAYCARD, ACCESS, DINERS CLUB Or A MERICAN EXPRESS number. 
CREDIT FACILITIES ARRANGED — send S.A.E for application form. 

MAIL ORDER AND SHOP: 
14 Station Road, New Barnet, Hertfordshire, EN5 1QW (Close to New Barnet BR Station 
Telephone: 01-441 2922 (Sales) 01-449 6596  Telex: 298755 TELCOM G 
OPEN (BARNET) — 10am - 7pm — Monday to Saturday 

NEW WEST END SHOWROOM: 
311 Edgware Road, London W2. Telephone: 01-262 0387 
OPEN (LONDON) — 10am - 6pm — Monday to Saturday 
*  IRELAND: 80 Marlborough Street, Dublin 1. Telephone: Dublin 749933 

411 COMPSHOP USA, 1348 East Edinger, Santa Ana. California, Zip Code 92705. 
Telephone: 0101 714 5472526   

COMP 
VISA 

— Moorgate Line). 

COMPUTER 
COMPONENTS 
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CONSTRUCTIONAL PROJECTS 
PE DIGISOUNDER Part 1 by Brian Currie  30 
Digital depth sounder for boats 
SPEECH PROCESSOR by Michael Tooley BA and David Whitfield BA, MSc  38 
Improves the intelligibility of voice signals 
DRILL PSU by Chris Lare  . .  . .  . .  . .  44 
Includes a p.w.m. controller for variable speed capability 

ULTRASONIC INTRUDER ALAR M by Gilbert Davies  52 
Updated protection system 

INTERFACING CO MPUKIT Part 4 by D. E. Graham  56 
Analogue board —construction and theory 

GENERAL FEATURES 
CONSU MER ELECTRONICS SHO W  22 
Latest developments are seen at Las Vegas 

OSCILLOSCOPES... HO W THEY W ORK Part 1 by Ian Hickman  26 
The cathode-ray tube 

SE MICONDUCTOR UPDATE by R. W. Coles  49 
ICM 7242 L290, 1&2 4118, 4801&4802 
MICROBUS by D.J.D.  . .  . .  . .  50 
Program loader and other software for ZX80, plus 3—D plotting for Acorn Atom 
INGENUITY UNLI MITED  ..  66 
'Day to Remember' clock —Bargraph Thermometer —L.F. Analogue Monitor — 
Envelope Differentiator —Synth Processor  TVC for Synths 

NE WS AND COM MENT 
EDITORIAL  ..  17 
MARKET PLACE  18 
New Products 
INDUSTRY NOTEBOOK by Nexus . .  21 
The painful implementation of new technology 
SPACE WATCH by Frank W. Hyde  35 
Prospects for the next decade 
COUNTDO WN  42 
What to see; where and when to see it 
POINTS ARISING  ..  42 
27/28MHz Converter, Microbus 

63 READOUT  ..  ..  ..  ..  ..  .. 
A bumper batch of readers' opinions, including more views on CB 
PATENTS REVIE W ..  ..  .. 
Pulse rate loggers for overweight joggers 

OUR MAY ISSUE WILL BE ON SALE FRIDAY, 10 APRIL 1981 
(for details of contents see page 36) 

65 

IPC Magazines Limited 1981. Copyright in all drawings, photographs and articles published in PRACTICAL 
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable 
precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to readers are reliable. We 
cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go 
to press. 
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WATFORD 
33 35, C AR DIFF 

M AIL OR DER. 

RO A D. 

CALLERS 

ELECTRONICS 
W ATF ORD, 

W ELC O ME. 

HERTS, 

Tel W atford 

EN GL AN D 

40588 9 

TRANSISTORS 

AC107  35 
AC125  35 
AC126  25 
4C127  25 
AC128  25 
AC141  30 
AC142  30 
AC1 76  28 

BC327  15 
9C328  15 
BC33 7 15 
BC336  15 
8C441  34 
BC461  34 
BC477  40 
BC516  40  

8FX84  26 
BEX85  28 
8FX86  28 
8EX87  28 
BFX88  28 
BEY50  23 
BEY51  23 
BFY52  23  
BEY56  32 
8FY64  35 
EiFY81  120 
BRY39  40 

TIP32C  60 
TIP334  65 
TIP33C  78 
TIP344  74 
11P34C  88 
TIP354  160 
TIP35C  185 
TIP364  170  
TIP36C  199 
TIP414  55 
TIP41B  60 
TIP424  80 

2N3054  58 
2N3055  48 
2N3442  140 
2N3614  199 
2N3615  199  
2N3663  15 
2N3702  10  
2N3703  10 

2N3704  10  2N3705  10 
2N3706  10 
2N3707  10 
2N3708  10 

ANTEX 
Soldering 
Irons 

Cl 5W  420 
CX17 W  420 
CCN15 W  430 
X25 W  430 

Spare bits  50 

Elements  190 

Iron stand  160 
ALL DEVICES BRAND NE W. FULL SPEC. AND FULLY GUARANTEED. ORDERS 
DESPATCHED  BY  RETURN  OF  POST.  TER MS  OF  BUSINESS: 
CASH/CHEQUE/P.0.s OR BANKERS DRAFT WITH ORDER. GOVERN MENT 
AND  EDUCATIONAL  INSTITUTIONS  OFFICIAL ORDERS  ACCEPTED 
(TELEPHONE ORDERS BY ACCESS NO W ACCEPTED Minimum £10.00 please). 
TRADE AND EXPORT INQUIRY WELCOME. P & P ADD 50p TO ALL ORDERS 
UNDER f10.00. OVERSEAS ORDERS POSTAGE AT COST. 

VAT  Export orders no VAT. Applicable to U.K. Customers only. Unless 
stated otherwise, ell prices are exclusive of VAT. Please add 15% to 
the total cost. 

We stock many more items. It pays to visit us. We are situated behind Watford 
Football Ground. Nearest Underground/Br. Rail Station, Watford High Street. Open 
Monday to Saturday 9 a.m.-8 p.m. Ample Free Car Parking space available. 

4C187  28 
ACY17  70 
ACY18  70 
ACY19  76 
ACY20  75 
ACY21  75 
ACY22  60 
ACY28  75 
ACY39  85 
A0149  79 
40161  42 
A0162  42 
AF118  96 
4F139  40 
4F178  75 

BC517  40 
8C547  14 
BC548  14 
8C549C  14 
8C557  15 
8C558  15 
8C559  15 
BCY70  16 
BCY71  18 
BCY72  20 
6D121  95 
1:10123  98 
B0124  115 
80131  48 
80132  48 
50133  60 

BSX20  20 
8SX29  34 
85Y954  25 
80105  170 
8U205  190 
80208  200 
E421  250 
M08001 250 
MJ2955  90 
MJE340  54 
MJE370  100 
MJE371  100 
MJE520  95 
MJE2955  99 

1IP42B  75 
1IP120  90 
1I1121  99 
TIP141  120 
T1P142  120 
TI1147  120 
TIP2955  80 
TI13055  80 
TIS43  32 
TI544  45 
1IS45  45 
11S90  30 
TIS91  32 
00734  65 

2N3709  10 
2N3710  10 
2N3711  10 
2N3771  179 
2143772  195 
2N3773  270 
2N3819  22 
2N3820  45 
2N3822  85 
2N3823  85 
2N3866  90 
2N3903  18 
2N3904  18 
2N3905  15 

OIL SOCKETS 
(TEXAS) Low Wire 

profile wrap 
8 pin  10p  250 
1 4 p  10p  3Sp in   
16 pin  10p  U p 
18 pin  16p  52p 
20 pin  U p  65p 
22 pin  259  70p 
24pin  309  789 
28 pin  35p  859 
36 pin  -  10 99 
40 pin  40p  109p 

POLYESTER CAPACITORS: 
400V: lriF, 1n5. 2n2, 3n3, 4n7, 6n8 11p; 10n, 15n, 18n. 22 129;_ 33n, 47n, 68n 169; 
10On,15On20p;22On30p;33On42p;4/0n52p;680n6Opj ,yFB  8p; 21J2, 4p7 86p. 
160V: lOnF, 12n, 100n 11p; 150n, 220n 17p; 330n, 470n 3 ; 680n 3i ; 1 pF 42p; 1p5 
4; 2p2 48p; 4p7 5ft. 
M OV: I nE 17p; lOnF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n 50p; 470n 99p. 

' 

BC107  10 
BC107B  12 
5C108  10 
9C1088  12 
BC108C  12 
8C109  10 
BC10913  12 

B0135  45 
B0136  40 
50137  40 
50138  40 
50139  40 
EI0140  40 

MJE3055  70 
MPF102  66 
MPF103  36 
MPF104  36 
MPF105  36 
MPF106  40 
MPS405  25 
MPS406  25 
NIPS412  32 

MPS455  30  

ZTX107  11 
ZTX108  11 
ZTX109  12 
ZTX212  28 
ZTX300  13 
ZTX301  18 
ZTX302  18 
ZTX303  25 
zTX304  17 

ZTX314  25  

2N3906  17 
2N4037  46 
2N4058  10 
2N4061  10 
2N4062  10  
2N4069  45 
2N4427  80 
2N4859  78 
2N4871  55 

2N5135  20  

SPECIAL 
OFFER 

2114-450ns  1759 
2114-300ns  2451m 
2708  350p 
2716-5V  450p 
4116-16k  295p 

POLYESTER RADIAL LEAD CAPACITORS: 250V; 
10n, 15n, 22n, 27n 6p; 33n, 47n. 68n, 100n 7p; 150n, 220n 10P; 
330n. 470n 139; 680n 19p; 1p 23p; 1p5 40p; 2p2 46p. 

ULTRASONIC 
TRANSDUCERS 
40K Hz 350p pr. 

 BC109C  12 
BC140  30 
3C142  30 
8C143  30 

50144  198 
80205  110 
50245  45 
503 78  70 

ELECTROLYTIC CAPACITORS (Values in pF). 500V: 10 829; 47 76p; 250V: 100 Up; 
63V: 0,47, 1.0, 1.5. 2.2, 3,3, 139; 4 7 9p; 6,8, 10 10p; 15, 22 12p; 33 16p; 47 12p; 100 
19 P; 1000  70 P; 50 V: 47 12p; 68 20p; 220 249; 470 32p; 2200 90p; 40V: 4 7, 15, 22. 
So; 330  ;11( 1225V:614. 16.8, 10,22 89;.22  33 99;3t7 El00  y 100; 4;1,38;91250. ig.  
40. 47, 100 9p; 121g 11279; 220 13p; 470 20p000  3';11'80 34p; 100  &)0 27p; 1500 31p; 22g0 360; 
3300 74p; 4700 79p. 
TAG-END TYPE: 450V: 100pF 135p; 70V: 4700 246p; 54V: 3300 1 W; 2200 139p; 
50V: 3300 1549; 2200 110p; 40V: 4700 160p; 25V:10,000 320p; 15,000 345p. 

81147  9 

BC1478  10  
BC148  9' 
sEI:ss ls 
8C149  9 
5C149C  12 
BC153  27 
8C154  27 
5C157  10 

50434  55 

50 517  75  506954  86 

sgss4 Al 
BDY60  160 
BOY61  160 
8E115  35 
BF167  29 
8E177  25 

MPS456  30 

Nr,Esi zs 
MPSUO6  55 
MPSU52  66 
MPSU55  60 

ZTX320  30 
7.,.0,.7 gs 
ZTX500  14 
ZTX501  15 
ZTX502  15 

2N5136  20 

tr'„111;3 ls 
2N5179  45 
2N5180  45 
2N5 191 75  

I Access 

, . 

i 
MPSU56  60 ZTX503  18 2N5305  24 
0C23  170 
0C26  170 
0C28  130 
0C34  125 
0C36  120 
0C41  120 
0C42  120 
0C44  120 
0C45  40 
0070  40 
0071  40 
0072  40 
0076  50 
0081  50 
0082  50 
0083  40 

0084  40  0C140  110 
0C170  85 
0C171  85 
0C200  85 
1IP29  34 
TIP294  36 
11P295  56 
TI129C  60 
T1P30  47 
11P304  48 
TIP3013  50 
11P30C  58 
11P314  45 
1IP31C  55 
1I1324  481 

ZTX504  25 

ZTX550  25 
2N697  23 
214698  40 
2N699  48 
2N7064  19 
2N708  19 
2N914  32 
2N916  32 
2N918  35 
2111131  24 
2111132  24 
2111303  60 
2N1304  65 
2N1305  60 

2111307  65 2N1308  68 
2N16715 160 
2N221 9A 296 
2N22204  28 
2N22214  26 
2N2222A  26 
2N23694  26 
2N2646  45 
2112846  80 
2N2904  28 
2N29054  28 
2N2906  28 
2112907A  26 
2112926G  10 
2N3053  26 

2N5457  36 
2N5458  36 
2N5459  38 
2N5485  30 
2N5777  45 
2N6027  32 
2N6 109  60 
2S0234  75 
311128  112 
3N140  112 
40250  85 
40251  97 
40311  60 
40313  130 
40315  60  
40316  95 
40317  60 
40320  60 
40361  50  
40362  SO 
40406  75 
40407  BO 
40408  70 
40411  286 
40412  65 
40467  130 
40468  85 
40594  105 
40595  110 
40603  110 
40636  176 
40673  95 

C MOS  4077  30 
(CONT.) 4078  28 

4081  28 
4082  25 
4085  90 
4086  90 
4089  150 
4093  55 
4094  210 
4095  95 
4096  95 
4097  340 
4098  115 
4099  150 
4160  115 
4161  115 
4162  115 
4163  115 
4174  110 
4175  120 
4194  115 
4408  790 
4409  790 
4410  750 
4411  950 
4412E1100 
4415F 480 
4419  280 
4422  570 
4432 1050 
4433  995 
4435  850 

 M BEAD CAPACITORS: 
. , 50. 0 47, 0.68, 35V: 01p, 022. 0 33 1 

1.0. 15 18p; 22  33 113p; 47 6,8 
22p; 10 28p; 181/, 2 2, 3 3.16p; 4.7, 
6,8, 10 100; 15 369; 22 30p; 33. 47 
40p; 100 75p; 10V: 15, 22 26 ; 33.47 
35; 100 56p. 

0 5WLog & Linear Values. POTENTIO METERS.  Carbon  Track, 

5000, 1K & 2K (LIN ONLY) Single  29' 
5K0-2M0 single gang  29p 
5K0-2M0 single gang DIP switch  69p 
5103-2M0 dual gang stereo  88p 
1W Wire-wound 500-20K  115p 

5C158  10 
5C159  11 
5C160  45 
8C1674  10 
BC168C  10 
BC169C  10 
BC170  15 
BC171  11 

BF178  30 
8E179  35 
8E180  38 
8E194  12 
8E195  12 
8E196  12 
8E197  12 
13E198  16 

MYLAR FILM CAPACITORS: 6C172  11 8E199  18 
1001/: 1nF, 2n, 4n, 4n7, 10 6p; 15nF,I 
22n, 30n, 40, 47 7p; 56, 100n, 200 99; 
470n/1509: 12p. 

SLIDER POTENTIO METERS 
0.25 W log and linear values 60mrn track 
5K0, 5001(0 Single gang  70P 

110 P 

8C173  11 
5C177  20 
BC178  20 

51224  25 
8E2444  28 
BF2448  29 

Ck RAMIC CAPACITORS: (50V) 
Range: 0 5pf to lOnF  4, 

10KC1, 500K0 Dual gang 
 Self-Stick graduated Alum. Bezels  369 

8C179  20 
 8C181  20 

8E245  28 
BF2566  35 

15nF.22nF. 33nF, 47nF  5p 
100nF/30V  7p;  220nF/6V  89 

PRESET POTENTIOMETERS 
0•1 W 500-2 2M Mini Vert. & Hon, 7,  

5C182  10 

8C183  10  5C184  10 

8E257  32 

8E258  32  8E259  35 
POLYSTYRENE CAPACITORS:  . 
10pF to 1nF 8p  1.5nF to 12nF 10p. 

0,25 W 1000-3 3M0 Horiz. larger  109 
0•25 W 2500-4 7M0 Vert.  nip  
Precision Cermet 1W 1000-100K  gop 

BC182L  10 
BC183L  10 
9C1841  10 

8E274  42 
8E336  40 
8E451  35 

SILVER MICA lciF/ 
2, 3.3, 4 7, 6 8. 8.2, 10. 
12, 18. 22, 27. 33. 39, 
47, 50. 56, 68, 75, 82, 
85. 100, 120, 150, 180 

16p each 

TRI M MERS miniature 
2-6 0. 2-10pF  22P 
2-26 PF• 6-66 PF  30 11 
10-885F  3511 

RESISTORS -Erie make 5% carbon 
Miniature High Stability. Low Noise. 

RANGE  Val. 1-99 100* 
0 25 W202-4 M7 E24  29  1P 
Al 5W 202-4 M7 E12  2p  1P 

5C187  26 
BC212  10 
5C2121  10 
5C213  10 
BC213L  10 
BC214  10 

8E594  30 
8E595  39 
8E910  95 
BF839  23 
8E1340  23 
8E1441  23 

220.  250. 210,  330, 
360.  390, 470,  600, 
800 & 820pF  219 each 
1000, 1200, 1800309 each 
3300. 471111  60p mich 

CO MPRESSION 
3-40pF, 10-80pF  20p 
20-250pF  28p 
100-580pF  309 
400-1250pF  4 99 

1W  202-10M  E 1 2 5p  39 
2% Metal Film 100-1 M  8p  4P 
I% 0•5 W 510-1 M24  BR  6P 
100+ price applies to Resistors of 
each type not mixed values. 

5C2141  10 
5C237  14 
5C238  14 
5C30713  14 
5C30813  16 

BER79  23 
BE880  25 
BER81  25 
BER98  105 
BFX29  28 

LINEAR IC's 
702  75 
709C 8 pin  31.5, 

. 710  '' 
741  17 
747C 14 pin 78 
748C 8 pin  38 
753 8 pin  185 ,. n 
810  !,:f. 
9400 CJ  ... 
AY-1-0212 595 
AY-1-13134880 
AY-1-1320 225 
AY-1-5050  99 
AY-1-5051  180 
AY-3-1270 840 
AY-3-8500 390 
AY-3-8910 850 
AY-3-8912 850 
AY-5-1224A235 
AY-5-1230 450 
AY-5-13174830 

11356  90 
1M10  395 
LM3014  26 
1M308  95 
LM311  70 
1M318  200  

LM324  50 
0,A335  88 
LM348  90 
1M349  115 
LM379  415 
LM380  80 
LM381 N  145 
LM382  125 
1M384  140 
LM 386 99 

LM387  120 
1m355 99 
1,1733  75 
1M1458  45 
1M2917  195 
LM3900  80 
Lm3909  70 

11E5628  410 
NE564  435 
NE5654  120 
NE566  180 
NE567  170 
NE570  450  

NE571  420 
RC4136D  110 
55668  275 
S483209  425 
SAB3210  275 
S03402  295 
S1176003N 240 
S117601311 170 
S1176018  148 
51476023N 170 
S1176033N 195 
51176115N 215 
SN76131  125 
5N7622711  95 
SN76477  175 
S1176660  120 
SP8629  299 

CO MPUTER IC's 
2114-450n  175 
2114-300n  245 
2532-325  £16 
2708  350 
2716-5V  450  

2732-450n  £16 
4116  200 
4315-4K  950 
6502  676 
6503  850 
6505  155 
6520  325 
6522  570 
6532  795 
6545  1450 
6551  785 
6592 
6800  520 
6802  870 
6809  •  1550 
6810  280 
6821  315 

280510-901E14 
280AS10  £27 
7413132  138 
74S138  240 
745158  240 
745188  210 7451 
745189  1139 
745194  380 
745241  540 
745262  850 
74S287  325 
745288  210 
74S470  325 
74S472  1160 
745475  825 
76160  140 
75154  160 
75450 
75451 
75452 
75454  225 
75491/2 

7445  105 
7446  132 
7447  72 
7448  75 
7450  20 

20   
7453  20' 
7454  20 
7460  20 
7470  40 
7472  30 
7473  35 
7474  34 
7475  50 
7476  40 
7480  52 
7481  120 

913  7482  75 
70  7483  90 
70  7484  99 

7485  105 
89  7486  33 

7489  206 

74155  75 
74156  75 
74157  70 
74159  165 
74160  99 
74161  99 
74162  99 
74163  99 
74164  120' 
74165  120 
74166  130 
74167  205 
74170  205 
74172  376 
74173  110 
74174  100 
74175  82 
74176  110 
74177  85 
74178  110 
74179  150 
74180  90 
74181  280 

.... ... 
/86LO 
LSOO  13 
LS01  13 
L502  15  
LSO3  15 
LSO4  16 
LSO5  23 
LSO8  22 
LSO9  23 
LS10  20 
1511  32 
1S12  32 
LS13  40 
1S14  60 
LS15  40 
LS20  21 
1S21  32 
1S22  36 
1S26  44 
1S27  36 
1528  35 
LS30  20 
LS32  25 
1S33  35 
1S37  30 
1S38  35 
LS40  28 
1S42  66 

LS47  86 
1S48  105  

1S49  105 
LS51  25 

LS54  30 
L555  30 
1S63  150 
1S73  45 
1S74  35 
1S75  45 
1S76  45 
1S78  SO 

LS83  105 
1S85  80 
1586  38 
LS90  50 
LS91  125 
1S92  75 

15133  35 
15 136  55  
LS 138  70  
1S139  70 
LS145 120 

15147  210  
LS148  170  
LS 151  90  
1S153  85 
1S154 200 
1S155  75 
1S157  70 
15158  70 
1S160  90  
1S161  98 
1S162 110 
1S163  95 
1S164 115 
1S165 145 
1S166 175 
1S168 210 
1S169 210 
LS170 288 
15173 105 
0 ,1 lls 

LS181  295  
1S183 298 
LS189 128 
LS190  95 

LS191  95  
15192  95 
LS193  99  
1S194  125  
1S195  130  LS196 120 
L5197  85 
15200 345 
1S202 345 
1S221  120 
L5240 165 
L5241  165 

1S242  165  
1S243 165 
1S244  195  
1S245 350 
1S247 135 

LS283  90 

15290  130  
LS293  130  
1S295  216  
1S298  216  

15299  420  
LS300  176  
1S302  175  L5323 270 
1S321 450 
LS324 200 
LS325 320 
1S326 330 

1S327  315  1S346 186 
1S347 150 
1S348 190 
1S352 186 
I-5353 185 
LS365  05 
L5366  65 
L5367  65 
LS368  90 
15373 160 

LS374 160 LS375 150 

LS377 199 
1S378  140  
LS379  216  
LS384 250 

L5385 420 
1S386  85  

LS390  140  
1S393  140  
15395  210  LS396  199  
LS398  275  
15399 230 
1S445 140 

1S447  195  
1S490 245 
1S668  105  

1S669  105  
1S670  270  
15673  750  LS674 850 
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(0
 

4440  999 
4450  350 
4451  350 
4452 
4490  350 
4500  750 
4501  28 
4502  105 
4503  65 
4506  75 
4507  48 
4508  280 
4510  85 
4511  98 
4512  84 
4513  225 
4514  220 
4515  250 
4516  90 
4517  415 
4518  90 
4519  80 
4520  90 
4521  210 
4522  150 
4526  98 
4527  125 
4528  100 

4529  150 4530  90 
4531  130 
4532  120 
4534  510 
4536  310 
4538  145 

4539  1204541  150 

4543  150 
4549  395 
4553  399 
4554  192 
4555  85 

4556  604557  425 

4558  174 
4559  450 
4560  199 
4561  104 
4562  525 

AY-5-8100  775  
CA3011  110 
CA3012  ..1!,6 
CA3014  ror 
C43018  68 
CA3019  70 
CA3020  188 
C43023  191 
C430284  80 
CA3035  23..5 

. CA3036  "°' 
CA3043  275 
C43045  385 
CA3046  70 
C43048  2..14. 
CA3059  ''.' 
CA3075  213 
CA3080E  65 
CA3081  190 
CA3089E  215 
CA309040 375 
CA3123  150 
CA3130  90 
CA3140  48 
CA3160  05 
C17106  795 
C17107  975 
CL8038CC 340 
C113211  150 
CM7205  1150 
CM7207  475 
CM7215  1050 
CM72164 1950 
CM72168 1950 
CM72174 790 
CM7224  785 
L0130  4L2 

10,17555  If, 
V F351  '1'. 

LM3911  125 
LM3914  240 
LM3915  240 
LM3916  265 
LM31600  135 

5 
M 253AA  1150 

M C1304P  280 

MC1310P  150 
MC1445  150 
M C1458  45 
MC1494  894 
M C1495  350 

MC14961  92 
MC1596  225 
MC1648  290 
MC1709G  90 
MC1 710  79 

MC3302  150 
MC33401  120 
MC3360P  120 
M C3401  52 
MC3403  135 
MC3405  150 
MFC6040  97 
MK50398  636 
MM5303  835 
MM5307  1275 
MM57160 620 
M5M5 26 820 
NE515  2761 
NE529  226 
NE543  210 
NE544  185 
NE555  22 
NE55608  55 
NE560  326 

 NE561  385 

T446214X1 250 
TAA6614  155 
TAD100  159 
TBA120S  70 
TBA540  220 

1945500  330 
784641 -Al2 / 

BX1orBX11250 
184 651  190 

18A800  90 
TBA8105  95 
TB  70 
15A9200  26 0 
7849900  270 

TCA965  120 
1041004  290 
1041008  310 
10A1022  575 
TDA1 024  105 

T042020  320 
1042030  300 
11061  48 
11 064C11  159 
TL071CP  45 
TL072CP  90 
TL074CN  140 
TL081CP  42 
11083CP  95 
TL 084CP  120 

U44170  170 
04A180  170 
X82206  350 
X82211  575 
X82266  750 
211414  95 
211423  195  

2N424E  130 
IN4256  415 
,2N427  1360 

6840  750 
6850  315 
6852  3,0 
8080A  450 
8085A  1105  

811S95  125 
811596  125  

811697  125 
8212  210  

8214  425 
8216  205  

8251  475 
8253  999  
87264  190  

87284  195 
8731  350 
879511  160 
879711  150 
AY-3-1015  395  

AY-5-1013  325 
AY-5-2376  750 
MC1488  90 
MC1489  90  
MC14411  950 
MC14412  1250 
80-3-251317  600 
51F963641  950 
SFC71301  820 
TMS2 716 -3V  1050  

1MS4027  325 
TMS6011  385 
ZEIOCPU 2 5  650 
ZEIOACPU 4M 825 
280 PIO  440 
Z80A P10  575 
Z80  CTC  440  

ZEIOACTC  575 
74100  gg 
Z80510  rig .17444 
vir mensneen. 

TTL 74 
(TEXAS) 
7400  11 

7401  11  
7402  11 

7403  14  
7404  14 

7405  8 
7406  38 

7407  38  
7408  17 
7409  20 

7410  17  
7411  25  
7412  20 
7412  32 
7414  38 
1416  30 
7417  30 
7420  19  
7421  38 
7422  25 
7423  28 
7435  28 
7426  43 
3427  32 
7428  35 
7430  19 
1432  27 
7433  36 
/437  96 
7438  32 
7440  20 
7441  68 
7442  68 
7443  120 

116  

7490  42 
7491  84 
7492  60 
7493  67 
7494  86 

7495  70 
7496  80  

7497  1713 
74100  130  

74104  52 
74105  62  

74107  34 
74109  60 
74110  54 
74111  68 
74112 170 
74116 170 
74118  85 
74119 120 
74120  75 
74121  35 
74122  50 
74123  66 
74125  50 
74126  45 
74128  45 
74132  55 
74136  55 
74141  75 
74142 185 
74143 250 
74144 260 
74145  90 
74147 160 
74148 125 
74150 130 

74151  70 
74153  70 
74154 120 

74182  85 
74184  130 
74185  130 
74188  310 
74190  130  

74191  120 
74192  120  

74193  120 
74194  102  

74195  75 
74196  99  

74197  88 
74198  160 
74199  150 
74221  150 
74246  150 
74247  151 
74248  189 
74249  189  

74251  110 
74265  66 
74273  267 
742 78 249  
74279  99 
74283  149 
74284  350 
74285  350 
74290  107 
74293  135  
74297  236 
74298  185 
74365  95 
74366  95 
74367  95 
74368  95 
74390  186  

74393  185 
74490  185 

• 

1s93  00 
LS95  115 
1S96  120 
LS107  45 
LS109  75 
1St 12  40 
1S113  75 
1S114  40 
15122  70 
1S123  76 
1S124 180 
1S125  45 
1S126  45 
1S132  60 

1S248 135 
L5249 135 
1S251  130 
LS253  95 
15257  95 
1S258 120 
L5259 160 
1S261 450 
1S266  75 
1S273 180 
LS275 320 
1S279  88 
1S280 250 

C MOS 

4000  14 
4001  14 
4002  15 
4006  88 
4007  19 
4008  76 
4009  40 
4010  48 
4011  18 

em 

4566  195 
4568  299 
4569  195 
4572  36 
4580  495 
4581  320 
4582  135 
4583  105 
4584  55 
4585  99 
4599  275 
40106  95 
40174 160 
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A GOOD CASE ... 
THOSE of you who have already 
I looked further into your copy will by 
now be aware that our May issue is a 
very special one (others turn to page 
36 —when you have finished this piece 
please!) When planning our free case 
one of our intentions was to present as 
wide a variety of digital projects to fit in 
the case as possible. Another factor 
that influenced our decision to go 
ahead with this rather expensive gift, in 
the face of the present recession, was 
the relatively simple construction of 

each project. 
The use of what is probably the first 

of a new generation of panel meters 

has resulted in very high perfor-
mance projects which are not expen-
sive, are readily constructed and neatly 
housed. The free case was designed 
especially for PE by Lascar Electronics 
and, as far as we know, is the only case 
of this type available in the UK at the 
present time. Because you will get one 

free you will save over £2.00 on the 
project cost and our DPM Special Offer 
will save you a further £3.00 on the 

normal price. 
Taking all these factors into account 

we believe that we can appeal to the 

EDITOR 
Mike Kenward 

Gordon Godbold ASSISTANT EDITOR 

Mike Abbott  TECHNICAL EDITOR 

David Shortland  PROJECTS EDITOR 

Jasper Scott  PRODUCTION EDITOR 

widest possible range of readership 
and thus make the most of our primary 

intention —to sell more copies. Yes, it's 
a hard world and we do publish to 
make money, although we can easily 
lose sight of that fact in our enthusiasm 
for electronics and for PE in particular. 
Of course we believe PE is excellent 
value for money anyway, but on this 

special occasion it will be even more 
attractive, so please make sure of your 
copy by ordering it now. 

. . . LAID BEAR! 
Having just worked our way through 

that lot of (hopefully) logical thinking 
and confidently believing we can in-
troduce some new readers to PE, we 
received the following letter trusted to 
the tender care of a Paddington Bear 
envelope: 

"Dear Sir or Madam, 
In November 1974's Practical Elec-

tronics you published the  "PE 
Minisonic" by G. D. Shaw. 
My dad has a collection of your 

magazines, but unfortunately has not 

got all the parts. So could you please 
send me the circuit diagram for this 
very good battery operated synthesiser. 

Jack Pountney 

Keith Woodruff 

John Pickering 

I enclose a stamped addressed en-
velope for your reply. 

Yours sincerely, 
Robert Brooks. 

PS. I am twelve years old." 

Thank you Robert for an excellent 
letter, unlike many older readers you 
have given your name and address 
clearly —you'd be surprised how many 
peciple forget all, or part of it—supplied 
a stamped  addressed  (Paddington) 
envelope  without any marmalade on 

it—set out your letter clearly, kept to 
one subject and even given us a little 
praise —all  others  please follow 

Robert's example. 
The only thing that worries us is 

why do we bother about easy to build 

projects to interest new readers if you 
are building the PE Minisonic at the 
age of 12? You have just messed up all 

that logical thinking! 
We would be interested in hearing 

from other young readers, we cannot 
promise to answer all the letters, but 
why not tell us how you first started 

reading PE and what type of projects 
and articles you like. 

Mike Ken ward 

PS. I'm not telling you my age. 

ART EDITOR 

ASSISTANT ART EDITOR 

SEN. TECH. ILLUSTRATOR 

Isabelle Greenaway TECH. ILLUSTRATOR 

Colette McKenzie  SECRETARY 

ADVERTISEMENT MANAGER D. W. B. Tilleard 
01-261 6676 

SECRETARY  Christine Pocknell 

AD. SALES EXEC.  Alfred Tonga  01-261 6819 

CLASSIFIED MANAGER  Cohn Brown  01-261 5762 

Technical Queries 
We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 
designs published in Practical Electronics. 
All letters requiring a reply should be 

accompanied by a stamped, self addressed 
envelope and each letter should relate to 
one published project only. 
Components and p.c.b.s are usually 

available from advertisers; where we antici 
pate difficulties a source will be suggested. 

Back Numbers 
Copies of some of our recent issues are 
available from: Post Sales Department 
(Practical Electronics), IPC Magazines Ltd., 
Lavington House, 25 Lavington Street, Lon-
don SE1 OPF, at 95p each including In-
land/Overseas p&p. 

Binders 
Binders for PE are available from the same 
address as back numbers at £4.30 each to 
UK or overseas addresses, including 

Editorial Offices. 
Practical Electronics, 
Westover House, 
West Quay Road, Poole, 
Dorset BH15 1JG 
Phone: Editorial Poole 71191 

We regret that lengthy technical 
enquiries cannot be answered 
over the telephone (see below). 

Advertising Offices: 
Practical Electronics Advertisements, 
King's Reach Tower, 
King's Reach, Stamford Street, SE1 9LS 
Telex: 915748 MAGDIV-G 

Make Up/Copy Dept.: 01-261 6601 

postage and packing, and VAT where ap-
propriate. Orders should state the year and 
volume required. 

Subscriptions 
Copies of PE are available by post, inland or 
overseas, for £11 80 per 12 issues, from: 
Practical Electronics, Subscription Depart-
ment, Oakfield House, Perrymount Road, 
Haywards Heath, West Sussex R H16 3 D H. 
Cheques and postal orders should be made 
payable to IPC Magazines Limited. 
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Market 
Place 

Items mentioned are usually available from electronic 

equipment and component retailers advertising in 

this magazine.  However, where a full address is 

given, enquiries and orders should then be 

made direct to the firm concerned.  All 

quoted prices are those at the 

time of going to press. 

by 
David 
Shortland 

BUDGET VICE 
This portable bench vice, pictured below, is 
now available from Home Radio. The jaws 
open to a maximum of 32mm and it can be fit-
ted to benches up to 24mm thick, so it should 
be suitable for most light constructional work. 

The price including VAT and p&p is £3•87. 
Home Radio (Components) Ltd, PO Box 

92, 215 London Road, Mitcham, Surrey (01- 
543 5659) 

DRILLMASTER 
Two new mini drills ideal for use with our 
minidrill p.s.u. are being marketed by 
Microflame together with a complete range of 
accessories which include a drill stand with a 
built in magnifying glass. 
The junior model features a detachable 

 -•••• and  Jasper 
Scott 

chuck finger shield for close control and the 
chuck itself has four precision cut steel collets 
(0-6. 1.2. 1.8 and 2.4mm). An automatic 
3-jaw chuck is available as an optional extra. 

The senior model is supplied with an 
automatic 3-jaw chuck and a precision chuck 
with 5 collets is available as an optional extra 
(0-6, 1.2, I •8, 2-4 and 3.2mm). 
The price of the junior model is £10.00 and 

the senior model is £17•35. All prices exclude 
VAT and p&p. 
Microflame (UK) Limited, Vinces Road, 

Diss, Norfolk (0379 4813). 

SOAR DF M 
Many people who consider digital frequency 
meters just too expensive to be considered for 
inclusion in their range of test equipment will 
be interested to hear about the Soar DFM. 
The importers of this Japanese instrument 
claim they have done so because of the non-
availability of a low priced high quality UK 
meter. 

The  unit  which  measures  only 
100x 32 x 120mm has a frequency range of 
10Hz to 50MHz and can measure up to 
500MHz with a prescaler. Powered by either 4 
penlight batteries or an external d.c. supply (8 
to 11V) the instrument has a 4 digit display 
and a resolution of 10Hz/10kHz with a max-
imum input of 20V. 
The DFM is priced at £39.99 including 

VAT. For £43-58 the DFM is available with 
batteries, input lead carriage and insurance. 
Holdings, Mincing Lane, Darwen Street, 

Blackburn BB2 2AF (0254 59595). 

KITS FOR BEGINNERS 
A range of simple chip-based hobby kits with 
step-by-step instructions has been introduced 
by OK Machine & Tool. OK say that the kits 
are suitable for 12 year olds upwards, with 
descriptions of the various terms and compo-
nents used in electronics included in the in-
structions. Once assembled, the kits fit into 
their original plastic packaging containers. 

Five kits are available, Quick Reaction 
as .80), Electronic Dice (0.98), Digital 
Roulette (£8.60), Morse Code (£3.99) and 
Electronic Organ (£6-70). All prices include 
VAT and p&p and items are available by mail 
order or by placing a credit card order over 
the telephone. Prices do not cover batteries or 
tools. 
OK Machine & Tool (UK) Ltd., Dutton 

Lane, Easdeigh, Hants S05 4AA (0703 
610944) 
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CATALOGUES 
Howard Associates have just released a short 
form catalogue which covers a range of PE 
projects such as the Solid State Car Instru-
ments, Speech Processor, 27/28MHz Conver-
ter, DFM. Sound Operated Switch and the 
Dynamic Semiconductor Tester. 
Part kits are available and Howard can also 

provide individual component price lists. 
The catalogue is available from Howard 

Associates, 59 Oatlands Avenue, Weybridge, 
Surrey KTI3 9SU. 

Another shortform catalogue just available 
is from Lascar Electronics. It contains their 
complete range of digital panel meters, coun-
ter timers and portable instruments. Also 
listed is a I 2/24hr clock module and I.c.d. and 
led. thermometers which will measure tem-
peratures between -55° to +150°C with a 
resolution of 0-1°C. 
Lascar Electronics, Unit  1, Thomasin 

Road, Basildon, Essex (0268 727383) 

KEYBOARD CONSOLES 
Boss Industrial Mouldings have recently in-
troduced three medium sized keyboard con-
soles into their BIM 7400 range. This range 
now consists of six case sizes from 355 to 
508mm wide by either 178 or 254mm deep 
and with a rear panel depth of 102mm. The 
front panel is inclined by 10 to 15 degrees for 
easier key operation. 

AMP 

The consoles are of all aluminium construc-
tion and incorporate ventilation slots in both 
rear and bottom panels with a gasket fitted 
between the panels to reduce vibration. 
Prices for the range are from £16.05 to 

£26.33 excluding VAT. 
Boss Industrial Mouldings Ltd., 2 Herne 

Hill Road, London (01-737 2383). 

DRAUGHTING AIDS 
Constructors who like to produce their own 
p.c.b.s will be interested in the latest range of 
etch resistance transfers from Ace Mailtronix. 
The transfers which include straight or curved 
tracks, transistor, d.i.l. solid, oval, square and 
terminal pads are available either in sets of five 
sheets of a type or a mixed bag of six sheets 
including an introduction sheet. The transfers 
which are printed on 115 x 105mm sheets are 
available in a 1:1 scale for use directly onto 
copper clad boards or in a 2:1 scale for those 

with photograpic reduction facilities. Ace can 
also supply black crepe paper track tape in 
various widths for constructors with UV light 

boxes. 
For a free catalogue of the complete range 

send a stamped addressed envelope (9 x 4ins). 
Ace  Mailtronix  Ltd., 3A Commercial 

Street, Batley, West Yorkshire, WF17 5H.1. 

AUDIO-SAFE 
The latest protection system for cars is the 
audio-safe unit which the makers claim makes 
the unauthorised removal of an in-car enter-
tainment system virtually impossible. 
The unit is a two part system: a base plate 

which replaces the usual dashboard trim plate 
and a cast aluminium cover that fits over the 
equipment and is secured to the replacement 

panel by means of an individual locking key. 
When locked together access to the 

mounting nuts, • securing the equipment, is 
prevented. In fact the equipment itself cannot 
be seen. 
The audio-safe will sell for around £25.00 

from retailers. 

STORAGE CASES 
A new range of component containers has 
been added to the large range already carried 
by Trade Aids. The containers which are 
made of laminated board are light, strong and 
easily folded flat for storage. They are 
available in four sizes from 380x 100 x 133mm 

to 380 x 210 x 266mm with prices ranging from 
24p to 50p ex. VAT and p&p. 
Trade Aids, 54-56 Hawkes Road, 

Kingston upon Thames, Surrey, KT1 3FF. 
(01-549 2137) 

COLOUR PRINTER 

lntegrex have recently announced the in-
troduction of their new low cost impact 
Colour Matrix Printer, model CX80. 
Printing in 7 colours (with simple control 

codes) and with 96 ASCII plus 64 graphics 
characters in ROM. the CX80 is fully dot ad-

dressable, has 15 user programmable charac-
ters together with double length and reverse 
character printing. 
The retail price is £895 plus VAT, and 

further information is available from: 
lntegrex Ltd., Portwood Industrial Estate, 

Church Gresley, Burton on Trent, Staffs. 
(0283 215432) 

FUELSTRETCHER 
The latest in-car monitor is the Fuelstretcher Drive Computer which will give an instantaneous 
m.p.g. indication as well as helping with route planning, record keeping and trip scheduling. 
The computer processes and stores information received from the fuel flow and speed sensors. 

This information which is given on a 4 digit I.e.d. display shows the driver how much fuel has been 
used, elapsed time and distance travelled on a particular trip or on a weekly or monthly basis. 

The makers claim the unit is as easy to install as a car stereo and should take no more than two 
hours. All the motorist has to do is to fit the fuel sensor into the fuel line, speed sensor to the drive 
shaft and then connect both to the computer unit. 
The computer, complete with wiring, optional mounting bracket, instruction manual, fuel 

flow and speed sensors can be obtained directly from EnviroSystems for just over £80-00. 
EnviroSystems Ltd., Hampsfell Road, Grange-over-Sands, Cumbria, LA!! 6BE (044 84 4233). 
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ARE YOU 
INTERESTED IN 
ELECTRONICS? 

THEN YOU SHOULD KNO W ABOUT VERO. 

We manufacture a wide range of products for the electronics 
industry and can make available to you a selection suitable 
for project work. We offer you a large choice of Veroboard 
and circuit board accessories, including the latest solderless 
breadboard — VEROBLOC, which enables you to use those 
valuable components time and time again. Use a piece 
of Veroboard to save a successfully completed circuit and 
choose a box or instrument case from our vast range to 

give your project that professional touch. 

For further details and a 
copy of the brochure please 
fill in the coupon below. 

Vero Electronics Ltd. 
Retail Department. 
Industrial Estate, 
Chandler's Ford. 
Ha mpshire. S05 3ZR. 
Tel. (04215) 62829 

vero 
were 

Vero Hobbyist Brochure. 
I enclose 40p. for package and postage 

Na me   

Address   

L NI M 

Wilmslow 
Audio 

THE firm for speakers! 
SEND  50p  FOR  THE  W ORLD'S  BEST 
CATALOGUE OF SPEAKERS, DRIVE UNITS, 
KITS, CROSSOVERS ETC. AND DISCOUNT 
PRICE LIST. 

AUDAX  •  AUDIO MASTER  •  BAKER  • 

BO WER & WILKINS • CASTLE • CELESTION 

•  CHARTVVELL • COLES  •  DALESFORD • 

DECCA • EAGLE • ELAC • EMI • FANE • 

GAUSS  •  GOODMANS  •  HARBETH  • 

ISOPHON  •  I.M.F.  • JORDAN  • JORDAN 

W ATTS • KEF • LOVVTHER • McKENZIE • 

MISSION • MONITOR AUDIO • MOTOROLA 

• PEERLESS • RADFORD • RAM • ROGERS • 

RICHARD ALLAN • SEAS • SHACKMAN • STAG 

• TANNOY • VIDEOTONE • W HARFEDALE • 

WILMSLOW AUDIO (Dept. P.E.) 
35/39 CHURCH STREET, WILMSLO W, 

CHESHIRE 

Tel: 0625 529599 
FOR MAIL ORDER & EXPORT OF DRIVE UNITS, KITS ETC. 

Tel: 0625 526213 
(SWIFT OF WILMSLOW) FOR HI-Fl & COMPLETE SPEAKERS 

4• 
eZct•  FORGESTONE 500 TELETEXT 

*  High quality colour television receiver 
NE W INFRA-RED FULL FEATURE 
REMOTE CONTROL TELETEXT 

11   

Pin diode tuner 
* Glass epoxy printed circuit panels 
* Full technical construction manual 
* Hi-Bri tube 

* Eleven integrated circuits 

* Ready built and aligned IF module 

* High quality components 

* Modern cabinets 
* All solid state 

* Fully isolated Et protected power supply 
* Diode split L.O.P.T. 
* Low consumption 

The ultimate in large screen 22" Et 26" television receiver kits. 
Deluxe full spec. Teletext, 7 channel + VCR. Also video and audio 

in/out. 6 models in the 500 range. 
Buy as you build. All Forgestone Kits are for the constructor of 
today, sections of the Kit are available separately. Please send 

stamp for further details of these quality products. 
Telephone or Mail Orders accepted on Access/ Barclaycard 

forgestone colour developments limited 
Ketteringham, Wymondham, Norfolk, NR18 9RY 

Telephone: Norwich 10603) 810453 

c PARNDON ELECTRONICS LTD. 
Dept Na 21 44 Paddock Mead, Harlow. Essex. CM18 7RR Tel: 0279 32700 

RESISTORS: v, Watt Carbon Film E24 range ± 5'Ye tolerance High quality resistors 
made under strictly controlled conditions by automatic machines. Bandoliered 
and colour coded. 
£1.00 per hundred mixed. (Min 10 per value) 
£8.50 per thousand mixed. (Min 50 per value) 

Special stock pack. 60 values. 10 off each  

DIODES: 1N4148  3p each MM order quantity - 15 item, 
1.60 per hundred 

DIL SWITCHES: Gold plated contact in fully sealed have - solve Mose 
progiamming problems 
4 Way 86p each. 6 Way E I .00 each. 8 Way £1.20 each. 

DIL SOCKETS: High quality, low profile sockets 
8 pin - 10p.  14 pin - 13p. 16 pin - 15p. 18 pm - 19p. 20 pm - 25p 
22 pin - 29p. 24 pin - 35p. 28 pus' 39p. 40 pin - 57p. 

ALL PRICES INCLUDE V.A.T. & POST & PACKING — NO EXTRAS 
MIN ORDER - U.K El 00 OVERSEAS ES  CASH WITH ORDER PLEASE 
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New Style Office 
  a transition to twentieth cen-

tury from nineteenth century office 
technology is not easily or quickly 
achieved." 
You might suppose the quotation above 

was taken from a text written, say, in 1905 
and referring to then new-fangled ideas like 
the telephone. Actually, it was written in 
1980 and published in January 1981 and is 
from a case history on the introduction of 
word processing. It implies that office 
methods haven't changed much in over 80 
years and carries a stern warning of hazards 
ahead. 
Word processing is now a boom area for 

manufacturers and equipment suppliers. 
But the potential user had better be wary. It 
is all too easy to stumble into the trap ex-
perienced by those bold enough to invest in 
data processing in the 1960s. In those days 
persuasive  sales  talk  and  extravagant 
claims for economy as well as efficiency 
only too frequently led to hasty installa-
tions, muddle, inefficiency and high costs. 
The jokes about computers all but disap-
peared as computer science attained 
maturity. Early hilarity has been supplanted 
by the menace of computer fraud —no 
laughing matter. 
Now that we are all accustomed to, even 

conditioned to, data processing, a transition 
to word processing ought to be com-
paratively easy and painless. And, one 
would have thought, demonstrably so as an 
office has a well understood structure and 
purpose. 
Not so, according to this case history. 

The authors went back to first principles 
and asked themselves what an office is and 
what it does. They found that in their own 
case that different departments organised 
their affairs quite differently and often to 
suit the personal needs of executives and 

secretaries as well as particular charac-
teristics of the work undertaken. 
There were more than 20 departments 

employing some 1,500 staff, half in Lon-
don, originating over 1 .2 million pages of 
text on A4 paper per year. When they 
looked at what people did they discovered 
that 150 person-years of time which should 
have  been  available for profit-earning 
professional tasks was being frittered away 
on internal administration.  In fact the 
biggest savings would not be in reduction 
of secretarial costs but in gains of manage-
ment time. 
When it came to selecting a system it 

was found that over 30 suppliers offering 
over 50 different systems were available. 
Whittling these down to a short-list and 
final selection was no easy task. 
The investment was eventually some 

£700,000 for the London office and an 
equal amount for the provincial offices, 
making a grand total of £1.4 million. The 
payback period was calculated as two years 
or less. 
There is no space to describe all the 

development of software, training of staff, 
integration of the system with existing data 
processing facilities, or possible future ex-
pansion of the word processing system in 
terms of both size and newer technology as 
it becomes available. Or of how the system 
was progressively introduced, section by 
section, of 85 work stations without disrup-
tion of the daily work schedule. 
The conclusion is that word processing is 

available now and is cost-effective. There is 
no mention of staff redundancy so that one 
assumes that payback in this case is added 
capacity for throughput which can only pay 
with an increase in business. In other 
words, while there are no immediate redun-
dancies there should be no need to expand 
the staff for a long time ahead. 
While this picture looks bleak for office 

workers, the other side of the coin is a huge 
new market for the electronics industry in 
manufacturing, installation, servicing and, 
eventually,  a substantial replacement 
market, not to mention armies of software 
specialists. 
Albert Einstein is recorded as 4ving 

said: "If we look hopefully upon the shape 
of things to come, we can visualise auto-
mation as the greatest blessing mankind 
has ever known." I can only add that it 
seems a pity that the implementation of 
such a blessing is so painful. 

Inertia 
As a counterweight to the above an emi-

nent engineer last year was remarking that 
although technology continues to advance 
it was slow in introduction and had had lit-
tle real effect on our daily life pattern. As 
examples he quoted that people still com-
muted every day in great discomfort and 
read newspapers produced and distributed 
in the same manner as in the early part of 
the century. 
How true! But he, too, is expecting big 

changes. What he was describing was that 
today there is practically no technical 
limitation to what can be achieved. The 

only real barrier to change is that people are 
conservative by nature. 

Expansion 
Ten years ago Aberdeen Airport was a 

busy terminal handling 30,000 aircraft 
movements per year of which 4,000 were 
helicopters. This year the projected move-
ments  are  130,000  including  53,000 
helicopter movements. A new runway was 
laid down in 1977 and a new control tower 
added in 1979. Latest addition is a com-
prehensive CCTV system for monitoring 
apron parking, refuelling and baggage han-
dling areas. 
Such has been the impact of North Sea 

oil. The spin-off for the electronics industry 
is substantial and not only at Aberdeen. 
Exploration, drilling, pumping, data logg-

ing, communications at sea are all huge 
markets benefiting the industry. It is in-
teresting to note that in an analysis of the 
performance of the FT 30 Ordinary Share 
Index over the past three years that the oil 
giant BP is a notable high flyer with a gain 
of 90 per cent showing the strength of oils. 
But BP comes only third. Runaway winner 
is Plessey with a gain of 170 per cent since 
1978 and GEC a creditable second-placer 
up 117 per cent. 
There are some doubts on whether the 

government can maintain the promised 
level of defence spending and this could 
have an effect on both GEC and Plessey 
prospects with some major projects. But 
both these companies have a wide spread 
of activities and any programme reductions 
or delays are not likely to have a great 
effect. 
In fact the outlook for electronics has 

never been brighter. One market analyst, 
Mackintosh, is forecasting an overall Euro-
pean growth rate of 12 per cent through to 
1984 and that the UK will increase its 
market share. 
The  British  Electrical  and  Allied 

Manufacturers'  Association  (BEAMA), 
which includes heavy electricals as well as 
electronics firms in membership, reported a 
17 per cent rise in exports over the first 
nine months in 1980. In the same period, 
imports were up only 10 per cent. 

ATE. 
Automatic test equipment (ATE) con-

tinues to thrive. Marconi Space and 
Defence Systems are supplying equipment 
for the Middle Eastern military base work-
shop. The contract is worth £2.5 million 
and the equipment supplied will be used to 
check out 150 p.c.b.s, sub-assemblies and 
other electronic units on main battle tanks. 
On a more modest scale a Racal ATE 

worth £64,000 has gone into service with 
audio engineers Neve, who make sound 
mixing consoles for broadcasting and other 
high quality applications. Manual testing of 
a complex Neve p.c.b. takes as long as 3-1-
hours. The Racal ATE does the same job in 
five minutes. 
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CONSUMER ELECTRONICS 

\. 

A gallery of impressions fro m the Consu mer 

Electronics Sho w held in Las Vegas, January 1981. 

• 

Twelve FL-1000s under computer con-
trol in an automated broadcast. Photos 
courtesy of Eumig. 

Claimed  to  be  the 
world's first computer 
connectable cassette 
deck, the Eumig FL-
100.  Built-in  micro-
processor enables on-
tape indexing of sound 
tracks. 

BSR's ADC Sound Shaper Two Mark III, with led. 
slide controls, each with defeat switch for individual 
on/off. Unit includes 12 frequency controls of 24dB 
range per channel. Courtesy BSR (USA) Ltd. 

Ultra-lightweight head-
phones  by  Mura. 
Weighing just 1.6 oz, 
the "Red Set" phones 
employ  samarium-
cobalt drivers. Courtesy 
of Mura Corp. 

New Revox B795 direct drive turntable with 
Linatrak tangential tracking system. Motors are 
controlled by Hall effect sensors via quartz-
referenced phase locked loops. Courtesy 
Studer Revox America Inc. 

More  conventional 
than  the  deck 
shown above —or is 
it? All operations 
are  computer 
supervised,  and 
controlled  entirely 
at the fascia so that 
the dust cover stays 
down.  The  new 
FR-045  turntable, 
courtesy of Sansui. 

C -Not a two-face3) 
grandfather clock, 
but  the  Revox 
Audio  Rack. 
Galvanized steel to 
give strength, oak 
veneer  to  give 
finish. Courtesy of 
Studer Revox. 

The  world's  most  expensive 
stereo receiver, or so it is 
claimed, is the Revox B780. In-
corporating a 70 W per channel 
amplifier and  quartz-controlled 
synthesizer FM tuner, the entire 
system is based on advanced 
technology. The unit also uses a 
microprocessor to manage the 
18-station recall memory (with 
back-up battery). Specification is 
top line, and a Dolby FM circuit 
card  can  be  user-installed. 
Suggested list: $2699. 
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Dimensions 
UC-U3 mini-amp: 

11 in. wide, 4 in. high, 10 in. deep 

Cassette deck: 
11 in. wide, 4 in. high, 10 in. deep 

UC-S4 AM/FM 
digital tuner: 
11 in. wide, 2 in. high, 10 in. deep 

The Akai mini-
component sys-
tem, UC-3. The 
amplifier  pro-
duces 45 W of 
power per chan-
nel. Courtesy of 
Akai America 
Ltd. 

Selling the concept of psychoacoustics, 
"Doc" Cavalier of Omnisonix Ltd. says of 
his Imager . .. "far more dramatic than the 
performance of a dynamic range expander". 
Shown here is the 801-A, intended for 
automobile hi-fl. Courtesy of Omnisonix 

Ltd. 

( 
Put  a tape 
of any oxide 
formulation 
into this cas-
sette  deck, 
and the on-
board com-
puter  will 
have adjus-
ted to correct 
bias, equali-
sation and sensitivity within seconds. Functions are 
solenoid (logic) controlled. The fluorescent bar meter 
allows for peak hold, and Dolby noise reduction is in-
cluded in the GX-F95. Akai America Ltd. 

The Bearcat  150 
synthesised scan-
ner, featuring  10-
channel memory, 
fluorescent display 
and membrane key-
pad operation. Fre-
quency ranges from 
30 to  512MHz, 
covering 5 bands. 

Magnavox  14-day  programmable 
touch-tune VHS VCR, model 8340 
portable. Features frame by frame 
advance, variable slow motion, stop 
action, fast motion and picture 
search; fascia or remote control. 

Described as the unconventional colour video 
camera, Akai's VC-X1 features auto-focus, whereby 
the camera adjusts itself relative to the main subject 
matter. The equipment can handle close-up and low 

light  level 
work. Photo 
courtesy of 
Akai. 

Leading edge technology con-
cealed in a "Mediterranean" 
styled colour TV. Model 5056 in 
Pecan, hy Magnavox. 

Magnavision laser-optical videodisc player. Forward, reverse, speed 
and search facilities, plus choice of bi-lingual-or-stereo, are built in. 
Video discs are immune to dust and scratches. Courtesy of 
Magnavox. 
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Today's look in television. 
The CB-954 is one of the 
latest family of 19 inch 
sets from Toshiba. Picture 
improvement results from 
the following: Electronic 
Noise  Cancellor,  Auto-
matic Dark Picture Inten-
sifier, and a White Detail 
Purifier. Photo courtesy of 
Toshiba America Inc. 

Computers disguised 
as animals aid develop-
ment in thinking and 
co-ordination in the 
very young. 

POCKET TELEVISION 
WITH 

LIQUID CRYSTAL 
SCREEN 

The star revelation at Las Vegas was undoubtedly three hand-held UHF—VHF 
TVs, whose monochrome pictures are produced on flat-screen I.c.d.s. Each unit 
measures an amazing 6.8 x 3.2 x 0.7 inches thick, and weighs just 10.5 
ounces. The screen system used measures 1.2 x 1.6 inches (2 in. diagonal). One 
model incorporates a digital clock, and 
another, a radio. All three televisions can 
double the image size by zooming in on the 
centre area of the screen. 
This is the way Toshiba describe the 

operation  of  their  breakthrough:  The 
screen comprises a liquid crystal matrix 
panel filled with liquid crystal in a gap bet-
ween the integrated circuit and the front 
glass. A picture is the end result of 
brightness differences on the crystal 
created by voltage differentials." 
Photographs courtesy of Toshiba Con-

sumer Electronics Divn. 

•   ( 
-Jyta-v 

6    

Mattel Electronics, a pioneer of hand-
held electronic games, is expanding in 
the computerised video games field. 
Some of these games are shown below. 

OUTLAW BO WLING 

A unique three-
di mensional 
game  called 
Cosmos. In addi-
tion to what are 
described  as 
"Holoptic" im-
ages,  this 
sophisticated 
I.e.d, game in-
corporates novel 
sound effects. 

FLAG CAPTURE 

I  El 
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HUMAN CANNONBALL 
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Mura claim this is one of the 
lowest priced digital VOMs. The 
LCD-200 features easy-to-read 
4- inch high digits, and is intended 
for hobbyists and engineers. 
Banana plugs are used in 

preference to pin contacts, and 
a// ranges are switched, obviating 
the need to change the probe 
leads from one socket to another, 
as is often the case with cheaper 
units. Photo courtesy of Mura 
Corporation. 

The EL-7001 
Memowriter 
is an 
alphanumeric 
typewriter/ 
calculator 
with 40 
word-
memories, by 
Sharp. 

.1 

Praxis 35 por-
table electronic 
typewriter.  Auto-
matic correc-
tion of last ten 
characters via 
memory.  Cour-
tesy of Olivetti. 

Fuzzbuster's 
radar  detector 
for cars. The 
remote portion, 
utilising  dielec-
trically  coupled 
waveguide tech-
nology, fits be-
hind the radiator 
grill.  Electrolert 
Inc. 

I, 

S ii,  _00 00110:11111 *   The Imagination Machine II with 27K ,.......00.0000.... . °1°  Mac   
RAM, 14K ROM, is a small 
business system with r.r.p. 

$1,199. It features up to eight 
video colours, sound synthesiser. 

BASIC or 6800 mic, object orientated 
and point resolution graphics. Photo shows 

floppy interface module inserted. Courtesy of 
APF Electronics. 

The "jewelry look" 
has  come  to 
calculators.  This 
charcoal grey case 
with raised chrome 
numeral keys and 
I.c.d. display should 
suit  some  ex-
ecutives. 

The Kosmos biorhythm unit and world time clock will 

display data on six people. It also has a stopwatch. 
Courtesy of Kosmos International of Atlanta. 

A few of the very many Atari games on 
offer. Pictures courtesy of Atari Con-
sumer Divn. 

GOLF SKYDIVER 
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Oscilloscopes 
....HOW THEY WORK 

Part One...The Cathode Ray Tube... by Ian Hickman 
This two-part feature is taken fro m the last two chapters of a ne w 

book by this well-kno wn author. Published by Ne wnes Technical 

Books the paperback is entitled Oscilloscopes. Ho w to use the m. 
Ho w they work. 

THE cathode-ray tube is the main componen t of an  
oscilloscope. A cathode-ray tube consists basically of an 

electrode assembly mounted in an evacuated glass vessel (Fig. 
1). The electrodes perform the following functions: 

1. A triode assembly generates the electron beam, 
originally called the "cathode ray". It consists of a cathode 
K heated by a filament F, a control grid G and the first 
beam-acceleration electrode (2). 
2. An electrode (1) focuses the beam. 
3. The beam is then further accelerated before reaching 
the deflection plates. 
4. The vertical deflection plates change the direction of the 
beam in proportion to the potential difference between 
them. When this is zero, i.e. the two plates are at the same 
potential, the beam passes through undeflected. The ver-
tical deflection plates are so called because they can deflect 
the beam in the vertical direction, so that it hits the screen 
at a higher or a lower point; they are actually mounted 
horizontally above and below the beam, as shown in Fig. 1. 
Similarly the horizontal deflection plates permit the beam 
to be deflected to left or to right. 
5. The deflected beam then hits the fluorescent coating on 
the inner surface of the glass screen of the c.r.t. The coating 
consists of a thin layer of "phosphor", a preparation of 

gun 
deflection screen 

COOtfng 

Fig. 1. Basic oscilloscope (electrostatic) cathode-ray tube 
(courtesy Enertec Instrumentation Ltd.) 

very fine crystals of metallic salts deposited on the glass. 
The "spot" or point of impact of the beam glows, emitting 
light in all directions including forwards. Modern c.r.t.s are 
aluminised, i.e. a thin layer of aluminium is evaporated on 
to the rear of the coated screen. The electrons pass through 
this with little retardation, causing the phosphor to glow as 
before, but now the light emitted rearwards is reflected 
forwards, almost doubling the useful light output. 

The potential at the focus electrode is adjusted to obtain a 
very small round spot on the end of the tube. Unfortunately, if 
no other control were provided, it would often be found that the 
focus control setting for minimum spot widths was different 
from that for minimum spot height. This is avoided by providing 
an astigmatism control. In the case of a simple cathode-ray tube 
this consists of a potentiometer that adjusts the voltage on the 
final anode and screen relative to the deflection plate voltages. 
Alternate adjustments of the focus and astigmatism controls 
then permit the smallest possible spot size to be achieved. With 
more complicated tubes using a high "post-deflection accelera-
tion ratio" another electrode is often needed. This is a 
"geometry" electrode and is connected to another preset poten-
tiometer, which is adjusted for minimum "pincushion" or 
"barrel" distortion of the display. 
When an electron beam passes between two horizontal plates 

Fig. 2. Y-deflection sensitivity: see text (courtesy Enertec 
Instrumentation Ltd.) 
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that have a potential difference of V volts between them (Fig. 2) 
it is deflected vertically by an amount: 

KVLD 
AY =   

2 Vad 

where L  = length of the plates 
D  = distance between the plates and the point on the 

axis where the deflection is measured 
d  =-- distance between the plates 
Va = acceleration voltage applied to the beam at the 

level of the plates 
K  = a constant relating the charge of an electron to 

its mass. 

The Y deflection sensitivity of a c.r.t. is defined by AY/ V and is 
expressed in cm/V. However, in practice the inverse relationship 
is normally used: V/ A Y, in V/cm, i.e. the differential deflection-
plate voltage necessary to achieve a spot deflection of lcm. 
Brilliance or intensity modulation (also called Z modulation) 

is obtained by the action of a potential applied to the cathode or 
grid that controls the intensity of the beam. Generally, a change 
of 5V will produce a noticeable change of brightness, while a 
swing of about 50V will extinguish a maximum-intensity trace. 
The beam is normally extinguished during "flyback" or 
"retrace"; see Part 2. This may alternatively be achieved in 
some c.r.t.s by means of an auxiliary "blanking" electrode, 
which can deflect the beam so that it no longer passes through 
the deflection plates and hence does not reach the screen. 

TUBE SENSITIVITY 
The deflection plates of a c.r.t. are connected to amplifiers, 

which can be of relatively simple design when the required out-
put amplitude is low; it is therefore desirable for the tube sen-
sitivity to be as high as possible. To enable the amplifier to have 
a wide bandwidth, the capacity between the plates must be kept 
low, so they must be small and well separated. On the other 
hand, in order to obtain a suitably clear trace of a signal with 
low repetition frequency (or single-shot) the energy of the beam 
must be high. But the ideal tube must be: 

I. Short (not cumbersome): D small 
2. Bright (high acceleration voltage): Va large 
3. And with low deflection-plate capacity: L small, d large 

This gives a tube with very low sensitivity, considering the 
formula: 

AY  KLD 
Sensitivity —   

V  2 Vad 
The requirements for high sensitivity contradict the terms of the 
equation. Practical cathode-ray tubes are therefore the result of 
a compromise. However, techniques have been developed to im-
prove a selected parameter without prejudice to the others. Post-
deflection acceleration (p.d.a.) is one of these; see Fig. 3. To im-
prove the trace brightness while retaining good sensitivity, it is 
arranged that the beam passes through the deflection system in a 
low energy condition (relatively low initial acceleration); post-
deflection acceleration is then applied to the electrons. This is 
achieved by applying a voltage of several kilovolts to the screen 
of the c.r.t. 
Spiral p.d.a., Fig. 4, is a development of the basic p.d.a. 

technique, and consists of the application of the p.d.a. voltage to 
a resistive spiral (500M12) deposited on the inner tube surface 
between the screen and the deflection system. The uniformity of 
the electric field is improved, which reduces distortion. In addi-
tion the effect of the p.d.a. field between the deflection plates is 
weaker, so the loss is sensitivity caused by this field is reduced. 
The use of a field grid —Fig. 5a —avoids any reduction in 

sensitivity caused by the effect of the post-deflection accleration 
field. A screen is interposed between the deflection system and 

the p.d.a.; this makes the tube sensitivity independent of the 
p.d.a., a significant benefit. The screen must, of course, be 
transparent to the electrons and is formed from a very fine 
metallic grid. With this system we reach the domain of modern 
cathode-ray tubes. 
The next development is the electrostatic expansion lens — 

Fig. 5b. By modifying the shape of the field grid (e.g. a convex 
grid) it is possible to create, with respect to the other electrodes, 
an electric field that acts on the electron beam in the same way 
as a lens acts on a light beam. It is therefore possible to increase 
the beam deflection angle, for example by a factor of two, which 
improves the sensitivity by the same amount. 
The field can also be formed by quadripolar lenses. So, for ex-

ample, if the sensitivity of a spiral tube is 30V/cm in the X axis 
and 10V/cm in the Y axis, then the sensitivity of a lens-fitted 
tube, for the same trace brightness, may be 8V/cm in X and 
2V/cm in Y or even better. 

OV  I kV 

5 kV 

Fig. 3. Single-stage post-deflection acceleration (courtesy 
Enertec Instrumentation Ltd.) 

Fig. 4. Spiral p.d.a. (courtesy Enertec Instrumentation Ltd.) 

OV 1 kV 

metallic 
screen 

(a)  25 kV 

(b) 

Fig. 5. (a) Mesh p.d.a.; (b) As (a) combined with expansion 
lens (courtesy Enertec Instrumentation Ltd.) 
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Fig. 6. Delay-line Y-deflection plates (courtesy Enertec In-
strumentation Ltd.) 

--I  1 -13r 1110r 

(a) 

Fig. 7. Travelling-wave Y-deflection plates (courtesy Ener-
tec Instrumentation Ltd.) 

8-13-
:-D-1 a 

(b) 

Fig. 8. (a) Dual-gun tube; (b) Dual-gun tube with common X- deflection plates (courtesy Enertec Instrumentation Ltd.) 

To improve the sensitivity by modifying the deflection system 
it is necessary to do one of two things: 

I. Reduce the distance between the plates, increasing the 
capacity between them; in addition it must be possible to 
deflect the beam without it striking them. 
2. Lengthen the plates, again increasing the capacity; 
however, the transit time involved limits the application of 
this idea. 

The transit time is the time taken for an electron to pass through 
the deflection system: to = L/electron speed. Suppose that a 
sinusoidal voltage of period to is applied to the deflection plates. 
An electron leaving the plates will be in the same position as one 
entering the system, because the instantaneous value of the 
voltage applied to the plates will be the same (one period be-
tween the input and the output) and there will be no deflection. 
To enable the beam to be deflected so as to trace the outline of 
the applied signal, the length of the plates must be small com-
pared with the distance the electrons travel during the period of 
one cycle of the signal. So for high-frequency work the plates 
must be short, which again reduces the sensitivity. 
This problem can be circumvented by the use of sectional 

plates (Fig. 6). To improve the sensitivity several plates are 
placed in series, connected by a delay line. As the propagation 
velocity of the line is made equal to the speed of the electrons in 
the beam, the deviation accumulates successively. On the other 
hand the parasitic capacitance of the plates is incorporated in 
the delay line, which must be terminated in its characteristic im-
pedance. The design of the line is entirely determined by its stray 
capacitance and the propagation time. This brings us to delay-
line deflection plates (Fig. 7). Here, the dimensions of the plates 
have been reduced and their number increased. Two flattened 
helices are used, each spiral acting as a deflection plate. The 
helix is constructed in such a way that its propagation velocity 
corresponds to the speed of the electron beam. These deflection 
systems, together with field grids or quadripolar lenses (or both), 
permit the construction of very high-performance tubes. 

OTHER TUBE CHARACTERISTICS 
To be suitable for use at high frequencies a c.r.t. must, as 

already discussed, have a highly developed deflection system. 

But this alone is not sufficient when it is required to observe and 
photograph fast pulses with low repetition rates or single-shot 
phenomena. The brilliance of the display must also be adequate. 
This is why "writing speed" is an important feature in these con-
ditions. Writing speed is defined as the maximum speed at which 
a spot, passing once across the tube face, can be photographed 
under specified conditions (camera, aperture, image/object, film 
sensitivity). 
On the occasions when it is necessary to compare several fast, 

single-shot phenomena occurring simultaneously, the only solu-
tion is to use an oscilloscope equipped with a c.r.t. with several 
beams. There are a number of different types available: 

I. Multi-gun tubes. Fig. 8a shows a c.r.t. with several 
cathode-ray assemblies mounted in a single tube. Fig. 8b 
shows a tube where each gun or triode assembly has its 
own vertical deflection system but shares common 
horizontal deflection plates. All phenomena are displayed 
with the same sweep speed. 

Fig. 9. Electrode assembly of Brimar mesh p.d.a. c.r.t. type 
D13-51 G H (courtesy Thorn Brimar Ltd.) 
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2. Multi-beam tubes. There is a single electron gun for the 
different deflection systems, typically two. The beam is 
shared between each deflection system by means of a split-
ter plate. This type of tube is more economical because 
there is a single gun assembly. However, there is reaction 
between the two systems, and the brilliance of the displays 
cannot be adjusted separately. 

CONSTRUCTION 
The construction of the electrode assembly of a mesh p.d.a. 

cathode-ray tube is shown in Fig. 9. The deflection plates are 
within the cylindrical shield and the mesh covers the square 
opening at the end. The wires of which the mesh is woven are so 
fine that it is invisible; this also ensures that it is transparent to 
the beam of electrons. Fig. 10 shows a high-performance 
oscilloscope c.r.t. with side connectors to the deflection plates 
for minimum capacitance, spiral p.d.a., internal graticule, bon-
ded implosion guard and light guide for graticule illumination. 

Fig. 10. Brimar spiral p.d.a. c.r.t. type D14-210GH/82 with 
internal graticule (courtesy Thorn Brimar Ltd.) 

All the measures to maximise the bandwidth of a c.r.t. men-
tioned previously —p.d.a., delay-line deflection plates, scan ex-
pansion lenses —have been put together in the cathode-ray tube 
used in the Tektronix type 7104 oscilloscope. This instrument 
boasts a IGHz real-time bandwidth, this limit being set by the Y 
amplifier rather than the c.r.t. itself. The latter could display 
signals up to 2.5GHz, were it possible to design suitable wide-
band drive circuitry. Also, notwithstanding the conflict, ex-
plained earlier, between tube design parameters for optimum 
bandwidth and maximum writing speed, this tube achieves the 
remarkable writing speed of 20,000cm4ts, using ASA 3000 film 
without fogging. (In fact, single-shot events at that speed can 
also be seen comfortably with the naked eye.) The secret is 
revealed in Fig. II, which shows that in addition to the measures 
already mentioned, the c.r.t. incorporates a microchannel elec-
tron multiplier plate. This consists of thousands of short parallel 
tubes, each coated internally with a high-resistance film. Each 
individual tube acts as an electron multiplier by virtue of secon-
dary emission, resulting in 10,000 electrons hitting the phosphor 
for each electron in the beam. Owing to the small spacing 
between the microchannel plate output side and the aluminised 
phosphor, together with the high potential difference between 
them, there is negligible spreading of the output of each 
microchannel tube, maintaining a small sharp spot size. 

NEXT MONTH: the oscilloscope circuitry. 
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Fig. 11. Cathode-ray tube used in Tektronix oscilloscope 
type 7104 (courtesy Tektronix UK Ltd.) 

OSC1110SCOPeE  Look  

new 
boo y 

How to use the m 
How they work 

Ian Hickman 

Explains from first principles what 
the oscilloscope does and how it works. The 
capabilities of both basic and advanced 
scopes and related instruments are examined. 
Essential reading for all users and potential users 
of these vital electronic tools. 

216 x 138mm  128 pages  Illustrated 
0 408 00472 X £3.45  Paperback 

Available from your local bookseller or in case of 
difficulty from the publisher. 

ORDER NOW. Cut out this coupon and return it to 
Patricia Davies at the address below. 

Please send me  copy/ies of Oscilloscopes 
(Hickman) 0 408 00472 X @ £3.45 Paperback 

I enclose a cheque/PO for £ 

From   

Address 

in total payment 

(PE/4 81) 

ewnes Technical Books 

Practical Electronics  April 1981 

Borough Green, Sevenoaks, Kent TNIS 8PH 

29 



PE 
IM MO, 

B RI AN C URRIE 

THE PE Digisounder is a digital depth gauge suitable for all 
types of small vessels. The I.c.d. read-out gives a clear 

unambiguous display, drawing only a small operating 
current. This makes it particularly suitable for sailing boats 
where power is often at a premium. The 'Digisounder' also 
includes an internally pre-settable alarm which gives an 
audible warning if the depth of water below the hull drops 
under a certain level. 
Assuming sufficient interest a synthesised speech board 

will be featured in a future issue. This will utilise a small 
loudspeaker and actually call out the depth indicated on the 
Digisounder. This facility will be particularly useful to single-
handed sailors or when sailing at night. It will fit inside the 
'Digisounder' case and outputs are provided ready for it. 
The 'Digisounder' can be constructed at a fraction of the 

cost of similar commercial equipment and will replace the 
'Seafarer' type fitted in many boats, as it utilises the same 
ultrasonic transducer. 

'DIGISOUNDER' BASICS 
The principle is similar to radar in that a pulse is transmit-

ted, and the time taken for the reflection to return is propor-

PART 1 r 

tional to the distance the pulse has travelled. With r 
pulse is electromagnetic and travels at 300,000km per 
second approximately. The Digisounder uses an ultrasonic 
pulse of usually  1 50kHz, which travels approximately 
1.5Km per second in water. So typically, we will expect time 
durations in the order of tens of milliseconds. 
Conventional depth sounders usually have a rotor with an 

I.e.d. or neon, which flashes as the pulse is transmitted and 
flashes again when it is received. By this time, the rotor has 
moved further round the clock face scale, giving an approx-
imate indication of depth. This system, besides being 
sometimes hard to read, is very wasteful of power as the 
rotor consumes power as it turns, and to give an apparently 
continuous display, the pulse must be transmitted and led. 
flashed several times a second. 

The Digisounder only transmits one pulse of 500 microse-
conds duration per second and the I.c.d. display consumes 
negligible power, so the overall consumption from a 9V bat-
tery is around 7mA, compared with 250mA for the conven-
tional type. 
The overall operation can be seen from the block diagram, 

in Fig. 1.1. Although the circuit contains certain extra 
\ \\,. 
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AMPLIFIER 

ITRANSDUCER' 
Fig. 1.1. Block diagram of the Digisounder 

features, the basic operation is to pulse an electronic 
transducer. At the same time, a counter is reset to zero and 
the counter input is held open. An oscillator input is fed into 
the counter, which will commence to count. The counter is 
stopped and the resultant count displayed on receipt of the 
transmitted pulse. This count is dependant on the depth of 
water below the transducer. Varying the oscillator frequency 
means that the read-out can be in feet, metres or fathoms. 

CIRCUIT DESCRIPTION 
The complete circuit diagram of the Digisounder is shown 

in Fig. 1.2. The 1Hz oscillator ICI d, e, f controls the timing of 
the circuit. It initiates the cycle of firing the 500µs 
monostable IC2e, IC2f which gates the 150kHz oscillator 
IC1a, IC1b, IC1c, "on" (for 500µs). The tuned power am-
plifier TR3, TR4, TR5 amplifies this 9V pk-pk square wave to 
about 400V pk-pk. The waveform at this stage is approx-
imately sinusoidal because of the tuning. When this 400V 
signal is applied to the transducer, the crystal turns the elec-
trical signal into an acoustic one, which travels down to the 
seabed where it is reflected. On returning to the transducer, 
it is converted back to an electrical signal (typically tens of 
microvolts). 
The tuned amplifier TR8, TR 1 0 has a time dependant 

automatic gain control TR6, TR7. The 1Hz oscillator turns 
the gain down during transmission and raises it again over 
the following 30 milliseconds. As the transducer is fired, a 
positive going pulse appears at the output of IC3b, switching 
on TR7, discharging C9. Which then charges exponentially 
through R15, R16 and this changing level is fed via emitter 
follower TR6 to supply the first tuned stage of the receiver, 
TR9. The purpose of this is to reduce the risk of a false 
reflection from air bubbles or debris, which if they are near 
the transducer can cause large receiver signals and hence an 
incorrect depth reading. As the gain of the tuned amplifier is 
very high, it is susceptible to all sorts of interference, hence 
the need to turn the 150kHz oscillator off by D2 when it is 
not driving the transducer (if it were not turned off, some 
small amount of 150kHz might get through and saturate the 
amplifier). 

Internal view of the Digisounder 

COUNTER 
The heart of the unit is the main counter, which receives 

pulses from the oscillator. The gate of the countei . is held 
open from the moment the transmitter is fired until the retur-
ned pulse 'disables' the counter, and operates the latch, up-
dating the display. The time the gate is held open is propor-
tional to depth of water and the frequency of pulses fed in 
during this time determines the ultimate displayed figure. 
Therefore, by feeding in different frequencies, the counter 
will display feet, metres or fathoms. As an example, the 'feet' 
oscillator is exactly six times the frequency of the 'fathoms' 
input. This automatically converts the reading into fathoms. 
The counter used is the Intersil 7224, a 44- digit counter 

that will drive an I.c.d. directly. Although 3+ digits are suf-
ficient, this i.c. was chosen as being the most convenient 
method of implementing the required function. It features 
low power operation, direct 7-segment I.c.d. drive, latch and 
reset inputs and a count inhibit (enable/disable) control. 

"NO REFLECTION" DEFLECTION 
The flip-flop IC4a, IC4b is set by the 1Hz oscillator at the 

beginning of the transmit pulse and reset by the 
demodulator IC3e when a reflection is detected (so the out-

put is high for a time proportional to the depth of the water, 
and this signal is used to 'enable' the 7224 counter). If the 
bottom has soft mud or substantial weed growth, it is possi-
ble that no reflection will be detected. IC5a, IC5b another 
flip-flop is set on transmission, and stays in this position as 
long as reflections are received. If, however, after approx-
imately 0.5 seconds, no reflection is received, IC5d resets it. 
IC5a output goes low, which resets the main flip-flop (IC4a, 
IC4b) and prevents the latch pulse being transmitted by 
IC4d. TR11 turns on, and pulls the reset and latch inputs of 
the 7224 low. This makes the display show a zero reading 
indicating that no reflection has been received. As soon as a 
correct reflection arrives, normal operation recommences. 

DEPTH OSCILLATOR 
By varying the rate of the oscillator IC6b, IC6e, IC6f ap-

plied to the count input of the 7224, it is possible to arrange 
the display to show the depth in any desired unit — feet, 
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COMPONENTS . . . 

Resistors 
81 
82, R11, R12 
R3, R42 
84, R13, 816, 826, R28, 829, 
835. 836, 838, 839, 844, R46 
85, 820, 830, R32, 837, 845 
86, 87, R22, 824, 841 
138, R18 
89, 831, 840 
810, 817 
814, 825 
815,833 
819 
R21, 823 
827 
834 
843 

All resistors -;W 5̀', carbon 

Potentiometers 
VR1. VR2 
VR3 
VR4 
VR5 

Capacitors 
Cl, C8 
C2, C14, C17 
C3, C15, C18, C24 
C4 
C5, C10, C11, C19, C20, C21, 
C23, C25, C28 

22 
1k (3 off) 
2k2 (2 off) 
100k (12 off) 

10k (6 off) 
1M (5 off) 
560k (2 off) 
47k (3 off) 
22k (2 off) 
4k7 (2 off) 
33k (2 off) 
2M7 
470)2 off) 
470k 
68k 
10M 

10k per min. (2 off) 
22k per min. 
47k per min. 
470k per min. 

470µ 16V (2 off) 
10µ 16V (3 off) 
100p (4 off) 
470n 
ln (9 off) 

C6, C7 
C9 
C12 
C13, C16 
C22 
C26 
C27 

Semiconductors 
D1 
D2-D14 
D16 
D15, D17 
18 1. TR4 
T82, TR3, 1R6, TR7, 189, 
TR11,TR12 
TR5 
TR8, TRIO 
IC1, IC2, IC3, IC6 
IC4 
IC5 
IC7 

47p (2 off) 
47n 
220n 
560p (2 off) 
10n 
22n 
111 

IN4001 
1N4148 (13 off) 
8ZY88 10V Zener 
8ZY88 5V6 Zener (3 off) 
BFY50 (2 off) 
8C237 (7 off) 

TIP41A 
2N3819(2 off) 
4069 (4 off) 
4011 
4001 
ICM7224 

Miscellanous 
3 pole 4 way switch 
31 digit I.c.d. 
PP7 battery and connector 
15 way p.c.b. plug and socket 
Case Pac Tec 60119-1 
UHF socket 
Am 10 (AL250) pot core kit (8S228-242) 
YXNS 30450NK 2mH choke (2 off) 
22 s.w.g. enamelled wire 
36 s.w.g. enamelled wire 
Ultrasonic transducer 
Soldercon pins 
WD1 Piezo-Electric Sounder 

Constructor's Note 

A complete set of parts for the Digisounder is available from Lascar Electronics, Unit 1, Thomasin Road, Basildon, 

Essex (0268 727383). Price 69.80 (transducer extra) 

metres, fathoms, inches etc. For the purpose of this design, 
the first three are used. 
Those who know the ICM 7224 will, no doubt, realise that 

it is a 41 digit counter, but here it is only being used to drive 
a 34- digit display. This is because there is little point in 
measuring to an accuracy of 0.01 feet (4th of an inch) when 
the boat will be moving up and down substantially more 
than that, due to the movement of the water. A 31 digit dis-
play is easier and cheaper to obtain with larger digits for the 
same glass size. 

"TOO SHALLO W" DETECTOR 
As the current consumption is so low, there is no reason 

why the instrument should not be left on all the time, in 
which case the shallow water detector IC4c comes into its' 
own. If there are three consecutive readings below a preset 
level (adjustable by altering resistor VR5 on the p.c.b.) an 
alarm sounds, so you can sleep in confidence that if the tide 
goes out, you will be woken up before it is too late! Three 
consecutive readings are required, as you might get an oc-
casional low reading from a fish or piece of debris near the 
transducer. The output from IC4a is taken low when the 
transmitter fires and stays low until the flip-flop is reset by 
the returning signal. When the output first goes low, C26 
discharges at a rate set by VR5. If the main flip-flop is reset 
before the voltage on C26 is below the CMOS threshold (ap-
proximately 4.5V) due to shallow water, then a negative go-

ing pulse on the output of IC4c partially discharges C27. 
This is normally being charged via R43. However, the circuit 
is arranged so that three consecutive low level' readings dis-
charge C24 to the point where IC5c switches on TA 12, ac-
tivating the alarm. VR5 allows setting of any depth between 
2-3 feet and 25 feet. 
If the depth sounder is to be used on a boat with an 

engine, it is imperative that the engine is properly sup-
pressed, otherwise it will produce interference, giving ran-
dom depth indications. 

PO WER SUPPLY 
The instrument operates from a 9V supply, from which is 

derived a 5V supply for the logic circuitry. The 9V supply can 
be from the internal PP7 battery, or external in the range 
12V to 30V. The external input is regulated down to approx-
imately 9V by D16, TR1. D15 and TR2 regulate the 9V input 
down to 5V. Diode D1 protects against reverse polarity con-
nection of external supply. 
The instrument can be powered from either a supply in 

the range 12V to 30V or an internal 9V battery, but not both 
at the same time, because the 9V battery may leak corrosive 
chemicals as a result of having charge pushed into it. If ex-
ternal supply is used, the internal 9V battery should be 
removed. 
NEXT MONTH: Construction, Testing and Instal-
lation 
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P.E. COMPUTER SPEECH PROJECT 
See P.E. Nov. '80 and Dec. '80 for relevant articles. 

M ODUS SYSTE MS LTD 
Phone Letchworth (04626174468 76392 

29A EAST CHEAP, LETCH WORTH, HERTS 506 304 

Osi-solder Pumps - Spring loaded wit 
quick action button release for one handed 
working. Large £5.10 + P&P 35p + VAT 
Smell £4.715 + P&P 30p + VAT. 
Replacement tips. Smell 65p + VAT 
Large 86p + VAT. 

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

Modus Systems Ltd can now supply a range of fixed-
vocabulary speech synthesiser boards to aid in the evalua-
tion and addition of speech to any computer or logic device. 
The words available are basic and revolve around numerical 
words such as "two", "thirty", ''pounds", etc. The units of 
particular interest, produced by Telesensory Systems Inc 
(TS!) are the 24 and 64 English units, consisting of a con-
troller chip and one or two 2K ROM's, respectively. 
Interfacing depends upon three main systems: logic, 

power and audio sections. Modus Systems have developed 
a General Interface Board which includes all of these 
aspects and permits easy interfacing to your logic system. 
Two levels of power supply are required. One (+5 Volt) is ex-
pected to be supplied from the microcomputer. The other is 
supplied from a power supply on the interface board, which 
also includes all necessary interfaces to the computer. The 
board also has an edge socket in which the speech board 
sits, and a plug and socket for ribbon cable connection to a 
computer. A small 10 to 15 Volt transformer is required for 
power and an 8 Ohm speaker for the voice output. 
A computer is by no means necessary to use the speech 

board. Any device (even a bank of switches!) which gives a 
6-bit word to signify which word into be spoken, along with 
a start signal will control the unit. Applications include 
speaking clocks, telephone answering, games, calculators, 
audio readout in industrial control applications, etc, etc. 

Vocabularies end prices: 
S2A (E44.95  80p PP t VAT: SPECIAL INTRO OFFER). 
24- Calculator type words: 0-9, v. x, etc. 
5281E69.50  80p PP  VAT) 64 words. 
As for S2A plus "ten", "twenty". etc, "pounds", "cm", 
"ounces ", etc. 
S2C(E69.50  80p PP v VAT) 64 words. 
Full ASCII set - each ASCIII Coder verbalised in sequence. 

Interface Board (Kit) 1£14.95 + 80p PP + VAT). 
S2A, B, C board plugs into on-board socket. This PCB contains latches, audio 
filter, PSU, audio amplifier, 1/0 plug and socket. 

** UNLI MITED SPEECH NO W AVAILABLE 
Modus Systems can produce customised speech fonts to suit individual 

applications. Vocabulary generation costs will depend on the specific words 
required, but they are not likely to exceed £1 50 pounds per new English word. 

** CO MING SOON 
Series ill speech board containing 119 words and all interfacing necessary 

on a single PCB (requires a single +5V supply only). Spare ROM socket may 
be used for a custom vocabulary. 

LO W COST 
EDUCATIONAL 

MICRO-
COMPUTER 

GET TO GRIPS WITH THE MICRO PROCESSOR 
ITSELF WITH 

THE EDUKIT 
you can even make it talk with our 

speech board! 

FULL KIT: £36.95 . 80p PP + VAT 
Designed by Dr. A. A. BERK 

(see P.E. review (April edition) & P.E. 
special offer May and June) 

TECHNICAL SPEC. 
** CMOS 1802 Processor (RCA) - ex-
cellent MPU for control. 
** 256 bytes of RAM -'plenty for learning 
machine codes. 
xx Hexadecimal display - large and 
readable. 
•• Full hex keyboard - positive 'click" type 
switches. 
** Full manual - starts at soldering, ends 
with control circuits. 
** Loudspeaker output - simple audio ex-
periments. 
** Excellent for all ages from secondary 
school level upwards. 

The EDUKIT has proven a great success providing an excellent introduction to silicon 
chip technology from the bottom upwards. Many schools and colleges are using the 
kit, and sales now extend world wide. The machine is not mean to form the basis of a 
large and expandable personal computer system. The EDUKIT teaches all those 
things which a purely BASIC running machine cannot. I.e. the basis of hardware 
electronic control, down-to-earth Bits and Bytes, Machine Code etc. - and all this at 
a really throw away price. The manual is written by Dr. A. A. Berk to impart 
educational understanding from the beginning. 
1802 USER'S MANUAL (essential for full understanding of MPU used in EDUKIT) 
£4.75 + 50p PP. 
FULL SOCKET SET for EDUKIT: £2.99 + VAT (PP included). 

EPROM PROGRAMMER P.C.B. £8.95 (fully inc.) 
(For 2708's & multi supply 2716's) 

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

TRANSFORMERS 
30 VOLT RANGE I2x15V SECS) 
Pri 0-220-240V Sec Volts available 3, 
4. 5. 6, 8, 9, 10, 12, 15, 18,20. 24, 30V 
or 12-0-12V or 15-0-15V. 

Amps 
Ref.  15V  Price  P&P 
112  .5  1  2.90  1.00 
79  1  2  3.93  100 
3  2  4  6.35  1.20  
20  3  6  7.39  1.44  
21  4  8  6.79  1.60 
51  5  10  10.86  1.60 
117  6  12  12.29  1.72 
88  8  16  16.45  1.96 
89  10  20  18.89  1.84 
90  12  24  21.09  0.A, 
91  15  30  24.18  O.A. 
92  20  40  32.40  O.A. 

CONTINUOUS 
RATINGS 

All voltages are at full load. 

+ VAT 15% 

50 VOLT RANGE 12 45V SECS) 
Pri 220/240V, Volts out 5, 7. 8, 10, 13. 
15, 17. 20, 33, 40V or 20-0-20V or 
25-0-25V. A m p s 

Ref.  50V 
102  .6 
103  1 
104  2 
105  3 
106  4 
107  6 
118  8 
119  10 
109  12 

25V 
1 
2 
4 
6 
8 
12 
16 
20 

Price 
3.75 
4.57 
7.88 
9.42 
12.82 
16.37 
22.29 
27.48 
32.88 

P&P 
1.20 
1.20 
1.44 
1.60 
1.72 
1.84 
2.20 
O.A. 
O.A. 

60 VOLT RANGE (Split Sec) 
Pri 220/240V Voltages available 6.8, 
10, 12, 16, 18, 20, 24, 30, 36, 40, 
48, 60 or 24-0-24V or 30V-0-30V. 
Ref.  Amps 

60V 30V  Price  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  17.42  1.84 
120  6 12  19.87  2.04 
121  8 16  27.92  0.A. 
122  10 20  32.61  O.A. 
189  12 24  37.47  0.A, 

12 01124V OR 12-0-12V 
Pri 220-240 volts 

Amps 
Ref  7 2V  24V  Price  P&P 
111  0.5  0.25  242  0.95 
213  1.0  0.5  2.90 1.00 
71  2  1  3.86  1.00 
18  4  2  4.46  120 
85  5  2 5  6.16  1.20 
70  6  3  6.99  1.20 
108  8  4  30V 6  1.44 
72  10  5  8.83  1.60 
116  12  6  9.89  1.60 
17  16  8  11.79  1.72 
115  20  10  15.37  1.84 
187  30  15  18.72  2.04 
226  60  30  40.41  0.A, 

AUTO TRANSFORMERS 
Voltages available  105,  115, 
190, 200, 210, 220. 230. 240. 
Ref.  VA  C  P&P 
11 3.  80  4.41  1.00 
64  75  5.89 1.20 
4  150  5.70  1.20 
53  350  10.09  1.44 
67  500  12.09  1.84 
84  1000  20.64  2.20 
93  1500  25.61  0.4. 
95  2000  38.31  O.A. 
73  3000  65.13  O.A. 
80S  4000  84.55  O.A. 
57S  5000  98.45  O.A. 
.0, 115, 220, 240. 

SPLIT BOBBIN Pri 0.240-Sec 
12-15-20-24-30V Volts out 3,4, 5, 6. FL 
9, 10, 12, 15, 18, 20, 24, 30V or 12-0-12 
or 15-0-15V. 
Ref 009 - 1 Amp £2-98. P & P.61 10 
Ref 010 - 2 Amp £4.65. P & P. £1 10 
open frame fixing. Other types available. 

157.5-0-7.5)vr  e 

171 500mA 240 
172 IA  3.26 
17324  3.95 
17434  443 
17544  6.30 

0 52 
0 92 
0.90 
0 99 
1 10 

MAINS ISOLATORS ISCREENED) 
Pri 0-120; 0-100-120V 1120, 220, 
240V1 Sec 60-55-0-55-60V twice to 
give 55, 60, 110, 115, 120, 125, 175, 
180, 220. 225, 230, 235, 240V, 
Ref  VA  Price  P&P 
.07  20  4.64  1.20 
149  60  7.37  1.20 
150  100  8.38  1.44 
51  200  12.28  1.72 
152  250  14 .61  2.04 
154  500  22.52  2.20 
155  750  3203.  0.A, 
156  1000  40.92  O.A. 
157  1500  56.52  0.A, 
158  2000  67.99  0.A. 
159  3000  95-33  O.A. 
•Pri 0-240V Sec 115 or 240V 
State sec volts required. 

CASED AUTO TRANSFORMERS 
240V cable in 115V USA flat pin outlet 
VA  Price  P&P  Ref 
20  6.55  0.95  56W 
75  8.50  1.20  64W 
150  11.00  1.44  4W 
250  13.39  1.44  69 W 
500  20.13  2.04  67w 
000  30.67  2.20  84W 

TRANSFORMERS END OF LINE OFFERS 
M6113- 240V: Scr 1 I 13-0-13 1A. 2) 

12V 150ma £1,50 

M708 - 6K to 30 matching transformer 5W  90P 40p 
B7  0.110-120-240V, Sec 20V lA  £1.80 66p 
M679 - 120V  2: 36V 1 6A  £3.00 78p 
M8135 - 100V Line 10 40 10 watts  £1.90 60p 

M1020 - 0-240V 12-0-12V  50ma  75p 41p 
M1126 - 120/240V: 9-0-9V  1A  £1.79 710 

UK 
Post-
age 
only. 
Over-
seas 
post 
extra. 

SCREENED MINIATURES 
Ref tnA  Volts 
238 
212 
13 
235 
207 
208 
236 
214 
221 
206 
203 
204 
239 
234 

200 
1A. IA 
100 
330.330 
500. 500 
IA, IA 
200.200 
300.300 
700tDCI 
1A. IA 
500 500 
1A, 16 
50 
500 

3-0-3 
0-6,0'e 
9-0-9 
0.8,0-9 
0-8-9.0-8-9 
0-8.9,0-8-9 
015.0.15 
0-20 0.20 
20-12.0-12.20 
0-15-20 twice 
0-15.271010. 
0-15-27-0 twine 
12-0-12 
6-0-6 

c  P&P 
243 0.50 
3.14 1.00 
245 0.50 
2.19 0.60 
3.05 0.95 
3.95 1.20 
2.19 0.60 
3.08 1.00 
3.75 1.00 
5.09 1.20 
4.39 1.20 
6.64 1.20 
248 0.50 
249 0 44. 

AVO TEST METERS 
Avo 8 M K5 latest model  £106.40 

C43.10 
;31 Electronic & TV Service E58.60 
MM5 minor 89x139.38  £36.90 
Wee Megger 500V  £87.00 
DA211 LCD. Digital  £47.00 
0A212 LCD. Digital  £67.00 
Avo DA116 Digital LCD.  £108.90 
Avo TI 169 in circuit transistor 
tester  £45.00 
All Avos Meggers and accessories 
available. P&P 61,32, 15% VAT 

OTHER PRODUCTS 

04315 Budget Meter 
20(0/V Ranges to 1000V, 2 5A AC/DC 
500K Res. In steel case £15.85 P&P £1 .32 

SPECIAL OFFER Multirneter 120K0/V) with 
combined audio/I.F, test oscillator at 1KHz. 
and 465 KHZ. AC/DC to 1000 volts. DC 
current to 500 MA resistance to 1M size 
160 .97 ‘40mrn f8•50. P&P 1 00, VAT 15% 

ABS Pillage Boxes: inset brass nuts, slots 
to take P.C. cards (boards) flush fitting lid. 

PSI- 80mm x 62 x 40 80p  P&P 
P82 - 100mm x 75 x 40 90p 
P83 - 120mm x 100 x 45 el .04  50p 
PB4 - 215mm x 130 x 85 E2.68  + VAT 

Bridge Rectifiers 
100V 25A £1.80 
100V 50A £2.20 
200V 24  .52 
2130V 4A  .75 
400V IA  .25 
400V 4A  .98 
400V 6A  £1.44 
500V 12A £3.80 

P&P 20p VAT 15% 

NE W RANGE TRANSFORMERS 
0-36-48 twice to give 36-0-3648-0-
48V, 60V, 72V, 84V, 96V, 
Amps  Ref  Price  PAP 
05  430  4.88  076 
1  431  8.12  0-99 
2  432  13.35  1 31 
3  433  16.17  1.40 
4  434  20.65  211 

435  29.30  2 47 
:   436 36.89  0.A. 
8  437  40.03  0.A. 

Antes Soldering Irons 16W(CCN240) 

Metal Oxide Resistors 4.‘A/ 5% £1.00/100 
30p P&P 4  VAT. A bargain.  Use instead 

&21a £4.58  5p P&P  VAT.  \IElectrosil) 
Safety stand for above £1.75 t P&P 30p 
• VAT.  390 W4700/5100/5600/8200/1K1/1K2 
Bordering Iron - 25W to 86 spec. £1.70 1 K6/1K8/2K/2K4/3K/16 K/20K/22K/24 K/47 K/82 K/ 
+30p P&P + VAT. is,  :a,  a isK 

Barrie Electronics Ltd. 
3, THE MINORIES, LONDON EC3N 1BJ 

TELEPHONE: 01-488 3316/7/8 
NEAREST TUBE STATIONS. Al OGATE  LIVERPOOL S 

01 Carbon  Film)  In  (Us only. 

BATTERY ELIMINATORS 
Plugs in o 13 amp socket 6-7.5,9 300ma £4.80 + P&P 
60p  VAT, 

PANEL METERS 
43 x 43mm  82mm  78mm 
0-50pA  6.20  0-50pA  8.70 
0-500pA 5.95  0-5006A 6.70 
0-1mA  5.95  0-1mA  6.70 
0-30V  5.95  0.30V  6.70 
VU led. Panel 48mm x 45mm or 
40mm x 40mm 250pA fsd. 
SV041  Edge  or centre 
zercre2.130 Carriage '76p. VAT 15% 

Send 20p 
for 

catalogue 
Prices 
correct 
1/1/81 

TELEPHONES 
Latest model telephone, brand new, boxed, 
2-tone grey £11.50 .P&P £1.20 f VAT. 

BURGLAR ALARM - Ultrasonic 20ft 
range no installation costs. Key operated; 
built in siren (external bell can be added). 
Looks like a speaker. £98.00 62.00 P&P 
VAT. 

"Educational" Meters (Moving coil) 
0-10A, 0-15V, 0-30V. 
Free standing large scale easily read meters 
with top screw terminals for quick connections. 
Size 75 x 78mm scale f4-50 P&P 66p + VAT. I 
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FRANK W. HYDE 

THE NEXT DECADE 
The Calendar for the npxt decade is a very 

full one. It is hoped that it will begin with the 
first trials of the Space Shuttle, Columbia. 
This issue of Spacewatelt should be in your 
hands for the date set for the launch, which is 
the 17th of March 1981. 
At the present time of writing Columbia is 

set up on its launch platform at the Kennedy 
Space Centre in Florida. The vehicle was 
powered up from the ground using ground 
based power. Engineers have since January 
5th been making the final inspections and the 
exhaustive check of the systems. 
On January 6th the prime team of astro-

nauts, John Young and Robert Crippen 
together with the back-up crew practised the 
escape routines. The back-up team are Joe 
Engel and Richard Truly. There are complete 
safeguards for the crew from the moment of 
count-down. A quick exit is possible during 
the final hours of count-down if an emergency 
should arise. 
The first orbital flight will last for 54 hours. 

During this flight the crew will test all the 
systems including the opening and the closing 
of the 59 feet long doors which cover the 
payload bay (where the spacecraft to be 
launched will be carried) and the space which 
is provided for other instruments. 
The Shuttle with its boosters will be 

launched vertically and will later re-enter the 
atmosphere to glide in an un-powered condi-
tion to the NASA Dryden Flight Research 
centre in Edwards, California. If an 
emergency should arise the crew can also land 
in Florida or at the White Sands Missile Base 
near Las Cruces, Mexico. 

PROSPECTS FOR THE NEXT 

DECADE 
August 1981 will see the encounter with 

Saturn by Voyager 2. Plans are already being 
finalised for this event. The success or 

otherwise is dependent on the state of the vehi-
cle when it arrives in the area of Saturn, before 
going on to Uranus. 
The Soviet Union have a planetary 

programme which will involve four Venus 
probes. Venera Nos. 13 and 14 will be 
launched in November this year with an en-
counter date in the spring of 1982. Two more 
Venera craft nos. 15 and 16 will be launched 
around June or July 1985. 
The missions will be "landers" and will very 

likely be similar to the Viking landers used by 
NASA on Mars. The two vehicles 13 and 14 
will land March/April 1982 to examine the 
surface of Venus and, no doubt will be making 
the details of the project available. The 1984 
mission will be a joint mission with France. 
Venera 15 and 16 will carry two balloons and 
two landers. These balloons at present being 
developed will carry instruments for the study 
of the Venusian atmosphere at a height of 56 
km over a period of about six days. The lan-
ders will be carrying out observations from the 
surface at the same time. It is not known at 
present whether the vehicles themselves will 
orbit or flyby, but one will leave for an en-
counter with Halley's comet. This will be in 
1986. This vehicle will be equipped with a 
specially developed camera supplied by the 
French. 

The European Space Agency is preparing 
the Exosat which will be an additional satellite 
to cover the X-ray spectrum. At the moment 
this is the province of the Einstein satellite of 
NASA. An additional booster will be added to 
the Ariane launcher in order to get the re-
quired power to lift the Exosat to its eccentric 
orbit, taking it some 200,000km above the 
North Pole. The vehicle is equipped to study 
the position, structure and spectra of the 
sources emitting X-rays in the energy range 
up to 1-5keV. This satellite will operate as an 
observatory so that the groups of observers 
can share the time. The date set for the launch 
is November 1981.   

A joint European/United States venture for 
the launching of an astronomical Satellite in 
August 1982 will go ahead, but at a higher 
cost due to certain technical problems. Its task 
is to study the infra-red wavelengths, which 
cannot be done satisfactorily from ground 
based telescopes, because of the carbon 
dioxide and water in the Earth's atmosphere. 
This satellite is the IRAS. 

Another joint NASA/ESA venture will be 
the Space Telescope. This is due to be 
launched by the Space Shuttle in December 
1983. The exact date of launch will of course 
depend on the progress and time table of the 
Shuttle programme. The telescope will have a 
primary mirror of 2-4m diameter, and will 
carry a number of instruments for the task to 
be undertaken. The benefit of this telescope 
will be that it will be some 500km above the 
atmosphere and will in consequence produce 
results of the order of 10 times greater than 
the largest of the earth based instruments. 

In 1984, during March, the Galileo probe is 
due to be launched. This vehicle has also had a 
number of difficulties due to the financial trou-
bles that have beset NASA. The plan is to 
send a probe deep into the atmosphere of 
Jupiter and an orbiter to go round the planet. 

The orbiter would be sent ahead of the probe 
and will circle the the planet for 20 months 
make close observations of the conditions of 
the atmosphere. The probe will study the at-
mosphere down to a level where the pressure 
is more than 10 times that of the Earth. Both 
vehicles will encounter the planet in July 1987. 

Still another joint mission is the Inter-
national Solar Polar Mission. The object of 
this mission is to explore that part of the solar 
system away from the ecliptic. It will be the 
first time that any spacecraft explore that part 
of the solar system about which we know 
nothing. The orbit will be over the poles of the 
Sun. Two spacecraft will be despatched to-
ward Jupiter and "flicked" round in the 
planet's gravitational field toward the Sun. 
They will be launched in such a way that they 
pass over each of the solar poles, that is, they 
will travel in opposite directions. 
Their task is to study the high energy parti-

cles of the solar wind and study the solar 
magnetic field. This is a most important mis-
sion to which the European space agency has 
already allocated £30 million. 

In 1986 the Venus Orbiting Imaging Radar 
mission will be launched from the Space Shut-
tle. The object, as its name implies, will be to 
obtain radar pictures of the surface of Venus. 
The system of imaging that has been suc-
cessfully developed will enable distances down 
to 150m to be resolved through the thick 
cloud cover. This vehicle will be dispatched in 
May or August depending on which trajectory 
is chosen. It will arrive at Venus in December 
of the same year. 

Another special mission is that of Giotto. 
This is to be launched by an Ariane vehicle in 
July 1985 on a trajectory to intercept Halley's 
comet in March 1986. Attempts will be made 
to obtain imaging of the nucleus and measure 
the gas and dust of the coma. There is a great 
deal at stake in this mission, for an accurate 
knowledge of the composition of comets is 
very necessary to qualify present theories of 
cosmology. 

The United States will carry out a plan to 
extend Gamma-Ray astronomy. The obser-
vatory will be launched in August 1985. The 
Shuttle will also be the vehicle for this mission. 
The observatory will examine, from an orbit 
400-500km above the Earth, the very short 
wavelengths below 10-'3m. It is hoped that 
these observations will help to provide clues as 
to the nature of Pulsars, Quasars and Super-
nova. 

To make a new map of the sky a special 
satellite, Hipparcos, is to be launched in 
1986/1987. This was put back in favour of 
Giotto to ensure that at least one spacecraft 
was able to rendezvous with Halley's comet. 
Hipparcos' mission is an extremely important 
one for the same reasons that Giotto was 
important: further accurate knowledge of the 
universe. 
Hipparcos will measure the positions and 

motions of 100,000 stars with an accuracy 
that is not possible from Earth. The measure-
ments will also provide better evidence of the 
quasars and sources near the edge of the 
observable universe. 
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ALSO.. .The first two projects designed to fit the case 

Precision Digital Multimeter; 
five functions, four ranges per 
function; diode check; fully 
protected; +0•5% basic accu-
racy (d.c. volts). No calibration 
required. 

Precision  Digital  Thermo-
meter;  —55°C to  +150°C; 
stainless steel  probe;  laser 
trimmed i.c. sensor giving 
excellent linearity and easy 
calibration. 

...These will be 
followed in the 
June and July 
issues by at least 
6 more projects 
designed to fit in 
the  se 

1 
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T° match the free case we will also have a 
special offer on this brand new I.c.d. 

digital  panel  meter.  The  meter employs 
watch manufacturing techniques to reduce 
the depth to a minimum. The current drain 
has been reduced to only 200µA which 
means a PP3 battery can power the display 
for typically two years if used 8 hours a day. 

EXTRA CASES... 

PLUS SPECIAL DAV OFFER 

Other features include 15mm digits, digital 
hold facility, auto-zero, auto-polarity, single 
rail 5-15V supply, programmable decimal 

points and 200mV full scale deflection. 
The meter will fit neatly into our free case 

and all our projects will use it. An exclusive 
special offer price has been arranged for PE 
readers —full details next month. 

We will be presenting "PE Case Vouchers" in subsequent issues 
so that regular UK readers can obtain extra cases for a fraction of 
the normal cost. With at least eight different projects we think you 
will want another case! 

1/ta4e *Sete 
We do not want our regular readers to miss out due to the heavy 

demand this issue is bound to attract, so please order a copy from 
your newsagent NO W! 

MAY ISSUE ON SALE FRIDAY 10 APR( 1981 
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Simple 
Speech ""484111* ' 
Proces 

ASPEECH processor is essentially a device which improves 
the intelligibility of a voice signal. This is particularly im-

portant where the wanted signal is contaminated by noise or 
where the signal varies over a wide range. Several different 
types of processor are possible and these vary considerably 
in complexity and effectiveness. 
The unit to be described not only provides an increase in 

signal level but also reduces the dynamic range of the signal. 
It is therefore eminently suited to applications where a con-
sistently high level of output is required from a signal which 
varies in amplitude. The unit employs an active limiter and 
therefore avoids some of the time constant problems 
associated with dynamic speech compressors. Active filter 
techniques further enhance the output signal by reducing 
noise and harmonic distortion. 
The circuit uses only one integrated circuit, a FET input 

quad operational amplifier, and may be readily inserted in 
the signal path of such equipment as public address am-
plifiers, tape recorders, transmitters and transceivers. 

CHARACTERISTICS OF SPEECH 
Very large variations in instantaneous signal are present in 
speech waveforms. This can often be an important con-
sideration in the design of equipment for use with voice 
signals including public address amplifiers, transceivers etc. 
The 'peak factor' is defined as the ratio of peak to R MS 
sound pressure over a specified bandwidth. For unfiltered 
speech the peak values exceed the R MS values by typically 
some 10dB or more over a time which is equivalent to the 
length of an average syllable. Over a longer period of time, 
however, this value is greatly increased and the peak factor 
is typically some 20dB. Thus, if a public address amplifier is 
producing, for example, an average power of 1W from a 
given source it must be capable of a peak power of around 
100W if the signal is to be reproduced faithfully. 
In many applications, however, the important considera-

tion is intelligibility rather than accuracy of reproduction. 
Here we are concerned not with the absolute signal power 
but more with the ratio of signal to noise power. This can be 
increased by either reducing the transmission channel 
bandwidth or by raising the average level of the signal whilst 
the noise in the transmission medium or recording system 
remains constant. The latter technique has the effect of 

Michael Tooley B.A. 

David Whitfield BA. MSc. 

SPECIFICATIONS 
Maximum limiting 3dB change in output for 20dB change 
in input 
Input signal range 2mV to 2V peak-peak 
Output signal range 20mV to 6V peak-peak 
Minimum input signal for onset of limiting 6mV peak 
peak 
Input impedance 10k typical 
Output impedance 150R typical 
Supply 6 to 9V at 12 to 20mA 

reducing the dynamic range of the signal or, to put it in sim-
ple terms, making the quieter sounds louder whilst the 
louder sounds stay loud! 
A further consideration is that, for a given system, there is 

often a maximum signal level that should not be exceeded. 
This is important in, for example, such applications as broad-
cast transmitters where overmodulation of the carrier results 
in a signal having an excessive bandwidth. 

SPEECH PROCESSING TECHNIQUES 
The two principal methods for restricting the dynamic range 
of a signal are amplitude limiting or clipping and dynamic 
compression. The former method has the advantage that it is 
simple and fast to act, but has the disadvantage that har-
monic distortion is introduced by the limiting action. 
Dynamic compressors are relatively distortion free but are 
somewhat more complex. They also have considerable 
drawbacks associated with attack and decay time constants 
of the AGC system employed; the compressor may not 
operate quickly enough to respond to a rapid transient and, 
furthermore, may be slow to recover once the compression 
action has been started. Fig. 1a shows the general block 
schematic of an amplitude limiter whilst, for comparison, 
Fig. lb shows the arrangement of a dynamic compressor. 
The circuit described in this article uses art active limiting 

arrangement. As with all limiters some distortion is in-
evitable. This is primarily due to the generation of harmonics 
caused by the non-linearity of the transfer characteristic. 
Harmonics of the lower frequency components (say below 
1 kHz) of the input signal are more significant because they 
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fall within the frequency range of the speech signal. At mid-
dle and high frequencies (say above 2kHz) the harmonics 
generated fall outside the speech signal frequency range and 
can be attenuated by means of a suitably designed filter. 
The transfer characteristics for various degress of am-

plitude limiting are shown in Fig. 2. 'Hard-limiting' occurs 
very abruptly, there being no perceptible increase in the out-
put signal amplitude beyond a certain input level. 'Soft-
limiting', as its name implies, is somewhat more gentle and 
the slope of the transfer characteristic is made to fall 
progressively as the input signal amplitude increases above 

INPUT 

LIMITER 

Fig. la Amplitude limiter block schematic 

d.c.CONTROL 
VOLTAGE 

1E1,971 
DETECTOR 

TIME CONSTANT 
OF DETECTOR 
FILTER 

Fig. lb Dynamic compressor block 

OUTPUT 

OUTPUT 

a certain threshold level. 'Soft-limiting' offers some advan-
tages over 'hard-limiting' as regards the generation of un-
wanted harmonics of the input signal. These are con-
siderably reduced with the result that the output signal is 
less harsh and consequently more pleasant to listen to. Also, 
due to the reduction in harmonic content, less stringent re-
quirements are imposed on the subsequent filter stage. 
Typical signal waveforms obtained with 'hard' and 'soft-
limiting' are shown in Fig. 3. 
The degree of limiting employed depends largely upon the 

particular application. A change in output of, say, 3dB for a 
change in input of 20dB may be eminently suitable for voice 
communications over a noisy radio channel, however, for 
public address and tape recording of speech signals a 
somewhat less severe 6dB change in output for a 12dB 
change in input will be more suitable. An essential require-
ment, therefore, of a general purpose speech processor em-
ploying amplitude limiting techniques is that the degree of 
limiting should be adjustable over a wide range. In practice, 
and since the input signal level may vary from one source to 
another, this means that the signal level both preceeding 
and following the limiter stage must be made variable. By 
careful adjustment a wide range of limiting can be achieved 
and a variety of input and output signal levels can be catered 

for. 
The block schematic of the speech processor is shown in 

Fig. 4. The first stage is an amplifier with a voltage gain 
which is adjustable from approximately 1 to 100. The limiter 
stage which follows has a fixed voltage gain of 2 for small 
signals and this falls dramatically as the signal level in-
creases. The active low pass filter has an upper cut-off fre-
quency of approximately 4kHz and significantly reduces the 
harmonic content of the output signal from the limiter. The 
final stage is another amplifier, the gain of which may be ad-
justed over the range of 0.05 to 4.5. 

OUTPUT SIGNAL
 LEVEL-

fr   
IEP49B 

/ 

INPUT SIGNAL LEVEL 

NO LIMITING 

'SOFT' LIMITING 

'HARD' LIMITING 

Fig. 2 Transfer characteristics for various degrees of am-
plitude limiting 

OUTPUT SIGNAL 
WITH 

NO LIMITING 

OUTPUT SIGNAL 

WITH 
'HARD' LIMITING 

OUTPUT SIGNAL 
WITH 

'SOFT' LIMITING 

Ice4Gol 

Fig. 3 Effect upon signal waveforms of the limiting charac 
teristics depicted in Fig. 2 
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Fig. 4 Block schematic of the Speech Processor 
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Fig. 5 Circuit of Speech Processor 

Resistors 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 

4k7 
4k7 
10k 
10k 
4k7 
4k7 
47k 
100k 
3k9 
3k9 
100k 
100k 
4k7 
4k7 
220k 
10k 

R17  1k 
All fixed resistors PA/ 5% carbon 

COMPONENTS. 

Potentiometers 
VR1  1M miniature horizontal preset 
VR2  1M miniature horizontal preset 

Semiconductors 
Id1 
D1 
D2 
D3 

TL074CN 
1N4148 
1N4148 
led. 

CIRCUIT DESCRIPTION 
ICla operates as a conventional inverting voltage amplifier, 
the gain of which is controlled by the negative feedback 
resistor, VR1. The voltage at the non-inverting input is set by 
means of R1 and R2 at approximately half the supply 
voltage with C2 providing decoupling at signal frequencies. 
A similar arrangement is used for setting the non-inverting 
input on each subsequent stage. The active limiter is formed 
by IC1b, D1, D2 and associated components. Since D1 and 
D2 are silicon devices, a peak-peak voltage of approximately 
1.2V at pin 14 of ICI will cause DI and D2 to conduct on 
alternate half-cycles and this will, in turn, provide a low im-
pedance shunt path across the feedback component, R8. 
ICI c and associated entry circuit forms a low-pass Sallen 

and Key filter. This is a simple, yet effective, second order 
filter, and cut-off frequency being determined by R9, R10 
and C6, C7. The ratio of R9 to R10 and C6 to C7 being kept 
constant to provide fixed filter characteristics. The final 
stage, IC1 d, is an inverting voltage amplifier, similar in con-
figuration to ICI a. VR2 and R16 set the voltage gain of this 
stage, the values being chosen so that the stage can provide 
attenuation as well as amplification. Sla provides a direct 
signal path between input and output when S1b is in the 
'off' position. A conventional LED and current limiting 

Capacitors 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 

470n polyester 
10µ 16V tantalum 
470n polyester 
101.1 16V tantalum 
221125V tubular 
10n polyester 
10n polyester 
412 35V tantalum 
10µ 16V tantalum 
10µ 16V tantalum 
100µ 16V p.s. mounting tubular 

Miscellaneous 
Printed circuit board plastic case measuring approx. 150 
x 80 x 50 mm DPDT miniature toggle switch, sockets (2 
off) 3-pole jack or similar, battery connector—snap fit to 
PP3 battery, low profile 14-pin DIL socket 

J Components and p.c.b. available from Howard Associates, 59, 
Oatlands Avenue, Weybridge, Surrey. 

resistor is used to provide visual indication that the 
processor is in use. 

CONSTRUCTION 
The speech processor is built on a single sided p.c.b., the 
copper foil layout of which is shown in Fig. 6. The compo-
nents are arranged on the top side of the p.c.b., as shown in 
Fig. 7. 
It is recommended that IC1 be mounted in a low-profile 

14-pin DIL socket and that, as far as possible only miniature 
components are used. The completed p.c.b. should be 
carefully checked and then mounted in a small plastic case 
using stand-off pillars. The layout of the input and output 
sockets, on/off switch and led. being entirely a matter for 
the individual constructor's preference. The connections to 
the p.c.b. together with associated wiring are shown in 
Fig. 8. 

INITIAL TESTS AND ADJUSTMENTS 
Connect a suitable battery (PP3, PP6 or similar) and check 
the supply current. This should be in the region of 12 to 20 
mA. Set VR1 and VR2 to mid-position and connect a 
microphone to SK1. The output signal should then be 
checked using an amplifier or tape recorder connected to 
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Fig. 6 Printed circuit 

IEP5041 

II/PUT 
OM JK1 
LCOM 

Fig. 8 Interior layout and wiring 

SK2. The effect of varying the settings of VR1 and VR2 
should be noted. If VR1 and VR2 fail to have any effect, or if 
the output signal is not obtained, the p.c.b. should again be 
carefully checked and, if this does not reveal any errors, d.c. 
voltages should be measured and reference made to the 

table of test voltages. 
When experimenting initially with the speech processor it 

is recommended that VR1 and VR2 be set almost fully 
clockwise. This will produce similar input and output levels 
when using a low impedance dynamic microphone and 
limiting should occur when  'close-talking'  into the 
microphone. Where an appreciable amount of gain is re-
quired, as would be the case when speaking at some dis-
tance from the microphone, the settings of both VR1 and 

0 
2 

tl  10 
12 

COMM:1 TO JK2 0 /PUTJ 

+ VE1 
SUPPLY 
VE 

E P503, 
Fig. 7 Component layout 

VR2 may be increased to around mid-position. 
Note that this may have the undesirable side-effect of am-

plifying unwanted extraneous noises to such a level that 
their presence is annoying. The settings of VR1 and VR2 are 
best determined by experiment in conjunction with the ac-
tual microphone or signal source which is to be used. It is 
then a fairly easy matter to determine the optimum settings 

for any particular application. 

APPLICATIONS 
Radio transmitters/transceivers 
The addition of a speech processor will enhance the perfor-
mance of most transmitters and transceivers. The extra 
"talk-power" often making the difference between a signal 
which is readable and one which is lost in noise. Air tests un-
der marginal conditions show an effective 3 to 4dB increase 
over a signal without speech processing. The device is 
suitable for use with most types of transmitter and 
transceiver and, being merely inserted in the microphone 
connection, requires no internal modifications whatsoever. 
The processor may be switched in and out as required; a 
direct path from microphone to transceiver being provided in 
the latter case. Since processed speech tends to be 
somewhat less pleasant to the ear this facility is useful for 
restoring normal operation for local contacts; the speech 
processor being primarily intended for chasing DX! When 
used with mobile equipment the speech processor will allow 

CI 470n 1.100 

16 

10 16o 

IEPsosj FREQUENCY (Pit) 

Fig. 9 Frequency response of the Speech Processor with Cl = 470n and 
'rolled-off' at IF below 200Hz with Cl — 100n 
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Fig. 10 Transfer characteristic 
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Id 1 pin 

Test voltages 

1 4- 5V  8 4- 5V 
24.5V  9 4- 5V 
345V  104.5V 
4 9 -0V  11 OV 
5 4- 5V  124.5V 
6 4- 5V  134.5V 
74•5V  144.5V 

Al! the above voltages were measured with a 1OrnS2 input 
d.c. voltmeter. The d.c. supply was 9V. 

the operator to talk at some distance from the microphone 
thus permitting the use of a gooseneck or tie-clip 
microphone. This is much safer in use than the usual hand-
held microphone! 

Public address 
The speech processor is particularly useful as a means of 
compensating for the variation in signal level which is often 
experienced when a fixed microphone (on either a floor or 
table stand) is employed. The processor then allows the 
speaker to vary his position relative to the microphone 
without appreciable loss of amplification. 

Tape recording 
The speech processor may be used to replace the AGC 
system used on some cassette tape recorders when 
recording speech. There is no annoying 'recovery time' and 
the processor is useful in clarifying signals contaminated by 
noise as would be the case when recording from short wave 
receivers. The unit is also suitable for dictation, freeing the 
user from the need to hold the microphone and allowing him 
or her to talk at some distance from the recording machine. 
And finally, although the processor is not generally 

suitable for music (the distortion introduced being quite 
noticeable) it may prove to be of some interest to those who 
wish to experiment with musical effects. The speech 
processor makes a very effective "fuzz-box" with VR1 and 
VR2 suitably adjusted! 
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POIllTS ARISING 
27/28MHz CONVERTER (March '81) 

The following coil winding details were omitted from Fig. 6: 
L1 3 turns 26 s.w.g. wound over L2. 
L2 15 turns 30 s.w.g. close wound. 
L3 & L4 12 turns 30 s.w.g. close wound. 
L5 18 turns 30 s.w.g. close wound. 
In Fig. 5, D5 Anode should be connected to C21 which is non elect. 
MICROBUS (Feb '81) 
There was an error in one of the ZX80 programs. See 
Readout on page 64. 
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LOUDSPEAKE 
The complete fully re-
viewed range of Videotone Speakers which dominate  0 0 0 0 0 
within their class. NOW AT 
LOWEST EVER PRICES. 

D100  £38.00 
Minimax 11 £44.00 
GB3  £50.00 GB2  £60.00  0  ent 
CBS  £207.00 
D 93  £40.00 

AMPS- TUNER-CA  ETT 
30 watt amp MC input SA4 130 £75.00 
Stereo Tuner ST 4120  £68.00 
Cassette full features SC 4200 £95.00 
50 watt amplifier WA7700  £77.00 
20 watt amplifier LA2020  £58.00 
This new range of Electronics from Videotone 
redefines the words quality and value for money to a new high. 

MICROPHONES 
MU 105-22 £29.30 
MU 105-12 £22.25 
MU 25 C £17.39 

Superbly made 
with top flight 
performance 
HP90  £12.65 
HP80  £9.69 

BUY DIRECT ROM US 4ND 
GET THE S4/11E 
°UNITY /1710W PRICES! 

Fast becoming one of the top names 
MOVING COIL  MOVING 
UK's No.1 Cartridge  MAGNET 
MC 81  £48.87  555SX £7.28 O 777 EX £35.00  555E £14.22 777E £25.00  666E £32.48 

14 0 , HEAD  HEADSHELLS 
AMP  S100 £6.00 
H300 £51.75 S101  £7.00 
T100 £24.75 5200 £4.00 

TURNTABLES o 1110. 0 
Sansui SR222 Mk2 £69.00 

Sansui P5OS  £69.00 

Quality plus value always 
VI DE OTO N E" 

ALL 
PRICES 
INCLUDE    
VAT 

ALL PRODUCTS 
ON DISPLAY & 
CONTINUOUS 
DEMONSTRATIONS 

98 CROFTON 
PARK ROAD 
LONDON SE4 

TEL: 01-6908511/2 

* A MESSAGE FROM VIDEOTONE 
Dear Customer 
You will find that the products advertised on this page 
are the best possible value for money. They are only 
low in price because we have eliminated large amounts 
of selling costs that other brands have to suffer. These 
savings are passed directly onto you. We have full bro-
chures on any specific item you may be interested in 
and a competent realistic staff of engineers at our 
London Showrooms to help you in your choice. Our 
consumer protection packages are comprehensive and 
we offer every form of financing you may require. We 
carry out our own servicing and are dedicated to giving 
Value for Money. We are confident our products are 
unbeatable. You may purchase with confidence bec-
ause our Engineers have specially selected them from 
competitive sources throughout the world and we 
import them directly ourselves. Remember, you have 
21 days trial period on all products. That is the 
measure of our confidence. 

Cliff Hardcastle, Managing Director. 
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P.s.u. and controller design 
for mini-drills employing 
p. w.m. to vary the speed 

NEARLY everyone who regularly produces printed circuit 
boards at home will own a miniature drill of some sort. 

These drills normally require a power supply of 14 volts, 
capable of giving 2-3 amps. The supply will allow the drill to 
give a better performance if it is regulated, since the 14 volts 
will be maintained when the drill is under load. Also, if the 
drill is to be used for other purposes than drilling (which 
should always be done at the fastest possible speed) a 
variable speed power supply/controller is desirable. The 
most notable time when a slower speed is required is when 
using a burr bit to scratch out a p.c.b. track, at full speed the 
burr tends to skid or bite making the job very difficult. The 
design presented here is for a suitable power supply and 
controller, employing pulse width modulation to give the 
variable speed capability. 

PULSE WIDTH MODULATION 
The easiest way to control the speed of a small d.c. motor 

(as are most drills) is to vary the power supply voltage. 
However, the torque developed by the motor falls off very 
quickly as the supply is reduced, making the slower speeds 
useless. This problem can be overcome by using a square 
wave drive with variable 'on' and 'off' time. (Fig. 1). When 
the 'on' time is a small percentage of the 'off' time the motor 
will obviously run more slowly since less energy is supplied, 
but since the motor is pulsed by a full power surge the tor-
que remains fairly high. Obviously the speed is increased by 
increasing 'on' time. It is usual to keep the frequency of the 
system constant and vary the width of the 'on' pulse, hence 
the name of pulse width modulation. 

THE CIRCUIT 
The circuit is shown in Fig. 2. The power supply is fairly 

conventional, except that a great deal of decoupling is em-
ployed. This should not be omitted because the drill 
generates a lot of spikes which will cause faulty operation of 
the timing circuit. It is important that all the power supply 
components are rated to sufficient current. 

mini drill 
P.S.U. 

CHRIS LARE 

111ZED 

— SLOW 

— 3 SPEED 

I I I I 
Fig. 1. Pulse width speed control 

FULL 

A 20 volt transformer was used in the prototype to give 
plenty of spare capacity. The output from this transformer is 
fed to C2 via a 6 amp bridge. Transistor TR 1 and R1, D1 
form a simple series regulator for the timing circuit. The 
voltage generated by this supply also determines the final 
output voltage and thus should be chosen to suit the drill 
concerned. A 15 volt Zener was used in the prototype, when 
reduced by three base/emitter drops the resultant 13.2 volt 
final drive is ideal for a 14 volt drill. 
The timing is generated by two 555 timers in a double 

package (556). The first timer is connected as an astable, of 
60Hz frequency. However, the output from this is in the form 
of a short pulse, this being ensured by making R2 much 
greater than R3. The pulse output is used to trigger the 
second 555, which is connected in monostable mode. C8 
and R4 act as a pulse differentiater which increases the 
noise immunity of the circuit. 
The monostable period can be varied by VR2, between 

short and long periods. Since the maximum period required 
is just less than the frequency of the first 555 VR3 is in-
cluded to allow this period to be accurately set; similarly 
VR1 sets the shortest time available —or the slowest speed. 
A footswitch facility is provided by using the reset of the 
monostable; this simply inhibits its operation. 
The output from the monostable is fed to a Darlington 

pair, of which the 2N3055 should be mounted on a heatsink. 
The output from the 2N3055 is fed directly to the drill, 
although ctinsiderable decoupling in the form of C11, C12 
and R10 should be added. 
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Fig. 2. Circuit diagram 
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Resistors 
R 1 , 10  6809 
R2  47k 

R3, 5, 9  1k 
R4  10k 
VR1  47k miniature preset 
VR2  47k potentiometer 
VR3  100k miniature preset 

Capacitors 
Cl 3, 5, 6, 9, 12 0.1p Mullard C280 
C2  2200a 63 Volt electrolytic 
C4  4701.1.25 Volt electrolytic 
C7, 10  0.47µ Mullard C280 
C8  680p polystyrene 
C11  22p Mullard C280 
C12  0.01 disc ceramic 750V 

CONSTRUCTION 
The physical construction is not critical, but the wiring 

diagram should be closely adhered to so as to avoid noise 

problems. 
The prototype circuit was built on a printed circuit board, 

produced with an etch-resist pen. Veroboard is not recom-
mended due to the possible noise problems. The circuit 
board, together with the other parts was housed on a large 
die-cast aluminium box, chosen for its good heatsink proper-
ties. The 2N3055 transistor was mounted on the box part 
and fitted with a cover to prevent accidents with wandering 
screwdrivers. A double pole illuminated switch for the mains 
supply and the speed control were mounted on the lid of the 

box. 
Standard quarter inch jack sockets were used to connect 

the drill and footswitch. Note that the footswitch should 
have closed contacts when released. Most footswitches are 
connected the other way round, but the one used in the 

prototype had a standard changeover micro switch inside, 

COMPONENTS. 

Semiconductors 
DI  15V 400m W Zener 
TR1  BC184L 
TR2  BFY51 
TR3  2N3055 
ICI  556 

Miscallaneous 
REC1-6A bridge; T1-20V transformer 2.4A; double pole 
single throw illuminated switch; 1A fuse & holder; 3A 
fuse & holder (optional); 2 mono jack sockets; plugs; die 
cast aluminium box; p.c.b.; footswitch (Watford PB12); in-
sulation kit for 2N3055; cover for 2N3055; nuts, bolts 
etc.; sticky feet; mains supply neon (optional). 
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Fig. 3. P.c.b. and assembly details VR2 JK1 TR3b C2+ 

MAINS 
INPUT 

EP523 

Fig. 4. Interwiring detail 

and it was a simple matter to alter the connections. The 

main capacitor and bridge were mounted on the bottom of 
the box, and the output decoupling components were moun-
ted directly on the output jack socket. 
Four stick on plastic feet completed the unit. 

TESTING 

If an alternative current limited supply is available it is a 
good idea to test the board with that, since a major failure 
will almost certainly destroy TR1 and probably D1 as well. 
Set the supply for about 17 volts. After re-checking the wir-
ing switch on. Check the regulator works. Check that a pulse 

output is present on pin 5, and also on pin 9. Set both 
presets to half travel and connect a drill up and it should run. 
Increase the speed control to full, and the drill should speed 
up. If it starts to run roughly, and slows down, do not 

OV 

J1{1 

worry —it is simply the monostable over running. Adjust VR3 
with the speed control at maximum until the motor runs 
at its fastest. Turn the speed control to minimum and 
adjust VR1 until a suitable speed is obtained, then re-adjust 
VR3 with the speed control at maximum. 

IN USE 

All drilling should be performed with the speed control at 
maximum. Slow drilling will wear the drill bits out more 
quickly, as well as taking longer. For other uses, burring, 
polishing, etc. the best advice is trial and error, but around 
half speed seems to be the best. 

The footswitch is a definite improvement. It is particularly 
useful if the drill stalls because the drive can be released 
quickly, and when drilling over a centre point because the 
drill can be positioned and then started. 
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makes fora better job... 
The biggest name in solder worldwide 

Tool Box Reels 
3 flux-cored solders that cover a range of electrical and 
non-electrical applications. ARAX 40/60 tin/lead • 
size 11 £3.91 each. ALU-SOL size 4 £6.90 each.. 
ERSIN 40/60 tin/lead size 3 £3.91 each. 

Solder Cream 
For precision soldering, Solder 
Cream is a mixture of solder 
powder and flux. Electrical/ 
electronic ("Ersin" flux) size 
BCRIO £1.38. Metal joining 
("Arax" flux) size BCA14 £1.38. 
Stainless steel and jewellery 
("Arax" flux) size BCA16 
£3.22. 

• • • 

Wire Strippers & Cutters 
No tool box is complete 
without this handy wire 

stripper which will adjust to 
most sizes of flex and cable. 

Easy grip plastic coated 
handles. Automatic 

opening. Handle locking 
device. Ref 9 £2.69. 

Bi 

Handy Dispensers 
Size 19A 5-core solder Ersin flux 1.22 mm dia for 
electrical work £0.97. 
Size PC115 extra thin gauge for small electrical 
components £1.15 
Size SV130 5-core Savbit specially for copper bits 
and wires £1.61 
Size AR140 Arax solder for all metal repairs 
except aluminium £1.38. 
Size AL150 Alu-sol for most metals especially 
aluminium £1.93. 
Size SS160 for stainless steel and silver jewellery 
£2.53. 

Soldering Flux Paste. Ersin 
A fast, non corrosive rosin flux 
for general and electrical 
soldering applications. Use with 
Ersin Multicore solder. Size 
RF10 £0.69. 
Arax soldering flux paste also 
available for general metal 
working. Size AF14 £0.69. 

nt ,4-51 $ 

eeoc. 

014  

Ersin 5-core Dispenser 
Handy dispenser for all 
electrical and electronic 

applications. Size 6 £0.58. 

Savbit Dispenser 
Handy dispenser ideal for radio, TV 
and similar work. Reduces copper 
erosion. Size 5 £0.90. 

makes fora better sound 
C  1..V• 

"VikeS‘ CP O \ 

V.  

Electronic Cassette Head Demagnetizer 
Demagnetizes the tape heads to improve performance 
and reduce background noise. Audible tone indicates 
demagnetizing action. 
Works on all cassette machines including in-car. 
No external power needed. Ref 23 £10.49. 

Bib Groove-Guard-XL-2 
Unique formula liquid, when 
applied to record, gives anti-
static protection and helps 
reduce friction between 
stylus tip and groove. 
Complete with pump spray 
dispenser and special 
cleaning pad. Treats up to 
12 LPs. Ref 27 £2.60. 

Bib 
Bib Hi-Fi Accessories Ltd., 
Kelsey House, Wood Lane End, 
Hemel Hempstead, 
Hertfordshire HP2 4RQ. 
Telephone: (0442) 61291. 

All prices given are recommended retail including VAT. If y 
address above quoting the reference number and including 

. • * • .... • • 
; to. *  * •••  ** . . .... o 

.• ... . 

Bib Groove-Kleen 
For single play turntables. Velvet pad and tracking 
brush track across the record as it plays picking up 
harmful dust to improve sound performance. 
Ref. 101B £4.69 British Patent Number 1519881 

Record Valet and Liquid 
Handy kit contains special anti-static fluid and velvet 
record cleaning pad. Ideal to remove dust and other 
particles from records and provides an anti-static 
effect to help keep your records clean. 
Ref 47 £3.45. 

Cassette Tape Hand Winder 
Winds a C90 cassette in 60 seconds - faster than most 
cassette machines. Especially ideal for battery powered 
recorders to save consumption when used on fast wind. 
Ref 78 £1.66. British Patent Number 1443628 

Tape Head Cleaning Kit 
Contains everything needed to clean and maintain 
the heads, capstan and pinch wheel on all types of 
cassette and tape machines. Kit includes cleaning 
and polishing pad, special liquid and handy 
inspection mirror. Ref 25 £2.48. 
British Patent Number 1485069. 

ou have difficulty in purchasing your Multicore solder product or Bib Hi-Fi accessory, send direct to the 
your remittance plus 40p P&P. Send SAE for free colour catalogue showing complete range. 



Eompton Instru ments 

Type 33 Analogue Multimeter 

New low price - 
only £22.95 
(inc. VAT and p & p in U.K.) 

* 31 ranges - DC, AC, OHMS, dB etc. 
* Test leads, batteries & wallet supplied 
* High accuracy - 20KS2, /Vdc 
* Mirror scale + knife-edge pointer 
* 2 fuses + diode protection 
* Colour coded switches/scales 
* Tough stylish case 
* 12 months guarantee 
* 5 U.K. Service Centres 

31 Switched 
DC Volts: 

DC Current: 
AC Volts: 

AC Current: 
Resistance: 

Measuring Ranges: 
100mV, 0.5,2, 10, 50, 200, 500 
1000V 
50, 500µA, 5, 50,500mA, 5A 
2.5, 10, 50, 250, 1000V 
(50- 10,000Hz) 
25 4A, 2.5, 25, 250mA, 2.5A 
1E2- 5K,E2, 50, 500k.E2, 5MS-2 
(+50ME-2) 

Capacitance: 100pF - 50nF,10,000 pF -50 µF 
dB Ratios:  -12 to +40 dB 

Iry HAWKER SIDDELEY 

CROMPTON INSTRUMENTS 
CROMPTON INSTRUMENTS, U.K. MARKETING 
8 SAFFRON WAY, LEICESTER LE2 6UP 
Hawker Siddeley Group supplies electrical and mechanical 
equipment with world-wide sales and service. 

Please send me   Crompton Type 33 Multimeter(s) 
at £22.95 each. 
I enclose cheque/money order/postal order for £   
made payable to Crompton Parkinson Ltd. 

NAME (Please print)   

ADDRESS   

9" Aztec Monitor 
P4 White £55.75 P31 Green £69.00 

Floppy Disk Drive 
No case, no power supply 
51/4" S.S.S.D. SA400 £156.40 

51/4" D.S.S.D. SA 450 £280.31 
8"S.S.S.0. SA800 £337.52 

Sony Colour Camera 
2010P 12v operation 
IV composite output £298.50 

The above prices Include VAT 

Carriage will be charged at cost 

All major credit cards 
accepted 

Ask for Crofton Mail Order Catalogue. 

Phone or write to 

CROFTON ELECTRONICS LI MITED 
35 Grosvenor Road, Twickenham, Middlesex TW1 4AD. Tel: 01.891 1923/1513 

Rapid Electronics 
Pack No. 
A 10  10 PP3 battery leads  50p 
A72  10 3.5mm jack plugs  80p 
A73  10 3.5mm jack sockets  80p 
A74A  5 Standard jack plugs  80p 
A75A  5 Std. jack sockets  90p 
A84A  55 pin 180 DIN plugs  70p 
A85A  5 Spin 180 DIN sockets  55p 
C21  5 Min. slide switches  75p 
C28  5 Push to make switches  70p  HII 
C29  5 Push to break switches  90p  H30 
C50  208 pin DIL sockets  170p  H60 
C51  20 14 pin DIL sockets  200p  H73 
C52  20 16 pin DIL sockets  220p  15 
EIO  Resistor kit. 650 resistors 1W  125 

10 ea value 4.7 to 1M  480p  145 
Single potentiometers  370 
5K-1M log or lin  35p  37 

-  Slide potentiometers. 60mm  127 
travel. 5K-500K log or tin 65p  347 

E26  10 100K min. presets  70p  372 
E31  10 Is 63V electrolytics  50p  175 
E33  10 4u7 63V radial elec.  50p  K5 
E34  10 10u 25V radial elec.  50p  K20 
E37  10 100u 25V radial elec.  75p  K30 
E44  10 I u 35V bead tants.  100p  K40 
E50  100.01 C280 polyester  50p  K50 
E54  100.1 C280 polyester  50p  K75 
EIO  10 BC 107 transistors  90p  K85 
Fll  10 BC 108 transistors  90p  K90 
FI2  10 BC 109 transistors  90p  K100 
F17  10 BC2 I4L transistors  90p  L8 
F27A  5 2N38 I 9 transistors  100p  L9 
F31 I  1 BD131 transistor  45p  LI 1 
E3 12  1 BD 132 transistor  45p  L22 

Pack No. 
F331  1 BD139 transistor 
F42I  1 M12955 transistor 
F43  5 78L05 regulators 
F46A  1 7805 regulator 

45p 
110p 
130p 
70p 

F47A  I 7812 regulator  70p 
F49A  1 7905 regulator  75p 
F53  1 LM3 I 7T variable reg.  200p 
F54  1 LM323K 3A 5V reg.  500p 

20 1N4002 diodes  75p 
2 W1305 bridge rectifiers  45p 
100 1N4148 diodes  180p 
2 C106D thyristors  90p 
10 0.2in red LEDs  100p 
10 0.2in green LEDs  150p 
10 0.2in yellow LEDs  150p 
20 0.2in LED clips  60p 
10 0.125in red LEDs  100p 
10 0.125 green LEDs  150p 
100.125 yellow LEDs  150p 
20 0.125 LED clips  60p 
1 END500 CC display  100p 
5 741 op amps.  90p 
5 CA3I40 op amps.  225p 
5 LM30IA op amps.  140p 
1 LM324 op amp.  50p 
1 LM380 2W amp.  70p 
1 LM3914 LED bar graph 320p 
5 NE555 timers  110p 
1 NE556 timer  50p 
5 TL081 op amps.  171p 
5 4011 CMOS  130p 
1 4013 CMOS  40p 
1 4017 CMOS  75p 
1 4049 CMOS  45p 

All prices include VAT. Please add 50p postage and packing. Send SAE for our 
complete catalogue. 

Rapid Electronics Limited 
Hillcroft House, Station Road, Eynsford, Kent 
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Semiconductor 
FEATURING 1CM 7242 1290, 1 & 2 

DIGITAL 555 
Probably the most universally useful 

and successful integrated circuit ever 
made is the ubiquitous 555 timer. You 
find them in the most unlikely places, 
often doing unlikely jobs which the 
manufacturers never dreamed of when 
they introduced the design back in the 
early 'seventies. First came useful dual 
and quad versions in 14 and 16 pin 
packages, and more recently came the 
CMOS versions, all helping to expand 
the area of application, but never really 
eclipsing the original design with its 
cheap, simple and robust reputation. 
All of the "improved" 555 devices 
have been covered in this column over 
the years, and this month I am able to 
report on yet another device intended 
to replace  555s in certain timing 
applications. 
One area where all previous 555 cir-

cuits have run out of steam has been in 
the construction of simple timers 
capable of long delay periods of 
seconds or even minutes duration. The 
trouble is that the 555 relies on a 
single CR period to set time duration, 
and this means going to large elec-
trolytic capacitors when long time-outs 
are needed. The use of electrolytic 
capacitors brings the usual bogies of 
poor tolerance, high leakage, and tem-
perature sensitivity, and for critical 
applications the solution has been to 
run the 555 as a higher frequency 
astable and follow it with a multi stage 
binary counter such as the CMOS 
4040. 
To make the job of constructing long 

duration timers and low frequency 
oscillators  easier,  Intersil  have  in-
troduced the ICM 7242 which puts the 
oscillator and the counter all in one 
555-like 8 pin package. A single exter-
nal resistor and capacitor set the basic 
oscillator frequency, and the oscillator 
output is fed to the internal 8 stage 
binary divider chain whose final stage 
therefore gives an output frequency 
1/256th that of the oscillator. Also in 
the package is a control flip-flop which 
is set by a TRIGGER input, and starts 
the count sequence, and reset by a 
RESET input which stops the count 
and zeroes the counter chain. With the 
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4118, 4801 & 4802 R.W. Coles 

RESET line disconnected the 7242 can 
be used as an LF oscillator, with the 
RESET line connected to the final 
count stage output the 7242 works 
like a monostable or timer. 
For additional flexibility the basic RC 

oscillator output is brought out, as is 
the first stage of the count chain which 
gives a symmetrical square wave at 
half the oscillator frequency. This is a 
very useful device for those occasional 
long time/low frequency applications, 
but it won't replace the 555, take my 
word for it! 

ROBOT M USCLE 
Robots, like people, need muscles to 

enable them to move their "arms". 
Animal muscles can be precisely con-
trolled, are efficient, and are very com-
plex. The poor old robot, on the other 
hand, has to rely on electric motors, 
gears, and drive belts, not to mention 
feedback pots, servo amplifiers, and 
power supplies. 

Really useful muscle analogues 
seem as far away as ever, but perhaps 
a new chip set from SGS-ATES can at 
least help to streamline existing d.c. 
servomotor "muscle" technology to 
make it more efficient and compact. 
With the addition of a d.c. motor and 
an optical position encoder, and under 
the control of a microprocessor, the 
L290, L291 and L292 trio make up a 
compact and powerful servo system for 
position control in robots or any other 
industrial machine. The L290 comes in 
a 16 pin plastic dip. and contains the 
circuitry to interface the optical posi-
tion encoder to the microprocessor by 
means of derived position and velocity 
signals. This chip also provides a com-
pensated reference for the L291, which 
accepts parallel binary data from the 
microprocessor and converts this into 
an analogue servo demand signal using 
a D to A converter. This chip also con-
tains a position amplifier, mode/direc-
tion switches, and is housed in another 
16 pin dip. The L292 is the motor 
driver, able to handle up to 2 amps at 
36 volts using an overload protected 
bridge circuit. The L292 operates in the 
"switched" mode, and in keeping with 
the application, it is housed in a 15 

lead Multiwatt power package. 
When  interconnected,  the  servo 

components operate in two modes. In 
order to slew rapidly to a new deman-
ded position the servo loop can initially 
employ velocity control only, but as the 
target position is approached, a change 
to precise position control is made. 

PUTTING THE BYTE ON 
If you are shovelling together a new 

microprocessor system and can't make 
up your mind what to do about 
memory, it's probably time you had a 
look at the "Bytewyde" concept cham-
pioned by Mostek. 
Bytewyde is not a reference to a 

single memory device, but is the name 
given to a whole family of devices, in-
cluding some you will already be very 
familiar with, like the 2716 EPROM. 
What makes the concept special is the 
plug-in interchangeability of ROM and 
RAM memory devices in the same 
socket by utilising the pin configuration 
made standard by 24 pin UV erasable 
EPROMs  and  compatible  masked 
ROMs. To launch the concept, Mostek 
introduced the 4118, a 1K x 8 static 
RAM in a 24 pin package which would 
have been a useful hunk of memory 
even without EPROM compatibility! 
Things didn't stop there however, and 
now there are bigger chips and several 
new manufacturers joining in. Mostek 
have introduced another 1K x 8, the 
4801 which is faster than the 4118, 
and are now offering the 4802 which is 
faster and has a 2K x 8 capacity to 
boot. The Mostek chips are all NMOS, 
but in the land of the rising sun they 
are turning out CMOS memories in the 
Bytewyde mould, such as the MSM 
2128-1  from OKI Semiconductor, 
another 2K x 8 device. 
If you adopt Bytewyde, you can lay 

your boards out with standard 24 pin 
sockets and then by changing links to 
just two of the pins, you can plug in 
your choice of 1K x 8, 2K x 8 or 4K x 
8 EPROMs, or 1K x 8 or 2K x 8 
RAMs. If you use 28 pin sockets in-
stead, you will be ready for all of the 
above plus the new generation of 8K x 
8 EPROMs and those giant RAM chips 
which are just around the corner! 
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MICRO BUS 
Compiled bY D M, 

Appearing every two months, Micro-Bus presents ideas, applications, and programs for the most popular 
microprocessors; ones that you are unlikely to find in the manufacturers' data. The most original ideas often 
come from readers working on their own systems; payment will be made for any contribution featured. 

THIS month's  Micro-Bus presents an 
I automatic program loader for the ZX80, 
and a three-dimensional plotting program for 
the Acorn ATOM. But first here are three in-
genious programs for the ZX80 devised by 
Lars Si/en of Finland. They provide ways of 
oncatenating strings, transferring the last 
character from one string to another, and 
eading from the ZX80's keyboard. 

CONCATENATING STRINGS 
The ZX80 has no built-in function for con-

catenating two strings; so you cannot, for ex-
anple, add the two strings A S="STUV" and 
1S="wXYZ" by writing AS=AS-4-B$ as you 
can on some BASICs. The routine shown in 
'lg. I overcomes this limitation by providing a 
way of concatenating any two different string 
variables, and it is called as follows: 
LET AS=AS 
,ET BS=BS 
30 SUB 1000 
With the examples given above AS would 

end up with the value "STUVWXYZ" and BS 
would have the value " " (the null string). The 
eferences to AS and BS in the two seemingly 
edundant LET statements may be changed to 
any two different string variables that are to 
be concatenated. Note that no variables 
should be used between these two LET state-
ments and the subroutine call, as this may 
cause the interpreter to hang up. 

L000 REM STRING ADDER 
1010 LET AD=PEEK(16394)+256*PEEK 
,16395)-3 
1020 LET AD=AD-1 
1030 IF NOT PEEK( AD )=1 THEN GO T 
) 1020 
L035 LET TP=PEEK ( AD+1 ) 
L040 POKE AD, 0 
L050 POKE AD ,PEEK ( AD+2) 
1060 LET AD=AD+1 
1070 IF NOT PEEK( AD+2 )=1 THEN GO 
TO 1050 
1080 POKE AD+1,TP 
1090 POKE AD, 1 
1100 RETURN 

Fig. 1. Program to concatenate two 
strings on the 2X80 

PROGRAM OPERATION 
The program depends, for its operation, on 
he way strings are assigned in the ZX80; 
when a string variable is assigned to, the old 
version is deleted and a new version is created 
it the end of the list of variables. The two LET 
statements above have the effect of moving the 

strings AS and BS to the end of the list of  ZX80 KEYBOARD ROUTINE 
variables, so that they are positioned in 
memory as shown in Fig. 2 (a). 

(a) 

( b) 

A BS 

A B$ 

1E65231 

Fig. 2. Diagram showing two strings (a) 
before and (b) after running the String 
Adder program of Fig. 1 

Locations 16394 and 16395 contain the ad-
dress of the top of the list of variables; the 
program reads backwards from this address, 
through string BS, until the terminating byte 
'I' is found at the end of AS (lines 1020 to 
1030). Then the characters of BS are shuffled 
down onto the end of AS (lines 1050 to 1070), 
and finally BS is recreated as a null string 
(lines 1080 to 1090). The result is shown in 
Fig. 2 (b). 

TR$ FOR THE ZX80 
The following routine is very much like the 

ZX80's TLS function, but instead of cutting 
off the leftmost character from a string, it cuts 
off the rightmost character; it could therefore 
be called TRS. The routine is shown in Fig. 3, 
and uses much the same technique as the 
program to concatenate strings. Again, the 
routine is called by executing: 
LET AS=AS 
LET BS=BS 
GO SUB 1000 
The effect is to cut off the last character from 
AS and add it as the first character of BS. 
Thus  if initially  AS="STUV"  and 
BS=" WXYZ"  the  result  would  be 
AS="STU" and B$="VWXYZ". BS may 
initially be a null string. 

1000 REM TR$ 
1010 LET AD=PEEK ( 16394 )+256*PEEK 
( 16395 ) -3 
1030 LET AD=AD-1 
1040 IF NOT PEEK ( AD )=1 THEN GO T 
0 1030 
1050 POKE AD , PEEK ( AD+1 ) 
1060 POKE AD+1 , PEEK ( AD-1 ) 
1070 POKE AD-1,1 
1080 RETURN 

Fig. 3. Program for the ZX80 moves the 
last character from one string to 
another 

One shortcoming of the ZX80 is that the 
keyboard and display are effectively dead dur-
ing execution of a program. However, with the 
help of the following simple machine-code 
routine it is relatively easy to read keys at any 
desired time: 
IN A. 0  ; read port 0 into accumulator 
LD L.A  : save result in LSB of HL 
LD H, 0 ; zero MSB of HL 
RET :  return to BASIC, result in HL 
Since there is always a risk that a machine-

code routine located in the ZX80's RAM will 
be overwritten by the display file, the routine is 
written into a string which must not therefore 
be used elsewhere in the program. The 
program of Fig. 4 sets up the machine-code 
routine, and is called using the USR function: 

LET K=USR(0) 

where K is given the value of the key 
pressed. Note that this function, and lines 20 
to 90 in the program, refer to the variable 
"0". not the digit zero. 

10 REM READER 
20 LET 0$="XXXXXX" 
30 LET 0=PEEK(16392)+256*PEEK( 

16393)+1 
40 POKE 0,219 
50 POKE 0+1,0 
60 POKE 0+2,111 
70 POKE 0+3,38 
80 POKE 0+4,0 
90 POKE 0+5,201 

Fig. 4. Program sets up a machine-code 
routine to read the ZX80's keyboard 

AUTOMATIC PROGRAM 
LOADER 
It is often convenient to record a large num-

ber of seldom-used programs onto one 
cassette, but then it can be a lengthy business 
retrieving the particular one you want. The 
following system automatically searches a 
tape for the correct program, by skipping the 
correct number of earlier programs on the 
tape. It was developed by Trevor Toms of 
Phipps Associates, for use with the cassettes 
of programs that accompany their excellent 
"ZX80 Pocket Book", and they have kindly 
given permission for it to be included in 
Micro-Bus. 
The automatic loading is performed by a 

header program, stored at the beginning of 
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each tape. This is loaded first, and it prints out 
a list of all the other programs on that tape. 
All you need to do is type the number of the 
program you want, and the header program 
will locate it and load it. 

MACHINE-CODE ROUTINE 
The first stage in writing the header 

program is to create a machine-code routine 
that will skip past a program on the tape. This 
is best done using a BASIC program, as in 
Fig. 5. First, line 2 reserves 100 bytes for the 
machine-code by dimensioning an array C, 
and the address of this array is calculated and 
stored in the variable C (line 10). To avoid 
having to write the entire cassette routine from 
scratch, the ZX80's LOAD subroutine is 
copied out of the relevant part of the monitor 
ROM in lines 30 to 70, and then "patched" to 
do the required task by modifying certain 
bytes. The patches are as follows: 
Lines 110 to 230 converts the routine into a 

subroutine, rather than part of the main 
command-entry loop, and make it read 
program bytes from tape until a byte contain-
ing 128 (or 80 in hex) is detected. This byte 
denotes the end of the program and program 
variables. Lines 240 to 260 make the routine 
ignore the system variables, which are stored 
as 40 bytes before the program text and 
program variables. Finally, the routine is 
patched so that if the BREAK key is pressed 
the USR function will return a value of —1 
(lines 330 to 390). Any other value returned 
indicates that a program has been successfully 
skipped over. 

1 REM CREATE CASSETTE HEADER 
2 DIM C(50) 
10 LET C=PEEK(16392)+PEEK(1639 

3)*256+2 
20 LET Y=C+1 
40 FOR X=504 TO 597 
50 POKE Y,PEEK(X) 
60 LET Y=Y+1 
70 NEXT X 
100 REM PATCH LOAD SUBROUTINE 
110 POKE C+1,21 
120 POKE C+2,32 
130 POKE C+3,5 
140 POKE C+4,126 
150 POKE C+5,254 
160 POKE C+6,128 
170 POKE C+7,22 
180 POKE C+8,1 
190 POKE C+9,0 
200 POKE C+10,0 
210 POKE C+11,32 
220 POKE C+12,28 
230 POKE C+13,201 
240 POKE C+14,6 
250 POKE C+15,40 
260 POKE C+25,57 
270 POKE C+35,42 
280 POKE C+36,8 
290 POKE C+37,64 
300 POKE C+38,35 
310 POKE C+39,35 
320 POKE C+40,80 
330 POKE C+49,33 
340 POKE C+81,24 
350 POKE C+82,174 
360 POKE C+83,33 
370 POKE C+84,255 
380 POKE C+85,255 
390 POKE C+86,201 
400 STOP 

Fig. 5. Program to set up a machine-
code routine to skip a program on tape 

Having typed in the program of Fig. 5, and 
saved it on tape in case it crashes, run it to 
create the machine code in array C. Now 
delete every line in the program, being ex-
tremely careful to avoid pressing RUN or 
CLEAR which would destroy the contents of 
array C. Now type in the header program of 
Fig. 6; this contains, in lines 100 to 200, a list 
of the programs to be saved on the tape, and 
these lines should obviously be altered to suit 
the programs to be stored. Line 20 calculates 
the address of the skip subroutine created 
earlier, which still exists in memory although 
there is no longer any reference to it. The sub-
routine is called by the function USR(C +14). 

1 REM ***  "GOTO 1" 
2 REM *** DO NOT "RUN" 
10 LET MAXPROGS=3 
20 LET C=PEEK(16392)+PEEK(1639 

3)*256+2 
30 PRINT "PROGRAM SELECTION:" 
40 PRINT 
100 PRINT "1. MASTERMIND" „"lK" 
100 PRINT "2. HANGMAN" „"lK" 
120 PRINT "3. HUNT THE WUMPUS", 
"3K" 
200 PRINT 
210 PRINT "REWIND TAPE, ENTER S 
ELECTION" 
220 PRINT "PRESS PLAY/NEWLINE T 
OGETHER" 
300 INPUT N 
310 IF N<1 OR N>MAXPROGS THEN G 
OTO 1 
320 IF N=0 THEN LOAD 
330 IF USR(C+14)=-1 THEN GO TO 
400 
340 LET N=N-1 
350 FOR Y=1 TO 400 
360 NEXT Y 
370 REM SMALL SETTLE LOOP 4 SEC 

380 
400 
9999 

GO TO 320 
PRINT "BREAK..." 
STOP 

** * 

** * 

Fig. 6. Header program for the 7X80 
loads a specified file from a tape 

Having entered the header program, save it 
at the start of the tape, and you are then ready 
to fill up the tape with programs you wished to 
archive. Note that about 10 seconds of blank 
should be allowed after recording the header 
program, so that it can be updated and re-
recorded if more programs are added to the 
end of the tape at a later stage. 

USING THE PROGRAM 
In use, the header program is first loaded 

from the start of the cassette, and executed us-
ing "GOTO 1" since RUN would destroy 
array C containing the machine-code routine. 
Having selected a program from the menu, 
and entered its number, the tape is rewound 
and played again, while typing NEWLINE. 
The automatic loader will then skip the header 
program, and all the intermediate programs, 
finally loading the program that was chosen. 

3-D PLOTTING 
The simple program in Fig. 7 plots a three-

dimensional curve using high-resolution 
graphics. It is designed for an Acorn Atom 

with a floating-point extension. The program 
avoids plotting lines that would be hidden by 
the perspective from which the curve is being 
viewed; see Fig. 8. 
The program uses a mixture of integer and 

floating-point  variables; the floating-point 
variables are prefixed by a "%" sign, and are 

5 REM 3-D PLOT 
10 CLEAR4 
20 A=128;B=A*A;C=96;D=96 
30 FOR X=0 TO A 
40 S=X*X 
50 %P=SQR(B-S) 
60 $1=-$P 
65 DO 
70 %R=SQR(S+%I*$I)/A 
80 %Q=(8R-1)*SIN(24*%R) 
90 %Y=%I/3+%Q*D 
95 FIF $1=-%P %M=%Y;GOTOb 
100 FIF %Y>$M $M=%Y;GOT0a 
105 FIF $Y>=%N GOTOc 
110b$N=AY 
115a$Y=C+%Y 
120 PLOT13,(A-K),%Y 
130 PLOT13,(A+X),8Y 
135c$I=%I+4 
140 FUNTIL $I>=%P 
145 NEXT X 
150 END 

Fig. 7. Three-dimensional plotting 
progra m for Ato m  BASIC with 
floating-point 

Fig. 8. High-resolution graphics curve 
produced by 3-D Plot program 

totally separate from the normal integer 
variables. A second version of the IF state-
ment. FIF, is provided for floating-point com-
parisons; similarly the integer DO . . . UN-
TIL loop, which gives repeated execution of a 
section of statements until the condition in the 
UNTIL statement is satisfied, has as its coun-
terpart the floating-point DO . . . FUNTIL 
loop. The lower-case letters are labels, used by 
the GOTO statements instead of line numbers. 
The graphics command 'CLEAR 4' sets up 

the display for 256 x 192 points, and the 
statement 'PLOT 13,X,Y' plots a point at 
coordinates X,Y. Hidden-line removal is per-
formed by keeping a record of the highest 
point plotted, in %M. and the lowest point 
plotted, in %N; only point's greater than %M 
and less than %N are plotted. Line 90 deter-
mines the perspective at which the curve is 
viewed. The function for evaluation is given in 
line 80, as the height %Q in terms of the 
radius %R, and this line can be changed to 
give plots of other functions. 
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THIS Ultrasonic Intruder Alarm is an updated version of 
the design published in PE December 1979. Modifica-

tions to the original circuit include the use of a sensitivity 
control which will also preset the detection range and a 
steady alarm output. The complete unit has been redesigned 
to fit onto a single p.c.b. 

CIRCUIT DESCRIPTION 
The complete circuit diagram of the Intruder Alarm is 

shown in Fig. 1. The 555 timer (IC2) is connected as a 40kHz 
square wave generator which can be fine tuned by VR1. The 
square wave output is filtered by R22 and C16 before being 
used to drive the ultrasonic transmitter Xi. The 40kHz signal 
sets up a sound pattern in the protected room and if an ob-
ject moves within the field a frequency shift occurs (due to 
the Doppler effect) to the waves which are reflected from 
the moving object. The transducer X2 will receive two dif-
ferent frequencies (40kHz and the shifted frequency which 
can be higher or lower than 40kHz); these will combine to 
produce a beat note. The frequency of this audio or sub-
audio beat note will be the difference between the two 
ultrasonic frequencies. This beat frequency is then amplified 
filtered and used to operate the alarm. The received sound 
from X1 feeds the 40kHz amplifier IC3 the gain being deter-
mined by VR2, R6 and C6. VR2 adjusts the voltage gain 
from 1 to X100. 
The output of this stage is fed to the envelope detector to 

remove the 40kHz signal and detect the Doppler frequencies 
from the received signal. IC4 forms a Doppler frequency am-
plifier the gain being set by R10, R9, and C8 this increases 
the signal sufficiently to drive the diode pump detector C9, 
D7, D8, C10 and R11 to convert the Doppler frequency into 
a d.c. level. 
This d.c. level feeds the unit 'on' and 'movement' indicator 

formed by IC5, D9 and R12. The diode D9 glows when the 
unit is on and increases in brightness as a movement is 
detected, the brightness being dependent upon the voltage 
at the output of IC5 which causes current to flow though D9 
and R12. The diode D9 also acts as a 1.2V level shifter for 
better matching to the next stage. 
The d.c. level from IC5 is filtered by R13 and C11 (to form 

a 1 second invalid movement delay to prevent false trigger-
ing) before feeding IC6a and b which form a bistable reset at 
switch on by C12, D11 and R19 (D10 forms a discharge 
path at switch off for C12). When the bistable is triggered by 
pin 13 going high the output of pin 10 goes high charging 
C13 via R14. When the voltage across C13 reaches the up-
per threshold of the Schmitt trigger formed by IC6c and d, 
R15 and R16 the output of pin 4 goes high driving TR1 via 
resistor chain R17 and R18, the collector of TR1 drives R LA 
and D12. Resistor R21 and C15 provide sufficient current to 
energise the relay with a low holding current to minimise the 
power taken by the relay. When pin 4 is high C12 is dis-
charged by R19 and R20 causing the voltage at pin 9 to rise, 
which resets the bistable causing pin 10 to go low discharg-

4416, 

FEATURES 
Screw connections for 240V a.c. supply and 
remote alarm sounder. 
1BV battery back up option in case of mains 
failure. Ni-cads can provide up to 5 hours of 
protection. 
Internally preset detection range (normally preset 
to 15 feet with built and tested alarms) 
Half second system test at switch on —acts as an 
alarm on reminder for the user 
Twenty seconds delay at switch on —to allow the 
building to be left without sounding the alarm. 
Twenty second delay on entry —to allow the alarm 
to be cancelled without sounding. 
One second invalid movement delay  to prevent 
false alarms by plants etc. 
Two minute self cancelling alarm —to provide 
repeated protection whilst away for long periods. 

The alarm is most sensitive to moving objects in front 
of the unit and towards the unit. A red lamp glows on 
the front of the unit when power is connected and in-
creases in brightness as movement is detected. 
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1N4148 

810 
470k 
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100n  184148 

A 164148 

410 
100n 

ing C13 via R14 and when the lower threshold of the 
Schmitt trigger is reached pin 4 goes low turning off TR1 
and de-energising RLA. If relay RLA is removed and R21 
linked TR1 can drive a low power high efficient piezo soun-
der such as the ITT U250-RHA which requires 12V d.c. at 
18mA to produce a 105d8 2.7kHz at 1 metre. 
R1 and D5 form a suitable charging circuit for ni-cad bat-

tery back up. If dry cells are used the charge resistor R1 
should be removed. The mains power to the unit and battery 
feed should both be switched. 
The power supply consists of Ti, D1, D2, D3, D4, 

smoothing capacitor Cl i.c. regulator IC1 and decoupling 
capacitors C2 and C17. 
The switch on test is provided by C14 causing pins 1 and 

2 of IC6 to go high whilst charging through path C12. D11, 
R15 and C13 causing pin 4 to go high turning on TRI and 
energising RLA. 

COMPONENTS . . . 
Resistors 

R1,R18  2k2 (2 off) 
R2  12k 
R3  47k 
R4, R5  220k (2 off) 
R6, R12  1k (2 off) 
R7  4k7 
R8  100k 
R9, R22  100 (2 off) 
R10  470k 
R11, R16, R20  4M7 (3 off) 
R13,R17  22k (2 off) 
R14,R15,R19  1M (3 off) 
R21  680 

C12  C12  011 

220 =pm  184148 

01  
620 

C15 
220p 

1- 714D11428 
/ 819 
151 

100n mum 

IC6a 
la 4001 

R14  IC6c  IC6d 
1 M  4001  4001 

816 
4517 

IC6b 
4001  413 

C11  22p 
22p  10419 5148  T 

NC 

R LA1 

-0510 

818 
2k2 

TR1 
64547 

Fig. 1. Complete circuit diagram of the Intruder Alarm 

C4, C16 
C5, C8, C11, C12, C13, 
C17 
C6, C7, C9, C10, C14 

Semiconductors 

10n ceramic (2 off) 
22µ 16V elect. (6 off) 

100n polyester (5 off) 

D1—D4  1N4001 (4 off) 
05  1N4002 
D6, D7, D8, D10, D11,  1N4148 (6 off) 
D12 
D9  Red I.e.d. 
TR1  BC547 
IC1  78L12 
IC2  NE555 
IC3  CA3140E 
IC4, IC5  741 (2 off) 
IC6  4001 

All resistors 1W 5% carbon  Miscellaneous 
Ti  Mains transformer 18V sec 

Potentiometers  X1  MA4OLIS 
VR1  4k7 min. hor.  X2  MA4OLIR 
VR2  100k min. hor.  20mm grommets (2 off) 

9mm grommets (2 off) 
Capacitors  ABS box 115 x 95 x 45mm 
Cl  470µ 25V elect.  Relay Omron LC I N-E 
C2, C15  220µ 16V elect. (2 off)  Piezo sounder ITT 250 RHA, p.c.b. 
C3  in polyester  3-way terminal block p.c.b. type (2 off) 

Constructor's Note 
A complete kit of parts for the Intruder Alarm is available from GJD Electronics, 105 Harper Fold Road, Rad-
cliffe, Manchester M26 ORG. 
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Fig. 2. P.c.b. design 
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Fig. 4. Circuit for ni-cad conversion 

Internal view of the alarm 
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NO 
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Fig. 3. Component layout 

CONSTRUCTION 
The p.c.b. design for the alarm unit is shown in Fig. 2 with 

the component layout shown in Fig. 3. After all the compo-
nents have been soldered onto the p.c.b. and checked then 
the case can be drilled. On the prototype the two 
transducers were fitted into 20mm grommets. The front 
panel should also be drilled for the movement detector led. 
Grommets should also be fitted to the two holes at the rear 
of the case used for the mains lead and relay connections. 
With the transducers fitted into the case and the p.c.b. 

mounted, then C16 and the other end of R22 should be 
soldered onto the ultrasonic transducer Xl. 

SETTING UP 
Point the alarm into the room. Turn VR2 fully clockwise 

and measure the voltage at IC4 pin 3 which should be at 
around 5.5V d.c. Adjust VR1 until the maximum voltage is 
obtained, reduce this setting of VR2 for the required sensing 
range. It is always best to use the minimum range required 
to reduce the possibility of a false alarm. 

INSTALLATION 
The alarm is prone to both vibration and air currents 

therefore the points below should be observed to avoid false 
triggering of the alarm. 
(1) Do not place the alarm on a vibrating surface. 
(2) Close all doors and windows. 
(3) Do not point the alarm at a radiator or convector 

heater. 
(4) Cats, dogs and large insects should be considered. 
(5) If more than one alarm is to be used ensure that 

the ultrasonic sound emitted by one alarm does 
not interact with the second alarm. 

(6) Try to install away from telephones as some bells 
can produce high frequency sound similar to that 
of the alarm 
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Low cost excellence 
with a 2 YEAR guarantee 

AG 203 
LOW DISTORTION 
OSCILLATOR 

£110 

AG203 Low Distortion Oscillator —10Hz to 1MHz in 5 ranges 
0.1 % distortion — very flat 0/P to 7V r.m.s. sinewave from 

600 ohms, squarewave by pp — Ext. Sync. — > 60dB's of variable 
output attenuation. 

AG 2014 
SINE-SQUARE 
OSCILLATOR 

£60 

AG202A 200KHz R.C. Oscillator — 20Hz to 200KHz in 4 ranges — 
Sine and Squarewave — Flat 0/P to 10V r.m.s. from 600 ohms — 
<0.5% distortion — > 60dB of variable 0/P atten — Ext. Sync. — 
Large easy to read single dial with smooth precise tuning control — 

Instant stable signals — Solid State. 

SG 402 
30 MHz A.M. 
SIG. GEN. 

£59 

SG402 A.M. Signal Generator — 100KHz to 30MHz in 6 bands — 
100mV of 0/P with variable attenuator — Int. and Ex. A.M. — Solid 
State — Lightweight and portable — Large clear easy to read 

frequency dial. 

CO 1303D 
5 MHz 
OSCILLOSCOPE 

£100 

C01303D, DC to 5MHz Oscilloscope — 10mV/div sensitivity with 
variable atten. — Int, variable sweep frequency in 4 ranges from 10Hz 
to 100KHz — Int. and Ext. sync. — Direct deflection terminals can 
monitor R.F. up to 450MHz. C01303G as above, plus 1:8 to 54MHz 
monitor freq. range from 1 to 500W direct coupling —Two Tone gen. 

1KHz and 1.575KHz — ideal for SSB, A.M. CW etc. 

FG 270 
FUNCTION GEN. 

046 

FG270, Function Generator —0.1Hz to 1MHz in 6 ranges — 
sine, square and triangle — 20V p-p open circuit output — < 1% 
distortion — D.C. offset — TTL 01P — Ext. VCO for sweep tests. 
FG271 as above plus 0.02Hz to 2MHz in 7 ranges — Int. sweep — 

Pulse, Tone Burst and A.M. 

CS 1562A 
10 MHz 
DUAL TRACE 

£224 

CS1562A Dual Trace 10MHz Oscilloscope — 10mV to 20V/div 
sensitivity in 1-2-5 sequence with fine control — 1ps to 0.5 sidiv 
sweep time plus X5 Mag. — Auto, Manual and T.V. triggering — 

Z mod and X-Y operation. A single trace version CS1559A is available 
Steven lower cost. 

Plus many other Trio Products such as high sensitivity electronic voltmeters, Wow and Flutter meters, DIP 
meters and of course the main range of Trio scopes up to 100MHz —JUST ASK FOR THE CATALOGUE 

T RI O® 
House of Instru ments Ltd., 

Clifton Chambers, 
62, High Street, 
Saffron Walden, 
Essex CB10 1EE. 

Telephone: (0799) 24922 
Telex: 81653. 

performancehecompetitive h nrel iabi lit phi! 

Not 

House of Instruments Ltd. 
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Interfacing 
COMPUKIT 

Part 4 D.E.Graham 

THIS MONTH we introduce a second companion board to 
I the Decoding Module, and examine the implementation 
of analogue output from the Compukit. 

ANALOGUE, TI MING AND AUDIO BOARD 
This is a double sided p.c.b. of the same dimensions as the 

Decoding Module, which connects directly to it via a single 
edge connector to provide the Compukit with a range of 
facilities. The board is powered by the Decoding Module's 
dual 5 volt power supply, and, as may be seen from Fig. 4.1, 
contains four separate sections: A D/A converter and 
operational amplifier taken out to SK7; an 8 channel AID 
converter accessed through SK6; an AY-3-8910 Program-
mable Sound Generator and audio amplifier whose output is 
taken to a number of pads at the edge of the board, and 
whose two 8 bit ports are accessed through SK2 and 3; and 
a 6522 Versatile Interface Adaptor providing a number of 
counting and timing facilities, as well as a further 16 bits of 
parallel port. Connections to the 6522 are made via SK4 and 
5. Sockets SK2, 3, 4, 5, 6 and 7 are all of the 16-pin d.i.l. 

variety. 

4.1. Block diagra m of Analogue Board 

POWER SUPPLY, 02 
RESET, R/W, DATA 
BUS, ADDRESS BUSS 
ADDRESS DECODING 
FROM DECODING 
MODULE (5K6) 

1E1,500 

CONSTRUCTION 
This should prove to be fairly straightforward. It is 

probably easiest to solder in i.c. sockets first, followed by 
discrete components, and finally the through-pins (as in-
dicated on the component overlay in Fig. 4.4). Before in-
serting the i.c.s, test that the correct supply voltage appears 
at the appropriate pins of all i.c. sockets. The Analogue 
Board connects to the Decoding Module via a 2 x 25-pin 
0.1 inch edge connector SK 1. This is wired to SK6 on the 
Decoding Module as shown in Table 4.1. This wiring should 
be kept to a few inches in length. Precautions against static 
damage must be exercised when dealing with i.c.s 1, 2, 6, 8 
and 10 since these devices may be easily damaged by static 

charges. 
We will cover the testing of the four parts of the board in 

the particular sections dealing with each functional unit. 
Details of the PSG 6522 and AID converter will be given in 
forthcoming issues. Now we deal with D/A conversion. 

D/A TECHNIQUES 
In its simplest form a D/A converter may consist of a chain 

of resistors joined to a parallel output port. Fig. 4.5 shows a 
4 bit D/A converter that could be connected directly to the 

SK1 

SK5 SKI. 

6522 

Versatile Interface 
Adaptor 

Audio out 

Audio Amp 

SK3  SK2 

AY-3-8910 
Programmable Sound 

Generator 

7 

D/A 
Converter 

7 

AID 
Converter 

7 

Op 
Amp 

8 Channel 
Multiplexer 

SK6 

SK7 
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outputs of a 7475 quad latch. The output voltage would 
range from a fraction of a volt for zero data to about 4 volts 
for the decimal value 15. The resistors would need to be 
one per cent tolerance types to avoid abrupt changes in 
voltage occurring when different sections of the chain are 
brought into play, as in the major transition which occurs 
from 7 to 8 for example. 
The configuration could be doubled up to produce an 8 bit 

converter, but resistor tolerances would become more 
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critical. Also, if a PIA port was to be used with such a con-
verter, higher value resistors would be required because of 
the relatively low drive capability of its output. This would 
further necessitate the use of a d.c. amplifier to produce a 
usable analogue output. 

ZN425 MONOLITHIC CONVERTER 
It is of course possible to get around these problems, and 

particularly the problem of conversion accuracy, by using a 
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Table 4.1 Connections Between Ski of Analogue 
board and SK6 of Decoding Module. 

SK1 pin 
number 

Upper 

SK6 pin 
number  Function 
(upper) 

Lower 

SK6 pin 
number  Function 
(lower) 

1 1 Vgg(-5V) 1 RESET 

2 2 02 2 W7 

3 3 1RQ 3 W8 

4 4 BC1 4 87 

5 5 BDIR NC 

6 NC NC 

7 NC 7 R/W 

8 NC 8 GND 

9 NC 9 GND 

10 NC 10 D7 

11 11 W7 11 D6 

12 NC 12 D5 

13 13 A3 13 D4 

14 14 A2 14 DO 

15 15 Al 15 D1 

16 16 AO 16 D2 

17 17 GND 17 D3 

18 18 GND 18 Vcc 

19 19 GND 19 Vcc 

20 NC 20 GND 

21 NC 21 GND 

22 NC 22 GND 

23 NC NC 

24 NC NC 

25 25 NMI 25 BL2 

monolithic D/A converter i.c. From the variety of such 
devices on the market we have chosen to use the Ferranti 
ZN425 for a number of reasons. In particular it is readily 
available at a reasonable price, and operates from a 5 volt 
supply. 
Fig. 4.6 gives a block diagram of the sections of the 425 

used in D/A conversion. Essentially it consists of 8 data 
switches which are activated by an external port or latches. 
These switch a precision R-2R network to an on-chip 2.5 
volt reference source to produce an analogue output on pin 
14. This is typically 2.555 volts for all bits on, and 3mV for 
all bits off. 

PRACTICAL D/A CIRCUIT 
Fig. 4.7 gives the full circuit of the D/A section of the 

Analogue Board. This consists of a pair of 74LS75s wired to 
form an 8 bit data latch. The latch enables are taken to the 
W line on the Decoding Module, which corresponds to an 
address of 61320. The 8 parallel outputs of the latch are 
connected directly to the ZN425, which performs the con-
version of the latched data within 111 sec. The analogue out-
put (DA) appears at pin 14 of the 425, and is fed to the non-
inverting input of IC11, a 741 operational amplifier. Both 
DA, and the output of the op. amp. (DAA) are taken out to 
SK7, which also carries both polarity supply connections and 

ground. 
The op. amp. circuit has two associated variable resistors. 

VR1 is used for zeroing, and has been given an extended 
offset capability, and VR2, which controls the gain between 

about 1 and 2. 
To test the converter, connect a voltmeter between pin 14 

of SK7 and earth (pins 1, 5 or 6 of SK7). Execute the com-
mand POKE 61320, 0, and adjust VR1 to give zero volts on 
the meter. Now execute POKE 61320, 255. This should 
cause the meter to read somewhere between 2.5 and 4 
volts, depending on the setting of VR2. The system is now 
operational, and POKEing intermediate values to 61320 
should yield intermediate voltage readings with a linear 
correspondence (providing the gain has not been set too 

high). 
If the voltage does not vary with differing data, a voltage 

check should be made on the DA output of the converter 
(pin 14 of IC6, or pin 16 of SK7). If this does not alter when 
data is POKEd to 61320, then checks should be made on 
the outputs of the two latches IC4 and 5. These should also 
change when different values are POKEd to 61320. 

APPLICATIONS OF THE D/A CONVERTER 
The DAA output of the converter unit at pin 14 of SK7 

may be used in a wide variety of different applications. It 
could be used for example to feed a servo amplifier control-
ling a d.c. motor which could variously drive a graph plotter, 
a steering mechanism, or a robot's left leg. 
More simply it may be used to drive power controllers of 

one kind or another. For low power d.c. operation, a simple 
current amplifier of the type shown in Fig. 4-8 may be con-
nected to the DAA output of the converter unit. This will vary 
the brightness of a 2.5V lamp according to the data POKEd 
to 61320. To set this up, first execute POKE 61320,0, and 
adjust the zero offset (VR1) so that the bulb is just 
extinguished. Then execute POKE 61320, 255. This should 

CONSTRUCTOR'S NOTE: NEW 
MONITOR IN EPROM 

During the development of this series the 
screen editor written by Nigel Climpson 
and published in PE was found to be ex-
tremely useful. This editor is now available 
as the CEI monitor in a 2716 EPROM 
for £12•50 + VAT and p&p, from 
Technomatic Ltd. It replaces the UK 101 
2K monitor ROM, and also contains 
useful routines such as a rapid screen 
clear. 
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illuminate the lamp brightly, and VR2 may then be adjusted 
to achieve best control over the full range of data. 
A program of the type listed below will be found useful in 

setting up the converter for the above, and for other 
applications: 

80 REM TEST ROUTINE FOR A/D CONVERTER 
100 A=61320 
120 1NPUTX 
140 POKEA,X 
160 GOT0100 

It simply requests a number, which should be an integer be-
tween zero and 255, and POKEs this to the converter. 

TRIAC CONTROLLER 
If ac. or pulsed d.c. control is required, then the converter 

may be used to drive a Triac or Thyristor. There are many 
ways in which this may be achieved, but perhaps the most 
straightforward is to use the DAA output of the converter to 
vary the brightness of a led. indicator, which itself 
illuminates a light dependent resistor placed at a strategic 

Fig. 4.3. Analogue Board p.c.b. component side 

1 
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point in a triac or thyristor controller circuit. This has the 
great advantage of completely isolating the computer 
system from the mains. Alternatively, a patent opto-isolator 
such as the TIL112 may be used. In either case the led. 
may be directly driven by the DAA output of the converter as 

in Fig. 4.9. 
Fig. 4.10 gives an experimental circuit for a power con-

troller using the I.d.r. method. The phase shift for the triac is 
produced by the R1/Cl network, with the I.d.r. altering the 

charge time of Cl. R2, R3, and C2 help to reduce hysteresis 
and flicker, common diseases of this type of controller, 
though the latter is not completely eliminated. Li and L2 are 
inductors each formed by winding about 100 turns of wire of 
a half inch former. Perhaps the most vital part of the circuit is 
the R4/C3 network. This prevents spikes in the supply line 
from destroying the triac. 
The led. and series resistor are connected between the 

DAA output of the converter and Vcc. The led. should be 

Fig. 4.4. Co mponent overlay for Analogue Board 
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taped to the I.dr., and the pair mounted in a completely 
light-tight container. 
To set up the circuit, VR1 of the converter should be set to 

give zero volts between DAA and ground on execution of 
POKE 61320, 0. VR2 should then be adjusted to give a 
smooth range of control. Some adjustment of R1, 2 and 3 
may be necessary to effect this. 

THYRISTOR CONTROLLER 
In the author's experience, far more satisfactory power 

control is achieved using thyristors rather than triacs. One 
advantage of the thyristor is the ease with which unijunction 
transistor delay circuits may be used with them; and secon-
dly they cannot suffer from asynchronous firing in the two 
directions of current flow, as may occur with the triac, and 
which is indeed one of the factors causing flicker in the con-
troller of Fig. 4.10. 

Fig. 4.11 gives the circuit of a thyristor controller which 
may be used to vary the power to some 12 volt d.c. device 
for currents up to two or three amperes. Control using the 
500k resistor is smooth and flicker-free. An I.d.r. driven by an 
led. from the D/A converter may be introduced in a number 
of ways into this circuit. About the simplest is to take the 
I.d.r. from point X to earth via a resistor in the range 20 to 
100k. To obtain smooth control it will be necessary to adjust 
the 500k pot in conjunction with VR1 and VR2 on the 
Analogue Board. Again, however, it should be stressed that 
this is an experimental circuit, and some adjustment of 
values may be necessary to obtain the best performance. 
If it is desired to use this circuit for power control at a 

higher voltage, then it should be possible to increase the 
supply voltage, and adjust the Zener diode dropper resistor 
R1 accordingly. If a.c. control is required, then the load 
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4.10. Triac Power Controller. All resistors are 1 Watt 

R5  01 = led. 
330  R6 = LIGHT SENSITIVE 

RESISTOR e.g. ORP12 

CSR1 
Li RI 

CSR 2 

16 I 

TIC206D 
400V 3A 

4.11. Thyristor Power Controller 

COMPONENTS . . 
Resistors 
R1 86, R8 
R2 
R3 
84 
85 
R7 
R9 
RIO 

1k (3 off) 
100k 
10 
390 
82k 
3k9 
18k 
ISA 41. 

Potentio meters 
VR1  10k preset 
VR2  25k preset 
VR3  100k log + switch 

Capacitors 

Cl, C2, C6, C11, C12, 
C17 

C3, C4, C13 
C5 
C7, C14, C15 
C8 
C9 
C10 
C16 

MT2 
MT1 

100n disc ceramic (6 off) 
10p./10V (3 off) 
in 
100µ110V (3 off) 
200W1 0V 
47n mylar 
220n mylar 
50n mylar 

DI 
9V 

SIGNAL AID 
CONVERTER 

1EP 512 

SERIES OF 
SAMPLES 

AUDIO OUTPUT 

TO DAA ON 
ANALOGUE PC.B. 
(PIN 14, SK?( 

4.12. NE555 signal generator 

CPU 

D/A 
CONVERTER 

REPLAY 

LLC5COPE 

PLAY RAM 

4.13. Block diagram of storage 
oscillocope 

Integrated Circuits 
(Cl 
IC2 
IC3 
IC4, IC5, IC7 
IC6 
IC8 
IC9 
IC10 
IC11 

6522 
AY-3-8910 
LM386 
74LS75 (3 off) 
ZN425 
4051 
74LS90 
ZN427 
741 

Miscellaneous 
P.c.b. 
SK1  2 x 25 0.1in, edge connector 
SK2-SK7  16-pin d.j.'. sockets (6 off) 
40-pin W.I. sockets (2 off) 
16-pin dil. sockets(5 off) 
8-pin d.i.l. sockets (2 off) 
14-pin d.i.l. sockets 
14-pin dii. sockets 
length of 40 strand ribbon cable 

Constructors' Note 
A complete kit of parts, excluding loudspeaker, is 
obtainable from Technomatic Ltd., 17 Burnley Road, 
London NW10 
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should be placed in series with the a.c. supply feeding the 
bridge rectifier. Additionally the reader is referred to the 
many power control circuits that have appeared in P.E. in the 
past, and to the useful book on the subject by D. Marsden, 
entitled 110 Thyristor Projects. The use of one of these with 
a controlling I.d.r. or opto-isolator should meet most indi-
vidual requirements; though it should be noted that the 
recently published circuit for the Slave Light Dimmer (P.E. 
Feb. 1981) is not suitable for this purpose. 

AUDIO OUTPUT 
For some purposes it may be found useful to run an audio 

generator from the Analogue Board D/A converter, or from a 
R-2R converter running from an unused port, and buffered 
with an operational amplifier similar to that used on the 
Analogue Board. In either case the DAA output (or similar) 
may be used directly with i.c.s such as the NE566 function 
generator or the NE555 timer. Fig 4.12 gives a circuit for 
audio production using the 555. The DAA line from pin 14 of 
SK7 is used to directly drive the control pin (pin 5) of the 
555. With the components specified this will give outputs in 
the range 5 to 10kHz. VR1 should be set to null output for 
zero data, and VR2 to maximum gain. This will result in out-
puts of about 10kHz for 255, and about 5kHz for data of 
around 80. If zero is POKEd to the converter, the generator 
ceases to oscillate, so providing a convenient means of 
switching off audio output. 

FURTHER APPLICATIONS 
The D/A converter on the Analogue Board may also be 

used for directly handling audio and other waveforms. It can, 
for example, be used in the direct generation of virtually any 
conceivable waveform. The program below produces a stair-

case output at the DA and DAA pins of the converter: 

100 A=61320 
110 INPUT "SAMPLE RATE: TRY 5"; C 
120 FOR B=1 TO 255 STEP C 
130 POKE A, B 
140 NEXT 
150 GOTO 120 

Using BASIC for this purpose limits the output frequency 
of any Waveform generated to a few Hz or so. For higher fre-
quency outputs, the program would have to be executed in 
6502 code. It would be a relatively simple matter to write a 
short routine in 6502 code that successively output the 
contents of a block of memory to the D/A converter. The 
block could then be filled beforehand, using a POKE routine 
in BASIC, with any desired waveform, e.g. sin, square, 
triangular step, etc. The short 6502 code program could 
then be accessed via the USR(X) call to output the data at 
any given speed. 
Using similar techniques in conjunction with an AID con-

verter it would be possible to write software for a storage 
facility for an oscilloscope. The AID converter would sample 
a given waveform, and store the data in a given block of 
RAM. The D/A converter could then be used to output the 
sequence repeatedly, and at any frequency and repetition 
rate, so as to provide a permanent display, with the option of 
recall facilities, etc. See Fig. 4.13. 

Next month we will look at the use of the PSG on the 
Analogue Board, and discuss applications such as a 14-note 
organ operated from the UK101 keyboard. Details will also 
be given on the use of the Programmable Sound Generator 
as a 3-channel D to A converter 

Readout. 
A selection from our Postbag 

• 0 

Readers requiring a reply to any letter must include a stamped addressed envelope. 
Opinions expressed in Readout are not necessarily endorsed by the publishers of Practical Electronics. 

Excellent 
Combination 
Sir —I have recently constructed a PE 
Congress amplifier from a kit supplied by 
Wicca, as a re-introduction to electronics after 
a fifteen year break. Apart from bridging two 
tracks in the phono stage, the unit worked first 
time. I must congratulate the designer(s) on 
the performance of this design —it really is in-
credibly good to listen to, and is capable of 
'demolishing' a number of commercial units 
with a higher 'paper' performance. 
I have only two small points of criticism. 

Firstly, the effectiveness of the balance control 
can only be described as minimal. I can find 
no fault in the construction, so can you ad-
vise? The second problem (about which I in-
tend to speak to Wicca) is transformer hum, 
which, in an amplifier that generates so little 
noise internally, is very noticeable. Perhaps a 
toroidal unit would have been worthwhile? 

My second reason for writing is to give a 
pat on the back to a company which has given 
me superb service. Some six months ago, I 
purchased a pair of Videotone GB3 speakers 
through the PE Special Offer. These were used 
a few times on an old stereo record player 
which at best could be described as poor, but 
did play old records, so I took little notice of 
the poor sound. When I had completed the 
Congress. I connected the GB3 units, and with 
a decent input to them, it was immediately ob-
vious that one tweeter was inoperative. 
I telephoned Videotone and explained the 

problem, which they suggested may have been 
caused by clipping on the old amplifier (which 
I doubt as I treated the unit very carefully in 
deference to its meagre output), but they took 
my address and offered to supply a new 
tweeter under warranty. It duly arrived and 
was installed, and the speakers were connec-
ted. The performance of those tiny (and 
cheap) boxes is a revelation. There is ample 
bass during the day with a little boost, but the 

real beauty is at night. With the bass rolled off 
a little, the sound quality is retained without 
annoying the neighbours. Try doing that with 
the bus-sized speakers that so many people 
seem to think necessary. In any normal 
residence, the Congress and GB3 pairing will 
be found capable of generating excrutiating 
volume without distortion, even to those with 
'disco-ears'. 
To any reader who may have built a Con-

gress. I would say without hesitation. "hang 
on a pair of GB3s, you will not believe your 
ears". I bought the GB3s on the strength of an 
earlier auditioning of the older 'Minimax', 
which was very good, but not. I believe, in the 
same class as the GB3. As for the service from 
Videotone, what can I say except "thank 
you... 

S. G. West, 
Northampton. - 

Noddy Radio 
Sir —As a reader of your magazine I would be 
quite content if the sickeningly over-exposed 
letters "CB" appeared never again. I have no 
enthusiasm for citizens band radio, and I 
suspect that 99% of the population of this 
country is similarly disinterested. 
What we have is a verbose minority 

creating a furore over what is, after all. Noddy 
radio. I am prepared to tolerate occasional 
breakthrough on my domestic equipment 
when it is the police going discreetly about 
their business —or even a local taxi firm. 
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However, 1 see no reason why I should endure 
prolonged breakdowns when I am trying to 
take in the news, just so that an immature 
"citizen" can tell the world he is called Rubber 
Duck and he doesn't like "bears". 
I have no doubt that should this band be 

allowed, every ten years or so it will become 
involved in some small way with a murder 
hunt, and then we shall hear of the wonderful 
contribution CB makes to society. Why 
should a respectable magazine like Practical 
Electronics jump on this bandwagon? 
As far as I'm concerned, CB should be 

allowed only on microwave at ImW so that 
nobody can use it! 

Peter Bleck, 
London. 

Sir-1 see that you have published a CB con-
verter in your March issue. I already have a 
converter and I see from your editorial in the 
February issue that I need a licence to listen to 
it. As I cannot obtain a licence to listen to CB, 
bow can I be prosecuted for not having 
something I cannot obtain anyway? 
It is also illegal to transmit on CB, so 

therefore there is nothing to listen to. So how 
can I be prosecuted for listening to something 
that is not there in the first place? 
This seems to me to be a ridiculous situa-

tion and the sooner the government comes up 
with some sensible licensing ideas, the sooner 
it will be getting more money to help with the 
running of the country. 

Little T, 
Leicester. 

Sir —Your editorial seeking views on listening 
to—for example —CB on 27 MHz raises a 
wider question. Has any government the 
moral right to forbid us to listen to any 
available radio transmission? There may be 
perfectly justifiable reasons for restricting 
transmission (e.g. CB) but it must surely be a 
fundamental right to listen to any broadcast 
information in an intelligible form. 
The obvious exception is on security 

grounds, e.g. police radio —but the enterpris-
ing criminal is hardly likely to be deterred by 
the Wireless Telegraphy Acts more than, say, 
the Theft Act! 
If the originator of a message chooses an 

inherently public medium such as radio the 
onus is on him to adopt a cryptic method of 
transmission. If an illicit broadcaster gets on 
the air it is the business of the authorities to 
stop him, not to tell us not to listen, as do 
totalitarian regimes. Even those who practice 
press censorship tend to go for the publisher 
rather than the reader! 

D. B. Lyall, 
Cheltenham. 

Alive and Kicking 
Sir —As the new chairman of the Amateur 
Computer Club I would like to clarify the 
current position of the ACC, and in particular 
its future. I feel that your readers, many of 
whom are interested in home computing will 
be interested to learn of the current position of 
the ACC. 

I am pleased to announce that the ACC is 
now very much alive and kicking following a 
somewhat dormant period last year. The ACC 
is a national organisation to promote interest 
in amateur computers and computing, to 
facilitate the exchange of information and 
ideas, and to help members with their home 
computer systems. Annual membership is 
£4.50. 
I would also like to mention a few other 

points. Firstly, last year the ACC year was ex-
tended to September '80. The new year started 
on October 1st and runs until 30th September 
'81. Secondly, it is hoped to set up regular 
contact with the journals and to keep them in-
formed of the activities of the ACC. 

Peter Whittle, 
Chairman —ACC, 

1 Blinco Road, 
Urmston, 

Manchester. 

Micro Bus Error 
Sir —Congratulations for your excellent 
'Micro Bus' series, but why not every month? 
Having tried the Draughts Board game in 
February 81 issue (for the ZX80) I would like 
to point out a couple of small (but very impor-
tant) errors (probably printing errors!): 
Line 30 should read: PRINT "12345678" 

Space after the eight, and Line 300 . . . OR 
(X=13 AND TLS (AS)="R") OR NOT... 
Bracket close after "R" 
Having just spent a Sunday afternoon 

finding the missing space, I hope this might 
save someone else the trouble. There has been 
some gain though, at least I now know how 
the program works, which I admit I wouldn't 
have if it had worked straight away! 

P. Holton, 
Upper Norwood, 

London. 

PE Microtune 
Sir —I have read with interest your project 
Microtune, in the Dec-Jan editions of your 
magazine, and was impressed by the technical 
specifications and useful functions available 
on what is quite a reasonably priced machine. 
It is good to note that your magazine is 

aware of the importance of the correct adjust-
ments to the ignition system of the modern 
motor car and that this equipment makes such 
adjustments an easy task. Using this equip-
ment carefully should enable the builder to 
recover the cost of it in improved fuel con-
sumption and smoother running in a very 
short time. 
On reading the section "USING THE 

M1CROTUNE", I would like to comment on 
a few points that I feel may cause confusion 
with an operator who is not fully conversant 
with car electrical systems and I hope that my 
comments may be of use. 
In the section "Battery Checking" the test 

that is suggested is a good test but I feel that 
the duration of the test should be limited to 15 
seconds as the time of 30 seconds quoted I 
consider too long and could result in the 
premature condemning of a serviceable bat-
tery. An extra check that could be incor-
porated into this section is a check on coil SW 

voltage. On a 12 volt coil system the voltage 
at the SW terminal should be no more than 
0.5 volt lower than the battery voltage. A 
higher volt loss could be due to a faulty igni-
tion switch or connections in the coil feed. On 
a ballast system the voltage should be between 
5 and 8 volts; a reading higher or lower could 
indicate a wrong coil fitted or a high resistance 
in ballast resistor or wiring. These checks are 
carried out with the contacts closed and igni-
tion on. With the engine being cranked over, 
this voltage at the SW terminal should be a 
minimum of 9 volts. With a ballast system a 
voltage of, say, 5 volts would indicate a fault 
in the boost circuit between solenoid and coil. 
Coil resistance tests are extremely useful, 

particularly when trying to find out if a car 
has the right coil fitted. The most usual figures 
are 3 to 3-5 ohms for a 12 volt coil and 1.5 
ohms for a ballast coil. Most ballast resistors 
are 1.5 ohms and on some cars it is possible to 
check this also. 
The section on points resistance is perhaps 

the most useful section, and it is important to 
get this figure down as low as possible. The 
figures quoted by distributor manufacturers 
vary between 0.1 volt and 0.4 volt. The Lucas 
figure of 0.2 volt can be considered as one to 
aim for. Good starting and coil output depend 
on a low volt loss here and to some extent con-
denser performance can: also be affected. 
Things to look for are faults in plug-in connec-
tors in the wiring, burnt or dirty contacts and 
distributor base plate earth faults. 
Dwell angle on modern cars is around 50° 

and typical figures quoted are Motorcraft 48 
to 52° on Ford vehicles, 46 to 56° by Lucas 
on most Leyland vehicles and 49 to 51 0 by 
Delco fitted to Vauxhall cars. These figures 
are all for 4 cylinder engines. Owing to the 
fact that altering the dwell angle by 5° alters 
the ignition timing by 50, it is important to 
check and adjust the ignition timing after any 
distributor adjustments. 

M. J. Stacey, 
TI Transport, 
PO Box 8, 

High March, 
Daventry, 
Northants. 

Going too far? 
Sir —In view of the recent interest in CB, I 
think you may be interested to learn of an arti-
cle which appeared in a recent issue of the 
medical newspaper Doctor. 
The article concerns an incident in Preston, 

when a CB group donated £560 to the inten-
sive care unit of a local hospital to buy some 
urgently needed equipment. The doctor who 
had accepted the donation was shocked when 
the hospital management refused the gift and 
ordered inquiries into the donors. 
The article states: "An embarrassed Dr 

Saltpepper said 'After the DMT's final deci-
sion 1 was informed that it is not advisable for 
members of staff to associate with unlawful 
organisations.' He had not realised that the 
CB  group —many  of  whom  are 
ambulancemen —was unrecognised as a 
charitable body because CB radio is illegal." 

D. M. Broughton, 
Leeds. 
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FINGER ON THE PULSE 
The national obsession with jogging, and 

the health risks involved, is producing a 
spate of patents for gadgets which monitor 
the wearer's pulse rate and heart beat. The 
latest,  British  patent  application 
2 039 434, from Patrick Wright of Woking, 
Surrey  and  Julian  Lynn-Evans  of 
Chichester,  Sussex,  describes  a 
sophisticated monitor which is worn like a 
watch on the wrist to give a constant digital 
readout of heart beat and sound an alarm if 
a dangerously high rate is reached. 
The unit shown in Figures 1 & 2 has a 

transducer 16 and pressure sensor 13 on 
the rear face which lies over the wrist pulse 
point. Normal pulse rate is around 72 
pulses per minute and the inventors 
suggests that in general, exercise should be 
controlled to keep the rate down to below 
120ppm. 

20 

18 

Figure 1 

II 

Figure 2 

1T 
Copies of Patents can be obtained from: 
the Patent Office Sales, St. Mary Cray, Orpington, Kent. Price £1 .25 each. 
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Figure 3 

Figure 3 shows the basic circuit for utilis-
ing the pressure sensor output. Oscillator 
28 produces a 3600Hz signal on line 92 
coupled to clock 94. Heart beat rate is 
determined by the formula 

H _3600  

where H = heartbeat rate and B = the 
number of oscillator pulses stored between 
heart beats. So if 60 pulses are stored bet-
ween heart beats, a rate H, of 60 beats per 
minute is represented and if 120 are stored 
between beats a rate H, of 30 beats per 
minute, is represented. Clock circuit 94 is a 
conventional second, minute, hour, clock 
and its 60 pulse per second output on line 
98 is fed to AND gates 34, 36. These gates 
are enabled by a signal from flip-flop 26 
which changes state each time a pulse is 
received from transducer 24. When the 
sensor 13 is in contact with the wearer's 
pulse pressure point it produces a pulse 
each time a heart beat is detected so flip-
flop 26 changes state with the wearer's 
heart beat. 
With the appearance of each heart beat 

one of two counters 42, 48 begins to store 
pulses from oscillator 28 until the next 
heart beat is sensed. At that instant the 
60Hz pulses from clock 94 are transferred 
from the first counter to the second coun-
ter, while the output of the first counter is 
coupled to input register 62. So the number 

II 

78 

20 

126 

RED 

106    

132 

98 

130 

ALARM 

SEC 

MI 

HOU 

128 

- 96 

- 97 

- -I34 

r —25 

88 it L   
ARITHMETIC  ) 
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of pulses occurring between heart beats is 
stored alternately in counters 42, 48 and 
transferred alternately to input register 62. 
Arithmetic unit 80 is programmed to divide 
3600 by whatever count is stored in 
register 62. The output of unit 80 is 
coupled to numerical display 90. So the 
wrist watch  unit provides a constant 
monitor of heart beat rate. 
To sound the alarm for an excessively 

high rate, a pre-set number of oscillator 
pulses is stored in a register for comparison 
with the sensed rate. Switches 19, 20 cou-
ple the output of divider circuit 100 to 
storage register 104 and 106. As these 
switches are held closed, pulses are fed into 
the registers at 20 pulses per second and 
until required upper and lower limit heart 
beat rates are stored. Switch  19 is 
depressed to store the upper rate and 
switch 20 is depressed to store the lower 
rate. 
Comparators 122,  124 receive the 

same input signals as arithmetic unit 80 
from input register 16. Comparator 122 
produces an output for OR gate 128 if the 
monitored heart beat is greater than the 
number of pulses stored in register 104. 
Likewise if the monitored number of pulses 
is less than the number stored in register 
106, comparator 124 produces an output 
for OR gate 128. In each case an alarm 130 
is activated to warn the wearer. 
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A selection of readers' 
original circuit ideas. It 
should  be  emphasised 
that these designs have 
not been proven by us. 
They will at any rate 
stimulate further thought. 
Each idea submitted 

must be accompanied by 
a declaration to the effect 
that it has been tried and 
tested, is the original work 
of the undersigned, and 
that it has not been of-
fered or accepted for 
publication elsewhere. 
Why not submit your 

idea? Any idea published 
will be awarded payment 
according to its merits. 
Articles submitted for 

publication  should  con-
form to the usual prac-
tices of this journal, e.g. 
with regard to abbrevia-
tions and circuit symbols. 
Diagrams should be on 
separate sheets, not inser-
ted in the text. 

'DAY TO RE ME MBER' CLOCK 

T HIS circuit is an add on unit to D. E. 
I Clarke's Digital Calendar published in 
PE June 1976. It provides a D̀ay To 
Remember' alarm for birthdays, anniver-
saries, etc. 
The NOR gates inputs are wired up to 

the required outputs from the 74154 on the 
digital calendar and the 7442. I have 
divided the unit up into three groups of 
three NOR gates, DAY/UNIT/MONTH, 
DAY/TENS/MONTH,  DAY/TWEN-
TIES/MONTH. If the day to remember is 
the 16th March, then the middle set of 
gates would have one of its inputs connec-
ted to the 3rd output on the 74154 and the 
other input connected to the 6 output on 
the 7442. 
When the clock indicates this date both 

inputs would go to '0', feeding a '1' to the 
7410 gate, as the date is the 16th, and not 
the 6th, or the 26th, èxcept tens' will be at 
'1' and the 'inhibit 30' will also be at '1', 
then a '0' will be fed through and trigger 
the 7473. This will remove the inhibit from 
the 7440 and let the 1 sec. pulse through to 
switch the I.e.d.s on and off. The 7473 is 
reset by a '0' on pin 6; this will cause pin 9 
to restore the inhibit and stop the I.e.d.s 
switch on and off. 
Obviously it would be of no point in 

setting up the clock to indicate the day on 
which the birthday or anniversary falls, 
therefore I have set my clock up for the 
alarm to come on 5 days before the event. 

C. T. Chantler, 
Grimsby, 

South Humberside. 
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Ti thermometer circuit shoNN..11  iII 
I II measure temperature in the range 

—25°C to +85°C. The LM39 1 1 is used to 
sense the temperature and provides an out-
put of 10mV/°k (10mV/°C). Therefore at 
—25°C (248°k) the output is 2.48V and at 
+85°C (358°k) 3.58V. 
This output. though, goes negative on 

temperature increase, and is so inverted by 
the 741 op-amp. VR I can be used to ad-
just the final reading on the display. 
The LM3914 is an i.c. that senses 

analogue voltage levels and drives to 
1.e.d.s. providing a linear analogue display. 
The current for each I.e.d. is program-
mable and in this case is set at approx-
imately 10mA. The i.e. uses a resistive 
divider network, one end of which is set to 
the high reference, the other end to the low 
reference. For this application they are set 
to 3.58V and 2.48V respectively. These 
being adjustable by VR2. The divider 
theretbre has I • IV across it which means 
that another I.e.d. will light for every 
110mV input, which corresponds to an 
11°C temp. rise. The first I.e.d. will switch 
on at —14°C. the second at —30°C and so 
on up to +85°C. 
The mode switch selects whether 

previously lit I.e.d.s remain on as temp. in-
creases. or whether only one I.e.d. remains 
on.  R. Eley, 

Keynsham, 
Bristol. 
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* R4 AND R5 ARE MADE UP FROM 
8k2 AND 1k (R41AND3k3,270,10.(R5) 
FOR DIFFERENT SUPPLY VOLTAGES 
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-1.12V 

L.F. ANALOGUE M ONITOR 

6 

IC2 
4006 

10 

R5  87 

660k  220k +12V 
(2x330k) 

1%  3 

8 

IWIOST low frequency measurements, 
(Vi e.g. the human pulse rate, involve a 
compromise between a slow response and 
a pulsating output. This can be avoided by 
calculating the reciprocal of the interval 
between pulses. Done digitally, this is 
elegant, but costly enough in itself to in-
crease the pulse rate! 
My simple analogue circuit gives ex-

cellent linearity over a 4:1 or more fre-
quency range. It relies on the fact that a 
CR charge will approximate a reciprocal. 
Combining two charge currents of dif-
ferent time constants in the right ratio 
gives a good approximation to linearity. 
Here. R5 R6. C.5 and C6 form the two 

86 

220k 

C5  01=C6 1% 
,u71 
84  * 

• 

2 

+  7 
IC3  6 
083140 

4 
+12V 

R8 
1508 

R9 
150k 

7 
22r, 

+120 

7 

IC4 
CA3140 

4 

OV 

VR1 

125 

VR2 

RC networks, C5 and C6 charging 
towards an aiming potential VDD  X 
R9/(R8 + R9). . 
IC3 produces an output voltage propor-

tional to the sum of the currents in R5 and 
R6. This is sampled and held, to drive the 
meter via IC4, each time a positive going 
pulse appears at the input to IC la. Each 
such input pulse develops, via IC la to d, a 
sample pulse for this purpose, followed by 
a reset pulse to discharge C5 and C6 and 
recommence the cycle. 
The 4 channel switch IC2 performs the 

discharge and sampling. Sampling is via 
two gates in series to maximise leakage 
resistance. C8, which provides a double in 

OV 

tegrator in the open gate condition via the 
gate leakage resistances, is not needed at 
pulse rates higher than 30 per minute. 
VR I and 2, which control sensitivity 

and zeroing, can with many meter scales 
be set up for a direct indication of fre-
quency. 
The ratios R5/R6 and R5C5/R6C6 

should ideally to correct within about 1%. 
The supply voltage is not critical but 

should be reasonably stable since it affects 
sensitivity to some extent. 

C. J. Collins, 
Letchworth. 

Herts. 
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ENVELOPE DIFFERENT IATOR 

MOST monophonic lead line syn-
thesisers have provision for modula-

tion of the VCOs by other oscillators to 
give vibratos and trills, but few use the 
ADSR envelope output because of the dif-
ficulty in tuning caused by sustained por-
tions of the envelope. The circuit described 
here converts an ADSR envelope into an 
AD envelope, giving a 'chirp' at the begin-
ning of every new envelope. 
Capacitor Cl 'differentiates' the chang-

ing envelope voltages, whilst diodes Dl 

and D2 ensure that only negative going 
AD envelopes reach the VCOs. VR1 con-
trols the depth of VCO modulation. Rx is 
a resistor chosen to give acceptable max-
imum levels of modulation. For use in the 
PE Minisonic suitable values range from 
100k to 470k, depending on individual 
tastes. 

Martin Russ, 
Fallowfield, 
Manchester. 

—  - OV 

ADSR IN  ci 

0 -1 

THIS circuit was originally designed for 
use in a voltage-controlled synthesiser 

as a multi-purpose voltage processor, but it 
can be applied to many other uses. 
The circuit consists of a peak detector 

made up of ICI and the associated compo-
nents, and a memory circuit made up of 
IC2 and the associated components. 
Switches S2 and S3 are used to control 

the operation mode of the circuit. Controls 

G rl Z1" S 

PUSH 

Fig. 1. A 

CASI 

02 

•  ISEERT'EXT) 

VR1 
22k 

OV 

SYNTH PROCESSOR 

VR I and VR2 control the rate of change 
of the output voltage. Switch SI controls 
the direction in which the circuit holds the 
peaks of the input voltage. 
With S2 open the rise time of the circuit 

is determined by VR I and the circuit now 
behaves as lag' circuit or integrator. If S3 
is closed the fall time of the circuit is deter-
mined by VR2, S3 is opened for a memory 
hold or peak detector function. If S2 and 

TO VCO 
SUM 
POINT 

rEA251j 

S3 are closed and VR2 is set to its 
minimum value, the circuit acts as a 
voltage follower. 
There are many applications of this cir-

cuit. In a voltage-controlled synthesiser, 
the lag processor and voltage follower are 
useful control-voltage modifiers, using the 
peak hold with a keyboard voltage can 
give unusual effects such as unidirectional 
portamento, where the glide speed varies 
with the direction of playing on the 
keyboard. For low frequency a.c. applica-
tions the circuit can be used as a rectifier 
and filter unit with the output being 
proportional to the 'average' of the input in 
a similar manner to the operation of an en-
velope follower. 

«11f̀ 

22k 

TVC FOR SYNTHS 
VOLTAGE 
IN 

jEA2551 

+15V 

PUSH HIlk. 

PUSH 

Ok 

Fig. 2. A 

VOLTAGE 
OUT 

VOLTAGE 
OUTPUT 

Martin Russ, 
Fallowfield, 
Manchester. 

COMMERCIAL  performance  syn-
thesisers use many forms of 

man/machine interface. Of these, the 
pitch-pad is rarely seen on home produced 
synthesisers. The touch voltage control 
(TVC) described here enables the pitch • 
pad idea to be applied to almost any syn-
thesiser. 
The basis of the circuit is the 'conduc-

tive' black foam used to pack CMOS i.c.s. 
By using a piece about 3 ems square, 
sandwiched between two metal sheets, it is 
possible to make a resistor whose value 
changes with pressure, from about 100k or 
more down to about 200 ohms. 
Mechanical and electrical construction 

of the TVC pad is shown in Fig. I. The 
prototype was constructed in a PP3 bat-
tery case from which the insides were 
removed and a rectangular hole cut in the 
side. 
The pad can be used to replace any 

resistor in the control circuitry of the syn-
thesiser, a few ideas are given in Figs. 2, 3 
and 4. These are a voltage controller, 
volume control and attenuator respec-
tively.  Martin Russ, 

Manchester. 
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• ORDER BY POST OR TELEPHONE 
WITH BARCLAYCARD/ACCESS 

• ELECTRONIC TEST 
EQUIPMENT 
SPECIALISTS 

• ALL PRICES INCLUDE VAT 

SCOPES 
   •.• 

mi m  / MI\ 
5 M1  1.•  g I1 MB 

M R IN  1111 NI II WI 
V  • maw 

NMI =  MINN A rMs 

M E W  • 

II = - _ .I _  • 

is is AA= 'M Th M EI 
NIVIIMI O M II MIN .10 

A range of Scopes in stock fro m 5m HZ Single Trace to 50 m HZ Dual 
Mains and Battery/ Mains Portables. Many on de monstration. 

1111 V:;:   

HAMEG • TRIO • LEADER 
• SINCLAIR • HITACHI 

SINGLE TRACE (UK c p etc £2 50) 

14 m 307-3 10mHZ, 5rnV, 6  7cm display plus 
component Test 

C01303D 5mHZ, 10mHZ, 7 x 7cm display 

SCI 10 10mHZ Battery portable, 10mV, 
3 2  2.6cm display  £158.95 
(Optional case £13.86, Nicads £8.63, Mains unit £4.001 

•1B0512A 10mHZ, 10mV. 5" display  £195.50 

CS1559A 10mHZ, 101'1W, 5" display  £232.00 

•V151 15mHZ, ImV, 5" display  £241.50 

OPTIONAL PROBES (MODELS) 
XI 16 50, X10 £11 50, X100 111-95, XI-X10 LIO 95 

•PRICES INCLUDE FREE PROBE(S) 

Trace. 

• ALL MODELS ON DISPLAY 

• RETAIL -MAIL ORDER 
EXPORT - INDUSTRIAL 

• OPEN SIX DAYS A WEEK 

• CALL IN AND SEE 
FOR YOURSELF 

DUAL TRACE (UK c p etc t3 

CSI562A 10mHZ, lOrnV, 5" display 
f158.78  CS 1575 5mHZ, ImV, 5" display 

Hrn 312-8 20mHZ, 5mV, 8 x 10cm display 
L109-25  CSI566A 20mHZ, 5rnV, 5" display 

•1.1303085 70mHZ, 2mV, 5 x 6.3cm display, 
Battery-Mains portable, built in Nicads 

Mn, 411-4 20mHZ, 5mV, 8 x 10cm display 
plus Sweep Delay 

C51577A 35mHZ, 2mV, 5" display 
CSI830 30mHZ, 2mV, 5" display plus Sweep 
Delay Line/New Model 

H m 512-8 50mHZ, 5mV, 10 x 8crn display, 
Delay Sweep 

•L130514 10m1-4Z, ImV (5mV), 5" display 
•V152I5mHZ I rnV 5" display 
•V30230mHZ I mV 5" display 
• V55050mHZ I mV (0 x Eicrn 

Delay sweep f- 3 channel display 

SO) 

£267.00 
£284.00 
£253.00 
f339.00 

£482 00 

£399 SO 
£478.00 

£569.00 

1667 00 
£294.00 
026 60 
[447 35 
C799.25 

(U K C-P  .75) 

GENERATOR 

TRI O  •  LEADER  • 
SI NCLAIR  •  LEVELL 

A range of signal generators to cover 
Rr  audio AF and pulsing. Mains operated 

ITG series battery). 

50401 100KHZ-30mHZ with AM 
modulation  £88.00 

LSGI6 100KHZ-100mHZ (300mHZ 
on Harmonics) 

S01030 250KHZ-100mHZ low cost 

ARF3ran1e00 18HZ-200rnHZ Low cost 
range 

PULSE 
2001 I HZ-100KHZ (Function) 
TO 105 5HZ-5mHZ 
4001 0 SHZ-5mHZ 

£83.25 

[46 95 

£76 95 

£89.70 
£92.50 
[109.25 

TT100 (Function 10KHZ)  (90.85 

AUDIO (All sine square) 
A0202A 20HZ-200KHZ  £69.00 
LAG26 20HZ-200KHZ  £73.50 

C  A0203 10HZ-IrnHZ Sine'Square  £126.75 
LAG120A 10HZ-I mHZ  £146.00 

LOGIC PROBES/ 
MONITORS 
Logic probes indicating high/low, etc, states that 
scopes can miss. All circuit powered for all IC's. 
LP3 50 m1-12 logic probe  £55.95 
LP1 10 mHZ logic probe  £35.50 
1P2 1+ mHZ logic probe  £19.95 
LM1 Logic monitor  £33.00 
LDP 50 mHZ Logic probe with case  £51.00 
Also in stock range of Protoboard kits and 
breadboards. 

PRO MULTIMETERS 
M1200 100K/Volt 30 range plus 
AC/DC 15 amp  £67.130 

1(1400 20K/Volt 23 range large scale  £79.95 
M1500 20K/Volt 42 range plus 
AC/DC 10 amp  £53.50 

(UK cip £1.20) 
4(200 38 range FET 1Orn ohm input 
20Hz to 30 MHz  £95.00 

1UK cip 0.50/ 

SWR/FS AND PO WER PETERS 

Range  in  stock  covering  up  to 
150mHZ and up to I K watt power. 
PL259 sockets. 250UHZ Grid Dip. 
S WR9  \NR/S 3-150mHZ  L9 .50 
S WR50 SWR/Power meter 
3-1-150rnHZ 0-1000 watts  £13 95 
110 SWR/Power 11-144rnHZ 
0)0 100 watts  L11 .50 
171 As 110 Twin meter plus F'S 

£14 SO 
Plus large range of BNC,PL259/etc 
leads  plugs / adaptors  connectors 
always in stock. 
176 SVVR Power FS I}-144mHZ, 
5-50 watt  £16 .60 
KD M6 Grid Dip 1+-250rnH7 08.50 

DIGITAL MULTIMETERS 
KAISE • SI NCLAIR • LASCAR 

• THURLBY 

rii• 

1-i;• 

( W. !. tag ; Iau  ...... I 

HAND HELD 
(UK post etc 85p) 

A range of LED and LCD Bench and Hand DMM's 
battery operated with optional Mains Adaptors -
some with optional Nicads. All supplied with 
batteries and leads. 

TM352 3+ Digit LCD plus 
IOADC and Hfe checker  £54 95 

1M354 3+ digit LCD 24 AC/DC  £45.94 

M5502 3+ Digit LED plus 
10A DC and Hfe checker  £43 95 

LM2001 3+ Digit LCD 2 amp 
AC DC 0-1 %  L51-70 

6200 3-). Digit LCD 0-2A AC,DC, 
Auto range  £45.95 

6220 As 6200 plus 10A AC/DC  £55.95 

6100 As 6200 plus Cont. test/ 
range hold  £69.95 

6110 As 6100 plus 10A AC/DC  £85.95 

0135C 31 digit LCD IA AC/DC with case 
£37.50 

BENCH 
PORTABLES 
(UK c p LI .00) 

DM235 31 Digit LED 21 ranges, 
05 % AC/DC 2A  £60.38 

DM350 3f Digit LED 34 ranges. 
AC DC 10A  £83.38 

TM353 3+ Digit LCD AC/DC 
2 amp  £96.60 

TM351 3+ Digit LCD AC/DC 
10 amp  £113.85 

LMI00 31 Digit LCD AC/DC 
2 amp  L86-50 

D M450 4+ Digit LED 34 ranges, 
AC/DC 10 amp  £113.85 

(",1,,casgsriest.°6,onz•iair,Csarr:dacpatsoer 111,1.1 

FREQUENCY COUNTERS 

ANC 

71 
CSC • SI NCLAIR 

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

HAND HELD (UK post etc 85p) 

PF M200 20HZ to 200rnHZ 8 Digit LED  £52.27 
MA X50 100HZ to 50mHZ 6 Digit LED  L61.00 
MA X550 30KHZ to 550mHZ 6 Digit LED  £I06 00 

BENCH PORTABLES 
(UK  p LI 00) 
MA X100 8 Digit LED 5 HZ to 100mHZ  £89.00 
TF100 8 Digit LCD 10HZ to 200mHZ  £166.75 
7010A 9 Digit LED 10HZ to 600mHZ  £169.00 
200SPC 6 Digit 100mHZ LED built into 0 002H Z 
to 5 -5mHZ pulse generator  1437-00 
TP600 600mHZ Prescaler for TF200  £43.13 
TF040 8 digit LCD 20 MHz  £126.50 

•  SPC •  OPTO ELECTR O NICS 

SOLDERLESS 
BREADBOARD 
AND KITS 
EXP350 
EXP300 
EXP850 
EXP1300 

KITS 
PB5  £9.95 
P13100  £12.95 
PB101  £17.95 
(UK up - EXP s 30p. KITS 55p1 

£3.45 
£5.95 
£3.95 
£6.50 

MINI DRILLS 
AND KITS 
(9-12 Volt g" chucks) 
Small Drill plus 3 collets 
Medium Drill plus 3 collets 
Small Drill plus 20 tools 
Medium Drill plus 20 tools 
Mains Drill 
Mains Drill plus 20 tools 

£7 25 
LIO 50 
114-95 
C17.95 
143-95 
£21 SO 

Stockists of electronic equipment, speakers/kits, PA equipment plus huge 
range of accessories • UK carriage/packing as indicated • Export - prices on request 

•All prices correct at 1.2.81  E & OE 'All prices include VAT. 

AUDIO ELECTRONICS Limited e 

KRTIOI 1K/Volt 10 range pocket 
AT MI/LTI 1K/Volt 12 range pocket 
N H55 2K/Volt 10 range pocket 
ATI 2K,'Volt 12 range pocket de luxe 
N1.456 20K/Volt 22 range pocket 
YN360TR 20K/Volt 19 range pocket 
plus hfe test 

AT1020 20K/Volt 19 range de luxe 
plus Fife test 

7081 50K/Volt 36 range plus 
10 amp DC 

TR303TR 201./Volt - 12A DC - HFE test 

AT20 20K/Volt 21 range de luxe plus 
10A DC and SKV DC 

AT205 50K/Volt 21 range de luxe 
plus 10A DC 

7080 20K/Volt 26 range large scale, 
10A DC plus SKV AC DC 

AT2050 50K/Volt 18 range de luxe 
plus hfe test 

AT2I0 100K/Volt 21 range de luxe 
I2A AC/DC 

360TR 100K/Volt 23 range plus hfe 
checker and AC DC 10 amps 

£4.60 
£5.98 
£6.50 
£7.75 
£11.95 

£13.50 

[16 95 

£20.80 

£15.95 

£21.95 

£24 95 

£16 95 

£28.50 

£29 95 

04 95 

CHOOSE FROM 
THE UK's LARGEST 
SELECTION 

OPEN SIX DAYS 

A WEEK 

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

FREE 
ciirou-otruEZ 
Send large SAE 
(17.4 P UK) 

Schools, Companies 
etc. free on request: 
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JOIN THE KEYBOARD REVOLUTION! 

With these amazing new CASIOTONE instruments. 
A remarkable new concept in electronic keyboards using a totally new technology. 
Pitch, timbre and harmonics of a variety of instruments have been measured. 
digitalised and stored in electronic chip memory for faithful and exciting reproduc-
tion. 

CASIOTONE 401 

(r.r.p. £345) ONLY £295 
Polyphonic. 8 note playing of 14 instruments and sounds over 4 octaves. 
Rhythm accompaniment. 16 different rhythms with full-in auto-rhythm. 
Casio Auto Chord. Allows one finger accompaniment. Just press a key with a 
single linger and play major. minor and seventh chords and bass accompaniment 
automatically. Combines with auto-rhythm for professional sounds. 
Vibrato, delayed vibrato, sustain and hold are incorporated in the at-a-glance. 
simple to use operational panel. Pitch control makes tuning easy with groups. 
Compact 4 x 31,1 x 12;1 inches with integral amplifier and speaker. The lightweight 
( 28.21b) allows playing anywhere there is an A.C. socket. Stand £39. 

301. Similar to above but without Auto Chord, sustain and hold. £245. 

CASIOTONE MT-30 

(r.r.p. £115) ONLY £95 
Polyphonic playing of 22 instruments and sounds over 3 octaves. 
4-position sound memory lets you switch between pre-selected sounds without 
pause. 
Built-in vibrato and sustain functions greatly enhance the overall musical effect. 
Compact 2,1x 22 x6 ! inches. with built-in amplifier and loudspeaker. 
Battery/mains pow er source and light weight (61b) allows playing anywhere. 

BIOLATOR & W ATCH 

Clock, calendar, two alarms, countdown alarm, 
stopwatch, time  memory, three date memories. 
Calculator with date calculations and BIORYHTHM 
CALCULATIONS. 

Forecast your physical, emotional and intellectual 
performance potential. Chart your peak. ebb and 
critical days and reschedule to avoid mistakes. 
2 silver oxide batteries last approx. 1 year. 
Dims: ; x 2 7/16 x 4,1 inches. 
Supplied with leatherette wallet. 

OTHER CASIO CALCULATORS. Lowest prices*. Send for details. 

BEST SELLING CASIO 
ALAR M CHRONOGRAPHS 

AA8I 

All have 4 year auto calendar. alarm, countdown 
alarm. hourly chimes, stopwatch, night light. long-life 
lithium battery, water resistant cases and mineral glass 
real quality watches. 

LCD analogue/digital 
AA 81 (Chrome). AA 81G (Gold) £49.95. AA-82 
(S/s1E39.95. 
12 melody alarms and date memories 
M 12 (Resin case/strapt £24.95. M- (200 (S/s) £29.95. 
100 metre water resistant 
W 100 (Resin ease 'strap) £19.95. W-150C (S/s 
case/resin strap) £25.95. W 1508 (all s/s)f32.50. 

CASIO watches. Lo west prices*. 
Send for details. 

SEIKO selected watches. Send for 
details. 

SEND 20p (postage) for details of Casiotone, Casio and 
Seiko products. 

*PRICES We will heat lower advertised price by 5". providing we still 
make a profn! Prices include /AT. P&P. Offers subject to 

Send your cheque. P.O. or phone your ACCESS or 17CCARD number to: 

TE MPUS  Dept. PE, Beaumont Centre, 164-167 East Rd, 
Cambridge CBI I DB.  Tel: 0223 312866. 

DISCO LIGHTING 
KITS!!! 

First class constructional projects. c/w glass fibre P.C.B.'s & full instructions. No extra 
components needed to make a top rate working unit. 

LK1 
f9.90 
LK3 
f8.90 

3 channel sound-to-light. 
300 w/channel Iv — 100w input 

2kW slider dimmer 
suitable for clubs/pubs. 
A professional unit c/w 
face plate. 

ALL KITS C/W 

circuit, comprehensive 
instructions & full 
parts guarantee 

f17.90 

LK4 
f16.50 

Carriage on above 70p 

LK2  3 channel 3kW 
zero voltage firing 
200mV — 100 watts input. 

4 channel 4kW 
audio— forward/reverse 
auto — two speed ranges. 

Suitable case for 
LK 1/2/4 £3.50 

100w spots ES or BC 
£1.50. 

Coloured pigmy lamps 
65p. 

UNREPEATABLE HI-Fl BARGAIN 

3 WAY LOUDSPEAKER 
KIT C/W BAFFLE (pre-cut) 
Comprises: 
* 6r linen surround bass unit 

5:: tweeter 
unit 

3   

* 3 way crossover, fixing screws & baffle 
* 20 watts handling capability. 
Full instructions provided 
Must be heard lobe believed!! 

f 10.50 or 2 kits for £20. Carr.£1 per kit. 

SAXON ENTERTAINMENTS 
327-333 Whitehorse Rd., Croydon, Surrey CRO 2HS. 

(01) 684 8007 
Order by phone — A ceessIBarcla.vcardIC.O.D. 

Open Mon.— Sat. 9am — 5pm. 
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The larger 

Catalogue 

that means 

FREE POSTAGE 
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ADDITI ONAL 

DISCOUNTS 

• 

KEEN PRICES 

• 

GUARANTEED 

SATISFACTI ON 

• 

GO OD STOCKS 

G OOD DELIVERY 

• 

W e Pay Postage 

Semi-Conductors • I.C.s • Opto - 
devices • Rs and Cs in great variety 
• Pots • Switches • Knobs • 
Accessories • Tools • Materials • 
Connectors 
ELECTRO E 1JJRTt KI 

ELECTROVALUE LTD. (PE3), 
28 St. Jude's Road, Englefield Green, Egham, Surrey TW2  OH B. 
Phone: 33603 (London 87) STD 0784.  Telex 264475. 
NORTHERN  (Personal Shoppers Only): 680 Burnage Lane, Burnage, 
Manchester M19 1NA. Phone (061) 432 4945.  
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JOIN UP WITH LITESOLD 
New 'L' Series soldering irons, designed to latest safety 

standards. Outstanding performance, lightweight and 

easy maintenance. Heating elements enclosed in 
stainless steel shafts and insulated with mica and 
ceramic. Non-seize interchangeable bits, 'Copper' 

or 'Long-Life', fit over heating elements 
for high efficiency. Non-roll GRP 
handles and screw-connected 
3-core mains leads. 

Order direct at these special 
prices or send 25p for 4-page 
colour leaflet, or 60p for 
16-page colour catalogue. 

Model LC18 General 
purpose 18 watt iron for 
virtually all electronics assembly and servicing. 
Normally 240 volts but also available in 12 and 
24 volt. Iron fitted with 3.2mm copper bit: 
£5.23. Iron with 3 spare bits 1.6, 2.4 and 

4.7mm: 5,7.11 

Model LA12 
Intended mainly for 
fine work this 12 watt iron has a slimmer shaft and smaller 
bits. Normally 240 volts but available in 6, 12 and 24 volts. 
Iron with 2.4mm copper bit: £5.19. Iron with 2 spare bits 1.2 

and 3.2mm: £6.29 

111011•1 

No. 3 Spring Stand With 
heavy heat resisting plastic base, chromium 

plated spring and moulded phenolic top-piece. Holds 
'L' Series irons and spare bits in safety. Complete with 
wiping sponge and non-slip pads: £5.00 

( 
'LOLA' Solder Suckers For trouble free 
solder removal. Thumb action operation 
and re-setting. Solder ejector and 
replaceable PTFE nozzle. 2 sizes — LOLA 
'A' (standard): £7.37. LOLA 'D' (miniature). 

--- -""11111111111121121211111111 

silill 111.1111111.11111.1.1.111°  
All prices indicated incladc 
post, packing and VAT 

LIG HT SOLDERI NG DEVELOP ME NTS LTD 

DEPT. PEI. 97-99 GLOUCESTER ROAD, CROYDON, SURREY CRO 2DN TELEPHONE: 01-689 0574 TELEX 8811945. 

0%)6  If you want an Autoranging, 90,04?-
„0:4‘ Auto Unit Display, 3g-digit LCD DMM. , 

4 p  For only al 
The 
Incredible 
6200 

/ 0). 

(Inc VAT) r.45.95 
We've got to hand it to you! 

Introducing the  latest professional state-of-the-art 31/2 -digit DMM — at really 
old-fashioned prices! From just an unbelievable £45.95 inc. VAT! 

* ImV, 1001aA and  to 2 Megoh ms! 

0.1  resolution!  * Low power Oh m ranges! 

* Measures AC voltage  * Displays mV, V 

to 600V!  and rnA! 

* Measures DC voltage  * 0.8 0/0 accuracy! 
to 1000V!  a Zero adjustment! 

* Measures resistance  a 3 other models too! 

EI. believe you' Please send me the DMM s as marked 
6200 az £45.95 each. inc VAT. Total price L   

6220 @, £55.95 each. Inc VAT. Total price L   

 6110 qt £85.95 each. Inc VAT. Total price L_____ _ 

This one-off price is so unbelievably low because the 
A D converter and display are custom-built. This is a 
genuine, no corners cut top-spec DMM, that gives you all 
the features above and 200 hrs continuous battery life on 
the 3' 2-digit LCD display; auto 'Batt' warning; pair of test 
leads; batteries; spare fuse and 6 months' guarantee! This 
offer can't last for ever. so buy now Remember, a DMM 

Total cash,cheque enclosed 4   
Cheques payable to 
Maclin-Zand Electronics Ltd.. please L38 Mount Pleasant, London WC I X OAP 
Tel  01-837 1165 01-278 7369 

Plus three other DMMs in the range! 

6220 As che 6200, plus 10 Amp 
AC DC measurement'  ONLY £55.95 Inc VAT' 
6100 With Continuity check 
plus 10 Amp 
AC DC measurement'  ONLY E85.95 Inc VAT' 

in the hand  '  Maclin-Zand Electronics Ltd., 38 Mount Pleasant, London, WC1 X OAP. 

ACCESS orders taken Please write card no and signature 

aclin-Zand 
Making state of the art affordable 

ACCESS NO   

Name   

Address   

Signed   

To Maclin-Zand Electronics Ltd  38 Mount 
Pleasant, London WC IX OAP. 

22 :=1 1 

For overseas orders, please add £2 Europe, 

£5 outside Europe. to total order value   
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D.I.Y. KITS FOR SYNTHESISERS, SOUND EFFECTS 
BASIC COMPONENTS SETS include all necessary 
resistors, capacitors, semiconductors, potentiometers 
and transformers. Hardware such as cases, sockets, 
knobs, keyboards, etc. are not included but most of 
these may be bought separately. Fuller details of kits 
PCBs and parts are shown in our lists. 

LAYOUT DIAGRAMS are supplied free with all PCBs 
unless "as published". 

PHONOSONICS 
MAIL  ORDER  SUPPLIERS  OF  QUALITY 
PRINTED  CIRCUIT  BOARDS,  KITS  AND 
COMPONENTS  TO  A  WORLD-WIDE 

MARKET 

P.E. MINISONIC MK2 SYNTHESISER 
A portable mains operated miniature sound synthesiser with 
keyboard circuits. Although having slightly fewer facilities than the 
large Formant and PE, synthesisers the functions offered by this 
design give it great scope and versatility. 
Set of basic component kits (excl. KBD R's & tuning pats-
see list for options available) and PCBs (incl, layout charts) 

KIT 38-25  £80.14 
"Sound Design" booklet  £1.00 

P.E. 128-NOTE SEQUENCER 
Enables a voltage controlled synthesiser to automatically play pre-
programmed tunes of up to 32 pitches and 128 notes long. 
Programs are keyboard initiated and note length and rhythmic 
pattern are externally variable. 
Set of basic comps, PCBs and charts 

KIT76-7 f35.56 

Set of text photocopies  £1.36 

P.E. 16-NOTE SEQUENCER 
Sequences of up to 16 notes may be programmed by the use of 
external panel controls and fed into most voltage controlled 
synthesisers. 
Set of basic comps, PCBs and charts 

KIT 86-5  £32.10 
Set text photocopies  £1.84 

P.E. STRING ENSE MBLE 
A mu ltivoiced polyphonic string instrument synthesiser. 
Set of basic comps, PCBs & charts 

KIT 77-8  £109.72 

ELEKTOR PHASING & VIBRATO 
Includes manual and automatic control over the rate of phasing & 
,vibrato, and has been slightly modified to also include a 2-input 
mixer stage. 
Set of basic comps, PCB & chart 

KIT 70-2  £21.67 
Text photocopy  67p 

ELEKTOR FOR MANTSYNTHESISER 
A very sophisticatged synthesiser for the advanced constructor 
who puts performance before price. 
Set of basic comps, PCBs las publ.) 

KIT 66-14 £255.45 
Set of text photocopies  £7.83 

ELEKTOR DIGITAL REVERB UNIT 
A very advanced unit using sophisticated io. techniques instead of 
mechanical spring lines. The basic delay range of 24 to 90mS can 
be extended up to 450m S using the extension unit. Further delays 
can be obtained using more extensions. 
Main unit basic comps and PCB (as publ.), 

KIT 78-3  £49.95 
Extension unit basic comps and PCB (as publ.)1 

KIT 78-4  £39.95 
Text photocopy  86p 

ELEKTOR SE WAR 
For use with Elektor Analague Reverb to give greater flexibility to 
the reverb effects. 
Basic comps, PCB (as publ.)  KIT 101-1  £18.19 
Text photocopy  60p 

ELEKTOR RING MODULATOR 
Compatible with the Formant & most other synthesisers. 

Set of basic comps & PCB (as pubL) 
KIT 87-2  £8.84 

Text photocopy  38p 

ELEKTOR CHOROSYNTH 
A 21-octave Chorus synthesiser with an amazing variety of 
sounds ranging from violin to cello and flute to clarinet amongst 
many others. Experienced constructors can readily extend the oc-
tave coverage. 
Basic comps, PCBs and charts but excl. sw's 

KIT 100-8  £44.39 
Text photocopy  70p 

ELEKTOR ANALOGUE REVERB 
Using i.c.s instead of spring-lines the main unit has a maximum 
delay of up to 100mS, and the additional set extends this up to 
200mS. May be used in either mono or stereo mode. 
Main unit basic component set  KIT 83-4  £29.23 
Additional Delay basic cornponents  KIT 83-2  £20.07 
PCB (as publ,) to hold both kits included in Kit 83-4 
Text photocopy  67p 

ELEKTOR FUNNY TALKER 
Incorporates a ring modulator, chopper & frequency modulator to 
produce fascinating sounds when used with speech & music 
signals. 
Basic comps, PCB (as publ.)  KIT 99-1  £9.80 
Text photocopy  40p 

ELEKTOR FREQUENCY DOUBLER 
For use with guitars & other electronic instruments to produce an 
output one octave higher than the input. Inputs and outputs may 
be mixed to give greater depth. 
Basic comps, PCB las publ.)  KIT 98-1  £5.48 
Text photocopy  20p 

P.E. SPLIT-PHASE TRE MOLO 
A simple but effective substitute for a rotary cabinet. The output 
of an internal generator is phase-split and modulated by an input 
signal from an electronic guitar or other instrument. Output 
amplitudes, depth & rate are variable. May be fed to Oscar two 
amplifiers. 
Basic comps, PCB & chart  KIT 102-3 £17.68 
Text photocopy  65p 

P.E. MINISONIC W AVEFOR M 
_CONVERTER 

A simple converter that modifies the Minisonic sawtooth 
waveform to produce triangle and sine outputs. Ideally one 
should be used with each Minisonic VCO. 
Basic comps, PCB & chart  KIT 96-1  £3.98 

P.E. GUITAR MULTIPROCESSOR 
An extremely versatile sound processing unit capable of producing, 
for example, flanging, vibrato, reverb, fuzz and tremolo as well as 
other fascinating sounds. May be used with most electronic 
instruments. 
Set of basic comps, PCBs & charts (excl. SWs) 

KIT 85-5  £49.23 
Set of text photocopies  £2.52 

P.E. PHASER 
An automatically controlled 6-stage phasing unit with integral 
oscillator. 
Basic components, PCB & chart  KIT 88-1  £10.91 
2-Notch extension. PCB & chart  KIT 88-2  £5.38 
Text photocopy  88p 

ELEKTOR ELECTRONIC PIANO 
A touch-sensitive multiple-voicing piano using the latest integrated 
circuit techniques for the keying and envelope shaping, and virtually 
eliminating "bee-hive" noise hitherto inherent in previous 
electronic pianos. 
5-octave set of basic comps and PCBs (as pubL) 

K1180-9 £149.42 
Additional 3-octave extension and basic parts and 
PCBs (as published)  KI780-10  £58.32 
Set of text photocopies  £1.81 

P.E. GUITAR EFFECTS UNIT 
Modulates the attack, decay and filter characteristics of a signal 
from most audio sources, producing 8 different switchable effects 
that can be further modified by manual controls. 
Basic comps, PCB & chart 

K1742-3  £10.80 
Text photocopy  28p 

P.E. GUITAR OVERDRIVE 
Sophisticated versatile fuzz unit incl, variable controls affecting the 
fuzz quality whilst retaining attack and decay, and also providing 
filtering. Usable with most electronic instruments. 
Basic components, PCB & chart  KIT 56-3  £11.22 
Text photocopy  88p 

P.E. SMOOTH FUZZ 
Basic components, PCB & chart  KIT 91 1  £6.52 

Text photocopy  55p 

TRE MOLO UNIT 
Aslightly modified version of the simple P.E. unit. 
Basic components, PCB & chart  KIT 54-1 £3.74 

GUITAR FREQUENCY DOUBLER 
A slightly modified and extended version of the P.E. unit. 
Basic components. PCB & chart  KIT 74-1  £5.19 
Text photocopy  39p 

P.E. GUITAR SUSTAIN 
Maintains the natural attack whilst extending note duration. 
Basic components, PCB & chart  KIT 75-1  £8.99 
Text photocopy  38p 

P.E. AUTO- WAH UNIT 
Automatically gives Wah or Swell sounds with each note played. 
Basic components, PCB & chart  KIT 58-1  £10.11 
Text photocopy  58p 

ELEKTOR W AVEFOR M CONVERTER 
Converts a saw-tooth waveform into sinewave, mark-space saw-
tooth, regular triangle, or square-wave with variable mark-space. 
Basic comps, PCB & chart, but excl. sw's 

K1167-1  £9.24 

P.E. SWITCH E D TON E TREBLE BOOST 
Provides switched selection of 4 preset tonal responses. 
Basic components, PCB & chart  KIT 89-1 
Text photocopy 

£4.34 
78p 

NE W MORE 
INFOR MATIVE 
LIST NO W 
AVAILABLE 

ADD: POST 8. HANDLING 
U.K. orders: Keyboards add £2.70 each. Other goods: Under 
Lb add 50p. under f20 add 75p. over £20 add £1, 
Recommended insurance against postal mishaps: add 50p 
for cover up to £50, £1 for £100 cover, etc., pro-rata. 
Insurance most be added for credit card orders. 
N.B. Eire. Cl,, B.F.P.O. and other countries are subject to 
higher export postage rates. 

ADD 15% VAT 
lot current rate if changed). 
Most be added to full total of 
kits, discount post & handling 
on all U.K. orders. Does not 
apply  to  Exports,  or 
photocopies. 

EXPORT ORDERS ARE WELCO ME but to avoid 
delay we advise you to see our list for postage rates, All 
payments must be cash-with-order, in Sterling by Inter-
national Money Order or through an English Bank. To 
obtain list - Europe send 35p, other countries send 
75p. 
Note that we do not offer a C.O.D. service and 
that our terms are payment in advance. 

PHONOSONICS • DEPT PHD • 22 HIGH STREET • SIDCUP • KENT DA14 6EH  TERMS: C.W.O., MAIL ORDER OR COLLECTIOI BY APPOINTMENT (TEL 01-302 6184) 
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W ORLD RADIO 
T.V. HANDBOOK 1981 

A Complete Directory of 
International Radio & Television. 

Price: £10.50 
C MOS HAN DBOOK 

by D. Lancaster  Price: £7.60 

THE CP/ M HAN DBOOK WITH M P/ M 

by R. Zaks  Price: £9.95 

THE M ASTER GUIDE TO 

ELECTRONIC CIRCUITS 

by T. M. Adams 

THE TTL DATA BOOK FOR 

DESIGN ENGINEERS 

by Texas  Price: £8.00 

HO W TO USE INTEGRATED CIRCUIT 

LOGIC ELE MENTS 

by J. W. Streeter  Price: £4.25 

PRACTICAL TROUBLESHOOTI NG 

WITH THE M ODER N OSCILLOSCOPE 

by R. L Goodman  Price: £6.25 

PRACTICAL ELECTRONICS H/B 

by I. Sinclair  Price: £4.50 

TELEVISION RECEPTION PRI NCIPLES 

AND CIRCUITS 

by K. J. Bohlman  Price: £5.50 

NE WNES BOOK OF VI DEO 

by K. G. Jackson  Price: £6.50 

*ALL PRICES INCLUDE POSTAGE* 

Price: £8.75 

THE MODERN 
BOOK CO. 

BRITAIN'S LARGEST STOCKIST 

of British and American Technical Books 

19-21 PRAED STREET 
LONDON W2 1N P 
Phone 01-402 9176 

Closed Saturday 1 pro. 

It's easy 
to complain 
about 

advertisements. 
Every week, millions of 

advertisements appear in the 
press, on posters or in the 
cinema. 
Most of them comply with 

the rules contained in the 
British Code of Advertising 
Practice and are legal, decent, 
honest and truthful. 
But if you find one that, 

in your opinion, is wrong in 
some way, please write to us 
at the address below. 
We'd like you to help 

us keep advertising up to 
standard. 

The Advertising 
Standards Authority. 

A S A Ltd , Brook House, Torrington Place, London WC1E 7HN 

BAKER  .Egg 
50  WATT  Pc' t E2 
AMPLIFIER   
Superior quality ideal for Halls/PA systems. Disco's and Groups. Two 
inputs with Mixer Volume Controls. Master Bass. Treble and Gain 
Controls. 50 watts RMS. Three loudspeaker outlets 4. 8. 16 ohm. 
AC 240V (120V available). Blue wording on black cabinet. 

PARER 150 Watt AMPLIFIER 4 Inputs  f89  
DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Facy to 
build kit. Controls up to 480 watts AC mains. Printed Circuit, £3 
DELUXE MODEL Ready Built. 800 watts  f4 
STEREO PRE-AMP KIT. All parts to build this pre-amp. 3 inputs for 
high medium or low gain per channel, with volume control and P.C. 
Board. Can be ganged to make multi-way stereo mixers. £2.95 

R.C.S. SOUND TO LIGHT CONTROL KIT 
Complete kit of parts with R.C.S. printed circuit. Three 
channels. Up to 1.000 watts each. Will operate from 
200MV to 100 watts signal source. Suitable for home  £18 
Hi-Ft and all Disco Amplifiers. Cabinet extra £4.50.  Post 95p 
200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco 
Lights. Edison Screw ?Speech or 6 for E4. or 12 for £7.50   

MAINS TRANSFORMERS Primary 240V A.C. ALL POST 99p 
 £4.50 
£500 
£12.50 
£10.00 
£2.90 

•5V2A 
250-0-250V 80r6A.6d3V 3.5A.6.3V IA   
350-0-350V 250mA, 6.3V 4A C.T. 5V/6.3V 2A 
300.0-300V 120mA. 2 x 6.3V 2A C.T.:5V 2A   
220V 45mA.6.3V 2A   
GENERAL PURPOSE LOW VOLTAGE. 
Tapped outputs available 
2 amp 3.4. 5.6,8,9.10.12,15.18,25 and 30V  £6.00 
I amp 6,8. 10. 12.16. 18.20,24.30,36.40.49,6O  £6.00 
2 amp 6.8,1 0.12.16.18.20.24.30.36,40.48.60  £9.50 
3 amp 6 8.10.12.16.18.20.24.30,36.40,48,60  £12.50 
5 amp 6.8.10.12.16.18.20.24.30.36.40.48, 60  £16.00 
6V. 500mA  £.2.00  6-0-6V. 100mA  £140 
I2V. 100mA  £1.30  20V,40V,60V. t amp .... £44.10 
I2V. 750mA  £2.00  l2V.3 amp  £3.50 
10-0.10V 2 amp  £3.00  10V. 30V.40V. 2 amp .... L3.50 
30V. 5 amp and I 7V-0-17V,  I2V. 2 amp  £3.23 
2 amp  £4.00  20V. lamp  £3430 

0.5. 8. 10. 16V.4 amp  £2.50  20.0-20V, lamp  £3.50 
9V.3 amo  £3.50  25V-0-25V. 2 amp  £11.00 
15-0-15v 2 amp  £3.75  2 of 18V,6 amp. each.- L11.00 
30V.2 amp  £3.50  12-0- I 2V.2 amp  £3.50 
30V. 1+ amp  £3.30  9V.; amp  £1.50 
AUTO TRANSFORMERS I I5V to 240V 500W  £12.00 
CHARGER TRANSFORMERS - METER RECTIFIERS 

5 amp  £2  6 I2V-2a  £1.00 
6-12V.30  .14.00  6-12V..4a  £2.00 
6-I2V-4a  £6.50 

R.C.S. LOUDSPEAKER BARGAINS 
3 ohm. 41n. 5in. 7x 41n. £1.50; 6-tin. 8x 51n. £3; 8in. 0.50. 
8 ohm. 21n. 2.t1n. 3M. 5in. £1.50; 631n. £3; 81n. £4.50; 10in. £5; 
I2in. £6. 
15 ohm. 34-in. 5 x3in. 6 x 4in. 7 x 4in. £1.50. 
25 ohm. Mn. 5 x 3in. 7 x4in. £1.50; 120 ohm, 3din. dia. £1.50. 

R.C.S. LOW VOLTAGE STABILISED 
POWER PACK KITS 90-100 mA  Post 50p £2.95 
All parts and instructions with Zener diode printed circuit, rectifiers and 
double wound mains transformer input 200-240 ac. Output voltages 
available ho, 7.5 or 90r I 2V d.c. unto 100mA. State voltage.   
PP BATTERY ELIMINATOR. BRITISH MADE 
Moms power pack 9 volt 400 ma stabilised.  Post 50p  
with overload cutout. Plastic case size 5 x 5+ x 24. Suitable Radio/ 
Cassettes. DELUXE Switched Model 3-6-74-9V. 400rn a £7.50. 

THE"INSTANT BULK TAPE ERASER 
Suitable for cassettes, and all sizes of tape reels. 
A.C. mains 200/240V. 
Leaflet S.A.E.  f8  91'p't 

HEAD DEMAGNETISER PROBE 15.00 

A.C. ELECTRIC MOTORS POST 50p. 
2 Pole, 240V, .2 Amp. Spindle - 1.43 x 
0.212in. £1.75. 2 pole, 240V. -15 Amp. 
Double spindle - 1.75 x 0.16in. Each 
£1-50. 2 Pole, 120V. .5 Amp. Spindle - 
0.75 x 0.21n. Two in series=240V. 75p 
each. Brush Motor. From a Food Mixer 
240V. • 3 Amp. High Speed and 
Powerful. Spindle-. 0-5 x 0.25in. £2.95 

ALUMINIUM CHASSIS 18 sm.g. Undrilled, 4 sides, riveted 
comers, 6 x 4 x 2dm. £1•20: 8 x 6 x 24in. £1.50; 10 x 7 x 2-tin. 
£1.90. 14u 9x 2-tin. £2.50; 16 x 6 x 21in. 02-40; 12 x 3 x 
£1.50; 12 x 8 x 2+,n. £2.20; 16 x lO'n 2+m. £2.70. 
ALI ANGLE BRACKET 6 x  x din, 25pr 
ALUMINIUM PANELS IS s.w.g. 12 x I2in. £1.30; 14 x 9in. 
£1.20; 6 x 4in. 36p; 12 x Sin. 90p; 10 x 7in. 80p; 8 x 6in. 60p; 
14 x Sin. 60p; 12 x 5in. 60p; 16 x 10in. £1.40; 16 x 6in. 90p. 
ALUMINIUM BOXES. MANY SIZES IN STOCK. 2 
4 x 2 x 2in. £1.03; 3 x 2 x 1M. 80p; 6 x 4 x m. £1.30; 8 x be 
3M. f 2.10 1205 x Sin. 12.30; 6 x 4 x 3in. £1.60; 10 x 7o 3M. £2.50 

HIGH VOLTAGE ELECTROLYTICS  32+32/350V  ....... 50p 
8/800V  £1.20  50/500V -81.20  32+32/500V.  i1.80 
16/500V  75p  220/450V  95p  40+80/500V  £2 
32/500V  75p  X+ 16450......,...75p  16+32+32/500V  £2 

DE LUXE BSR HI-Fl AUTO CHANGER 
Stereo Ceramic Cartridge 
Plays I2in.. 10in.. or 7in record,  £20 
Auto or Manual. A high quality unit 
240V AC.  Post on 
Size 134 x 1 I fin.  All 
Above motor board 3din.  Decks 
Below motor board 24in.  £2. 
Deluxe Plinth hinged HA up cover £10.50 post £2 

BSR Single Player P207 cueing device. ceratmc canridge.  £15 
Garrard  Single  Player  6-200  metal  turntable. 
cueing device, aluminium arm. Stereo cartridge.  £22 
BSR. CI72. Slim arm. Metal Turntable Ceramic 
Head. Cueing Device Auto Stop  £20 
B.S.R. Auto Changer. I lin. Turntable. Budget price.  f 12.50 
Stereo ceramic, reliable unit. 3 speed. 

R.C.S. Disco Deck 3 speed stereo  f9.950, ft8 pair 

Rapid Mail Order Sop minimum postage. Callers Welcome. 
Access- Visa. Lists 20p. Clositti wets 

Radio Components Specialists 
337, W HITEHORSE ROAD 

CROYDON, SURREY, U.K. TEL: 01-684 1665. 
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icTIA WTEXAS 
7400  11p 
7401  12p 
7402  12p 
7403  12p 
7404  14p 
74504  80p 
7405  18p 
7406  38 P 
7407  35p 
7408  17p 
7409  19p 
7410  15p 
7411  24p 
7412  20p 
7413  Ite; 
7414 
74C14  90111 
7416  1;1:0, 
7417 
7420  17p 
7421  40, 
7422  22p 
7423  349 
7425  30p 
7426  40p 
7427  34p 
7428  36p 
7430  17p 
74130  50P 
7432  30p 
7433  40p 
7437  360 
7438  36p 
7440  17p 
7441  70, 
74424  60p 
7443  112p 
7444  112p 
7445  100p 
74464  93p 
74474  75p. 
7448  80p 
7450  17p 
7451  17p 
7453  17p 
7454  17p 
7460  17p 
7470  36p 
7472  30p 
7473  349 
7474  24p 
7475  309 
74175  150p 
7476  35p 
7480 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
74904 
7491 
74924 
7493A 
7494 
74954 
7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74145 
74147 
74148 

A 

509 
100p 
IMP 
70p 
100p 
100p 
30p 
210p 
36p 
80p 
46p 
36p 
B4P 
70p 
65p 
1809 
1309 
65p 
65p 
34p 
55p 
55p 
70p 
20 09 
130p 
210p 
110p 
28p 
48p 
459 
55p 
60p 
75p 
75p 
75p 

203; 
90p 
1909 
1500 
1009 

741514  70p 
74153  70p 
74154  100p 
74156  909 
74157  70p 
74159  190p 
74160  100p 
74161  100p 
74162  1009 
74163  100p 
74164  1009 
/41155  130p 
74166  100p 
74167  200p 
74170  240p 
74172  450p 
74173  1209 
74174  90p 
74175  85p 
74176  90p 
74177  900 
74178  160p 

74180  930 
74181  160p 
74182  90p 
741844  ISOp 
74185  150p 
74186  5009 
74190  900 
74191  909 
74192  90p 

;:13i 90p 
900 

MN 959  95p 

%11/73  9°9  150p 
74199  150p 
74421  160p 
74C221  150p 
74251  140p 
74259  2509 
74265  90p 
74278  2909 
74279  11 09 
74283  1609 
74284  400 9 
74285  400p 
74290p  150p 
74293  150p 
74294  2009 
74298  200p 
74365  1509 
74366  150p 
74367  100p 
74368  150p 
74390  180p 
74393  180p 
74490  2259 
741.5 SERIES 
741500  14p 
741502  14p 
741504  149 
741505  25p 
741508  25p 
741510  20p 
741511  40p 

741513  400 
/41514  150P 
741520  20p 
741.521  40p 
741527  38p 
741530  20p 
74LS32  27p 
741533  36p 
741538  36p 
741542  700 
741547  70p 
741555  309 
741573  50P 
741574  27o 
74LS75  40p 
7415/6  45p 
741583  70p 
741585  80p 
741586  40P 
741590  50p 
741593  600 
741.5107  45p 
7415112 100p 
7415123  80p 
7415124 180p 
7415125  60p 
7415126  80111 
7415132  60p 
7415133  600 
7415136  50P 
7415138  65p 
7415139  75p 
7415151 100p 
7415153  609 
7415154 200o 
7415155  90p 
7415157  60p 
7415158  909 
7415160 130p 
7415161 100p 
7415162 140P 
7415163 100p 
7415164  90p 
7415165 130p 
7415166 180p 
7415173 110p 
7415174 100p 
7415175  909 
7415181 320p 
7415190  90p 
7415191  90p 
7415192  90p 
7415193  90p 
7415195  90p 
7415196  909 
7415221 121312 
7415240 175p 
7415241 175p 
7415242 170p 
7415243 170p 
741S244 150p 
7415245 250p 
7415251 1400 
7415253  50 P 
7415257 12 09 
7415259 1600 
7415266 100p 
7415273 13 09 
7415367  65p 
7415373 150p 
7415374 1509 
7415378 140p 
741S393 20e9 

16 Key Keypads  450p 
(Reed switches 
BREADBOARD 
EXP300  575p 
Suitable for up to 
6x 14 or 5c16 pin 
OIL ICs 
EXP350  315p 
Sr 14 pin OIL ICs 
EXP600  63 09 
128/40 pin DI L IC) 

4000SERIES 
4000  18p 
4001  22p 
4002  20p 
4006  95p 
4007  25p 
4008  80p 
4009  40p 
4010  50p 
4011  22 
4012  18p 
4013  50p 
4014  84p 
4015  84p 
4016  45 
4017  70p 
4018  89p 
4019  45p 
4020  100p 
4021  110p 
4022  100p 
4023  25p 
4024  50p 
4025  20p 
4026  130p 
4027  50p 
4028  64p 
4029  100p 
4030  55p 
4031  2000 
4033  180p 
4034  200p 
4035  1109 
4040  100p 
4041  80p 
4042  80p 
4043  90p 
4044  90p 
4046  110p 
4047  100p 
4048  55p 
4049  45p 
4050  45p 
4051  80p 
4052  800 
4053  80p 
4054  150p 
s4055  1259 
4056  160p 
4059  800P 
4060  115p 
4063  1209 
4066  55p 
4067  4501, 
4068  22p 
4069  259 
4070  30p 
4071  22p 
4072  22p 
4073  22p 
4075  22p 
4076  1079 
4081  25p 
4082  22p 
4093  70p 
4094  175p 
4098  1000 

'loop72  
4502  1209 
4503  70p 

7  55 
4510  99p 
4511  120p 
4514  250p 
4516  110p 
4518  100p 
4520  100p 
4521  250p 
4528  100p 
4532  140 P 
4534  550p 
4536  375p 
4538  140p 
4543  180p 
4553  320p 
4560  250p 
4569  1809 
4583  1200 
4584  90p 
40097  90p 
14433 1100p 
14500  700p 
14599  2909 

93 SERIES 
9301  160p 
9302  175p 
9308  316p 
9310  275p 
8311  275p 
9312  160p 
9314  165p 
9316  2259 
9321  225p 
9322  1500 
9334  340p  

LINEAR IC. 
*A11-0212  600p 
411-1313  668p 
'A91-1320  320p 
'AY1-5050  140p 
AY-3-8910  800p 
AY3-8912  650p 
AYS-12244 240p 
'495.1315  600p 
'AY5-13174  775P 
C43019  80p 
CA30284  909 
▪ CA3046  709 
'CA3048  225p 
C43080E  72p 
0C4136  120p 
C430898  22150 
C4309040  375p 

18; 
CA3160E  100p 
CA3161E  1401, 
CA3162E  46 09 
C431896  30 09 
FX209  7501, 
HA1388  260p 
ICL7106  850p 
IC18038  300p 
ICM7555  80p 
1E351  450 
19356  95p 
LIN3014  27p 
LM311  70p 
LM318  ZOOp 
LM319 
UN324 
LIM339 
LM348 
'LM377 
'LM380 
'LM381AN 
11101386 
LM709 
LM710 
LM725 
LM733 
LM741 
LM747 
LM748 
LM2917 
LM3900 
LM3909 
LM3911 
LM3914 
LM3915 
LM4136 
10413800 
M83712 
'MC13109 
N,C1458 
MC 14951 
flMC1496 
'MC3340P 
MK50398 
MM57160 
NE531 
NE555 

29811 

75p 
95p 
175p 
75p 
180p 
95p 
38p 
SOP 
350p 
1009 
209 
70p 
35p 
260p 
60p 
70o 
130p 
225p 
225p 
120p 
120p 
15 09 
150o 
48p 
350p 
70p 
120p 
750p 
620o 
1500 
200 VOLTAGE 

REGULATORS• 

- 14  +Ve  FixodPUK WTO-220 
5V  7805  600  7905  65p 
12V  7812  600  7912  65p 
15V  7815  80p  7915  70p 
18V  7615  65p  7918  70p 
24V  7824  050  7924  70P 

VEROBOARD 7,t142VsTIR: 
OA 

(Copper c  AC 121/8 20p 
2; x 3 i 4:: 65p  AC I 76  259 

or iFt7/14 25P 
2; .5  49116/7 500 
3, x 31  75p 
31 ' 5 80p  40149  700 
31 ,, 17  320p  40161/2 45p 

340p  AU107  25 09 
9fie'0(7100 pip.50p 8C107/8 119 

n Pi insecnon 

BC109  IIp 
Spot face cutter85p  •BC117  20p 

99p  '8C147/8  9p tool   
VERO WIRING  8C149  10p 

E n =o1  325P  :13C157/8 10p '8C159  llp 
BC169C  12p 

(wire)  80p  'BC172  12p 
Combes  7p each  8C177/8 17p 

BC179  18p 
NE556 60p 8C182/3 10p 

NE564  420p 8C184 hip 5E5628  425p 
NE565  1309  BCI87  30p 
N p 8C212/3 lip 
E566  15 5  BC214  129 
NE567  140p '   36p 

oN8571  425p  SOP 
BC477/8 30p 

5C4151  400p ,Ei ili 11:: 
NE5534A  250p 

RC4195  1200 .BC5578  16p 
55668 
SAD10244 122752; . 8C559C  18p 

SN76477  175p  13CY70  18p EICY71/2 22p 
SFF96364  11000 

B0131/2 50p 

71 E  11: 6p  E i r Eii 
164641811  225P  80189  60p 
1134651  200p 

▪ 113.4820  900  80156  200p CF1'21::  ::: 784810  100p  : 
T8A800 

909  8E167  309 
'TC4940  175P  8E173  30p 
TCA45004  250 P 8E178  38p 
'TDA1004A  300 P 8F200  32p 
11341008  320p .8F2448  35p 
1041010  225p '892566  70p 
•1041022  600p  8F257/8 32p 
TDA1024  lZOp  89259  360 
1DA10348  250p '13FR39  25p 
TDA1170  300p '13FR40  259 
TDA2002V  326p '13FR41  25p 
'T042020  3200 '8E879  250 
71064  150p 
11071  45p 
71072  75p 
71074  130p 
71081  45p 
71082  75p 
11084  11 09 
TL170  50p 
UAA170  175p 
UDN6118  320p 
U0N6184  320p 
U1N2003  100o 
XR2206  30 09 
'ZN414  909 
ZN419  225p 
ZN424E  135p 
ZN425E  4009 
ZN427E-8  7500 
ZN10348  200p 
951490  800p 

100mA  10 -92 
5V  78105 30p  79105  70p 
I2V  78112 90p  79112  700 
15V  78115 30p  79115  70p 
OTHER REGULATORS 
1M3096  1359  T8A6258  120p 
LM317T  200p  71430  65p 
1VI323K  50 09  78H05KC  550p 

NTERFACEICa1M 723  37P  78MGT2C  1400  
D98304 450P  OPTO-ELECTRONICS 
M C1488  75 P  7 5717  45p  OCP71  130p 
MCI489  75p  ORP12  90p  08960  90p 
58174  £14  08961  90p  71178  55p 
75107  160p  LEDS 
75182  230P  0125' 
75324  375p  11132  66p  T11220 Red  16p 
74325  375p  1(1209 Red  13p  1(1222 C'  18p 
75361  300p  111211 Cr  209  1(1228 Red  22p 
75363  225p 111212 Ye  25p  MV549175  120, 
75362  350p  711216Ped  18p  Chps  3p 
75451  72p 
75491,2 96p  DISPLAYS 
8726  160p  3015F  200p  F140500  120p 
8728  160p  01704  140p  FN0507  120p 
8795  1609  01707 Red  140p  MA143640  1750 
8797  160p  707 Cr  140p  MAN4640A 200p 
811595 120p  DL747Red  225p  111311  600p 

747 Gr  22Sp  T11312/3  1109 
811596 140p END357  120p  10-321/2  130p 
811597 140p  111330  140p 
811598 140p  DRIVERS  7750  200p 
9601  120p  9368  250p  7760  200p 
9602  22 09 19370  25 09  NSB5881CC 57 09 

CO MPUTER BOOKS 
Introduction to Microcomputers Vol 0 595p 
Introduction to Microcomputers Vol 1830p 

Micros-Interfacing Techniques  995p 

TTL Cookbook  715p 

C- MOS Cookbook  750p 

Please add 70p p & p per book. No VAT on books. 

VAT: Please add V AT at 
15', on total order value. 

Access & Barclaycards 
Accepted. 

"BFR80  250 
8E1181  26p 
BFX29  30p 
bEX30  34o" 
8E584/5 30P 
8FX86/7 309 
6F588  30p 
8F W10  90p 
BFY50  30p 
8FY51/2 30p 
EIFY56  33p 
BFY90  900 
BRY39  45p 
85%19/Z020p 
BUI04  22Sp 
'0U105  19 09 
'BU108 21509 
8U109  2299 
8U205  2000 
'8U208  200p 
'80406  1469 
E300  50p 
8308  50p 
4310  50p 
MJ2501 225p 
MJ2955 90p 
MJ3001 225p 
'MJE340 659 
MJE2955100p 
MJE305570p 
'MPF102 45o 
'MPF103/440p 
•MPF105/640p 
MPSA06 309 
W PSA12 50p 
•MPSA13 50P 
MPSA43 50p 
'MPSA20 50p 
'MPSA56 32p 
MPSA70 50p 
'MPSUO6 63p 
MP5U65 76p 
0C28  1309 
0C35  13 09 
•R20088 20 09 
R20108 200p 
'flP294  40p 
'flP29C  55p 
'1'IP304  48p 
'1IP30C  609 
'TIP314  58p 
TIP31C  620 
119324  88p 
T1P32C  82p 

ME MORIES 
2102 2L  120p 
21076  500p 
2111 2  400p 
2112-4  3000 
2114125 5800 
2114145ormI450p 
4027  375p 
4044  900p 
4118  300p 
5101  400p 
6610  350p 
RO M/PRO M. 

71301  lOOp 
745188  225p KEYBOARD 
745287  350p  ENCODER 
745387  3500  AY-52376 
745471  700p 
745571  650p 
9342/  400p  SUPPORT 
93436  6501/  DEVICES 
93446  650p  3242 
93448  900p  3245 

E r1 )  6522 5810  930p   6532 
1802  750 P 6820 
28504  £16  6821 
6502  650 P 6850 
6800  £6.50  6852 
6802  950p  8155 
80804  450p  8205 
80854  £11  8212 
INS8060  £10  8216 
Z80  650p  8224 
280A  850p  8226 
EPROM.  8228 
17024  6509  8251 
2708  400p  8253 
2716  £6  8255 
  8257 
CRYSTALS  8259 
32.768KHz  250p  280P10 
100KHz  300p  280AP10 
1.00MHz  32 09  Z8OCTC 
1.8432MHz  325p  ZEIOACTC 
2.00MHz  325p  Z8ODART 
2.45761M10  325p  Z8OADART 
32768MH,  300p  Z80-510-1 
36864M10  325p  MC14411 
4.00MHz  290p  MC14412 
41943MHz  3009 
4A336MHz  125p 
0C0MHz  325p 
6.00MHz  300p 
6144MHz  300p 
800MHz  300p 
13.867MHz  300p 
10.00MHz  310 
1070MHz  300p 
1600MHz  350p 
18.00MHz  300p 
18.432MHz 350p 
19.968MHz 390p 
27.145MHz 3259 
38.6667MHz 350p 

TIP33A  90p 
T1P33C 114p 
1I9344 115p 
11P34C 160, 
riP35A 2289 
T I P35C 260p 
T19364 27 09 
T1P3.6C 340p 
I IP414  65p 
TiP41C  780 
719424  709 
T1P42C  82p 
11P2955 780 
TI93055 70p 
t1543  34p 
TIP54  150p 
.11593  30p 
'Z15108  12p 
'ZTX300  139 
ZTX500  15p 
'Z15502  18p 
'ZTX 504  301, 
2144574 25 09 
2N696  359 
2N697  299 
214698  459 
214706A 20P 
214918  389 
25930  16P 
2N1131  50p• 
2141132  30p 
2N1613  30p 
N1711  30p 
2N2102  60p 
2N2160 300p 
2N22194 30p 
2522224 30p 
2N23694 259 
2142484  30p 
2N2646  50p 
252904/5 30p 
2N29064 24p 
2N29074 3 09 
▪ 2N2926  Sp 
2N3053  300 
2N3054  659 
2143055  459 
2N3442 140p 
2143553 240p 
2143565  30p 
•253643V4 480 
253663  209 
▪ 2143702/3 12p 
2143704/5 12p 

UART 
AY 3 1015P 

% 4 0 134  

400P 
400 P 
460p 

CHARACTER 
GENERATORS 
325/ ADC  990p 

RO 3 2513U0 
RO 3 251310 
SN74S262AN 

600p 
650p 
£10 

.2,7.1/00//1 4 " 
2N3708/9 12p 
'2143773 300p 
2143819  299 
'2143820  50p 
283823  701, 
2143866  SOp   
▪ 2N3503/4 lip 
2N3905/6 201, 
2144037  66p 
2144058/9 12p 
2N4060  12p 
62N4061/2 lip 
284123/427p 
•2N4125/6 Sip 
'284401/3 27p 
2144427  90p 
2N4871  60p 
2145087  27p 
2N5089  27p 
2N5I72  27p 
2N5179  90p 
2N5191  83p 
2N5194  90p 
2N5245  409 
▪ 2145296  559 
2N5401  50p1 
'2145457/8 40p 
'2145459  40p 
2145460  80p 
255485  44p 
.256027  489 
256247 1909 
256254 130p 
256290  6Sp 
2146292  65p 
35128  120p 
35140  100p 
35141  110p 
314201  1109 
314204  12 09 
40290  25 09 
40360  400 
40361:2 450 
40364  12 09 
40408  900 
40409  100p 
40410  1000 
40411  300p 
40594  12 09 
40595  120p 
40673  75p 
40841  900 
40871 2 100g 

SOFTY 
Ideal hardware/software devel-
opment tool. Kit CUM  £1.50 
P&P. Expansion board for pro-
gramming  5V  E PROMS. 
Ready built £40. 

MINI FLOPPY DISC DRIVE 
FO-50A 40 Track  DOUBLE/ 
SINGLE DENSITY 51'  £150 

EPRO M ERASER 
UV140 - Erasers up to 14 
EPROMS in approx. 20 mins. 
Slide in tray for safety. Mains 
and Erase indicators  £61.50 

ACOR N ATO M 
Full size Qwerty Keyboard, 
2K Ra m, 8K HYPER-RO M, 
UHF TV output kit  £120 
Ready-built.  £150 
Floating Point Rom.  £20 

PO WER SUPPLY UNIT 
3 Amp,  5 Volts,  ready-
built£18 
(Suitable  for fully  loaded 
Acorn  Ato m  and  many 
other applications.) 

EXPANSION PCB 
Will  hold  up  to  to  8K 
121141 RA M plus 4K, 8K, 
16K EPRO M. Fully buffered 
and  decoded  layout. 
(Suitable for  UK101  and 
many other computers).£18 

COL O U R  EN C O DE R 
CARD 
Plus data.  £19.50 

LO W PROFILE DIL SOCKETS BY TEXAS 

9P  'RIM.  16p  24 pm  24p 
14 pa,  10p  201/"  20p  28 pin  30p 
p...  lip  22 pm  229  40 pin  40p 

WIRE WRAe SOCKETS BY TEXAS 

8 pm  25p  18 pm  SOp  24 p"  70p 
14 pm  35p  201 "  60p  28 Pm  8017 
16 uin  40p  22 0111  65p  40 Pm  100P 

800p 
450p 
650p 
825p 
340p 
340p 
300p 
370p 
1100p 
320p 
200p 
200p 
2750 
400p 
525p 
475p 
1000p 
450p 
9009 
950p 
600p 
700p 
600p 
700p 
12000 
1500p 
22000 
11000 
1100p 

SUB MINIATURE 
SWITCHE S  ANTEX SOLDERING 
1001,/F  IRONS 
SPS1  55p  (... 15tAr  415p 
SPOT  58p  CX-17 W  4259 
DPD 1  60p  CCN 15 W  42 59 
0901  85p  X25  440p 
10entre oft, SPARE BITS 
Posh to make  1Sp C CCN CX  50p 
Itreak  259  025  50p 
•SLIDE °PDT  18p 
•ROCKER SPS128p  SPARE ELE MENTS 
°WAFER  C CX X25  180p 
IP I 2W  45p  CCN  200p 
3P 4W  45p  IRON STAND  1609 
4P 3W  45p   
2P 6W  45 P VEROBOARDS 

DIP Elf1,01.411,1 
415 . 6 15  32 99 
IS,,.t..bie km 20 x 14 11111 or 

D IL SWITCHES  16 x 161/... OIL 10s , DIP 
4 way SPST  90p  Brvadlatorti as above with 0 acks 
8 way SPST 120p  lot 31 way tl)1111e.01  37 99 
ZERO  CONNECTOR PLUGS 
INSERTION Force  31  wibi P111 t1  120p 
24 pin Skt  £7  3, way Socket 

S 100 Bak5wora  li ft 

EDGEBOARD CONNECTORS 0.156 - PITCH 

85 P  2 + 22,',,,,  1359 
100p  '.25 w.,1  160p 
120p 

COUNTERS 
740925  550p 
iLM7217,4  850p 
ICM721613  £20 
251040E  700p 

CRT CONTROLLER 
96364  Ell 
6845  £16 
6847  £9.50 

• SPECIAL OFFER • (Subject to stocks) 
2716(/)5V)  475p  555 
2114 1450ns)  1909  741 
4 1 1 6 (2 0 0 ns)  190p  7805/12/15 
Please add P&P and VAT'  2708 

£18/100 
£16/100 
£5/10 
£4.00 

UHF 
MODULATORS 
6MH,  350p 
8MI-It  4501, 

6502 Applications 

8080A Bugbook 

Basic Micros and the 6800 

Z-80 Program for Logic Design 

995p 

765p 
720p 

6309 

INTERFACING CO MPUKIT 
1 Decoding Module Kit (except Tx & 2-8128). 
2 Display Board. 
3 Analogue Timing and Audio Board.  ,,•• 
4. C60 cassette containing all  numbered  pro-

gra ms. 
All above available in KIT forms. 

NE W RETAIL SHOP: 367 Edgware Road, London W2. 
Now open to callers: MON-FRI 9.30-5.30. SAT 10.00-5.00. 

Please add 30p p&p & VAT. 

Govern ment Colleges etc Orders accepted 

C.ALI ERS WELCOME 

TECH NO MATIC LTD. 
17 BURNLEY ROAD, LONDON N W10 

2 minutes Doll's Hill tube stabore (a mple street pa1ki11t41 
Tel: 01-452 1500  Tekm:922800 

FIR 
47f° 
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SERVICE TRADING CO 
FT3 N E O N FL AS H T U BE 
High intensity multi turn high voltage, neon glow 
discharge flash tube. Design for ignition timing etc. 
£1.50. P. & P. 25p (£2.01 inc. VAT) 3 for £3. P. & 
P. 50p 1£4.133 inc. VAT & PI. 

WHY PAY MORE? 
MULTI RANGE METER Type MF15A a.c. d.c. 
volts 10  50 250. 500, 1000. Ma 0-5. 0-10. 
0 100 Sensitivity 2000V. 24 range. diameter 
133 by 93 by 46mm including test leads. Price 
£7.00 plus 50p P & P (C8.63 Inc VAT & P.1 

METERS (New) -90 mm DIAMETER 
A.C. Amp., Type 6272, 0-1A, 0-5A, 10A, 0-20A, 50A 
A.C. Volt. 0-150V, 0-300V. 
D.C. Amp., Type 65C5, 0-2A, 5A, 0-10A. 0-20A, 
0-50A, 0-100A. 
D.C. Volt. 15V, 30V. 
All types £3.50 ea. 4- P. & P. 50p (£4.60 incl. VAT), excepts-0-50A, 
0-100A D.C.. price £5.00 + 50p. P. & P.1£13•33 incl. VAT). 

N.M.S. 

HEAVY DUTY SOLENOID. mf. by 
Magnetic Devices. 240V. AC. Intermit-
tent operation. Approx. 20 lb. Pull at 
1.25 in. Ex-equip. Tested. Price: £5.50 
+ 75p. P. & P. (£7.19 inc. VAT & P.) 

R. & T. 

12V D.C. SOLENOID 
12V. D.C. heavy duty Solenoid 4 Kp. pull. Easily removable from 
plate. Ali. chess's containing 4 .24V. D.C. Push Solenoids (1+ lb. 
approx.). 5-fig. Counter. 6 rnin, photo cells. Sub-min. Micro-
switches etc. etc. Ex-equip. London Transport Printer. Price: 
£9.00 • £1.00 p. & p. (total incl. VAT £11•50). 
12V. D.C. Solenoid approx. 11b. pull. Price: £1.40  p. & p. 30E . 
(total incl. VAT £1.96). 

SOLENOIDS 
WESTOOL SERIES D8 Model A3 24V. D.C. Price £1.50 r 50p 
P. & P. (Total incl. VAT £2.30) 
WESTOOL SERIES D4 Model A. 24V. D.C. Price £1.00 + 30p 

P. & P. (Total incl. VAT £1.50)  N.M.S. 
AG/GT 24V. D.C. 70 ohm Coil Solenoid. Push or Pull. Adjustable 
travel to 3/16 in. Fitted with mounting brackets and spark sup-
pressor. Size: 100 Y 65 • 25 mm. Price: 3 for £2.40 + 30p. P. & 
P. (min 3 off.) 1£3.11 inc. VAT & P.)  N.M.S. 

800 W ATT DI M ME R S WITC H 

Easily fitted. Will control up to 800 W. of all lights  3 i t y 
except fluorescent at mains voltage. Price: £3.91) +  , 
50p. p. & p. (£5.06 inc. VAT). 

REED SWITCHES. Size 28mm x 4mm dia. Price: 10 for £1.00 
up. & p. 20p. (total incl. VAT UL M). 100 for £8.00 4 o. & p. 
30p. total incl. VAT £9.55).  N.M.S. 

MI C R O S WIT C H ES 
Sub. Min. Honeywell Lever m/s type 3115m 906f1. 10 
for £3.50 post paid (£4.03 incl. VAT) 
These V3 types. 
Button type (Rye) 10 for £3.00 (£3.45 incl VAT) 
Short Lever type 16amp. rating (Grouzet) £4.00 
(£4.60 incl VAT) 
Roller Type (Bonnella) 10 for £3.50. (£4.03 incl. VAT). N.M.S. 
D.P. C/0 lever m/switch mfg. by Cherry Co. USA. Precious metal 
low resistance contacts. 10 for £2.25 P. & P. 30p. Total inc. VAT 
£2.93 (min. 101.  N.M.S. 

 ........--.---..--•-•.,-.  -.. 

1"-----.-- S O LI D STATE E HT UNIT 
Input 230V as. Fully isolated output 10mm spark. Approx. 
15Kv. Built in 10 sec. Timer. Easily modified for 20 sec, 30 
sec, to a continuous operation. 
Designed for boiler ignition. Dozens of uses in the field of 
physics and electronics, eg. supplying neon or argon tubes 
etc., ENT, starter or laser xenons csr lamps VAN de GRAFF 1 generator, loss of vacuum detector. OUDINI coils etc. 
Size: Length 155mm, width 85mm, height 50mm. Weight 
530 grammes, Price £5.00 + 75 pence post & packing. 
Total inc. VAT £6,61.  N.M.S. 

A.E.G. CONTACTOR 
Type LS6/L11. Coil 240V 50 As. Contacts - 3 make: 600V: 
20amp. 1 break: 600V: 20 amp. Price: £8.50 + 50p P. & P. 
1£6.90 inc. VAT & P.).  N.M.S. 
ARROW-HART MAINS CONTRACTOR, Cat. No. 
130A30. Coil 250V. or 500V. A.C. Contacts. 3 make 50 amp up 
to 660V. A.C. 20 h.p. at 440V. 3 phase 50 Hz. Price: £7.75 + p. 
& p. £1.00 (incl. VAT, total: f10.06). N.M.S. 

SMITH BLO WER 
Type FFB. 1706. Small. quiet, smooth running. 240V. A.C. 
operation. Output aperture 45 x 40cm. Overall size 1350 165 cm. 
Flange mounting. Price: £4.25. PAP. 75p. (Total: £5.75 inc. P. 
& VAT. N.M.S. 
Other types available. S.A.E. for details 

CE NTRIF U G AL BL O WE R U NIT 
Powered by GEC 230/250V, 2850 hp.m. motor producing 
approx. 120 c.f.m. Aperture 65 . 90mm. Overall size 222+22 
y 195rnm. Ind: Starter Capac. Price: £16.00  £200 p. & p. 
(Total inch VAT £20.70)  N.M.S. 

24 volt. D.C. BL O WER U NIT 
Precision 24 volt. D.C. 0-8 amp Blower that works well on 12V 
0.4 amp D.C. Producing 30 cuff, min at normal air pressure. 
£4.50 P & P.75p line. VAT E6 -041. N.M.S. 

INSULATION TESTERS NEW! 
Test to I E E Spec Rugged metal construction 
suitable for bench or field work constant speed 
clutch Size L Bin W 4in H Bin weight 131b. 500V, 
500 megohms, £49.Post 80p I £57.27 Inc. VAT 
& P.). 1,000V 1.000MO, £55. Post 80p 
(8:64.17 Inc. VAT & P. SAE for leaflet. 

Yet another outstanding offer. 

IMFD 600V Dubilier wire ended capacitors  N.M.S 

1010, £1-50 p&p 50p  E2•30 inc VAT  p&pl SERVICE TRADING CO 

VARIABLE VOLTAGE TRANSFORMERS 
IN PUT 230 240V a.c. 50/60 OUTPUT 0-260V 
200 watt (1 amp inc. ac, voltmeter  £14.50 
0.5 KVA 123 amp MAX)( 
.1 KVA IS amp MAXI 
.2 KVA (10 amp MAX) 
.3 KVA (15 amp MAX) 
.5 KVA 125 amp MAX) 
10 KVA (50 amp MAXI 
15 KVA (75 amp MAX) 

3-P H ASE V ARI ABLE V OLT AGE 

T R A NSF O R ME RS 
Dual Input 200-240V, or 380-415V. Star connected. 

3KVA 5 amp per phase max.  £106.43  Carriage, packing 
6KVA 10 amp per phase max.  £159.37  & VAT extra. 
10K VA 16 amp per phase max.  £327.43 

LT TRANSFORMERS 
13-0-13V at 1 amp £2•50 P. & P. 50o 18: 345 inc. VAT) 
0-15V 24 amp 0-30 at 12 amp £20.40. plus P. & P. £2.30. 
Total Ind. VAT £26.11. 
0-6V/12V at 20 amp £16.20 P. & P. £1.00(E19.78 inc. VAT) 
0-12V at 20 amp or 0-24V at 10 amp £14.90 P. & P. £1.50 
(£18.86 inc. VAT & P.) 
0-6V/12V at 10 amp £9.10 P. & P. £1.50 (£12.19 inc. VAT) 
0-6V/12V/17V/18V/20V at 20 amp £20.90 P. & P. £2.00 
(£26.34 inc. VAT & P.). 
0-10V/17v/18V at 10 amp £11.55 P. & P. £1.301E15.35 inc. VAT) 
Other types restock; phone for enquiries or send sae for leaflet. 

£18.00 
£24.00 
£39.00 
£47.00 
£76.00 
£168.00 
£260.00 

HY-LIGHT STROBE KIT MK IV 
Latest type Xenon white light flash tube. Solid state 
timing and triggering circuit 230/240V ac. operation. 
Designed for larger rooms, halls, etc. Speed adjustable 
1-20 f.p.s. Light output greater than many (so called 4 
Joule) strobes. Hy-Light Strobe Kit Mk IV. £22.00. £1.50 
& P (incl. VAT total £27.03). Specially designed case 

and reflector for Hy-Light £9.00. Post £1.50 (£12.08 
incl. VAT & P.). Super Hy-Light Strobe (approx. 16 joules) 
Price £33. P & P £1.50 (inc). VAT total £39.68). 
Suitable case £11.00 • £1.50 P & P 8:14.38 incl. VAT & 
P. & P.). 
Super Hy Ught Strobe Kit, details on receipt of foolscap sae. 

XENON FLASHGUN TUBES 
Range available from stock. S.A.E. for details. 

ULTRA VIOLET BLACK LIGHT 
FLUORESCENT TUBES 
4ft. 40 Watt £8.70 inc. VAT £10.00 (callers only). 
2ft. 20 watt £6.20. Post 75p.(£7.99 inc. VAT + P.) 
(For use in sten bi-pin fittings). 
12in. 8 watt £2.80. Post 35p.1£3.62 inc. VAT + P). 
Sin. 6 watt £2.25. Post 35p. (£2.99 inc. VAT + Pl. 
61n.4 watt £2.25. Post 35p.(£2.99 inc. VAT + P. 
Complete ballast unit, for either 6", 9" or 12" tube 230V AC op 
£4.50. Post 45p. (£5.69 inc. VAT *P). Also available for 12V 
DC op £4.50. Post 45p. (£5.69 inc VAT Y P). 
400 watt UV lamp and ballast complete £38.00. Post £3.50 
1£4743 incl. VAT + P). 400 watt UV lamp only £14.00. Post 
£1.50. (£17.83 incl. VAT + P).' 

PROGRAM ME TI MERS 
240V AC. operation. 12 individually adjustable cams. £7.50 a-
75p P. & P. (£9.49 inc. VAT). R.T. 
6 adjustable 6 fixed cams. Price £6.00 + 75p p. & p. (£7.76 inc. 
VAT)  R. & T. 

Superior Quality Precision Made 
NEW POWER RHEOSTATS 

* 

All Mail Orders 
Callers 

Ample Parking Space 
Showroom open Mon-Fri. 

New  ceramic  construction.  embedded 
winding heavy duty brush assembly, continu-
ously rated. 
25 W ATT I 0/25/50/ 100/250/500/1k0/ 
1 5k0, £2.80. Post 20p (£3.45 inc. VAT & P.). 
50 WATT 2500 £2.90. Post 25p if3.62 inc. VAT & P.). 
100  W ATT  1/5/10/25/50/100/250/500/1k0i 1- 5k0/2.5 k0 
3 5k0 £6.90 p. & p. 35p (£8.34 incl. VAT). 
Black, Silver, Skirted knob calibrated in Nos. 1-9 11in 
dia brass bush Ideal for above Rheostats 24p each. RELAYS 1..ele.briaonrr fs,AocCk apnhdo ewl ariy, es 

on yoursnquiries 
uther types available - phone for details.  N.M.S. 
230/240V A.C. RMays: Arrow 2 do. 15 amp £1.50 (£1.96 inc. 
VAT & Pl. 
Open type 3 do. 10 amp £1.10 (£1.50 incl. VAT & P). 
230/240V A.C. 3C0. 11 pin base. Sealed. 5 amp contacts 
£1.35 plus P. & P. 20p. Total incl. VAT £1.78. 
D.C. Relay, sealed 6/12V. D.C. 2C0. 10 amp contacts. 
Single hole fixing. Push on contacts. £1.30 plus P. & P. 20p. 
Total incl. VAT £1.73. 
12V D.C. 2Co. open type 10 amp contacts £1.25 plus P. & P. 
20p. Total incl. VAT £1.67. 
24V D.C. 2Co 7 amp contacts. Sealed, octal base. £1.30 
plus P. & P. 20p. Total incl. VAT £1.73. 
Mercury Wetted contact relay mfg. by Clare. Type HGSM 
1003. 18/24V D.C. !co. £2.00 plus P. & P. 20p. Total incl. 
VAT E2.53. 
Reed Relay mfg. by Alma. Type CPR1/D 6/9V D.C. 700 
ohm. coil. 5 for £2.50 plus P. & P. 50p. Total incl. VAT £3.45. 
D.C. Relays: Sealed 12V 1 do 7 amp octal base £1.00 (£1.38 
inc. VAT & Pl. Sealed 12V 3 do 7 amp 11-pin £1.35 18:1-78 
inc. VAT & P). 24V. Sealed 3 c/C1 7 amp 11-pin £1.35 (1-78 
inc. VAT & P). (amps -y contact rating). P&P on any Relay 20p. 
KMKI Relay. 230V. AC. 1 do, open type 10 amp contact, mf. 
by "Keyswitch" 80p. + 20p. P. & P. (£1.15 incl. VAT). 5 for 
£3.75 postpaid (£4.32 incl. VAT). 
Hetlerrnann Deutsch. Hermetically sealed sub-min. Relay. 12-
24V. D.C. 2 do. 850 ohm coil. 0.2 pitch. P.C. mounting. L 20 mm. 
W. 1 Omm. H. 12mm. Fraction of maker's price: £2.50 postpaid 

(£2.88 incl. VAT). N.M.S. 

GEARED MOTORS 
7iirpm KLAXON motors approx. 25Ib inch 
28rpm WYNSCALE motors approx. 201b inch 
71rpm VVYNSCALE motor approx. 10Ib inch 
Above three motors are designed for 110V. 
A.C. supplied with auto transformer 240V. 
AC. operation, £9.25 p. & p. 75p. Total incl. 
VAT £11.50. N.M.S. 

56 rpm. 240V. a.c. 50Ib. in. 50Hz 
0-7 amp. Shaft length 35rnm. Dia. 
15mm, Wt, 6kg. 600g. mf. FRACMO. 
Price: f15.00 + f 1 -50 P. & P. 1£18.98 
inclus. VAT). N.M.S. 

100 rpm. 110V. ac. 1151b. in.. 50Hz. 2.8 
amp  single  phase  split  capacitor. 
Immense  power. 
Totally enclosed. In-line gearbox. Length 
250mm. Dia. 135mm. Spindle dia. 
15.5mm, length 145mm. Tested. Price: £12.00 r £1.50 P. & P. 
(£15.53 inclus. VAT). R. & T. Suitable Transformer for 230/240V 
operation. Price £8.00 • 75p. P. & P.1£10.06 inc. VAT(. 
'200 rpm. 35 lbs. in. 115V. 50Hz. 
Price, £16.00  £1 SOP.. & P. (20.13 incluS, VAT). N.M.S 
Suitable Transformer for 230/240V. a.c. 
Price, £8.00 + £ 1 -00 P. & P. ) 10 35 inclus. VAT), 51,M S 

7 ,230/240V. ac. Synchronous geared Motor, mf. HAYDON. 
Z  230/240V.  a  cl .c.  Synchronous  eared  Motor  mf 
C OUZET. Either type £3.90  30p. P. & P. (£4.83 inc. 
VAT). 

N.E.C.  geared  Motor  152  R.P.M. 
2001b. inch. 230 A.C. 50hz. Ratio 9.2 
to  1. Non reverse. Ind. capacitors. 
Fraction of makers Price £35.00 plus 
carriage and VAT. Also available 230AC. 
60hz. 182.R.P.M. 20Ib in. as above.  N.M.S. 
42 R.P. M. 110 AC. 50hz. 100lb incl. reversible will operate on 
230A.C. Speed.remains at 42 R.P.M. but torque reduces by 50%. 
Price £16.00. P. & P. £1.00. total incl. VAT & p. £19.55) 

N.M.S. 

INCREDIBLE OFFER 

Geared Motor. 120 rpm approx. 15 lb.in. 
230V. AC. Cont. Rating. Non-reversible. Size 
150mm y 90mm Y 85mm spindle Elmrn dia • 
30 mm long. Complete with capacitor and y 
relay for max, load starting. Offered at mere 
fraction of mfrs. price - £11.50 incl, of p. & 
p. & V.A.T. 

24V. D.C. GEARED MOTOR 
24V. D.C. 200 rpm 10Ibs/ins, continuously rated geared Motor 
mfg. by either Parvalux or Carter. Easily removable from heavy 
ali, chassis containing 9 Y 24V. D.C. Solenoids, microswitches 
friction clutch, precision gearing etc. etc. Ex-equipment Londor 
Transport Ticket Printer. Price: n1.00 • £2.00 p. & p. (total incl 
VAT £14.95). 

24V. D.C. RE VE RSI BLE M OT O R 
Parvalux type SD12L, 24 D.C. shunt wound Motor, either 133 
rpm 65Ib5 in Gearbox ratio 30:1. Current 6.8 amp. Rating con-
tinuous. Will operate on reduced power and speed at 9V D.C. or 
less. Size Dia. 16mm, Width 150mm, Shaft dia. 16mm. Price 
£16.00 • £2.00 p. & p. (£20.70 incl. VAT). N.M.S. or 60 rpm 
100(b in rating. Price as above. N.M.S. 
100 W Rheostat 1 ohm speed control available £6.90 1£7.94 
incl. VAT). 

230V a.c. FAN ASSE MBLY. 
Powerful continuously rated ;sc, mob, contolete with 5 blade 
6;in. or 4 blade 3ir, aluminium fan Price £3.50. p, & p 65p 

(£4.77 incl. VAT & P./. 

R OT A R Y  C AR B O N  V A NE  V AC U U M  & 

C O M P RESS O R. Direct coupled to 1/3 h.p. 110/115V. 
A.C. Motor 4.2 amp. 1380 rpm. Motor manuf. by A.E.I. or G.E.C. 
Pump by Williams. Max. Vac, 25" H.G. Max. pressure cont. 
10 p.s.i. Int. 15 psi. Max. air-flow 3 c.f.m. at "0" H.G. Price: 
£30.00 + £3.00 P. & P. 1£37.95 incl. VAT). N.M.S. 

Suitable transformer for 240V. op. £10.00 P & P. £2.00 
(E13.80 incl VAT). N.M.S. 

A.C. Wkg. TUBULAR CAPACITORS. 
Fraction of makers price. Motor start etc. 
1.5 mfd. 440V. AC.  60p  5.4 mfd. 280V. A.C. 
2 mfd.  250V. AC,  60p  6.5 mfd. 280V. A.C. 
2 mfd.  450V. AC.  75p  7.5 mfd. 200V. AC. 
2.2 mfd. 440V. A.C.  75p  10 mfd.  250V. A.C. 
3 mfd.  440V. A.C.  £1.00  19 mfd.  280V, A.C. 
4.1 mfd. 440V. A.C.  £1 .00  20 mfd.  250V. A.C. 
5 rnfd.  400V. A.C.  £1.25 
5.3 mfd. 160V. AC.  60p 

75p 
£1.00 
£1.00 
£1.00 
£2.00 
£2.25 

P. & P., up to 2.5 mfd. 25p. 3 mfd tp 20 mfd. 50p. All plus 

V.A.T. N.M.S. 

Time Switch Venner Type 
ERD Time switch 200/250V ac. 30 amp contact r - -- 1 
2 on/2 off every 24 hrs, at any manually pre-set 
time. 36 hour Spring Reserve and day omitting 
device. Built to highest Electricity Board 
specification. Price £9.00. P. & P. 75p  “ ) 
(£11.21).  R.& T.  ,---
SANGAMO WESTON TIME SWITCH 
Type S251 200:250V  a c 2 +n2 off every 24 hours 
amps contacts with override switch dia. 4 x 3 price £8.50 P & P 
50p inc. VAT £10.35. Also available with Solar dial. R. & T. 

N.M.S. New Manufacturers Surplus 
R & T Reconditioned and Tested 

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 01-995 1560 

ACCOUNT CUSTOMERS MIN. ORDER  1 0 00 

Personal callers only  Open Saturdays 

9 Little Newport Street, 
London WC2H 7JJ 
Phone 01-437 0576 
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The New Maplin Matinee 
Amazing Value £299 5 

± £99.50 for cabinet if required. For Only  •thil 

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

construction details contact 
Maplin Electronic Supplies Ltd. 

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

MN INN ME IM  Ell IN In  = = = = = = 

Post this coupon now for your copy of our 1981 
catalogue price £1. 
Please send me a copy of your 320 page catalogue. I 
enclose £1 (Plus 25p p&p). If lam not completely 
satisfied I may return the catalogue to you and have my 
money refunded. If you live outside the UK send £1.68 
or 12 International Reply Coupons.  - 
I enclose £1.25. 

Name   Maplin Electronic Supplies Ltd 
All mail to P0 Box 3, Rayleigh, Essex SS6 8LR 

Address  I Telephone Southend (0702) 554155 Sales (0702) 552911 

PE.4.81  

rivinpuirn 
Shops 
159.161 King Street, Hammersmith, London W6 Telephone (01) 748 0926 284 Lovndon Road, Westclill on-Sea, Essex Telephone Southend (0702) 554000 
Roth shops closed Mondays 

Catalogue now on sale in all branches of WI-I SM ITH 44 Price £1.00 


