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Electronic
THE HOBBYIST

For everyone who is keen
on electronics

ADVENTURES ON THE IC'S
A SPECIAL £6 OFF INTRODUCTORY OFFER FOR: -

THE STUDENT THE SERVICE ENGINEER THE BUSINESS MAN
A sound practical work To understand and keep up Basic electronics to help

programme for examination with modern progress understand the subject

Electronic

ANYBODY CAN BUILD ELECTRONIC PROJECTS WITH EBBO BOARDS HERE'S HOW TO BUILD AN ELECTRONIC ORGAN.

Here's the Circuit Diagram

16 PROJECTS INCLUDE
PARKING LIGHT
BURGLAR ALARM
TWO TRANSISTOR RADIO
CHIP RADIO
COMPUTER COUNTER
And many others

Here's how to
build it on EBBO

COMPONENTS INCLUDE
1 loudspeaker
1 variable capacitor
1 midget potentiometer
1 ferrite rod

Start with the resistors take resistor 1 (Rl) and push it into hole numbers E23 and G5, take resistor 2 (R2) and push it into hole numbers A9 and All and do the same with all the other
resistors. Then take transister 1 (TR1) and push it into hole number B8, C13 and D18, do the same with all the other components and you have a full working electronic organ. We even
give you tunes to play. awirm
What do you need 2 npn transistors (2N3053 or BFY51)

- 1 pnp transistor (ZTX500)

EBBO DISCRETE STARTER PACK
Normal Price £6.67

1 field effect transistor (2N3819)
1 integrated circuit (ZN414)
1 photocell, e.g. ORP12
1 thermistor, e.g. TH3
... and many others

ADVENTURES WITH ELECTRONICS COMPLETE PACK OF COMPONENTS
Normal Price £2.30 TO BUILD ALL 16 PROJECTS

Normal Price £17.25
Total Price Normally £25 SPECIAL INTRO PRICE ONLY £19 inclusive of VAT and Post & Packing.

Available from Watford Electronics, BI-PAK and all good component stockists.

DIP -DIP -DIP -DIP -DIP JUMPERS
AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK

SINGLE -ENDED

CONTACTS 24" CONTACTS 6" 12" 18" 24"

 EX -STOCK DELIVERY
 5 STANDARD LENGTHS

6, 12,18, 24, 36-
 WITH 14, 16, 24, 40 CONTACTS
 FULLY ASSEMBLED AND TESTED
III INTEGRAL MOULDED ON

STRAIN RELIEF
 LINE BY LINE PROBEABILITY

DOUBLE -ENDED all prices 1-9 off. Huge discounts for quantit

36"
14 £1.67 14 £2.11 £2.21 £2.31 £2.43 £2.63
16 £1.89 16 £2.33 £2.45 £2.58 £2.66 £2.97
24 £2.74 24 £3.45 £3.62 £3.78 £3.94 £4.30
40 £4.38 40 £5.31 £5.61 £5.91 £6.22 £6.81

We can supply DIP, SOCKET, PCB, CARD -EDGE RS232, assemblies made-up,
tested, ready for use, cheaper than you can buy the parts, ask for quote.

POWERACE THE MOST
EXPENSIVE
BREADBOARD
IN THE
WORLD

Powela
11 1 1

Three poweraces that give you th
ultimate in breadboarding. Built in
power supplies and a FREE logic
probe is built into MODEL 102
POWERACE 101 923221 £61.30
POWERACE 102 923222 £95.80
POWERACE 103 923223 £95.80

V

01/4

TEST -CLIP TEST -CLIP

Clip an AP TEST -CLIP over an IC and
you immediately bring up all the
leads from the crowded board into
an easy working level.
22 NEW AP TEST -CLIPS TO PICK
FROM
examples: TC 14 923695 £2.76

TC 16 923700 £2.91
TC 24 923714 £8.50
TC 40 923722 £12.88

SUPERSTRIP SS2 THE BIGGEST SELLING BREADBOARD IN THE WORLD

When you buy a SUPERSTRIP BREADBOARD you buy a breadboard to last you for ever, we give you a LIFETIME
guarantee. SUPERSTRIP is the most used breadboard -by hobbyists, professionals and educationalists because it gives
you more for your money ... With 840 contact points SUPERSTRIP accepts all DIP's and discrete components and with
eight bus bars of 25 contact points each SUPERSTRIP will take up to nine 14 -pin DIP's at any one time.
You should only buy a breadboard once so buy the biggest seller with a lifetime guarantee.
SUPERSTRIP SS2 923252 PRICE INCL VAT £9.78

All prices shown are recommended retail incl. VAT
In difficulty send direct, plus 50p P & P.
Send S.A.E. for a free copy of colour catalogues
detailing our complete range.

AP PRODUCTS, PO BOX 19, SAFFRON WALDEN, ESSEX, (0799) 22036
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NEW REDUCED
PRICES

3

16K £449 vAt

2K £499

8K £399

RRP £795 for 32K

The PEDIGREE PETS home
popular for

me Et business
use. 8K MicrosoftBasic in ROM 8K Pet 32K Et 16K with
new improved keyboard. All with green screen.

Cassette Deck £56 extra Full range of software available

Interface PET IEEE - Centronics Parallel

Decoded £77.00 + VAT

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

_GNP. GET YOURSELF A
sciv,-.00T PRINTER FOR

Sv YOUR PET AND SAVE
A FORTUNE

only £299 VAT

Interface Cards for Apple,
Pet, TRS80, Nascom and 'kr
Compukit - £49 + VAT

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

NASCOM 2 DISC DRIVES
Add a powerful, double

density, mini floppy disc to
your Nascom system.

 Disc Controller Card (includes
Nasbus 6 S100 interface
 Will control 4 Drives.
 CPM operating system.
 Extended Disc Basic
Compiler.
 Power supply included

One Disc System - £499 + VAT
Additional Disc Unit - £299 VAT

NASCOM 2 GAMES TAPE
featuring Space Invaders and Android Nim, Re -numbering

program and other goodies!

£7,50 +VAT

NEC
SPIN WRITER

only
£1350

+ VAT

NEC's high quality printer uses a print "thimble" that has
less diameter and inertia than a daisy wheel, giving a quieter,
faster, more reliable printer that can cope with plotting and
printing (128 ASCII characters) with up to five copies, fric-
tion or tractor fed. The ribbon and thimble can be changed in
seconds. 55 characters per second bidirectional printing -
with red/black, bold, subscript, superscript, proportional
spacing, tabbing, and much, much more.

TEAC
DISK

DRIVES

TEAC FD -50A has 40 tracks giving 125K Bytes
unformatted single density capacity.
The FD -50A can be used in double density recording
mode.
The FD -50A is Shugart SA400 interface compatible.
Directly compatible with Tandy TRS80 expansion
interface.
Also interfaces with Video Genie, SWTP, Heathkit,
North Star Horizon, Superbrain, Nascom, etc, etc.
Address selection for Daisy chaining up to 4 Disks.
Disks plus power supply housed in an attractive grey
case.

Single Double Ens+ VAT
Disk Drive

£225 + VAT
Disk Drive

 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.

oPri-Z1,

dY'g,

FANTASTIC FOR FILE HANDLING

ACULAB
FLOPPY

TAPE
The tape that behaves

like a disc, for
TRS-80 LEVEL 2.

only £169 + VAT
The Aculab Floppy Tape for the TRS-80 and Video Genie is a
highly reliable digital storage system that provides many of
the advantages of floppy disks at less cost. Automatic
debounce routine for the Level 2 keyboard.
Connects directly to TRS-80 Level 2 Keyboard. Operating
and file handling software in ROM. 8 commands add 12
powerful functions to Level 2 BASIC.

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

16K \`---
f279

EG3000
Series

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.
The Video Genie is a complete computer system, requiring
only connection to a domestic 625 line TV set to be fully
operational; or if required a video monitor can be connected
to provide the best quality display. 51 key typewriter style
keyboard, which features a 10 key rollover. Supplied with
the following accessories:-  BASIC demonstration tape;
 Video lead;  Second cassetee lead;  Users manual
 BASIC manual;  Beginners programming manual. Writ,
useful programs in the BASIC computer language yourself.

VIDEO GENIE EXPANSION BOX
NOW IN SHOP

TRS80
LEVEL 2 16K

Fully converted to UK T V Standard. Comes complete with
easy to follow manuals. UK Power Supply - Cassette Leads
- Sample tapes. Special box to enable you to plug into your
own TV. Recommended for first time -buyers. Just plug in
and go. Full Range of Software Available

Interface to Centronics Parallel for TRS80 £75.00 + VAT

only £295 - VAT TRS80
Expand your TRS80 by EXPANSION
32K.
32K Memory on board..56. INTERFACE
Centronics parallel port.
Disk controller card. Real
time clock Requires Level
il Basic Interface for 2
cassette decks complete

with power supply

 411
ii/0  a a 411 41111

11111141141   II'

COMP PRO MIXER
1 Professional
I audio mixer

  411/ 411,_ I that you can
 I 11011111 build yourself

and save
over £100.

Only

£99.90
plus VAT for
complete kit.

Plus FREE
power supply

valued at

FULL RANGE OF £25.00

ACCESSIT AUDIO ADD-ONS*************************************************************
WITH ORDERS OVER f100.00 -
ENCLOSE THIS COUPON WITH ORDER*************************************************************
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FREE 10 C-12 CASSETTES

COMP POCKET COMPUTER
GREATEST BREAKTHROUGH

YET
f79.90

10MilaCt .0AT+4%.1.1v0a. OW* it
..1.,,T-'C:Irr& 00051 COMPUTER

POWER THAT
ONCE FILLED A ROOM

CAN NOW BE CARRIED IN YOUR POCKET!
0,0).

YOU NEED NEVER MISS AN
IMPORTANT CALL AGAIN

TWO CORDLESS TELEPHONE
SYSTEMS - DIRECT FROM USA

THE ALCOM only £147 + VAT
Base station connects to your telephone line. Remote
handset clips to your belt and gives you push-button dialling
- Bleeps when call arriving - Nicad rechargeable batteries.
Charger in base unit.

LOW COST TELEPHONE only

£99.95ANSWERING MACHINE + VAT
Microprocessor controlled answering machine. Plug into
your phone line. Records any phone call messages. Remote
bleeper enables you to listen to your messages from
anywhere in the world. Uses standard cassettes. Comes
complete with mains adaptor, microphone, remote bleeper,
base unit, cassette with 30 sample pre-recorded messages.

COMMERCIAL
EXPANDABLE  COMPLETE

TRS 80  MODEL II

64K
1 -Disk

Model II
£1995.00

- VAT

RRP £2250.00

The Model III is now in our showroom
This new unit from the world's most successful micro
company is now available immediately with software.
The basic unit comes complete with 64 thousand characters
(bytes) of Memory. The built in 8" Floppy disc adds another
V, million extra characters including the disc operating
system. More disc expansion is now available.
The Model II is a complete unit with a full keyboard including a
numeric pad and 12" screen which gives 24 lines of 80
characters. The computer is supplied with both the disc
operating system and the Level Ill Basic.
A full self test routine is written into the power up procedure
to eliminate incorrect operation. Both serial and parallel
expansion sockets are standard. A printer is a plug-in
operation.
Both hardware and software necessary to talk to a mainframe
are included. Terminal usage is very possible. With the
addition of CPM2 you can operate with COBOL, FORTRAN,
MBASIC, CBASIC in which languages are many other
applications packages i.e. accounting, payroll stock etc.

CP/M2 £95.00 M BASIC £155.00
CIS COBOL £400.00 FORTRAN E220.00
C BASIC £75.00 WORDSTAR £255.00
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ANADEX
DP8000

Super Quality - Low cost printer. Tractor Feed with full 96
ASCII character set. Accepts RS232C at band rates between

100 and 9600 and Parallel Bit data.
Attaches either directly or through interfaces to Pet, Apple,

TRS80, Sorcerer, Nascom, Compukit etc

THE NEW ANADEX
DP9500 and DP9501

A PROFESSIONAL PRINTER
Olio Bi-directional printing

 Up to 220 chars/line
with 4 print densities
 500 char buffer

 RS232C and Centronics
Parallel interface built in

 Full software control of matrix
needles allowing graphics capability

 200 chars/sec  Adjustable width tractor feed.

DP9500 - ONLY £795 + VAT
DP9501 - ONLY £845 + VAT

THE ATARI VIDEO COMPUTER
GAMES SYSTEM va

Atari's Video Computer System c.00P.
now offers more
than 1300 different game
variations and options in twenty
Game ProgramTM cartridges!
Most Cartriages only E13.90 VA

Prices may vary with special
editions Basic Maths, Airsea
Battle, Black Jack, Breakout,
Surround. Spacewar, Video

Olympics, Outlaw, Basketball,
Hunt & Score', Space War,
Sky Diver, Air Sea Battle,

Codebreaker', Miniature Golf.

Extra Paddle Controllers 'Keyboard Controllers
- E14.90 VAT - £16.90 + VAT

SPACE INVADERS NOW IN STOCK £25

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. * Free Sampler Tape
including powerful Dissassembler and Monitor with each Kit. * If you want to

learr 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

Build, Understand and Program your own
Computer for only a small outlay.

KIT ONLY £149 + VAT
NO EXTRAS NEEDED

Available ready assembled, tested & ready to go £199 + VAT

NEW MONITOR FOR COMPUKIT UK101
 In 2K Eprom 2716* Allows screen editing  Saves data on tape  Flashing cursor  Text scrolls down E22.00  VAT

Special Bonus SAVE £22. New Super Monitor inc. in each kit or sold separately for 122 + VAT.

FOR THE COMPUKIT

Assembler/ Editor £14.90

Screen Editor Tape £1 .90

All Prices exclusive VAT

Memory Upgrade 14K) f15.90 super Space invaders Sill £8.50
Game Packs Space Invaders £5.00
1 Four Games E5.00 Chequers £3.00

2 Four Games £5.00 Real Time Clock £3.00

3. Three Games 8K only £5.00 Case for Compukit 129.50

HITACHI
PROFESSIONAL

MONITORS
9" - f -1-2g £99.95
12" - £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-
tion (available as option for U and C types)  Compact
construction Two monitors are mountable side by side in a

standard 19 -inch rack.

MEMORY UPGRADES
16K (8 x 4116) £17.90 +VAT

4K Compukit (8 x 2114) £17.90 -VAT

ENGLISH COLOUR TV/
-T,,,cf;\,i,.lt AMERICAN NTSC
'0,, COLOUR MONITOR

Suitable for Apple, Atari and Texas 99/4 f295 ' VAT

8MHz Super Quality Modulators f4.90

6MHz Standard Modulators £2.90

C12 Computer Grade Cassettes 10 for E4.00

Anadex Printer Paper - 2000 sheets E25.00

Floppy Discs 5'4" Hard and Soft Sectored £3.50

Floppy Disc Library Case 5'/." £3.50

Verocases for Nascom 1 Et 2 etc. 024.90

Keyboard Cases E9.90

00 TV GAME BREAK OUT MIMI,
Has got to be one of the world's greatest TV games. You really
get hooked. As featured in ETI. Has also 4 other pinball games
and lots of options. Good kit for up -grading old amusement
games.
MINI KIT - PCB, sound & vision modulator, memory chip
and de -code chip. Very simple to construct. £14.90 + VAT

-OR PCB £2.90 MAIN LSI £8.50 Both plus VAT

WE ARE NOW STOCKING THE
APPLE II AT

REDUCED PRICES
16K £549 H

32K £579
48K £599

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 lin a 54,000 -Point Array) for
Finely -Detailed Displays.  Sound Capability that Brings
Programs to Life.  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.

[p

SHOWROOM Et
SALES CENTRE AT
311 Edgware Road,

London W2.
Telephone: 01-262 0387

SPECIAL OFFER
We will part exchange

your Sinclair ZX80 for
any of our products.

Refurbished ZX80's - fully guaranteed +

Refurbished MicroAces - £69.90 VAT

(Supply dependant upon stocks/.

We have one of the largest collections of Computer Books under one roof, along with
racks of software for the PET and TRS80.

Come and see for yourself.

OUR NEW

APPLE DISC II
Disc with Controller

£349 + VAT

Additional Drives
£299 VAT Rio

 Powerful Disk Operating Software Supports up to 6
drives  Name Access to Files for Ease of Use  BASIG
Program Chaining to Link Software Together  Random
or Sequential File Access to Simplify Programming
 Dynamic Disk Space Allocation for Efficient Storage
 Individual File Write -Protection Eliminates Accidental
File Alterations  Loads an 8K Byte Binary Image in 6.5
sec. 11.2 sec. in Pascal)  Storage Capacity of 116
Kilobytes 1143K Bytes with Pascal) on Standard 51/4"
Diskettes  Powered Directly From the APPLE (Up to 6
Drives) for Convenience and High Reliability  Packaged
in Heavy -Duty, Colour -Coordinated Steel Cabinet

A SELECTION OF APPLE INTERFACES
ARE NOW AVAILABLE AT OUR NEW

SHOWROOM.

"Europes Largest Discount
Personal Computer Stores"

Delivery is added at cost.. Please make cheques and postal orders payable to COMPSHOP LTD., or phone your order
quoting BARCLAYCARD, ACCESS, DINERS CLUB or AMERICAN 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
.1k. IRELAND: 80 Marlborough Street, Dublin 1. Telephone: Dublin 749933
* COMPSHOP USA, 1348 East Edinger, Santa Ana, California, Zip Code 92705.

Telephone' 0101 714 5472526

WICLAIT.AND

V/SA

- Moorgate Line).

r RICAN

COMP
COMPUTER
COMPONENTS

(Part of the Compshop Ltd. Group)
N.MA:1!!!

!FREE 10 C-12 CASSETTES
WITH

EN

ORDERS OVER f100.00 -
CLOSE THIS CO UPON WITH ORDER*************************************************************
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ITEAC Portastudio

DATHkeyAimmimmimPlugs to24 tracks, we

Studio Supply for the Creative Musician

M-144

£59
£639 including
mike and cans

At last, affordable multitrack for every musician. TEAC's new
Portastudio combines a mixer and multitrack tape recorder in
one compact unit. The solenoid, cassette transport runs at twice
normal speed and with the built in Dolby system produces

remarkable sound fidelity. Precision heads enable
four tracks to be recorded with full sel-sync

and ping-pong facility. The mixer
section accepts any signal

with bass, treble, echo
send and pan on each
channel. These are
switched from laying

tracks to performing
mixdown. The simplified

monitoring allows you to
listen to the mix you

are recording, plus the tracks
already on tape. Use the

powerful internal headphone
amplifier or an external speaker/

amp system. Track bouncing, signal

9 processing, memory rewind and
varispeed are more facilities that put

this remarkable unit on par with what you will get from
systems costing many times the price. Just plug in a
microphone and a pair of cans and you have your own four
track demo setup. You make the music, Portastudio does
the rest. Full details on request.

specialise in professional audio
equipment from major manu-
facturers. Call us with your
system requirements. Our
business is helping you with
yours.

Mighty Auratones

TEAK ROAD

E45.42 E62-10
These innocent looking speakers are used
as reference monitors in top studios
throughout the world. The volume and
quality that they produce is stunning to
say the least. Available in teak or the vinyl
covered 'Road' version. Road Cubes lock
together in pairs and have individual line
fuses. - Ideal for a micro PA system.
Sold only in pairs.

A rugged, studio EMO D.
spec, direct injection
box to match instru-
ment, line or speaker
level signals directly
to low impedance
microphone inputs.
For live and record-
ing applications.

£3652 Active
version
£68.72

SECK £10833
4c4:3 ASSEMBLED

£152.25
Professional

Mixer in
Kit Form

A six input stereo mixer featuring
wide range gain, treble, bass, echo,
foldback and pan on each channel.
For compact PA, keyboards, stage
monitoring or recording, the ultra slim
design is at home anywhere.

Accessit
Compressor £31.97 Variable threshold and speed give scope for effects
Parametric £31.97 Low and high band, tunable equaliser design
Booster £33.12 Four way line amplifier solves all matching problems
Compander £34.27 Up to 30dB of noise reduction for semi -pro recorders
Reverb £33.12 Custom spring and variable EQ ensure a natural sound
Power Supply £28.52 Mains operated, will power up to four Accessit units
RacKit £19.55 Mounts three Accessit units to standard 19" rack

Send for the new data folder including specification cards, application
notes, review reprints and details of the 21 day free trial offer.

Books fa"..a.""
"Are you ready for
Multitrack?" explains
recording techniques
from sound on sound
through to eight track,
with many pages about
the equipment to use.

"The Multitrack
Primer" from TEAC is a practical
guide to setting up a home studio with
many tips on wiring, acoustics, mike
placement etc. The book is packed with
superb illustrations. The best guide
around by far.

A unique range of add-on signal processors for
PA or studio use. As reviewed in this magazine.
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Looking to the future, and not
so far ahead at that, we shall
reach a time when the musi-

cian's essential training will in-
clude a basic computer course.
Already there are many popular
micro -computers offering peri-
pherals of software and hardware
that allow music composition and
notation. Despite the initial outlay
of a suitably advanced system for
the serious composer, the digital
computer, with its large memory
storage and potential for analys-
ing as well as synthesising
sounds, is destined to be the most
powerful and flexible musical in-
strument ever invented; and it is
likely to bring fundamental
changes to instrument design
and music -making. Over the
coming months we shall continue

prLecup nucs
mannicumnrcen
The integration of Electronics, Computing and Music!
by Mike Beecher, Editor
Electronics & Music Maker.

to look at micro -computers that
make music and feature instru-
ments that are the most tech-
nologically advanced.

Although our instrument re-

view this month looks at an ex-
pensive organ it is gratifying to
know that our hobby of elec-
tronics gives us the opportunity to
make music with the minimum
financial resources. Our Matinee
Organ project, in particular, has
proved extremely popular with
over 60 complete kits ordered in
the first week of publication.

Our six electro-music projects
in this issue should also prove
useful items for musicians (and
school music), and are very easily
put together on a standard piece
of Veroboard - we've given you
one free on the front cover to start
you off! Using the tone generator,
radio and metronome through the
mixer and amplifier, you could
even have a lot of fun experiment-
ing and recording - just like the

avant-garde composers of yester-
year such as Stockhausen (see
Record Review).

Some of our forthcoming pro-
jects related to music will un-
doubtedly give you a few sur-
prises. Science fiction could well
be reality with touch -controlled
equipment, unusual shapes and
computer speech and music
bursting forth from every corner
of the house! Certainly instru-
ments will become controllers
and intefacers as well as being
more palatable to string and wind
players - and, of course, elec-
tronics hobbyists!

Xetteri Send to: Reader's Letters, Electronics & Music Maker
282 London Road, Westcliff-on-Sea, Essex SSO 7JG.

Dear Sir,
I have your new 'Electronic &
Music Maker copy and I think it is
just what is wanted, its first class!
I am more than interested in con-
structing your 'Matinee' Organ
project, having always been or-
gan -minded but the price of the
commercial models are way be-
yond my reach! Being retired
now, I have time to pursue my
hobby in the electronics organ
line.

W. H. Huckerby,
Eastleigh, Hampshire

Dear Editor,
A thoroughly excellent magazine,
a great pity to cut out the coupon.
I am looking forward to the next
issue, and wish you great success
with your magazine.

M. R. Coundley, Pontypridd

Dear Sirs,
Well done on producing an excel-
lent magazine. I especially liked
the feature 'Basically BASIC' and
found it easy to understand and
to learn from. Keep up the good
work.

S.G. Maclaren, Edinburgh

Dear Editor,
Would it be possible to set one of
your experts the task of designing
a small mixer, for those of us who
wish to extend our musical capa-
bilities to tape without spending
a fortune? A mixer with 4 inputs
and that records on an ordinary
cassette would be adequate.

Adrian Smith,
The signal mixer on page 36 is a
simple but effective device for
this application and the vero-
board is supplied free with this
issue. A more professional device
is planned fora forthcoming issue
and will have separate channel
faders and equalisation.

Dear Sir,
I have read with interest numbers
one and two of Electronics and
Music Maker and I think the idea
of a combination of electronics
and music is a very good one. It is
worth every bit of 65 pence.
I also think the standard of pro-
jects are very high, and I hope it
will stay this way.
Best of luck with this new idea,
and thank you for a brilliant
magazine!

S. Trease, Edwalton, Notts

Dear Sirs,
Two words, great and thankyou.
This magazine is a step in the
right direction. Two reasons,
firstly I am no expert when it
comes to electronics - in fact I'm
a non starter. This magazine is so
straightforward I can understand
it and is a pleasure to read.
Secondly, the Vienna LP album
offer is just what was needed to
fill the gap in my record col-
lection.
These two factors have led me to
order the parts required for the
Syntom.
Good luck in the future and keep
up the good work.

D.G. Fargher, Rainford

Dear Sir,
I'm sure you will already have
been inundated with letters of
praise for the new magazine. May
I add yet another, for it shapes up
well and ought to be a winner in
this fast developing field.
As one of the founder members
of E.O.C.S. I am particularly in-
terested in organ matters and the
use of the M108 chip is most
welcome in the Matinee organ
series.

C.D. Kirk, Isle of Bute

Dear Sir,
May I take this opportunity to say
that I greatly enjoyed the first
issues and look forward to num-
ber 3. Keep up the standard!
I think that your idea of producing
demonstration tapes is a very
good one, especially for people
like myself who do not get the
opportunity of hearing and com-
paring organ sounds etc. unless
we take a trip to Liverpool or some
other big city. If you can bring the
sound to the readers' home by
post I am sure that this would
save a lot of time and effort.

F.C. Wilde, Isle of Man

Dear Editor,
I must congratulate you on the
first edition of E&MM. Your 'meat -
to -gravy ratio' is high, and your
proof-reading is obviously being
done more carefully than that of
some other electronic journals -
though I was somewhat puzzled
to see in the Parts List on page 44
that Maplin now seem to be able
to supply five-minute presets!
Keep up the standard and you've
got a winner!

E. Jones, Shropshire
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NOISE REDUCTION
UNIT
by Dr David Ellis

Ideal for the home or
semi-professional recording
studio, a four -channel corn pander
offering 30dB improvement of
signal-to-noise ratio, simultaneous
encoding/decoding and LED peak

It's on the cards that within the
next five years there'll be a six-
teen -track digital cassette re-

corder, complete with a touch
control mixer, in a box the size of
Teac's Portastudio. Even now, at
the top end of the synthesizer
spectrum, there's a new Crumar
programmable polyphonic syn-
thesiser with built-in digital re-
corder (but yet to arrive in this
country) and the amazing Syn-
clavier 11 complete with sixteen -
track digital memory and every
editing facility under the sun, a
snip at a mere £16,000!

The great advantage of digital
recording is the absence of noise,
and, if one's working with digital
instruments, as in the case of the
above polysynths, then there's no
A/D conversion before the
sounds are committed to 'tape'.
However, at what might be des-
cribed as the tail end of the
analogue era, most of us are stuck
with trying to get the best possible
sound out of our trusty Revoxes,
Teacs, or whatever. The main
problem with such machines is
their annoying habit of burying
your latest creation under a

blanket of tape noise as soon as
you depart from the first tape

generation. And, with the new
Teac 3440, the basic quality is so
fine that some way of preventing
the build-up of tape and machine
noise seems a pretty logical step
to take.

Noise reduction systems re-
duce the irritating noise of tape
hiss and so on by an encode -
decode process. Quiet sounds,
especially those at the top end of
the spectrum, are easily
swamped by tape hiss, so an
encoder is used to artificially
boost these signals before they
are recorded. During playback
the reverse process decodes the
recorded sound back to its ori-
ginal state and rids the music of
tape -generated noise. Up until
recently, noise reduction systems
have fallen into three distinct
types: Dolby B (domestic), Dolby
A (professional) and DBX (profes-
sional). However, the near future
is likely to see a confusing pro-
liferation of other systems offer-
ing various degrees of noise sup-
pression, including: Toshiba's
Adres system, Telefunken's High-
Com and Telcom, Sanyo's Super
D, Dolby's C and HX systems and
Tandberg's Dyneq. If there's any
sense in this race to the pinnacle

Recording medium

Cassette
(Sony TCK55

Noise reduction

- Dolby B
II) + Dolby B

+ Dolby C
+ HighCom

Four -track tape
(Teac 3440)

S/N ratio Comments

57d B
67dB
75dB
75dB

Above 4 KHz
Above 1 KHz
Above 1 KHz

No noise reduction 55dB
+ E&MM unit 85dB Above 30 Hz

Two -track tape No noise reduction 70dB
(Studer) + Dolby A 80dB Above 20 Hz

Table 1. Comparison of Noise Reduction Systems.

6

of perfect music reproduction,
then hopefully there'll be some
common standards of operation
agreed upon! Table 1 gives the
S/N ratios obtainable from
various recording mediums with
and without different types of
noise reduction.

The various systems of noise
reduction available at present
basically work on the principle of
complementary compression of
the on -tape signal and expansion
of the off -tape signal. Compres-
sion involves reducing the dyn-
amic range of the material that is
being recorded, so that, with a 2:1
compression ratio, if the input to
the compressor increases by
12dB, then the output of the
compressor (on -tape signal) will
increase by only 6dB. Conver-

sely, expansion involves increas-
ing the dynamic range, so that an
increase of 6dB in off -tape level
will result in a 12dB increase fed
to a subsequent mixer, thereby
restoring the original dynamic
level of the music. At the same
time, the noise introduced in the
recording chain, in particular
tape hiss, will be rendered in-
audible on expansion since this
unwanted signal is not subject to
the initial compression treatment
and is therefore expanded down-
wards way below the lowest
dynamics of the music signal.
This process is illustrated in
Figure 1.

Another feature of the com-
pression/expansion process is
that it allows the recording of
signals with a dynamic range

Figure 1. Operation of a compression/expansion system.
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approaching the limits of audi-
bility, i.e., 100 to 120 dB. How-
ever, since modern-day musical
experiences tend either to be
restricted to the bottom end of the
dynamic range (muzak) or stuck
at the top end (rock and heavy
metal), this facility may be more
theoretical than practical!

With careful shopping it
should be possible to make the
complete four -track unit for
around £55.

Circuit
The circuit diagram for the com-
pressor and expander is shown in
Figure 2. The power supply circuit
is given in Figure 3.

The compressor input is
routed via SW1a, either directly to
the output in the 'out' position, or
to Cl in the 'in' position. IC1 and
associated components form a
second -order high pass filter with
a 12 dB/octave roll -off below
30Hz. This removes sub -audible
signals (infra-sonics) that might
be generated from record warps
or sub -octave tracking VCO's. The
reason for this filtering is that
once audio frequencies descend
towards DC, the response of tape
recorders drops -off dramatically,
and on playback a signal com-
pressed in response to high level
low frequency signals will be ex-
panded, resulting in phantom
modulation by the missing low
frequency component lost during
recording. The output of the filter
is AC -coupled to a simple RC
network (C4, R4) which forms a
high frequency pre -emphasis cir-
cuit providing a 12 dB treble
boost. Without this pre -emphasis,
and corresponding de -emphasis

La 5ci
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Figure 2. The circuit of the compressor and expander.

in the expander, a low level signal
may be swamped by high level
bass frequencies and typically
results in a 'heavy breathing' or
pumping effect as the expander
attempts to adjust the gain
accordingly. The signal is then
applied to one half of the NE570
(IC2a) configured as a compres-
sor using an internal variable gain
cell and full -wave rectifier as well
as an external output op -amp
(IC3a). The variable gain cell is
similar to a standard operational
transconductance amplifier (OTA),

except that, unlike OTA's, it is
'linearized' and therefore insen-
sitive to temperature changes as
well as offering low noise and low
distortion performance. The sig-
nal at the output of IC3a is rectified
and the resultant control voltage
used to adjust the variable gain
cell. By placing the gain cell in a
feedback loop with the op -amp, a
variable current generated in pro-
portion to the input signal is used
to adjust the overall gain of the op -
amp. A 6 dB increase in output
level produces a 6dB increase in

the gain of the variable gain cell,
and, since this is effectively an
expander inserted in the feed-
back loop, results in a 12 dB
increase in feedback current to
the input of the op -amp. Conse-
quently, an increase in input level
of 12 dB results in only a 6 dB
increase at the output of the op -
amp, thereby yielding the desired
2:1 dynamic range compression.

The current from the full -wave
rectifier is averaged by an ex-
ternal filter capacitor (C11) with
the result that the gain control is
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made proportional to the average
value of the input signal. The
speed with which this gain ad-
justment is made determines the
transient response of the com-
pressor and is a product of the
value of the filter capacitor and an
internal 10k resistor. The value of
luF for C11 yields good transient
response at average signal levels.
However, at low signal levels, the
gain of the op -amp increases and
any mistracking that occurs be-
tween the compressor and ex-
pander will be magnified by the
high gain levels. To improve
tracking at low dynamic levels it is
necessary to provide a level -
adaptive circuit that speeds -up
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the response time. This feature is
derived from the circuit built
around IC4a and b with series
diodes (D1, D2) shunting the
output of IC4a to ground.

The RCR network (R8, C8, R9)
around the op -amp, IC3a, pro-
vides DC feedback to bias the
output at DC. C7 is an external
compensation capacitor to pro-
vide stable operation over the
audio bandwidth. It may seem
curious to use an external op -amp
when the circuit diagrams indi-
cate that the NE570 has its own.
This is because the op -amps in
this IC are equivalent to 741 -
types with slew rate, noise, band-
width, and output drive capability
that aren't really adequate for
demanding audio situations. With
weak signals, the compressor cir-
cuit operates at high gain and the
NE570 op -amp runs out of loop
gain. Furthermore, a slew rate of
600mV/us means that high fre-
quencies will suffer. By using a J-
FET op -amp, such as the LF351
with a slew rate of 13V/us, these
problems are eliminated. Addi-
tionally, the output ..swing can
be larger since IC3a is powered by
a dual supply rather than from the
single -rail supply required by the
NE570.

The non -inverting input of the
NE570 op -amp is biased by an
internal reference voltage of 1.8V.
In the case of the external op -
amp, IC3a, this is accomplished
by tying it to pin 8 via an RC
decoupling network (R7, C5)
which filters out noise from the
NE570 reference voltage. Pin 8
also serves another important
function, that of providing the
means for trimming distortion
generated by IC2a. Even har-
monic distortion is produced by
voltage offsets in the variable gain
cell, and RV1 enables adjustment
of the offsets for minimum distor-
tion.

The function of R10 is to
isolate the output of IC3a from the
potential capacitive load of a long
length of screened cable con-
nected to the compressor output
which could lead to oscillation.
SW1b selects the 'in' or 'out' mode
of operation.

Comparators IC5a and b pro-
vide an indication of the signal
level at the output of the com-
pressor. The inverting inputs re-
ceive the half -wave rectified out-
put signal which is compared with
reference voltages derived from
the potential divider network,
R21, R22 and R23. C13 and R19
determine the fast attack/slow
decay operation of the compara-
tors. IC5a and b respond to signal
levels of, respectively, -3 dBm
and 0 dBm.

The expander configures the
other half of the NE570, IC2b,

Internal layout of the Noise Reduction Unit.

Rear view of the case showing connections.

with a different arrangement of
the various blocks. Once the off -
tape signal has been routed via
SW1c to C14, the signal is applied
to comparators, IC5c and d, to
provide an indication of off -tape
levels, and simultaneously to the
full -wave rectifier and variable
gain cell. The rectifier produces a
control voltage that is used to
adjust the gain cell, with a re-
sponse time determined by the
level -adaptive circuit of IC4c and
d tied to the rectifier filter capa-
citor (C22). An RC network (R30,
C20) is connected in parallel with
the op -amp, IC3b, to provide a
treble cut of 12 dB, therefore de-
emphasizing the pre -emphasized
signal emerging from the com-
pressor via the tape recorder.
When the input signal increases
by 6 dB, the gain cell control cur-
rent is raised by a factor of 2, re-
sulting in an increase in gain of
6 dB. Since the input of the exter-
nal op -amp, IC3b, is derived from
the gain cell, the output level in-
creases by 12 dB, giving the

required 1:2 dynamic range ex-
pansion. RV2 enables adjustment
of gain cell offsets for minimum
distortion, as in the compressor.
Finally, R32 isolates the output of
IC3b from subsequent screened
cable, and SW1d selects the
mode of use.

Construction
The unit is designed on a

modular basis so that each PCB
provides simultaneous compres-
sion and expansion for one chan-
nel. Single sided PCB's have been
used to keep the cost down,
though double sided PCB's could
easily be made from the layouts
provided, eliminating 29 links
from each one. The PCB's have
been specifically designed to fit
into a West Hyde TEKO ALBA
case, order code TEK A22L. This
particular case has the dual ad-
vantage of colour (lobster red)
and price (£3.60 + VAT), both of
which have a brightening effect in
these dull and inflationary times!

If you see red at the idea of
lobster -coloured electronics, al-
ternative colours (black, TEK
A22K and grey, TEK A22G) are
available.

In order that decoding should
be the exact inverse of coding, it is
important that components are
well -matched. This is obviously
no problem with resistors, butthe
notorious variability of electro-
lytic capacitors necessitates the
use of closer tolerance compo-
nents such as the minielectro-
lytics available from Maplin.
These capacitors offer ±20% tol-
erance at half the price of con-
ventional tantalum types.

PCB designs and component
overays for the main board and
PSU are given, respectively, in
Figures 4 and 5. The threaded
phono sockets suggested for the
unit have the dual advantage of
small physical size, enabling
them to be fitted as rows of four on
the back panel, and compat-
ability with the connectors nor-
mally encountered in using Teacs
and Revoxes. These sockets are
mounted on the rear panel and
connections to the signal pins
made by short lengths of un-
screened wire from the relevant
holes on the PCB's.

The PSU is utterly standard,
though it's important to note that
mains earth is connected directly
only to the front panel and in-
directly via a lkO resistor (R41)
to the OV line. This should
prevent the build-up of any hum
loop when using the noise re-
duction unit with earthed equip-
ment. Power line busses can be
connected from the PSU to all
four main PCB's.

Setting -up and use
The unit requires very little

setting -up apart from adjustment
of RV1 and RV2. The output level
of a mixer is adjusted so that the
compressor 0 d Bm LED's fire with
louder dynamics. The record
level is set to match the optimum
requirement of the tape being
used. Playback levels are then
adjusted so that the expander 0
dBm LED's fire at the same level
as the compressor 0 dBm LED's.
This level matching isn't critical
since the level -adaptive response
time circuits take care of possible
mistracking, but it does ensure
really accurate decoding of the
encoded signal.

A couple of points to note: the
unit will not reduce the noise
present in a noisy signal pre-
sented to the compressor input
(this is territory best served by
dynamic noise limiters) and any
difference in the signal between
compressor output and expander
input introduced by the recording
process will be exaggerated by
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expansion, including such hor-
rors as common -or -garden drop-
outs. Therefore to get the best out
of the unit scrupulous attention
should be paid of alignment and
cleaning of tape heads!

To optimise the distortion
levels of the unit, apply a 1V RMS
(equivalent to +3 dBm) 10 kHz
sinewave to the input of the com-
pressor and expander in turn and
adjust RV1 and RV2, respectively,
for minimum distortion of the
waveform viewed on an oscillo-
scope. This adjustment can also
be carried out without testing
equipment, but does require a
good ear to get the audibly
cleanest waveform.

Using the unit should be sim-
plicity itself and basically you
should be able to plug it in and
forget all about it. Judging by the
comments of two recording
studios using the unit, it appears
to be gentle and uncomplaining
by nature, just like the ideal wife
(or husband)!

Modifications
Apart from noise reduction,

these circuits can also be adap-
ted for use as a general purpose
compressor -expander. The first
modification to be made is to add
a pre-emphasis/de-emphasis
'defeat' switch, bypassing C4 and

R4 in the compressor and taking
C20 and R30 out of circuit in the
expander, so that the frequency
response of the compressor or
expander remains substantially
flat. With this modified circuit, 2:1
compression can be performed
on excessively wide dynamic
range signals (guitar, piano, etc.)
to get a more punchy sound, and
1:2 expansion can be carried out
on previously compressed mater-
ial (much rock music) to in-
crease the dynamic range. How-
ever, this degree of compres-
sion or expansion is excessive
for all but special effects and
some means of altering the gain
adjustment ratio is necessary.
This is easily accomplished by
introducing some variable feed-
back into the circuits using a
couple of dual -ganged 4k7 poten-
tiometers and some 4k7 resistors
(see Figure 6). It should be pos-
sible to make these adaptations
without too much destruction, but
it will be necessary to break two
tracks on the PCB, ie. that joining
the track from C9, C10 and R12
with R10, and that from C15 and
C14 to SW1a. It is important to
note that the ganged potentio-
meters are connected so that the
two halves operate in opposite
directions.

The resistors and pots re -

IC1iLF351
IC3i LF 353

4 7

IC4:3403
IC5 3302

4

IC2:NE570N
16

0-0 SW1a
Break

C1

RV3a
4k7

R43
4k7

2.1

11
C20

R 30

SW1b SK 2

R10 RV3b R44
4k7 4k7

1:1

1

RV3,4 : 4k7 Linear dual gang pot.
New connections

* :Pre-& De -emphasis 'defeat'

I
SK3 SW1c

Break

/ C14

R4
4
V
k7a 11-

C15

R45
4k7

L

IC3b C18

4k7 4k7
NMI SK4

C20 1 1 2 1 SW1d o-o

Break
R30

R32

R31

Figure 6. Modifications.
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PARTS LIST
Resistors - all '4W 5% carbon unless specified.
RI 39k 4 off (M39K)
R2 82k 4 off (M82K)
R3,4,12,24,30,31 100k 24 off (M100K)
R5,11,25,29 22k 16 off (M22K)
R6 150k 4 off (M150K)
R7,13,14,26,

33,34,41,42 lkO 32 off (M1K0)
R8,9,27,28 47k 16 off (M47K)
R10,32 56R 8 off (M56R)
R15,17,18,20

35,37,38,40 Ik8 32 off (M18)
R16,19,36,39 IMO 16 off (M1M0)
R21 10k 2% oxide 4 off (XIOK)
R22 4k7 2% oxide 4 off (X4K7)
R23 510k 2% oxide 4 off (X510K)
RV1,2 100k vert. s -min. preset 8 off (WR74R)

Capacitors
C1,2 100nF carbonate 8 off (WW41U)
C3,5,10,11

12,13,15,16
21,22,23,24 luO 50V mini -electrolytic 48 off (YY31J)

C4,20 3n3 carbonate 8 off (WW25C)
C6,8,9,I4

18,19,25.26 10uF 25V mini -electrolytic 32 off (YY350)
07,17 lOpF ceramic 8 off (WX44X)
C27,28 2200uF 25V axial electrolytic 2 off (FB90X)
C29,30 200uF mini disc ceramic 2 off (YR75S)

Semiconductors
IC1 LF351 4 off (WQ30H)
IC2 NE570N 4 off (QY1OL)

IC3 LF353 4 off (WQ31J)
1C4 3403 4 off (QH51F)
IC5 3302 4 off (QH48C)
IC6 uA7815C (QL33L)
IC7 uA7915C (QL36P)
D1-8 1N4148 32 off (QL80B)
D9 -I2 1N4002 4 off (QL74R)
013,15 0.2 in. LED, green 8 off (WL28F)
D14,16,17 0.2 in. LED, red 9 off (WL27E)

Miscellaneous
Compander PCB 4 off (GA30H)
Power supply PCB (GA31))
DIL socket, 8 -pin 8 off (BL17T)
DIL socket, 14 -pin 8 off (BL18U)
DIL socket, 16 -pin 4 off (BL19V)

Si Push switch, 4 -pole 4 off (FH68Y)
Switch button 4 off (BWI3P)

S2 DPDT toggle, sub -miniature (FH04E)
SK1.4 Phono sockets 16 off (YWO6G)

Chassis fuseholder, 20mm (RX96E)
FS1 250mA fuse, 20mm (WRO1B)

8BA 'Ain. bolts (BFO8J)
8BA nuts (BF19V)
8BA solder tags (LRO2C)
Connection wire (BLO9K)
Stick -on feet set of four (FW38R)
Mains cable 3 amp 3 m (XR01B)
Cable grommet (LR48C)

Ti Transformer 0-240v prim..
0.15V, 0.I5V sec., 10VA (LY03D)

Case, Teko Alba TEK A22L

* The Teko Alba TEK A22L case is available from:
West Hyde Developments Ltd., Unit 9, Park Street Industrial Estate,
Aylesbury, Bucks. HP20 'ET Tel: (0296) 30441

Price £4.23 + VAT + P&P

MODIFICATION PARTS LIST
Resistors - all '6W 5% carbon unless specified
R43-46 4k7
RV3,4 4k7 lin. pot dual gang

quired to adapt a single corn -
pander board appear in the sepa-
rate Modification Parts List.

With these adaptations, the
compressor and expander sec-
tions will offer, respectively, a
compression ratio adjustable
from 1:1 to 2:1 and an expansion
ratio ranging from 1:1 to 1:2.

Such a unit is similar to that
marketed by dbx in the USA, and
can be very useful in adding a bit

4 off (M4K7)
2 off (FW84F)

of guts to that reluctant electric
piano, or whatever. The dbx ex-
pander is claimed to restore the
original dynamic range to record-
ings compressed during transfer
to vinyl. I'd make no such claims,
but it can be effective on some
internally compressed keyboards
and also yields interesting results
if used with some of the over -com-
pressed heavy rock and heavy
metal discs around today! E&MM
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CAR DIGITAL
TACHOMETER:.
by Peter Marriott

In these days of ever -higher motoring costs the unit described here
will help the driver to change gear at the most advantageous point to
save fuel and extend engine life. Anyone using a car to tow a trailer or
caravan will also benefit by being able to make the best use of the
torque available from the engine.

Conventional tachometers
give a display of engine speed on
a milliameter, usually with a scale
of about 270° arc. Pulses pro-
duced by the action of the contact
breakers are integrated and fed to
the meter to give an analogue
display of engine revolutions. The
disadvantages are that an ave-
rage reading is displayed, which
can easily lag behind rapid speed
changes, and the meters tend to
be somewhat fragile.

The tachometer described
overcomes both of these disad-
vantages by counting pulses and
displaying engine revolutions
over a very short time, the digital
display being continuously up-
dated. Two digits display the
number of revolutions x100. The
unit is designed for negative earth
cars. If you are not sure of the
polarity on your car a glance at the
owners manual or even at the

battery connections will tell you.
As can be seen from the

photographs, the case chosen
gives an extremely professional
looking unit, with only one hole
needing to be drilled. Construc-
tion is very straightforward, using
two printed circuit boards which
fit directly in the case without the
need for mounting bolts, so the
project can be tackled by any but
the most inexperienced construc-
tor.

Circuit
The complete circuit is shown

in Figure 1. Pulses produced by
the make -and -break action of the
engine contact breaker points are
fed to ICla which is a dual
Schmitt trigger monostable, the
other half being used elsewhere
via a resistor/capacitor network
composed of R1, R2 and Cl. This

network helps to smooth out any
high voltage spikes which may
be present on the contact breaker
pulses. The zener diode D1 limits
the input pulse at ICla to 4.7
volts, to avoid any damage to the
device. To prevent any false trig-
gering due to contact points
bounce (produced' when the
points do not open and close
cleanly) the monostable period is
set to 3 milliseconds by R3 and
C2. This chosen time also means
that the monostable is ready for
retriggering by the next pulse and
so the maximum count for a 4 -

stroke, 4 cylinder engine is
limited to 10000 r.p.m. -a speed
not often attained on normal road
cars! The maximum count of
10000 r.p.m. corresponds to
20000 pulses/minute and the
time for 1 pulse is 60/20000
seconds or 3 ms. A higher engine
speed would not allow enough
time between pulses for trigger-
ing of the monostable. This de-
sign is for 4 cylinder cars only and
anyone using it on a 6 or 8
cylinder car would have to modify
the count period accordingly, or
use a compensating factor on the
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Figure 1. Circuit diagram of Digital Tachometer.
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readings - not easy to do while
driving!

The output pulses from ICla,
pin 12, are fed to the count input,
pin 11, of IC2. This is a 4 -digit
counter with latch and reset. It
drives the multiplexed 2 -digit dis-
play directly, with transistors TR1
and TR2 selecting the digit and
resistors R4-R10 limiting the
segment current.

The counter requires latch
pulses to give a sensible reading
and these are provided by IC3,
TR3 and their associated compo-
nents. IC3 is the ever useful 555,
used as an oscillator whose fre-
quency is controlled by RV1. The
oscillator output waveform,
arranged so that there is a long
high and a short low period, is
inverted by TR3 so that a short
high is achieved. This short pulse
is used to control the latch on the
counter integrated circuit IC2, so
that when this input goes high the
information in the counter is
transferred to the internal latch
and displayed. The short pulse is
also used to trigger the mono -
stable IC1b whose output pulse is
used to reset the counter so that it
starts counting from 00 again.
Use of a separate monostable to
reset the counter ensures that the
reset pulse always occurs after
the latch pulse so that a true
reading is displayed.

Because the voltage (nomi-
nally 12 volts) on a car varies
slightly with engine speed, inte-
grated circuit IC4 is used to regu-
late this to 5 volts. This is used to
supply ICI, IC2 and IC3 and is
important for stability of the oscil-
lator (IC3). Diode D2 and capa-
citor C5 remove noise on the
supply.

Construction
The Digital Tachometer is con-

structed on two PCBs: the main
board and the display board. The
display board is mounted at 90°
to the main board by veropins and
holds the display so that it can be
viewed through the filter at the
end of the case.

Begin construction of the
main board by fitting the re-
sistors, capacitors, preset and
three veropins, making sure C5 is
the right way around. Then solder

Figure 3. Board construction details.

in the transistors, regulator (IC4)
and diodes, paying attention to
the orientation. The flats on the
packages of TR1-3 and IC4 all
face the furthest away long edge
of the main PCB.

Fit the sockets for the DIL ICs.
IC2 is a CMOS device and costs
over £7.00, so don't be tempted to
economise on a socket for this
one. Insert the other ICs but leave
IC2 until the display board is
completed and soldered to the
main board.

Fit the resistorsand veropinsto
the display board, with the latter
inserted from the component
side. Be careful not to strip the
pads off when doing this and push
them home with the soldering
iron before soldering them on the
track side. Next fitthe display. For
some reason best known to the
manufacturers, this has no for-
mal package orientation mark,
the device number being the only
guide. This is on the same side as
pin 1 and faces downwards on the
completed unit. Solder the dis-
play in position.

The display board should now
be fitted to the main board at
right -angles by soldering the pins
to the pads provided on the edge
of the main board. This method of
construction is shown in Figure 3.
Fit IC2 to the main board, taking
the normal precautions for CMOS
devices, and solder long wires for
power and input signal to the
three pins, labelling the function
of each wire at the end that will
connect to the car electrics.

The metal front plate of the
West Hyde case is replaced by a
piece of red filter cut to 24 x 49
mm with a pair of scissors or
craft knife. This slots neatly into
the case, which is moulded in two
sections. Drill a hole in the back
for the wires and proceed to
setting -up before fitting the
boards in place and clipping the
case sections together. 

Setting Up
One advantage of a digital over

an analogue tachometer is the
ease of setting -up and calibra-
tion. Only one adjustment (RV1)
needs be made and, barring acci-
dents, will prevail for the life of the
unit. This setting ensures that the
oscillator runs at the correct fre-
quency, and the method of cali-
bration depends on the equip-
ment available. Calibration
against another tachometer is
possible, setting RV1 to give a dis-
play of 30 when the standard
tachometer reads 3000 rpm. If
you have access to a signal gene-
rator, set the frequency to 100Hz
and the output level to maximum
(more than 4.7v). Connect this
signal to the I/P pin on the PCB

Internal view of the Digital Tachometer.

and adjust RV1 to give a reading 4.7V, calibration may still be pos-
of 30. Should the output of the sible by feeding the output
signal generator be less than directly to pin 10 of ICla.
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Figure 2. Digital Tachometer printed circuit boards.
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Calibration can be carried out
against the mains frequency by
using a transformer and bridge
rectifier as shown in Figure 4 to
provide a 100Hz signal. RV1 is
adjusted to give a display reading
of 30, or 36 if the mains supply
frequency is 60Hz. The power
supply section of an exist-
ing piece of equipment can be
used in the same way if the rest of
the circuitry is disconnected from
the output of the bridge rectifier.

Fitting the unit to
the car

After calibration, the unit is
ready to be fitted to the car. It is
impossible to give detailed fitting
instructions for every car but the
following notes may be helpful.
a) It is a good idea to try the

unit in various positions for
best readability, using adhe-
sive tape, until you are satis-
fied.

Figure 4. 100Hz calibration source.

b)

c)

Having decided on the best
position use double -sided
tape, adhesive pads or two
pieces of velcro-tape, one
glued to the unit and one to
the car dashboard. All of these
methods, of course, mean that
the unit can be removed easily
and the dashboard cleaned
and left unmarked.
Alternatively, use self -tapping
screws through on half of the
case into the dashboard. This
works well, but unless you can
utilise existing screw holes
you will be left with holes in
the dashboard if you decide to
remove the unit.

The three leads must pass into
the engine compartment and it is
important that they be protected
by a rubber or plastic grommet. It
may be possible to squeeze them
through an existing cable entry or
you may have to drill a new hole,
but either way make sure they are
protected.

Any suitable fused positive
feed point and any adjacent earth
can be used. Most cars have
spare connecting points, usually
with 1/4" Lucar or blade type con-
nectors for fitting auxiliary equip-
ment, or you could use an in -line
fuse holder and lamp fuse. The
I/ P lead must go to the 'CB'

terminal on the iginition coil. If
this is not marked and you can-
not identify it from the owners
manual ask your dealer. Coils
have several types of connection,
Lucar, screw terminals or push -
on caps.

In any case make a protes-
sional connection using 'piggy-
back' type Lucar connectors
(which allow two connections on
one terminal), solder tags or
Scotchlok connectors. If in doubt
consult your local automobile
electricians. Fix the leads neatly
to existing harnesses using tape
or tie -wraps.

E&M M

PARTS LIST
Resistors - all 5% l/.3W carbon unless specified.
R1,2 560R 2off (M560R)
R3 100k (M100K)
R4-10 150R Toff (M150R)
RI I 390k (M390K)
R12 lkO (M1K0)
R13-15 10k 3 off (M10K)
RV1 100k Vert. S -min, preset (WR74R)
Capacitors
Cl lOOnF polyester
C2 47n1 polycarbonate
C3 luF 35V tantalum bead
C4 2n2 ceramic plate
C5 1000uF 16V axial

electrolytic
C6 lOnF disc ceramic

Semiconductors
ICI 74L5221
IC2 74C925
IC3 NE555

(BX76H)
(WW37S)
(WW60Q)
(WX72P)

(FB82D)
(YR73Q)

(YF86T)
(QYO8J)
(QH66W)

IC4 uA78L05AWC 5V 100mA
regulator

TRI -3 BC549 3 off
DI 4.7V 400mW zener diode
D2 1N4001
D3 MAN 6740 Double-digit,

common cathode display

Miscellaneous
8 -pin DIL socket
16 -pin DIL socket
Main PCB
Display PCB
Case, Bocon BOC 706
(94 x 54 x 24mm internal)
1mm Veropins
Red display filter
Connection wire

(QL26D)
(QQ15R)
(QH06G)
(QL73Q)

(BY68Y)

(BL17V)
2off (BL19V)

(GA260)
(GA27E)

(FL24B)
(FR34M)
(BLO9K)

*The Bocon Major BOC 706 case is available from:
West Hyde Developments Ltd., Unit 9, Park Street
Industrial Estate, Aylesbury, Bucks, HP20 lET.
Tel: (0296) 20441. Price: £3.57 VAT + p.&p.

New project?.
If you're about to start on a new project, you're no
doubt looking for the right enclosure. With around
1,000 different cases and 250,000 case parts
currently in stock, we must be your number one
choice. Why not send for our free catalogue.

Specify West Hyde
we've a good case for it!
WEST HYDE
West Hyde Developments Limited
Unit 9, Park Street Industrial Estate, Aylesbury, Bucks.
Telephone: (0296) 20441. Telex: 83570 W HYDE G.

ELECTRONICS AND MUSIC MAKER

Project
Digital Tachometer
Noise Reduction Unit

Case
BOC 706
TEK A22L

Written or telephone orders accepted from
Access and Barclaycard holders.

VISA
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TRANSISTORS

AC107 25 BC107C 12 BC174 15 BC550 14 BD201 80 8F164 50 BFR62 24 MPSAO6 20 TIP308 42 2N708 14 2N2904 24 2N3823
AC125 30 BC108 10 6C175 35 BC556 14 BD202 80 BF165 50 BFR79 28 MPSA55 20 TIP30C 44 2N711 30 2N2904A 28 (PET) 60
AC126 22 BC108A 11 BC177 14 BC557 13 BD201 /202 BF167 24 BFR80 28 MPSA56 20 TIP31 38 2N717 30 2N2905 24 2N3903 12
03C127 22 BC108B 11 BC178 14 BC558 13 M/P 1.70 BF173 24 BFW10 55 ND120 18 TIP31A 40 2N718 26 2N2905A 26 2N3904 12
AC128 20 BC108C 12 BC179 14 BC559 14 BD203 80 BF176 36 BFX29 25 0C19 85 TIP3113 42 2N718A 50 2N2906 18 2N3905 12
AC128K 26 BC109 10 BC180 12 BCY30 80 80204 80 BF177 24 BFX30 30 0C20 1.85 TIP31C 44 2N726 29 2N2906A 20 2N3906 12
AC132 26 BC109A 11 BC181 10 BCY31 80 80203/204 BF178 25 BFX84 24 0C22 1.50 TIP32 38 2N727 29 2N2907 20 2N4058 12
AC141 26 BC109B 11 BC182 10 BCY32 85 M/P 1.70 BF179 30 BFX85 26 0C23 1.50 TIP32A 40 2N743 20 2N2907A '22 2N4059 14
ACI 41K 40 8C109C 12 BC182L 10 BCY33 80 BD205 80 BF180 30 8FX86 26 0C24 1.35 TIP32B 42 2N744 20 2N2923 15 2N4060 14
AC142 26 BC113 16 BC183 10 BCY34 80 BD206 80 BF181 30 BFX87 26 0C25 1.00 TIP32C 44 2N914 20 2N2924 15 2N4061 12
AC142K 40 BC114 17 BCI 83L 10 BCY70 14 BD207 80 BF182 30 BFX88 26 0C26 1.00 TIP41A 44 2N918 30 2N2925 15 2N4062 12
AC176 24 BC115 18 BC184 10 BCY71 15 8D208 80 BF 183 30 BFX90 55 0C28 90 TIP41B 46 2N929 20 2N2926G 10 2N4220
AC176K 40 BC116 19 BC184L 10 BCY72 15 BD222 47 BF184 22 BFY50 20 0C29 95 TIP41C 48 2N930 18 2N29261 09 (FET) 35
AC187 25 BCI 16A 20 BC) 86 15 BCZ1O 70 80225 47 BF185 22 BFY51 20 0C35 90 TIP42A 44 2N946 40 2N29260 09 2N4284 28
AC 1 87K 40 BC117 20 BC187 18 BCZ11 70 BD232 85 BF186 26 BFY52 20 0C36 90 T1P426 46 2N1131 24 2N2926R 09 2N4285 28
AC188 25 50118 17 BC207 11 BCZ12 70 80233 65 BF187 26 BFY53 20 0C41 20 T1P42C 48 2N1132 24 2N29268 09 2N4286 28
AC188K 40 BC119 29 BC208 11 BD106 50 8D234 55 8F188 32 BFY90 80 0C42 22 TIP2955 60 2N1302 25 2N3010 20 2N4287 28
ACYI 7 50 BC120 35 BC209 12 BD115 50 BD235 55 8F194 10 BIP19 38 0C44 24 TIP3055 50 2N1303 28 2N3011 20 2N4288 28
ACY18 50 BC125 25 BC212 10 80116 50 BD236 58 8F195 10 BIP20 38 0C45 20 TIS43 22 2N1304 28 2N3053 22 2N4289 28
ACY19 50 BC126 30 BC212L 10 80121 65 80237 65 BF196 12 BIP 19/20 0070 24 TIS90 20 2N1305 28 2N3054 45 2N4290 28
ACY20 50 BC132 18 BC213 10 BD123 65 BD238 65 BF197 12 M/P 80 0071 15 TIS91 22 2N1306 35 2N3055 42 2N4291 28
ACY21 50 6C134 18 8C213L 10 80124 75 BD239A 50 BF198 15 BRY39 39 0072 24 TIS92 22 2N1307 35 2N3402 21 2N4292 28
ACY22 50 BC135 18 8C214 10 BD131 35 BD240A 50 BF199 16 BSX19 20 0074 26 UT46 20 2N1308 40 2N3403 21 2N4293 28
AD130 75 8C136 20 BC214L 10 BD132 35 BD239A/ SF200 30 BSX20 20 0c-75 30 ZTX107 10 2N1309 40 2N3404 29 2N4860
AD140 70 BC137 20 BC225 26 BD131/132 240A 1.00 BF222 90 BSX21 21 TC76 35 ZTX108 10 2N1599 35 2N3405 42 (PET) 60
AD142 85 BC138 28 8C226 36 M/P 80 BD240 45 BF224 20 BSY95 13 0077 50 ZTX109 10 2N1613 28 2N3414 16 2N4923 65
AD143 85 BC139 32 8C237 13 BD133 40 BD241 45 BF240 17 BSY95A 13 0079 40 ZTX300 12 2N1711 30 2N3415 16 2N5135 10
AD149 70 BC140 25 BC238 14 BD135 35 80506 38 BF241 18 BU105 1.60 0081 22 ZTX301 12 2N1889 45 2N3416 29 2N5138 10
AD161 40 BC141 28 BC239 15 60136 35 BD508 38 BF244 28 BU105/ 0081D 24 ZTX302 16 2N1890 45 2N3417 29 2N5172 14
A0162 40 BCI 42 25 BC251 15 BD137 35 BDX32 20 BF257 30 02 1.95 0082 24 ZTX303 16 2N1893 40 2N3614 1.00 2N5194 56
A0161/162 BC143 25 Elc257 A 16 BD138 36 80111 1.30 BF258 30 BU204 1.40 0c820 30 ZTX304 20 2N2147 75 2N3615 1.05 2N5245 40M/P 80 BC144 40 BC261 18 BD139 38 BDYI 7 1.80 BF259 35 BU205 1.40 0083 26 ZTX330 15 2N2148 70 2N3616 1.05 2N5294 50
AF114 50 BC145 46 BC300 30 BD140 38 BDY20 80 BF262 60 BU208 1.90 0084 38 ZTX500 13 2N2192 38 2N3646 09 2N5296 50
AF115 50 BCI 47 09 BC301 28 130139/140 8OY55 1.40 BF263 60 BU208/ 0C139 80 ZTX501 12 2N2193 38 2N3702 09 2N5448 12
AF11 6 50 BC148 09 BC302 29 M/P 80 130Y56 1.60 BF270 36 02 2.25 0C140 80 ZTX502 16 2N2194 38 2N3703 09 2N5457
AF1 I 7 50 BC149 09 BC303 28 BD155 50 BF 115 25 BF271 31 GP300 40 0C169 80 ZTX503 12 2N2217 25 2N3704 09 (PET) 32
AF118 65 BC150 20 BC304 28 BD175 60 BF117 50 BF273 36 MJ480 95 0C170 80 ZTX504 25 2N2218 25 2N3705 09 2N5458
AF 1 24 50 BC151 22 8c307 13 BD176 60 BF118 75 8F274 38 MJ481 1.05 oc 171 80 z1x531 25 2N2218A 28 2N3706 10 (FET) 32
AF 1 25 50 BC152 20 BC327 12 BD177 68 8F119 75 BF324 35 MJ490 95 0C200 46 ZTX550 25 2N2219 28 2N3707 10 2N5459
AF126 50 BC153 25 BC328 13 130178 68 BF121 50 BF336 34 MJ491 1.15 0C201 95 2N388 36 2N2219A 30 2N3708 09 (PET) 35
AF127 50 BC154 19 BC337 13 BD179 75 BF123 60 BF337 34 MJ2955 90 0C202 1.20 2N388A 56 2N2220 20 2N3708A 09 2N5551 36
AF 1 39 38 8C157 10 BC338 13 BD180 75 BF125 50 BF338 38 MJE340 50 0C203 85 2N404 20 2N2221 20 2N3709 09 2N6027
AF239 42 BCI 58 10 BC384 14 60185 68 BF127 60 BF371 26 MJE370 55 0C204 90 2N404A 24 2N221A 22 2N3710 10 (P.0 T.) 34
AL102 1.90' BCI 59 10 BC440 30 50186 68 BF152 25 BF457 37 MJE371 60 0C205 1.15 2N524 40 2N2222 20 2N3711 10 2N6121 70%
AL103 1.80 BC160 26 BC441 30 80187 75 8F153 25 BF458 37 MJE520 45 R20088 2.50 2N527 50 2N2222A 20 2N3771 1.40 2N6122 70
ASY26 50 BC161 38 BCO 32 60188 75 BF154 22 BF459 38 MJE521 65 1120106 2.60 2N598 40 2N2368 18 2N3772 1.60 2N6289 70
ASY28 50 BC167 11 BC461 32 80189 78 BF155 35 BF594 30 MJE2955 90 TIC44 29 2N599 46 2N2369 14 2N3773 2.20 25301 50
ASY29 50 BC168 10 BC477 20 80190 78 BF156 28 BF595 28 MJE3055 65 T1C45 35 2N696 24 2N2369A 14 2N3819 25302 43
AU104 1.90 BC169 10 BC478 20 BD195 90 BF157 28 BF596 28 MJE3440 52 TIP29 30 2N697 24 2N2411 25 (PET) 18 2S302A 43AU110 1.90 BC169C 11 BC479 20 BD196 90 Bp158 28 BFR39 24 MP8113 52 TIP29A 55 2N698 30 2N2412 25 2N3820 25303 56AU113 1.90 BCI 70 09 BC546 10 80197 95 BF159 28 BFR40 25 MPF 102 60 T1P2913 42 2N699 32 2N2646 47 (FET) 35 25304 71
BC107 10 8C171 09 BC547 10 80198 95 BF160 28 BFR41 25 MPF104 35 TIP29C 44 2N706 10 2N2711 22 2N3821 25305 80
BC107A 11 8C172 09 BC548 10 80199 99 BF162 24 BFR50 25 MPF105 35 TIP30 38 2N706A 12 2N2712 22 (PET) 60 25306 80
8C1078 11 BC 1 73 09 BC549 11 80200 99 BF163 30 BF R52 25 MPSA05 20 TIP3OA 40 2N707 48 2N2714 22 25307 80DID 74 LS SERIES TTL SILICON RECTIFIERSAA119 08
AA 120 08

88104
BAX13

30
07

5Y176 75
BY206 30

0A79 1'
0A81 10

74LS00 13
74LS01 13

74LS78 46
74LS83 68

74LS165 1.20
74LS166 1.70

74LS279 85
74LS280 2.40 200mA 5020 100v 10 IN5408 1000v 25

AA129 09
AAY30 09

BAXI 6
BY100

08
22

BY210600 09
BYZ10 45

0A85 10
0A90 07

74LS02 15
74LS03 15

74LS85 75
74LS86 38

74LS168 1.80
74LS169 1.80

74LS283 85
74LS290 90

S920 50v 06
100v 07

08

5021 200v 11
5023 400v 13

6 Amp5921

BYX38-300 45
AAZ13 15
AAZ17 15

BY101
BY105

22
22 BYZ12 40

0A91 07
0A95 07

74LSO4 15
74LSO5 22

74LS90 38
74LS91 1.10

74LS170 2.50
74LS173 95

74LS293 1.00
74LS295 1.90

5922 150v
S923 200v 09

5025 600v 14
S027 800v 16

BVX38-600 60
BYX38-30OR 45

BA100 10
8A102 20
8A144 09
BA148 15

6Y114
BY124
BY126
8Y127

22
22
11
12

BYZ13 40
BY216 41
BY117 36
81'218 36

0A182 130A200 08Amo
0A202 08
N34A 07

74LS08 21
74LS09 21
74LS10 20
74LS11 22

74LS92 68
74LS93 58
74LS95 95
74LS96 1.10

74LS174 95
74LS175 95
74LS181 2.70
74LS183 2.80

74LS298 1.50
74LS299 3.50
74LS323 3.50
74LS324 1.90

5924 300v 101

-N4001 50. 041/2
N4002 100v 05

06

5029 1000v 20
S031 1200v 25

3 Amp
N5400 50v 11
N5401 100v 12

BYX38-6008 60
10 Amp
610/50 50v 30
S10/100 100v 35BAI54 12 BY128 16 BYZ19 36 N60 06 74LS12 26 74LS107 40 74LS190 95 74LS325 3.00 N4003 200v

N5402 200v 14 S10/200 200v 40
BA155 14
BA156 14

BY130
BY133

17
21

0A5 60
0AI 0 35

N914 04
N916 05

74LS13 34
74LS14 50

74LS109 70
74LS112 38

74LS191 95
74LS192 95

74LS326 3.20
74LS327 3.10

N4004 4000 06
N4005 600v 07 N5403 300v 15

N5404 400v 16
51 0/400 400v 50
S 1 0/600 600v 60BA173 15 BY156 08 0A47 06 N4148 04 74LS15 34 74LS113 68 74LS193 95 74LS348 1.80 N4006 800v 07

N5405 500v 17 S10/800 800v 70
8A248 16

74 SERIES
BY164 51

TTL
0A70 08 S44 05 74LS20 18

74LS21 26
74LS22 32

74LS114 38
74LS122 68
74LS123 60

74LS194 95
74LS195 85
74LS196 1.00

74LS352 1.50
74LS353 1.50'
74LS365 45 I

08N4007 1000

50v 09S01
N5406 600v 18
N5407 800v 28

S10/100 1000v 85
510/1200 1200v 95

7400 14 7437 30 7485 95 74LS26 38 74LS124 1.60 74LS197 85 74LS366 55
7401 12 7438 30 7486 28 74154 1.00 74LS27 35 74LS125 45 74LS221 1.00 74LS367 62 THYRISTORS
7402 12 7440 15 7489 1.95 74155 70 74LS28 35 74LS126 45 74LS240 1.60 74LS368 80
7403 12 7441 60 7490 36 74156 70 74LS30 18 74LS132 60 74LS241 1.60 74LS373 1.45 1 Amp - THY5A/100v 45 THY5A/400vP 50
7404 13
7405 13

7442
7443

60
1.00

7491 75
7492 50

74157 70
74160 90

74LS32 22
74LS33 34

74LS136 50
74LS138 60

74LS242 1.60
74LS243 1.60

74LS374 1.45
74LS375 1.10

1-039 CASE
34THYIA/50v

THY5A/200v 50
THY5A/4 00v 57

THY0A5A//0600v0OvpP 7600

THY

7406 28 7444 1.00 7493 36 74161 90 74L537 28 74LS139 68 74LS244 1.50 74LS378 1.20 THY1A/100v 38 THY5A/600v 9. 9 10 Amp -1048
7407 28 7445 90 7494 75 74162 90 74LS38 28 74LS145 1.15 74LS245 2.20 74LS386 75 THY1A/200v 42 THY5A/800v , 0 THY10A/50v 45
7408 20 7446 90 7495 65 74163 90 74LS40 25 74LS147 2.00 74LS247 1.20 74LS393 1.10 THY1A/400v 50 5 Amp -1066 THY10A/100v 50
7409 20
7410 13

7447
7448

65
65

7496 65
74100 1.10

74164 1.00
74165 1.00

74LS42 55
74LS47 72

74LS I 48 1.60
74LS151 70

74LS248 1.20
74LS249 1.20

74LS395 2.00
74LS398 2.70

THYIA/600v 65
THY1A/800v 78

THY5A/50v 36
THY5A/100v 45

THY10A/200v 55
TH 110A/400v 60

7411 20
7412 22

7450
7451

15
15

74104 50
74105 50

74166 1.00
74167 2.30

74LS48 80
74LS49 90

74LS153 68
74LS155 65

74LS251 1.20
74LS253 90

74LS399 2.00
74LS390 1.40

137101/500R
8

/500R 80
71

THY5A/200v 50
THY5A/400v 57

THY10A/600v 80
THY10A/800v 1.10

7413 30 7452 15 74107 32 74174 90 74LS51 24 74LS156 80 74LS257 90 74LS670 2.50
081100621.700

THY5A/600v 60
7414 50 7453 15 74110 46 74175 80 74LS54 28 74LS157 60 74LS258 1.10 COMPUTER 13T107 THY5A/800v 75
7416 28 7454 15 74111 60 74176 85 74LS55 28 74LS158 60 74LS260 85 LC.s

9893BT108
70

2N3525 77 71-1116A/100v 80-
7417 28 7460 15 74118 95 74177 85 74LS63 1.40 74LS160 85 74LS259 1.50 2114 L-3 2.40

2N3228 BTX30/50L 40
7420 14 7470 32 74119 1.20 74180 90 74LS73 30 74LS161 75 74LS261 4.00 2708 3.50 3 Amp - TO66 BTX30/400L _70

7THHyY1166AA//4200v00v

7421 32 7472 28 74121 36 74181 2.30 74LS74 30 74LS162 1.00 74LS266 72 2516/ THY3A/50v 35 BT116 15v THY16A/600v 1.50
7422 24 7473 32 74122 46 74182 85 74LS75 38 74LS163 90 74LS273 1.65 2715-5v THY3A /100v 37 C106D 38 THY16A/800v 2.00
7423 28
7425 28

7474
7475

30
44

74123 60
74124 60

74184 1.35
74190 1.00

74LS76 42 74LS164 90 74LS275 3.50 4116 2.25
)

:02203955
30 Amp -1049
THY30A/50v 1.30LINEAR7426 30 7476 35 74136 65 74191 1.00 I.C.'s THY30A/100v 1.507427 28 7480 48 74141 60 74192 95 CA27.: LM324N 709P

756000 THY30A/200v 2.957428 34 7481 95 74144 2.50 74193 1.00 CA280Q 95 LM337T 1.35 UA710C 40 5 Amp -1064 THY5A/100vP 45 THY30A/400v 4.007430 14 7482 70 74145 80 74194 90 cA3011 98 LM339N 65 727 0 30 THY5A/50v 36 THY5A/200vP 47 7HY30A/600v 4.207432 28 7483 68 74150 1.00 74195 90 CA3014 1.75 LM348N 90 UA711C 327433 36 7484 95 74151 65 74196 95 CA3018 65 'LM380 85 727 1 32 TRIACS & DIACS
CMOS CA3020 1.75

CA3028 80
LM381 1.45
LM382N 1.20

UA723C
72723

45
45 2 Amp - 7039 4 Amp -10202 6 Amp -10220

CD4000 18 CD4021 1.05 CD4042 78 C040:1 26 CA3035 2.30 LM384 1.45 UA741C 24 TR12A/100v 30 TR14A/400v 55 TR16A/100v 45
CD4001 19 CD4022 95 CD4043 88 CD4082 26 CA3036 1.00 LM1458 42 72741 24 TR12A/200v 42 TR16A/200v 52
CD4002 20 CD4023 23 CD4044 88 CD4085 90 CA3042 1.60 LM3900 58 741P 17 TR12A/400v 50 8 Amp - 10220 TR16A/400v 60.
CD4006 92 CD4024 70 C04045 1.50 C04093 70 CA3043 1.85 LM3909N 70 UA747C 60 TR18A/400v 64 12 Amp -10220
CD4007 22 CD4025 20 CD4046 1.10 CD4501 28 CA3046 70 LM3914N 2.20 72747 60 10 Amp -1048 TRI12A/400v 70
CD4008 80 CD4026 1.50 CD4047 95 CD4502 1.20 CA3052 1.60 LM3911N 1.20 UA748 35 TRI110A /100v 55 10 Amp -10220 DIACS
C04009 40 CD4027 48 CD4048 65 CO4503 70 CA3054 1.10 MC1304 1.90 748P 35 TR110A /200v 80 PLASTIC 85100 20
CD4010 48 CD4028 80 CD4049 45 CD4506 70 CA3075 1.50 MC1310P 1.45 SN76013N 1.60 TRI10A/400v 90 TRI10A/400P 68 D32 20
CD4011 22 CD4029 1.00 CD4050 45 CD4507 60 CA3080 65 MC1312 1.70 SN76023N 1.65
CD4012 22 CD4030 55 CD4052 80 C04508 2.95 CA3081 1.50 MC135 1.20 SN76110 1.50
CD4013 45 CD4031 2.00 C04054 1.25 C04510 99 CA3085 95 MC13521.40 SN76115AN 1.90 ZENER DIODES
CD4014 84 CD4034 1.95 CD4055 1.25 CD4511 1.15 CA3089 2.00

CA3090
MC1469 2.70 SN76660N 90 400W 1 3V -39V allot ElpCD4015 84 CD4035 1.20 CD4056 1.35 CD4516 1.10 3.60

CA3123E
MC1496 90 TAA5508 35 1 3W 1.3V -100V allat15pCD4016 42

CD4017 80
CD4036
CD4037

3.30
95

CD4068 25
CD4069 25

CD4518 1.00
CD4520 1.00

1.50
CA3130E 90

NE555 20
NE556 55

TAA621 2.00
TAA6618 1.50 10W 1 3V -100V all at 35p

C04018 85
CD4019 45

CD4038
CD4040

1.15
95

CD4070 29
CD4071 25

CD4528 1.10
CD4531 1.50

CA3140E 48
LF351N 55

NE561 3.80
NE562 4.00

TAD10 1TBA 1200B 1 BRIDGE RECTIFIERS
CD4020 99 CD4041 78 CD4072 25 CD4561 1.00 LF353N 88

LF356N 90
LH0042CH 2.25

NE565 1.20
NE566 1.50
NE567

TBA540 1.40
TBA64IA 2.20 1 Amp RMS

BR1 /50v 20
2 Amp RMS
BR2/50v 35

6 Amp RMS
BR6/50v 75 TA R _  : 1.70 TBA800 85 BRI /100v 22 BR2/100v 40 BR6/100v 80

MVR7805-MVR7824
MVR7905-MVR7924

all 59p Ea.
a1163p Ea.

LM309K 1.25
UA79MGHC , 2.50

LM301A 25
LM334 1.60
LM308 75

72702 46
UA 703C 25
UA709C

TBA8105 95
TBA820 70 BRI /200v 25

BRI /400v 29
8R2/200v 44
BR2/400v 50

BR6/200v 88
BR6/400v 95

 78L05 -78L24 all 28p Ea. LM320 15v 12v, 15v LNI309K 1.25
25

72709 46
TBA920C) 2.50
TCA2705 1.40 BR2/1000v 65

lor 79L05 -79L24 all 55p Ea 24v 95p Ea. LM317H 2.50 ZN414 90
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- new extended 1981 range
AL30A
AUDIO
AMPLIFIER
MODULES

f 4.16

S450
STEREO
FM TUNER
Fitted with
phase lock -loop

£25.56

1 OW
R.M.S.

AL60
AUDIO
AMPLIFIER
MODULE
25 Watts RMS

£5.15

Stereo 30
COMPLETE
AUDIO
CHASSIS

£21 09 7 + 7w R.M.S.

SPM120 STABILISED
POWER SUPPLIES

SPM120/45
SMP120/55
SMP120/65

£6.38

GE100 Mk2.
10 CHANNEL MONOGRAPHIC
EQUALISER

£23.00

AL80
AUDIO
AMPLIFIER
MODULE

f8.07

AL120
AUDIO
AMPLIFIER
(With integral
heat sink and
short-circuit
protection).
£13.14

35w1
R.M.S.

AL250
POWER
AMPLIFIER

£19.60

125w R.M.S. SPM80
STABILISED
POWER SUPPLY

£4.84

VPS30
REGULATED VARIABLE
STABILISED POWER
SUPPLY

£7.60

MONO PRE -AMPLIFIERS
MM 100. Supply voltage 40-65v inputs' Tape,
Mag P.U. Microphone Max output 500mv

£12.43
MM 100G. Supply voltage 40-65v inputs 2

Guitars. Microphones Max output 500mv.
£12.43

PA100
STEREO
PRE -AMPLIFIER

£17.65

PA200
STEREO
PRE -AMPLIFIER

f18.24

STA5. 5 watts per channel Stereo Amplifier. ICt consist-
ing of: 2x.AL20 amplifiers, 1xPA 12 pre-amplifie , 1xPS12
power supply, 1x2036 transformer and necessary wiring
diagram £19.52

STA10. 10 watts per channel Stereo Amplifier. Kit
consisting of: 2xAL30 amplifiers, 1xPA12 pre -amplifier,
1xPS 12 power supply, 1x2036 transformer and neces-
sary wiring diagrams. £20.63

STA15. 15 watts per channel Stereo Amplifier. Kit
consisting of: 2xAL60 amplifiers, 1xPA100 pre -amplifier,
1 xSPM80 power supply, 1x2034 transformer, 2xcoupling
capacitors for 8 ohms 470mfd 30v and necessary wiring
diagram. £36.76

STA25. 25 watts per channel Stereo Amplifier. Kit con-
sisting of: 2xAL60 amplifiers, 1xPA100 pre -amplifier,
1xSPM120/45 power supply, 1x2040 transformer, coup-
ling capacitors for 8 ohms 470 mfd 45v, lxreservoir
capacitor 2200mfd 100v and necessary wiring dia-
gram. £40.50

STA35. 35 watts per channel Stereo Amplifier. Kit
consisting of: 2xAL80 amplifiers, 1xPA200 pre -amplifier,
1x2035 transformer, 2xcoupling capacitors 470mfd at
50v for 8 ohms, 1xreservoir capacitor. 2200mfd 100v and
necessary wiring diagram. £45.76

STA50. 50 watts per channel Stereo Amplifier. Kit con-
sisting of: 2xAL120 amplifiers. 1xPA200 pre -amplifier,
1 x2041 transformer, 2xcoupling capacitors 1000mfd 63v,
1 xSPM 120/65, 1 xreservoir capacitor 3300mfd 100v and
necessary wiring diagram. £59.89

STA100. 100 watts per channel Stereo Amplifier. Kit
consisting of: 2xAL250 amplifiers, 1xPA200 pre -ampli-
fier. 2xSPM 120/65 power supplies, 2x2041 trans-
formers, 2xcoupling capacitors 1000mfd 100v and neces-
sary wiring diagram. £84.68

Stabilised Power Supply Kit
Variable from 2-30 volts and 0-2 Amps

VPS30 

Kit includes:
1 -VPS30 Module.
1 - 25 volt 2 Amp transformer.
1 - 0-50v 2" Panel Meter.
1 - 0-2 Amp 2" Panel Meter.
1 - 470 ohm wirewound

potentiometer.
1 - 4K7 ohm wirewound

potentiometer.
Wiring Diagram Included.

PS12 POWER SUPPLY MODULE
Power supply for AL20A-30A,
PA12, S450 etc.

Input A.C. Voltage 15-20V.
Output D.C. Voltage 22-30V
approx. (Dependent upon
input.)
Output Current 800mA
maximum.
Dimensions 60x43x26mm.

f1.65

Transformers are not included with power supplies.
SPM 120 Range also require reservoir and output capacitors.

PA12
STEREO
PRE -AMPLIFIER

£8.55

M PA30
MAGNETIC CARTRIDGE
PRE -AMPLIFIER

£3.27

BP124 SIREN ALARM
MODULE

American Police screamer
powered from any 12 volt supply
into 4 or 8 ohm speaker.
Ideal for car burglar alarm,
freezer break -down, and
other security purposes.

ONLY £3.85 5 WATTS -

BP124. 5 watt 12v max. - Siren Alarm Module.'
£3.85

GE100MK11. 10 channel mono -graphic equa-
liser, complete with sliders and knobs. £23.00
VPS30. Variable regulated stabilised power sup-.
ply 2-30v 0-2 amps £7.611

PS250. Consists - 1 capacitor & 4 diodes for:
constructing unstabilised power supply for
AL250 to 125 watts 2.90:

TRANSFORMERS
2034. 1.7 amp 35v. Suit SPM80. £4.90
2035. 2 amp 55v £6.65
2036. 750mA 17v. Suit: PS12. £2.85
2040. 1.5 amp 0 -45v -55v. Suit: SPM120/45,
SPM120/55v £6.45

2041. 2 amp 0 -55v -65v. Suit: SPM120/55.
SPM120/65v. 3.46
2039. 1 amp 0-20v. Suit Stereo 30. £3.50
2043. 150mA 15-0-15v. Suit: SG30. £2.40

ACCESSORIES
139. Teak Cabinet. Suit: Stereo 30, 320x235x
81mm. £7.00
140. Teak Cabinet. Suit: STA15, 425x290x
95mm. f 9.50
FP100. Front Panel for PA100 & PA200. f 1.80
BP100. Back Panel for PA100 & PA200. £1.60
GE100FP. Front Panel for one GE100MK11

£1.75
2240. Kit of parts including Teak Cabinet, Chas-
sis, Sockets and Knobs etc. (To house STA15
Amplifier). f 19.95

Full data sheets are available FREE on request, please enclose a S.A.E.

HARDWARE IN
PACKS OF 25
839 OBA 1" Bolt 0.70
840 OBA 1/2" Bolt 0.40
842 2BA 1" Bolt 0.35
843 28A 1/2" Bolt 0.30
844 2BA '4" Bolt 0.32
845 4BA 1" Bolt 0.28
846 48A 1/2" Bolt 0.20
847 4BA Bolt 0.18
848 68A 1" Bolt 0.24
849 6BA 1/2" Bolt 0.18
850 6BA '4" Bolt 0.20
851 OBA Solder Tags 0.20
852 2BA Solder Tags 0.16
853 4BA Solder Tags 0.14
854 6BA Solder Tags 0.12
855 OBA Full Nut 0.42
856 28A Full Nut 0.26
857 4BA Full Nut 0.18
858 68A Full Nut 0.18
859 OBA Washer 0.12
860 2BA Washer 0.09
861 4BA Washer 0.09
862 6BA Washer 0 09
FUSE HOLDERS
506 20mm Chassis Fuse

Holder 0.14
b07 1'4" Chassis Fuse

Holder 0.14
508 l'A" Car in line Fuse

Holder 0.12
509 20mm Panel Fuse

Holder 0.26
510 1'a" Panel Fese

Holder 0.32

FUSES:
Quick Blow 20mm:
611 150mA 0.06
612 250MA 0.06
613 500MA 0.06
614 800MA 0.07
615 1 Amp 0.06
6t6 1 5 Amp 0.07
617 2 0 Arno 0.06
618 2.5 Amp 0.06
619 30 Amp 0.06
620 3 15 Amp 0.07
621 5 0 Amp 0.06
Semi Delay: 20mm
622 100MA 0.07
623 250MA 0.07
624 500MA 0.07
625 1 Amp 0.07
626 1 6 Amp 0.07
627 2 Amp 0.07
628 2.5 Amp 0.07
629 3.15 Amp 0.07
630 5 ()Amp 0.07
Quick Blow: 11/4"
631 250MA 0.06
632 500MA 0.06
634 800MA 0.06
635 1 Amp 0.06
636 1 5 Amp 0.06
637 2 0 Amp 0.06
638 2 5 Amp 0.06
639 3 Amp 0.06
641 4 Amp 0 06
642 5 Amp 0 06

Access and Barclaycards accepted - just telephone our Orderline - Ware (STD 0920) 3182.
All prices exclude VAT, add 50p postage per order. Terms: C.W.O., cheques,
Postal Orders payable to Bi-Pak at address below.

1111-PAK
SEMICONDUCTORS
Dept. EMM 3 P.O. BOX 6, WARE, HERTS.
Tel: Ware (STD 0920) 3442. Telex: 817861.
Giro No. 3887006.

6
Visit our shop at: 3, Baldock St, Ware, Herts.

E&MM MAY 1981 15



ELECTRONICS

SPECTRUM
SYNTHESISER
Part 3 of this constructional series describes
the Low Frequency Oscillator and the
Voltage Controlled Oscillator section.

Low Frequency
Oscillator

The Low Frequency Oscillator
(LFO) of a synthesiser provides
periodic waveforms for the con-
trol of other modules to produce
modulation of pitch, timbre, am-
plitude etc. When the synthesiser
is being used other than for
simple melodic playing, the LEO
is often the main control source,
and must have a wide frequency
range and a choice of precise
waveforms. The Spectrum LEO
has a range of over 1000:1, from
0.04Hz (25 seconds per cycle) to
about 42Hz. Sine, triangle, ramp,
and square waveforms are avail-
able, plus two additional step -
type waveforms, one giving a new
random voltage on each cycle,
the other producing a wide range
of repeating sequences. A green
LED flashes to indicate the LEO
cycle and is very useful for
quickly checking or setting the
rate. Particular attention has
been paid to waveform precision,
and good symmetry is retained
over the frequency range. Unlike
many other designs, no setting
up is required.

Circuit
Figure 1 shows the circuit of

the LFO. It is based around IC8,
IC9a, TR8 and TR9, which form a
precision triangle and square wave
generator. IC8 is an integrator
driven by the voltage at the wiper
of RV6, the Rate control.

A low input bias current op -
amp must be used for IC8 to
preserve waveform symmetry
since a bipolar device would
drain the input current signifi-
cantly at low frequencies, causing
differing charge and discharge
rates for C16.

IC9a is a comparator which
reverses the voltage at the inte-
grator input when its output
reaches thresholds set by
R100,101, so the integrator out-
put ramps up and down between
fixed levels generating a triangle
wave. IC9a drives TR8,9 which
are configured as an additional
complementary pair output stage
driving the integrator and from

which feedback to IC9a is ob-
tained. Since TR8,9 invert the
output of the op -amp and R101
takes the signal back to the invert-
ing input, the feedback is posi-
tive, causing the output to be
either high or low and giving the
comparator hysteresis. An addi-
tional output stage is used be-
cause the maximum and mini-
mum output voltages of the op -
amp are unpredictable and rarely
symmetrical. This would give un-
equal times for the two halves of
the cycle and waveforms which
were not precisely symmetrical
about OV, since the thresholds are
derived from the output of the
comparator circuit.

The method of producing the
rampwave is rather unusual. The
triangle and square waves are
mixed and half -wave rectified by
IC9b. Since only positive output
values are allowed, the signal is
'cut off' at zero volts when the
square wave is high i.e. when the
triangle wave is falling. The result
is a positive going half -wave recti-
fied ramp wave, which gives a
complete ramp wave when the

by Chris Jordan

triangle wave (and an offset) is
added, producing a slope during
the 'flat' half cycle and half -
cancelling the slope during the
other half.

The sine wave is generated by
D24-27 and associated resistors.
Minimum harmonic content of a
sine wave used for control pur-
poses is not as important as
smoothness of the waveform - it
should have no sharp changes of
gradient and should slow down
gradually towards the peaks. This
is achieved by two parallel diode
shaping networks which act on
the triangle wave. As the voltage
increases on positive half cycles,
D25 conducts first, and then D26
conducts just before the peak,
with D24,27 acting on negative
halves. The sine wave is produced
by mixing the two components by
R126,128 at IC10b. S2b selects
the output waveform, with IC10b
and its input resistors mixing the
components for the ramp and

sine waves and ensuring that all
waveforms have the same level.
The output of IC10b is the '+LFO'
signal, and this is inverted by
IC12a to give

The 'LEO MAN' output gives
the selected waveform at a level
controlled by the jostick y-axis.
RV7 is the joystick pot, acting as
potential divider fed by +LEO and
buffered by IC12b. Normal pots
have a low resistance remaining
between the wiper and the track
connection when at the end of
their travel - this 'end resistance'
would leave a small signal at LEO
MAN when the joystick was 'off',
and this could be a nuisance
when using extreme modulation
depths. RV8 introduces a small
amount of +LEO to the inverting
input of IC12b, allowing the resi-
dual signal to be cancelled out
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Figure 1. Circuit diagram of the Low Frequency Oscillator.
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and giving a very wide range of
modulation depth control. This is
also helped by using a log. pot. for
RV7 since joysticks only move the
wiper over a small section of the
track and making this the 'steep'
end of a log. pot. increases the
effect.

The regular and random LEO
waveforms are step -type func-
tions which change level abruptly
at the beginning of each cycle and
remain fixed until the next cycle
starts. They are produced by the
sample -and -hold circuit around
C19 and differ in the type of input
to the sample -and -hold (S/H).
The random waveform has the
output of the noise generator as
its source, producing a new ran-
dom voltage in the range ±2.5V
every cycle. The regular wave-
form is more complicated since
the source is periodic - a 20Hz
rampwave which is synchronised
to the main LEO. This is generated
by the oscillator around TR6,7
and C15. TR6 is a constant cur-
rent souce, linearly charging C15.
When the voltage on C15 reaches
+5V,TR7, a unijunction transistor,
turns on and discharges it to -10V
via R97, from where it begins to
charge again. With the regular
waveform output selected, S2a
connects C15 to IC10a, which
buffers the ramp wave signal.
TRIO is the S/H switch, normally
kept off by TR11 which holds its
gate negative. Upon the LEO
square wave going negative at the
beginning of a cycle, the pulse
from C18 turns TR11 off and TRIO
is allowed to conduct. C19
charges to the value of the input
signal, and at the end of the
sample period, which lasts about
1 ms, TRIO turns off again and
the charge on C19 is held until the
next sample. IC11 is FET-input
op -amp connected as a voltage
follower, buffering the voltage on
the capacitor. A low input bias
current device is necessary to
minimise the drain on C19,
achieving a low voltage 'droop'
between successive samplings.

The output of IC11 is fed to
IC10b where the S/H waveform
can be selected by SW2, with the
values of R114, R115 chosen to
produce a ±2.5V output signal
from the -10,+5V range of the
sampled voltage. With SW2 in the
'Random' position, the signal is
low pass filtered by R116,C20
which removes the burst of noise
that appears while the sample -
and -hold FET is on. Though this is
only lms long, it could break-
through into the audio chain
when using large modulation
depths of VCF cutoff frequency or
VCA amplitude.

The effect of sampling a con-
stant frequency rampwave at a
regular rate is to produce com-

plex repeating sequences of volt-
ages, the sequence length and
type being determined by the sam-
pling and sampled frequencies.
This is often used to produce note
sequences by modulating a VCO
with the sample -and -hold output,
but suffers from the disadvan-
tage that the slightest change in
sampling frequency or the fre-
quency of the sampled waveform
changes the effect. In practice
it is very difficult to get a precisely
repeating sequence, rather than
one which has a repetitive 'theme'
that steadily changes as a part of a
truly repeating sequence with a'
much longer period. In other
words, the results are often too
complex and uncontrollable to be
useful, and some method is
needed to restrict the S/H wave -

Triangle

Rectified / /
Ramp

//.//Ramp

Pulse

Pulse +
Sub -Octave
Square

Figure 2. Basic VCO waveforms.

form to shorter repeating
sequences. The Spectrum is uni-
que in providing this, and does
so by prematurely resetting
the rampwave oscillator if
it is near the end of its cycle
when sampling occurs. Referring
back to the LEO circuit diagram,
this is achieved by C17,R99
which couple pulses from the LEO
square wave to base 1 of TR7, the
unijunction transistor in the ramp -
wave generator. When the square
wave goes low, the reset threshold
of TR7 is effectively reduced by
about 1 volt, so if the voltage on
C15 is above +4V at this instant,
the ramp wave is reset early and
the sample -and -hold receives the
voltage at the start of the next
ramp cycle, i.e. -10V. The ramp -
wave generator then runs nor-
mally until the next time it falls
above +4V on a sample, where-
upon it is reset and the sequence
is repeated exactly. The time
taken for this to occur depends
upon the frequency ratio, but
since the synchronisation is quite
weak, sequences from very short
to quite long are easily obtained
and very long sequences are ter-
minated when the premature re-

set condition arises.
The LFO square wave is sent to

the envelope generator and
shaper separately from the wave-
form selector switch and modu-
lation routing, where it can be
used to gate the envelopes re-
peated ly.

VCO's and
Associated
Circuitry

The Voltage Controlled Oscil-
lators (VCO's) are the heart of the
analogue synthesiser, and to a
great extent determine the overall
quality of the instrument. In ex-
ponential synthesisers they must
be carefully designed to give an
accurate and temperature com-
pensated control scale; this nor-
mally makes them the most ex-
pensive sections and requires
complex setting up.

In most small synthesisers the
Voltage Controlled Filter is the
primary timbre -determining sec-
tion, with variations between de-
signs responsible for the charac-
teristic sounds of different in-
struments. The VCO's play a
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lesser part in tone forming, with a
limited choice of basic wave-
forms available to the player. The
Spectrum synthesiser incorpo-
rates design techniques never be-
fore used in an instrument of this
type to provide a very wide range
of different timbres from the
oscillator section by using the two
VCO's in combination.

A unique feature is the ability
of one oscillator to sound at har-
monics of the other oscillator only
- when used with the regular
and random LEO waveforms this
provides sequencer effects that
can be transposed from the key-
board. This and other applica-
tions present new musical possi-
bilities not previously open to
players of low-cost synthesisers.

Circuit
Figure 4 shows the circuit

diagram of the Voltage Control
Oscillators (VCO's) and noise gen-
erator, which together form the
source of audio signals for the
synthesis of all available sounds.
The oscillator control circuitry
and the sections that combine the
VCO signals by frequency modu-
lation, synchronisation, and ring
modulation are also included.

Each VCO uses the CEM 3340
IC, which is specifically designed
for this kind of application, allow-
ing a versatile and precise VCO to
be built with great improvements
in cost, component count and
specification over discreet de-
signs. The CEM 3340 was fully
described by Charles Blakey in
'IC's for Electromusic', E&MM
March '81, so except where its
usage in this design is unusual,
we shall not discuss it in great
depth here. The internal diagram
is shown in Figure 3. The device is
an exponential VCO with linear
FM, sync, and pulse width
control inputs. In Figure 5, IC15
and IC16 are the basis of VCO 1
and VCO2 respectively, and pin
15 of each is the exponential
control input. This is a virtual
earth summing node so each of
the required signals for VCO pitch
control are routed to this point via
a resistor whose value which de-
termines the control relationship
(the amount of pitch change for a
given voltage change). With the
scale trim presets correctly set,
100k gives the required keyboard
control relationship of 1V/Oc-
tave. the key CV signal is fed to
VCO1 and VCO2 via R162 and
R163 respectively, which are
100k 1% metal film resistors with
a temperature co -efficient of
100ppm/°C. The precision is not
important since the scale is trim-
med, but the low temperature co-
efficient is required to ensure that
the control relationship remains
constant with varying tempera-
ture. IC15 and IC16 are inter-
nally compensated for tempera-
ture changes, but stability of ex-
ternal control signals is just as
important where it affects control
scale.

The VCO CV interface socket
accepts an external voltage from
a device such as a sequencer for
additional precise control of the
VCO's. The voltage is buffered by
IC7b and fed to pin 15 of IC15 by
R147,R164 and RV21, and to pin
15 of IC16 by R148,R165 and
RV22. Though 100k 1% resistors
would give a control scale as
precise as that for the keyboard,
the external CV must match key
CV for scale exactly, so RV21 and
RV22 are included. S5, RV15,S7,
and R157-161 perform the modu-
lation routing for the VCO's. S5
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selects the source from among
the envelope generator, low fre-
quency oscillator, and noise gen-
erator, and RV15 controls the
depth of modulation from 0 to 5
octaves when controlling pitch. A
logarithmic pot. is used to provide
fine control at low modulation
depths. S7 selects the modula-
tion function from pulse width,
where at maximum depth the
range is 50%, either VCO, or
both VCO's simultaneously. The
'Off' position enables a modu-
lation effect to be preset and then
switched in when required.

The controller enables the joy-
stick or an external device to con-
trol either or both oscillator
pitches, pulse width, or filter cut-
off frequency with variable depth.
IC14a amplifies the voltage from
the wiper of RV13, the x-axis
joystick pot. With the controller
in/out socket unused, RV14 con-
trols the amount of joystick volt-
age modulating the function
selected by S6. The joystick volt-
age is available at the controller
socket for control of additional
equipment, or a foot pedal wired
as a variable resistance to earth
can be connected to control the
selected function. The joystick
voltage can be overridden by

patching in a voltage from an
external low -impedance output. A
signal from a high -impedance
output will be mixed with the
joystick voltage.

Each VCO has a range selector
switch which transposes the pitch
up or down over a total range of six
octaves. The voltages for the dif-
ferent ranges are provided by the
potential divider composed of
R133-138, RV9-12. S3 and S4,
the range switches, select OV for
64', 2.5V for 32', 5.0V for 16' and
so on to 12.5V for 2', the top
setting. The basic pitch for 64' is
set by the positions of RV17 for
VC01 and RV18 for VCO2, each of
which applies a fixed control volt-
age to its respective VCO control
input. The basic pitch for 32' is
then set by RV19 for VC01 and
RV20 for VCO2, with the rest of the
ranges having their own presets
in the potential divider. The selec-
ted voltages are not sent directly
to the VCO's but are buffered by
IC13. This prevents the currents
taken by R145, RV19 and R146,
RV20, from affecting the voltages
on the divider, which would other-
wise cause the position of the
range switch of one VCO to effect
the pitch of the other. C27 stores
the last selected voltage while S3,

which must be break -before -
make to avoid shorting out sec-
tions of the divider, is between
switch positions. On many syn-
thesisers, changing the oscillator
range causes a spurious pitch to
be generated, which often
appears as an annoying 'blip' if a
note is sounding. C27 maintains
the pitch during the changeover
and allows perfect octave switch-
ing while playing. C28 performs
the same function for VCO2, and
R141, R142 are included so that
upon either range being changed,
the charge currents of C27 and
C28 are kept low enough to eli-
minate any perceptible momen-
tary pitch drop due to drain on the
divider.

One special feature of the CEM
3340 is the linear frequency
modulation (FM) input, which
allows the frequency of the VCO to
be modulated by an audio fre-
quency signal for the creation of
new timbres. The current at this
input (pin 13) is multiplied by the
exponentiated pitch control volt-
age, so that a constant percen-
tage FM depth is maintained over
the range of the oscillator (see
'Advanced Music Synthesis',
E&MM March '81). This is ideal
for a keyboard -based synthesiser

such as the Spectrum, since it
allows a FM tone to be set up and
played from the keyboard in the
same way as a simple waveform.
S8 is the FM & Sync function
switch. In the 'FM' and 'FM + Sync
I' positions, the triangle output of
VC01, from IC19a, is fed to the
linear FM input of IC16. C36
removes the DC offset from the
triangle wave and is arranged with
R190 before S8 and RV28, the FM
Depth control, so that the depth
can be altered without the charge
on C36 changing and causing a
brief unwanted frequency shift.
The value of R183 has been
chosen to give just under ±100%
frequency modulation depth with
RV28 at maximum.

The CEM 3340 is equipped
with synchronisation inputs
which can be fed with pulses from
another VCO to lock the VCO's to
the same frequency. The 'hard
sync' input accepts positive and
negative going pulses which
cause the triangle wave to reverse
direction during its rising and
falling sections respectively. The
'soft sync.' input gives access to
the potential divider that pro-
duces the upper threshold volt-
age for the triangle wave, and by
applying negative pulses to this
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Figure 4. Circuit diagram of the VCO's and associated circuits.
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point the triangle wave is re-
versed at its upper peak when it
reaches the point at which the
input pulses cause the threshold
to drop below the level of the
waveform. Neither of these
methods provide true synchroni-
sation since this relies on the
waveform being reset to a fixed
point each time, rather than
merely reversing its direction.
The sync inputs provided do en-
able the waveform to be syn-
chronised to the frequency of the
input pulses, so strictly it is cor-
rect to call the effect synchroni-
sation, though 'hard' and 'soft'
normally refer to different de-
grees of the same effect, with
hard sync causing unconditional
reset of the waveform, and soft
sync causing reset if the wave-
form value at that time is in a
particular range, usually above a
certain level. The synchronisation
facilities provided on the CEM
3340 are unsuitable for the crea-
tion of new waveforms, the most
useful property of true sync, so
the Spectrum uses additional cir-
cuitry to achieve this.

The synchronisation circuit
appears in the bottom left hand
corner of Figure 4. S8b is the pole
of the FM & Sync Function switch
that controls this circuit. When
sync is off (in the 'Off' and 'FM'
positions) pin 13 of IC17d is held
low blocking the pulse wave from
VC01, the 'master' oscillator.
When sync is selected, the pulse
wave is inverted by the NAND
gate and the falling edges are dif-
ferentiated to give lOus wide
negative pulses that turn TR15
on. TR16 and TR17 are FET's that
provide a low resistance path
from C34, the integrator capaci-
tor of IC16, to the potential divi-
der R215,RV29,RV30 when either
gate is allowed to go high. With-
out sync selected, the FET's are
held off by R212 via D29 and D30.
With S8 in the 'Sync I' or 'FM +
Sync I' position, the gate of TR17
is connected to -15V holding it
off, but on each sync pulse R213
is allowed to turn on TR16, and
C34 discharges to the voltage set
by RV30. With Sync II selected
TR16 is held off and TR17 dis-
charges C34 to the voltage on the
wiper of RV29. Hence at the end
of each cycle of VC01, VCO2's
waveform is reset to one of two
positions depending on which
type of synchronisation is selec-
ted.

As can be seen from the inter-
nal diagram of the CEM 3340 the
voltage on the integrator capacitor
at pin 11 is buffered to drive the
comparator, triangle wave output,
and ramp wave shaping circuit.
The comparator switches the thres
hold and direction of the triangle
waveform when the selected
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Figure 5. Sync II.

threshold is reached. The buffer
produces an offset of about -1.6V
and since the comparator refers
to the output of the buffer, the
voltage on the capacitor ramps
between a pprox +1.6V and +6.6V.
RV30 is set to return the buf-
fered waveform to just below OV,
corresponding to about 1.6V on
its wiper. This makes sure that the
internal comparator is set to its
rising state by the waveform
crossing the lower threshold.
Hence Sync I causes the triangle
wave to begin an upward slope
from its minimum value at the
end of each VC01 cycle. Sync II
differs in that the triangle wave is
set to its midpoint and proceeds
in the same direction as before
the sync pulse, i.e. the compara-
tor state is unaffected. This
means that slight changes of fre-
quency that bring the VCO2 tri-
angle wave to a peak before the
sync pulse, where the sync pulse
previously caught the waveform
just before it reached the top,
cause discontinuities in the tone
and pitch of the sound. This is a
feature of the pitch quantizing
effect of Sync II, where the pitch
of VCO2 jumps from one har-
monic to the next as the control
voltage to VCO2 is increased. As a
result of the fact that alternate
sections of the waveform be-;
tween sync resets are inverted if
the sync occurs on alternate ris-
ing and falling slopes, there is an
inherent divide -by -two so the har-

monics generated are really those
of the sub -octave of VC01. Figure
5 shows some examples of Sync II
waveforms, those between the
second and third harmonics of
the sub -octave of VC01. Note that
as the rate of VCO2 is increased
harmonics of the VC01 funda-
mental increase in amplitude un-
til the period is suddenly doubled
with the introduction of the sub -
octave component and from
there on the harmonics diminish
until the triangle wave is re-
stored at a higher frequency.

Sync I produces a smooth
change in timbre as VCO2 is
swept, since each time sync reset
occurs, the cycle starts in the
same way. This makes it more
useful for timbre modulation,
whereas Sync II is best for pitch
effects. One of the simplest uses
is to generate the effect of a full -
wave rectified ramp wave which
can be modulated from a com-
plete ramp to a triangle wave from
the triangle output. On other syn-
thesisers this is accompanied by
a volume change, the triangle
wave being half the amplitude of
the rampwave, but with synchro-
nisation the level remains fixed
over the range, and of course the
,waveform shape can be swept
much further in both directions.
As the rate of VCO2 is decreased,
a diminishing rampwave is pro-
duced giving a new method of
amplitude modulation. As it is in-
creased, the band of accentuated

harmonics sweeps up the spec-
trum. Figure 6 shows some Sync I
waveforms obtained from the tri-
angle output with different rela-
tionships between the rates of the
two VCO's.

So far we have only considered
hard synchronisation, where the
VCO2 cycle is restarted on every
cycle of VCO. This gives the out-
put of VCO2 the same period as
that of VC01, or in some cases of
Sync II, double that. If the natural
frequency of VCO2 is adjusted to
a multiple of the VC01 frequency,
it will produce its natural wave-
form though beating effects are
eliminated and a slight change of
either frequency will introduce
components of the VC01 wave-
form into VCO2's output revealing
the true period. Soft synchronisa-
tion causes reset only if VCO2 is
past a particular point in its cycle
and enables the pitches to be
locked in musical intervals cor-
responding to fractional fre-
quency ratios such as 3:2 (a
perfect fifth), 4:3 (a perfect
fourth) and 5:4 (a major third).
Conventional discreet rampwave
oscillators achieve soft sync by
putting pulses on the ramp's
upper threshold in the same way
as the Spectrum LFO produces its
regular S/H waveform. The Spec-
trum VCO's use a more advanced
method which allows precise
sync in ratios as low as 500:499
for example, where the VCO2
waveform is reset once every 500
cycles. Such weak synchronisa-
tion is heard as a series of clicks
rather than an actual change of
VCO2's pitch, but intermediate
settings can give complex wave-
forms suitable for imitating many
elusive sounds with complex har-
monics such as those of engines,
creaking doors etc. The synchro-
nisation control in the FM & Sync
section varies the depth of Sync I
or II from zero (equivalent to no
sync selected by the function
switch) through increasing
depths of soft sync to hard sync at
the maximum setting.

The Synchronisation control
uses the pulse wave facility of the
CEM 3340 to inhibit reset until the
rampwave of VCO2 has passed a
certain point in its cycle. Ref-
erence to Figure 3 shows that the
pulse wave is normally derived
from the rampwave by comparing
it with the voltage at pin 5, the
pulse width modulation input.
The output at pin 4 is an open
NPN emitter, which is high while
the ramp waveform is below the
PW control voltage. This output is
connected to the junction of
R210,R211 in the base circuit of
TR15 so for the first portion of
VCO2's cycle the TR15 is held off
and the sync pulses are pre-
vented from resetting the cycle.
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The proportion of the cycle for
which sync reset is inhibited is
determined by the setting of
RV26, the Synchronisation con-
trol, which supplies a variable
voltage to the PW control input.
With the synchronisation control
at 0 (>5V at pin 5) no sync reset can
occur. At 10 (OV at pin 5) the PW
output at pin 4 has no effect and
every sync pulse causes reset
(hard sync).

Figure 7 illustrates an ex-
ample of how soft synchronisa-
tion (using Sync II) locks
the pitch of the slave VCO
(VCO2) in a musical interval
with that of the master VCO
(VC01), in this case a fourth (a
frequency ratio of 4:3). The sync
pulses and waveform at the base
of TR15 include positive going
pulses (produced by the rising
edges of the pulse wave) but
these have no effect on circuit
operation so are omitted for sim-
plicity. Without the synchronisa-
tion operating, the ratio of the
VCO frequencies would be 39:30,
a flat 'perfect' fourth. The dotted
line shown against the VCO2
ramp wave represents the level at
the PW control input of IC15, pin
5, and corresponds to a setting of
3 on the Synchronization control.
While the ramp is below this level
the base of TR15 is held high,
blocking the sync pulses. The
phase of the higher frequency
VCO2 waveform advances until a
sync pulse coincides with the
portion of the ramp above the
dotted line, and the VCO2 wave-
form is reset to zero (point 'A').
This brings the ramps into phase,
and until the sync pulse is again
successful (point 'C'), VCO2 runs
freely. Though the fourth above
VC01's pitch is heard clearly in
the output of VCO2, the actual
pitch of VCO2 is two octaves
below this, at the lowest common
denominator of the two frequen-
cies. In practice this can be eli-
minated by tuning VCO up until
a near perfect triangle or ramp is
produced, with the sync pulses
just catching the end of each
fourth cycle, but since the extra
components form a third note at
the root of the chord it is often left
in to produce richer sounds.

When using soft synchronisa-
tion, the PW output of IC16 turns
TR15 off as soon as the reset
takes the ramp waveform below
the voltage on the wiper of the
sync control (the dotted line).
This would cause the new cycle to
begin at some point above OV (or
with Sync II above 2.5V) depend-
ing on the point it was at
before the sync pulse. C38 is
included to keep the FET on for a
short time after the reset turns
TR15 off, ensuring that C34
discharges to the voltage on the

Figure 6. Sync I.

potential divider.
The pulse wave output of

VC01 is variable from 0 to 50% by
the Pulse Width control and from
0 to 100% with modulation. IC14b
sums the voltages from the PW
control, modulation routing and
controller. The output is low-pass
filtered by R180,C28 before being
fed to the PW control input of
IC15. This is to prevent stray
feedback from the pulse output
causing a fast burst of pulses on
the falling edge which would con-
fuse the sub -octave generator.
C29 performs the same function
on IC16, preventing spurious syn-
chronisation pulses. The pulse
output at pin 4 of IC15 is pulled
down by R187 (being an open
NPN emitter). The waveform is
sharpened up by IC17a, a Schmitt
NAND gate connected as an in-
verter, and used to clock the flip-
flop IC18a. This produces a

square wave of half the fre-
quency, which is mixed with the

pulse wave to give the sub -octave
waveform.

The flip flop input would oscil-
late with the slow edges of the raw
pulse output of IC15, so the
schmitt gate is necessary for
proper division.

The pulse output of IC15 is the
source for the synchronisation
circuit, so the sync effect can be
turned on and off by modulating
the PW through 0%. Hence, for
example, the joystick can be used
to bring in parallel harmonies or
the free phase sound of unison
oscillators could be introduced by
the envelope generator as a note
decays.

The VCO2 pulse is derived
from the rampwave by IC17b.
RV27 allows its width to be set
between 0 and 65% at the setting
up stage. VCO2's sub -octave
waveform is generated by IC18b.

The ramp wave outputs of
IC15 and IC16 are used directly
and the triangle wave outputs are

VC01 Ramp

Sync. Pulses

Base of
TR15

////////
VCO2

Ramp/7Output77
VCO2
Triangle
Output

Figure 7. Soft synchronisation.

buffered by IC19a and b respec-
tively. The half -way rectified ramp
waveforms are produced by mix-
ing the triangle and ramp waves
in equal proportions. S9 and S10
are the waveform selector
switches for the two oscillators,
and connect to a virtual earth
summing node in the VCF circuit.
R195-208 are chosen to give
equal peak amplitudes for the
different waveforms.

The two sub -octave square
waves are NAND-ed to provide
the drive to the tuning LED. When
the waveforms are out -of -phase,
the output is high and the LED off.
Advancing phase difference due
to slightly different frequencies
produces a pulse wave that varies
from 100 to 50% width, displaying
the beats as fluctuating LED
brightness.

The ring modulator is based
around IC20 and processes the
pulse wave of VC01 and the
triangle wave of VCO2 to produce
complex non -harmonic sounds. It
functions in a similar way to the
ramp wave shaper of the Spec-
trum LEO by inverting the triangle
wave about its midpoint when the
pulse wave is high, and leaving it
unchanged when low. This consti-
tutes four quadrant multiplica-
tion of the value of the triangle
wave by the value of the pulse
wave (-1 or +1). When the pulse
output is low Tr12 is off and the
triangle wave is inverted with a
gain of 2 by IC20a. The output is
mixed with the original triangle
wave of half the amplitude and
opposite phase by IC20b. With
the pulse output high the collec-
tor of TR12 is at -15V and the
output of IC20a is positive. This
reverse biases D32, and no signal
reaches IC20b via R221. The
original triangle wave is inverted
by IC20b and shifted by the
current through R220. The output
of IC20b is the required product.

I he noise generator is quite
conventional, using the thermal
noise of a semiconductor junc-
tion as a source. TR14 amplifies
the noise on the emitter of TR13
to about 4mV p -p, which is
boosted to +2.5V by IC21. RV31
mixes the noise and RM signals
and RV32 controls the amount
sent to the VCF section. The noise
signal is also sent to the LEO
and modulation routing sections.

Part 4 will describe the re-
mainder of the circuits, including
the VCF, VCA's and Envelope
Generators.

Since the Spectrum article be-
gan, we have had many enquiries
from readers wishing to begin
construction immediately. We
strongly advise waiting until Part
5 is published, by which time the
main parts list and full construc-
tion details will have appeared.

E&MM
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OOLLO 1
8022

RADIO CASSETTE RECORDER
VARIABLE MONITOR SYSTEM

1311111VIIIIC.

88 92 100 iO4 106 108 R to
64 00 50 CIO Ira.
100100

Apollo I. Its sound quality is as outstanding as its looks. (And makes the price sound ridiculous.)

Three waveband radio and cassette
recorder (battery/mains).

Only
BIG SET QUALITY

Big set sound quality from a portable radio/
cassette recorder?
That's the remarkable achievement of the Apollo
I. It really does have the rich tonal quality you'd
only expect in an expensive home unit. On radio or
cassette, reproduction is crystal clear even at full
volume and over the whole of the tone range. The
band change switch gives you the choice of FM,
Medium or long wave and a big tuning control
provides you with sensitive station tuning, helped
by very clear and legible dial markings.

BIG FUNCTION RANGE

plus £2.95 p & p

EXTRA 'EXTRAS' 
Apollo I has many features you'd hardly expect if it
was twice the price. For example: automatic
volume control on the built-in microphone, ear-
phone monitoring of recordings, battery or mains
operation, provision for remote control, etc.

Remarkable, too, is the Apollo I's range of SENSATIONAL VALUE
functions. In addition to the three band radio and
cassette playing capability, it lets you record Most remarkable thing about Apollo I, though, has
direct from the radio, record through the built-in to be its price. Any multi -function set would be
condenser microphone, record through an extremely good value for this kind of money. But
external microphone (not included), and play the Apollo, with so many 'extras' and such superb
yourself to sleep with taped music that switches quality reproduction, is an absolute bargain.
off automatically. Guaranteed for 12 months.

Exceptional sound quality Battery/
mains operation Sensitive tuning
Push button recorder Built-in
microphone Tone control Auto
recording level control lb Auto stop
Sleep function switch Earphone
Sockets for external microphone and
remote control.
DATA
Output 2W (max), Power consumption 8W, Speaker 4in, 4ohm,
Dimensions 11V2in x 8in x 3S4in (approx), Weight 51b.

Credit card holders may telephone (0536) 522024 24 hours a
day stating card number for immediate attention.

AIITRAD
68-70 High Street, Kettering,
Northants. NNI6 8SY.
Tel. (0536) 522024

r
To Mitrad, 68-70 High Street, Kettering, Northants.

Please send me Apollo I radio/cassette recorder at
£19.95 plus £2.95 p & p (£22.90)

Total value of my order £

I enclose cheque/PO made payable to Mitrad. Or debit my

Access/Barclaycard No

Signature

Name

Address

AvymvpiymymymymvpoitmvpirA Allow up to 28 days for delivery. Full rieBudK
LETTERS

Ls.alisfied. Registered in England No 2554356 Code: ow/him
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NATINgE Of(QvaN
A complete electronic
organ to build at low cost

PART 3: Construction of
the Power Supply Unit
and Main PCB

In this part we shall describe
how to make the other two printed
circuit boards in the Matinee: the
power supply and the main PCB.
Once these are complete, there
are only 40 to 50 wires to be
connected and the electronic
construction is finished. First we
shall look at the power supply
which drives the whole organ.

Power Supply
Construction

Fit the twelve Veropins in the
positions marked by the large
circles around the holes on the
PCB. Push the pins firmly into the
PCB from the track side and
solder them. Insert the resistors,
capacitors, presets and bridge
rectifiers referring to the parts list
and legend on the PCB. Ensure
that C1,2,3,7,8 and BR1 and 2 are
put in the right way round. The
five capacitors have an indent
around one end of the body and
this is the positive end. Solder all
these parts to the PCB. Do not
mount the regulators at this
stage.

The power supply unit (PSU)
bracket should now be made as
shown in Figure 11. This is sup-
plied ready-made in the kit but
may be bought as a separate
item. Cut about 10cm off the
piece of 32 -strand brown wire and
strip a piece of sheath off each
end. Twist the strands tightly
together at each end, apply the
soldering iron and quickly run
solder onto the strands to hold
them together. All the wires used
in the Matinee should be pre-
pared first in this way.

With no fuse in the fuseholder,
wrap one end of the brown wire
around the end tag and solder. Fit
the fuseholder to the PSU
bracket, then fit the grommet in
the end hole as shown in the
photograph. Take the piece of
two -core mains cable and strip off

about 10cm of the outer sheath.
Strip and tin the blue and brown
wires as described earlier then
push the cable through the grom-
met and solder the brown wire to
the other tag on the fuseholder.

Cut two 30cm lengths off the
32 -strand green wire and 20cm
off the black, blue, brown, red and
white wires. With reference to
Figures 12 and 13 connect and
solder the two green wires to the
tag marked 'SCR' on the trans-
former and the other five wires to
the five tags on the other side of
the transformer. Bolt the trans-
former to the PSU bracket using
4BA nuts, bolts and washers as
shown in the photograph.

Take one of the green wires
out of the bracket through the
grommet then solder the blue
wire from the mains cable to the
tag marked '0' next to 'SCR' on the
transformer. Solder the brown
wire from the fuseholder to the
tag marked '240' on the trans-
former. Twist the two wires from
the 0 and 22V tags together and
twist the other three wires to-
gether.

Fit the three regulators to the
PCB; note that the type numbers
are very similar, so take care to fit
the right one in the right position.
(The pin out details are shown in
Figure 14). The leads of the regu-
lators have to be bent at 90° (see

Completed power supply unit.

PSU circuit board mounted on bracket.
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MATINEE
PSU E&MM

0

Figure 9. Power supply circuit board.
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Figure 10. PSU PCB component layout.
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Figure 11. PSU mounting bracket.
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FS1

TO MAINS
SWITCH
Sal

MAINS
IN

TERMINAL
BLOCK

Figure 12. Transformer primary wiring.

BRN

Figure 13. Transformer secondary wiring.

'Figure 15) then soldered to the
PCB so that the holes in the metal
tabs are directly above the holes
in the PCB. The metal back of the
regulator needs to be about 2mm
from the board. Smear the mica
washers with Thermpath or any
silicone grease, then fix the PCB
and regulators to the PSU bracket
as shown in Figure 15. Bolt the
PCB to the PSU bracket using two
6BA nuts, bolts and washers in
the two outer holes. One of these
bolts connects the OV on the PCB
to the chassis.

Connect the green wire from
'Scr' on the transformer to the
top left-hand pin on the PCB. Note
that the white wire from the other
side of the transformer also con-
nects to this pin. Connect the
other four wires as shown in
Figure 13. Finally strip and pre-
pare one end of the remaining
piece of each colour of the 32 -
strand wire and connect to the re-
maining seven pins on the PCB as
shown in Figure 16.

Now check all the connec-
tions, referring to the diagrams.
Ensure that no strands of wire are
sticking out anywhere. It is most
important that all wires are con-
nected as described. Do not at-
tempt to cut down on the num-
bers of wires by connecting OV
points together. All the wires

shown are essential. It is equally
important not to add additional
wires. Do not link OV points to-
gether unless the diagrams show
that a wire is fitted there. It is
particularly important to note that
the two points marked 'OV' on the
secondary of the transformer
must not under any circum-
stances be connected together.

We have deliberately designed
the PSU bracket so that the con-
nections to the transformer pri-
mary and the fuseholder are
rather inaccessible. All the dan-
gerous voltages in the PSU are in
this area and although this unit
will normally be inside the organ
cabinet and out of the way, whilst
testing is in progress it will be
accessible and we have therefore
taken precautions. Using the
folded PSU bracket, all the tags at
mains potential are both tucked
away and close to the earthed
chassis.

Power Supply
Circuit

The circuit shown in Figure 16
operates as follows. Mains (live
and neutral) via the mains switch
S37 are connected to the primary
of T1 which is protected by a 1
amp fuse (FS1). The transformer
has two secondaries, isolated

from the primary by an electro-
static screen.

One secondary is 22V AC that
is full -wave rectified by BR1 and
smoothed by Cl. This produces
approximately 30V, DC. An un-
regulated output from here sup-
plies the audio power amplifier on
the main PCB, and the input to
REG 1 is also taken from this
point. REG 1 is a 15V, fixed
voltage regulator and C4 is pro-
vided to inhibit high frequency
oscillation and promote stability.
This 15V supply is used in the
reverberation spring driver circuit
on the main PCB.

The other winding on the
transformer provides an 18V, AC
centre -tapped supply. The 18V is
full -wave rectified by BR2 and the
positive output is smoothed by C2

and fed to REG 2. This is a

variable, positive -voltage regula-
tor whose output voltage is set by
the voltage on its control pin, this
can be adjusted by RV1 whose
range is limited by R1 and R2. The
+6V output is smoothed and
stabilised by capacitors C5 and
C7.

The negative output of BR2 is
smoothed by C3 and fed into REG
3. This is a variable, negative
voltage regulator, otherwise simi-
lar to REG 2. Its voltage is ad-
justed by RV2 and R3 and R4 limit
the range. C6 and C8 smooth and
stabilise the -6V output. The 6-0-
6V output from the PSU form the
main voltage rails for the organ,
driving the vast majority of the
circuits on the main PCB.

POWER SUPPLY PARTS LIST
Resistors - all 5% 1/2W carbon unless specified.
RI 820R
R2 4k7
R3 2k7
R4 5k6
RV1,2 Hor. S -min. preset 1k0

Capacitors
Cl
C2,3
C4,5,6
C7.8

2200uF 40V axial elect.
4700uF 25V axial elect.
100nF ceramic disc
470u F 10V axial elect.

Semiconductors
BR1 SO4 bridge rectifier
BR2 S005 bridge rectifier
REG 1 uA7815UC
REG 2 uA78GU1C
REG 3 uA79GU1C

Miscellaneous
Ti Transformer, 0.240V prim., 9-0-9V,

0-22V secs., 2A
DPST Neon rocker switch
1A fuse, 20mm
Minicon 6 -way latching socket housing
Minicon 5 -way latching socket housing
Minicon socket terminal
Safuseholder 20mm
PSU PCB
Mounting kit
Veropin 2141
PSU bracket
3 -Way 5A terminal block
Grommet, small (36in.)
13A Mains plug
Thermpath small
2 -Core 3A mains cable
3 -Core 3A mains cable
32/0-2 wire black
32/0-2 wire blue
32/0-2 wire brown
32/0-2 wire green
32/0.2 wire red
32/0.2 wire white
32/0.2 wire green/yellow
Woodscrew No. 4 x
6BA, '/ in. nylon bolt
6BA nylon nut
6BA, 'kin. bolt
6BA nut
Shakeproof washer
4BA, lin. bolt
4BA nut
4BA shakeproof washer

S37
FS1
SK5
SK8

(M820R)
(M4K7)
(M2K7)
(M5K6)

2off (WR55K)

(FB91Y)
2 off (FB96E)
3off (8X03D)
2off (1671N)

(QL1OL)
(QL09K)
(QL33L)
(WQ79L)
(WQ94C)

(YKO3D)
(YR7OM)
(WRO3D)
(BH65V)
(BH66W)

11 off (YW25C)
(RX96E)
(GA18U)

3off (WR23A)
12 off (FL21X)

(YKO4E)
(HF018)
(FW59P)
(RW67X)
(HQ00A)

3m (XROOA)
3m (XR02C)
2m (XR32K)
2m (XR33L)
2m (XR34M)
3m (XR35Q)
2m (XR36P)
2m (XR37S)
2m (XR38R)
2 off
3off (BF75S)
3off (BF80B)
2off (BF12N)
2 off (BF18U)
2 off (BF26D)
4off (BF04E)
4off (BF17T)
4 off (BF25C)

All the parts listed above are included in the kit available from Maplin Electronic
Supplies Ltd.

Please note that buying all the parts separately will be considerably more expensive
than buying it at the special kit price.
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Figure 14. Regulators (viewed from above).
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Figure 15. Mounting the regulators.

Main PCB
Construction

Well over 90% of the circuits
and components in the Matinee
are located on the main PCB. This
very large board measures over
3ft by 10in and has track on both
sides. The board is printed with a
solder resist which will help con-
structors keep solder off parts
that should not be soldered. The
component side of the PCB,
which we shall call the topside,
has most of the component desig-
nations marked on it and the
switch side, which we shall call
the underside, has a few switch
designations and many pin
circles marked on it.

In many places the track on

one side of the PCB has to be
connected through the board to
the track on the other side. The
board could have been made with
plated -through holes but this is a
very expensive process unless
the board is manufactured in vast
quantities. This board would have
cost over £30 more than it does,
had it used plated -through holes.
In our case the tracks have to be
linked with track pins. These pins
are supplied in strips and are
inserted from the underside as
shown in Figure 17. After snap-
ping off the strip (17b) push the
pin firmly into the PCB. Insert ten
pins, then solder on both sides. By
inserting and soldering in batches
of ten a balance is achieved
between constantly changing
jobs and doing so many at once

COMPONENT
SIDE

SWITCH
SIDE

INSERT
FIRST
PIN

la

SOLDER
BOTH
SIDES

Ibl

PCB

Figure 17. Fitting track pins.
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Figure 16. Circuit diagram of the power supply.
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that one pin somewhere misses
being soldered. The positions for
all the track pins are marked
with circles on the PCB.

A few holes are marked on the
underside of the PCB with little
squares. Veropins are fitted in
these holes. Ensure that they are
pushed firmly into the PCB then
solder on the underside only. Four
Veropins have to be put in the
PCB from the topside. Again they
are marked on the PCB with little
squares, but are soldered on the
topside only.

We are now ready to start
fitting the components to the
PCB. It is advisable at this stage to
sort out all the components, first
to check against the master com-
ponent list (supplied with the kit)
that you have received the correct
quantities of all the parts, and
second, to help as a double-check
that you have put the correct
parts in the correct places. The
resistors are the most difficult
things to sort, but this may be
speeded up by sorting first into
piles of resistors having the same
colour third band. This is the
band next to the gold tolerance
band that is on one end of every
resistor. Before you start, make
sure that you can differentiate
between the gold, yellow and
orange colours printed on the
resistors. An identification chart
is supplied with the kit to make it
as easy as possible for you.

All the following components
are fitted to the topside of the PCB
and soldered underneath unless
stated. Fit all the resistors,
double-checking continually that
you are putting the right values in
the right places. Fit all the diodes
ensuring that the end with the
band around the body or, if there
are several bands, the end with
the thicker band, is inserted next
to the '+' marked on the PCB.

Next fit all the capacitors. The
tantalum types have a'+' marked
on the body above one lead and
are inserted so that this lead is
next to the '+' on the PCB.

The electrolytics are fitted so
that the lead at the end havingthe
identation around the body is next
to the '+' on the PCB.

Figure 18. Fitting chokes.

Figure 19. Latchswitch assembly.

Tablet rockers and slide pots on main PCB.

Topside of the main PCB.

26

The transistors all look very
much alike so make sure you
have sorted them correctly before
starting to fit them. It is most im-
portant particularly with the
BC212L's that, when viewed from
above, the D -shaped top of the
transistor corresponds with the
'D' shape printed on the PCB. This
may necessitate bendi ng the cen-
tre lead of the BC212Lforwards or
backwards to suit.

Fit the four integrated circuit
sockets in the positions marked
ICI, IC4, IC24 and IC44. Solder
chokes L2 and L3 to the PCB, then
bolt the rest of the chokes to the
PCB as shown in Figure 18. The
two flying -leads must be soldered
to the adjacent Veropins but it
does not matter which lead is
connected to which pin. Fit the
presets, then mount the tablet
rocker -switches. The two on the
right are red, the two on the left
are grey and the centre one is
orange.

Assembling The
Switch -Banks

There are three switch -banks
to make up: a 16 -way; a 9 -way and
a 5 -way. First, assemble the 16 -
way bracket. Hold the bracket as
shown in Figure 19 and place a 4 -
pole latchswitch (12 tags on each
side) in the extreme left-hand
position with the printed circuit
tags downwards and the solder
tags upwards. Bend over three of
the four lugs on the mounting
frame (leave the front -left one) to
hold the switch in position. Fit
another 4 -pole latchswitch in the
next position in the same way,
then slide the 15 -way return bar
into the frame so that the bent -up
lug slides into the slot in the side
of this switch. Now fit a further 13
identical switches. Before fitting
the last switch, carefully press the
return spring between the two
plastic mouldings as shown in
Figure 19. After fitting th is switch,
carefully lift the rear of the detent
spring with a small screwdriver
and hook it over the left-hand side
of the switch. Do not remove the
detent spring altogether. Repeat
this on all the switches except the
extreme left-hand switch.

Test the switchbank. Press
any one of the right-hand fifteen
switches. It should lock in and at
the same time release any other
of these fifteen switches pre-
viously pressed. Check all fifteen
switches. The extreme left-hand
switch however, should lock in
when pressed once and release
when pressed again without
affecting, or being affected by,
any other switch in the bank.

The 5 -way switch bank does
not require a return bar or return
spring; each switch locks and re -
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leases independently. Fit two 2 -
pole latchswitches (6 tags on
each side) to the left of the
bracket and 4 -pole latchswitches
in the three positions to the right.
Do not move the detent spring on
these switches.

Assemble the 9 -way switch
bank with a 4 -pole switch in the
most left-hand position, then a 6 -
pole switch (18 tags on each
side), then a 2 -pole switch, then
another 2 -pole switch. Now slide
in the 6 -way return bar and con-
tinue fitting the switches; a 6 -pole
next and then four 2 -pole
switches. On the most right-hand
switch, fit the return spring as be-
fore. Move the detent springs to
the left on the six most right-hand
switches then test the switch -
bank. These six switches should
interlock whilst the other three
should lock and release inde-
pendently.

The three assemblies should
now be carefully fitted to the PCB
ensuring that all the pins seat
tightly down on the PCB. These
switchbanks mount on the un-
derside of the PCB and are sold-
ered on the topside.

Completing the
Main PCB

Remove the slide -pots from
the drawbar assemblies and fit
the pots to the PCB. Ensure that
they seat tightly on the PCB and
are perfectly upright when solder-
i ng.

The pot. mounting bracket
should now be made as shown in
Figure 20. This is supplied ready-
made in the kit but can be bought
separately. Fit the three rotary
pots to the pot mounting bracket
with the tags down and the
spindles on the same side as the
feet. The dual -gang pot mounts in
the centre, the 10k log above the
larger foot and the 470k lin above
the smaller foot.

Cut twelve pieces of hook-up

Figure 20. Pot mounting bracket.

E&MM MAY 1981

16 -way switch assembly on main PCB.

wire (7 -strand) each 36mm long
and strip 10mm of sheath off
each end, so that the insulated
piece is 16mm long. Solder one
piece to each of the twelve tags on
the three pots. Bolt the bracket to
the PCB using 6BA nuts, bolts and
shakeproof washers through the
two end holes. Connect the twelve
wires to the twelve pins on the
PCB. Each pin is directly beneath
the tag on the pot to which it is to
be linked.

Fit IC16 and align it so that the
hole in the tab is directly above
the remaining hole on the pot
bracket. Smear the back of the IC
with Thermpath or any silicone

Underside of the main PCB (the piece of screened cable is held down with a quickstick pad, but on your PCB
provision is made for two Tie -Wraps).

Pot mounting bracket from the front.

Pot mounting bracket from the rear.
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grease then bolt down using a
6BA nut, bolt and shakeproof
washer. Note that no mounting kit
is required with this IC.

Fit IC38 noting that no heat -
sink is required. Now solder the
rest of the ICs to the PCB. At this
stage, do not unpack the four ICs
that plug in the IC holders. Finally,
fix the nine plugs to the PCB
taking care to ensure that they are
the right way round as shown on
the legend and in the photo-
graphs.

One connection now has to be
made on the underside of the PCB
by a piece of screened cable.
Each end of the cable is con-
nected to one of the pairs of pins
on the underside of the PCB as
shown on the legend and in Figure
21.

We shall describe the rest of
the interwiring of the Matinee in
Part 4 but for experienced con-
structors we include in this issue
the interwiring diagrams, Figures
22 and 23, so that virtually all the
construction may be completed
in one go if desired.

Banjo Repeat
Circuit

The Banjo Repeat Circuit is
part of the upper manual circuit,
and is shown in Figure 24.

The input to the banjo en -

STRIP BACK
OUTER SLEEVE,

PULL ASIDE SCREEN
TWIST INTO A

POINT &TIN END

STRIP BACK CORE
INSULATION & TIN
WIRES

Figure 21. Screened cable connections.

BANJO REPEAT CIRCUIT PARTS LIST
Resistors - all 5% 1,3W carbon unless specified
R384,515 100k 2 off (M100K)
R385 386,389,391,392 1k0 5 off (M1K0)
R387 1k2 (M1K2)
R388 5k6 (M5K6)
R390 33k (M33K)
R393 22k (M22K)
R394,395 10k 2 off (M10K)
RV33 Drawbar, green, 22k lin (BR99H)

Capacitors
C129,131 100nF polycarbonate 2 off (WW41U)
C130 luF 63V axial elect. (FB12N)
C132 470nF 35V tantalum (WW58N)

Semiconductors
0139 1N4148 (QL8OH)
TR4O BC327 (QB66W)
TR41,43 BC548 2 off (QB73Q)
TR42 T1S43 (QL19V)

VIEW FROM REAR OF PEDALBOARD

15
14
13
12
11
10

5

7th

MINOR

2

3

TO PL1

TO PL2

Figure 23. Pedalboard wiring.
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7
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S36

SWELL PEDAL
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LINE

P

R604
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BAN N

5 4

60 2

70@
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47R
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Figure 22. Interwiring.
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R384
100k

R386
1k

mom 0129
100n

KPS BUFFER

R395

10k

R385
1k

BC327
D139
1N4148

TIS43
R389 TR42
1k

I

R387 R390
1k2 33k

TR41
BC 548

(=i C130
1uF

R391
1k

C131
100n

R392
1k

+6V

BC548
TR43

R515
100k

R393
22k

R394
10k

1.11. C132
470e

RV33

22k
D/BAR

BANJO
REPEAT

/OFF

R388
5k6

6v

Figure 24. Banjo repeat circuit diagram.

velope shaper goes via the banjo
repeat circuit and is triggered by
TR43 under the control of the
unijunction oscillator TR42. The

rate of oscillation depends on the
charge on C130 and this is deter-
mined by the setting of the banjo
repeat rate drawbar. The range of

C138
PRESET
VOICES

CCT

this drawbar is from no repeat to
about twenty repeats per second.
When a key is depressed KPS
goes negative and TR41 turns off.

C130 now begins to charge via
R386, R387 and R390. TR40 is
momentarily switched on and
forces C130 to charge more
quickly through D139 and R389
allowing the oscillation to begin.
Otherwise there would be a

noticeable decay before the first
note was heard after a key had
been pressed. The oscillator is
now under the control of C130,
R386, R387, R390 and RV33. If
RV33 is off then TR42 fires just
once because of the pulse from
TR40, but is then held just off by
the values of the resistances in
the normal charging chain. The
output of the preset voices VCA
goes to the effects volume draw-
bar: RV17.

The preset voice cancel switch
SW27, in addition to inhibiting the
control voltage to the upper
manual organ voices when a pre-
set voice is selected, also pre-
vents the preset voices VCA from
operating when SW27 is operated
i.e. when no preset voice is
selected.

In Part 4, we shall describe the
interwiring, and setting -up of the
electronics. We shall also des-
cribe the pedalboard circuits and
begin to describe the circuits of
the lower manual and rhythm
generator.

E&MM

VOLTAGE REGULATORS
Available in 5V, 12V & 15V-
versmns
78L series 100mA pos. 26p
79L series 100mA neg. 60p
78 series 1A pos. 52p

LM317T adjustable 1.2V -37V 1.54 £1.80_

RECTIFIERS TRANSISTORS
IN4VVI IA/OUV 41,
1 N4004 1A/400V 6p
1 N5401 3A/50V 8p
1 N5404 3A/

400V 10p
1A 50v Bridge 19p
1A 400v Bridge 22p
3A 50V Bridge 48p
3A 400V Bridge 58p
(Bridge rectifiers are
miniature PCB
mounting types/

4001
4002
4007
4011
4012
4013
4015
4016
4017

18p
18p
17p
19p
17p
38p
75p
35p
70p

BC182
BC182L
BC212
BC212L
BC337
BFY50
TIP314
TIP32A
2N3055
2N3442
2N3819

CMOS
4019
4023
4025
4026
4027
4028
4040
4049
4050
4060

42p
22p
21p

1'1.30
40p
50p
80p
38p
40p

/1.08

8p
Bp
8p
9p
9p

16p
20p
40p
40p
45p
90p
20p

4069 19p
4070 19p
4071 18p
4077 26p
4081 20p
4093 54p
4501 24p
4511 90p
4514 /1.80
4516 f1.80

D.I.I.I.C.SOCKETS
8 pin 8p 24 pin 20p

14 pin 12p 28 pin 25p
16 pin 14p 40 pin 36p
18 pin 17p Soldercon Pins 50p/100

TRIACS
400V Plastic Case (Texas)

3A TIC206D
8A TIC226D
12A TIC236D
16A TIC2460
25A TIC263D

6A with trigger 04006LT
8A isolated tab TXAL226B
Diac
MOC3020 0 6A/400V opto isolated

Triac

49p
58p
80p
95p

190p
80p
65p
18p

/1.10

MINI
TRANSFORMERS

Standard mains
primaries 240V a c
100mA secondaries
6-0-6V 80p
9-0-9V 85p
12-0-12V 90p

RESISTORS
'4W 10 ohm -10M,
E12 series
Pack of 10
(one value) 10p
10 Packs
110 values) 80p

LEDs

0.1" Red 9p
0 1" Green 12p
0.1" Yellow 12p
0.2" Red 9p
02" Green 12p
02" Yellow 12p
0.2"" clips 3p
Reel Red 16p
Rect. Green 16p
Rea Yellow 16p
Flat Race Rect.
Triangular. Arrow-
head. Square
Red 17p
Green 20p
Rec Yellow 20p

ZENER DIODES
400mW3

3V -30V 8p
1 3W/5 -27V 15p

DISPLAYS
DL304 Red 03" c c. pin

compatible with DL704 75p
DL307 Red 0.3" c a pin

compatible with DL707 75p
DL727 Dual 0.5" c.a. Red /1.50
MP463 0.5" Red 4 -digit c c

multiplexed f2.20

BOXES
Moulded in high impact ABS Supplied with
lids and screws. Black
8175 x56 x 35
6295 x 71 x 35mm
63 115 x95 x 37rnin

65p
85p
95p

VMOS POWER FETS
VN I OKM 0 5A/60V (T092) 52p
VN66AF 2A/60V (T0220) 88p

ALL COMPONENTS ARE BRAND NEW AND TO SPECIFICATION ADD
50p P&P and 15", VAT TO TOTAL OVERSEAS CUSTOMERS ADD f1 50

(Europe) f4 (elsewhere) for P&P
Send s a e for price list and with all enquiries Callers welcome 9 30 5 00

(Mon FM 10 00 4 00 (Sat)

±14 7E IV 13 1j.1 TBoston 8137o8a 8d , 78L o4 n d2

TIC Electronics

SPECIAL PARTS FOR
PROJECTS IN THIS

MAGAZI N E

The following parts shown in parts lists in this
issue of Electronics and Music Maker are not
listed in the current Maplin Catalogue, but are
available from Maplin Electronic Supplies Ltd at
the following prices:-

BH65V Minicon latched housing 6 -way 13p
BH66W Minicon latched housing 5 -way 11p
GA18U Matinee PSU PCB f1.80
GA26D Digital tachometer main PCB f1.75
GA27E Digital tachometer display PCB f1.25
GA3OH Noise reduction main PCB f3.20
GA31 J Noise reduction PSU PCB f1.60
QH48C MC3302 58p
QH51 F 3403 70p
QYO8J 74C925 f6.20
QY1OL NE570 £4.95
YKO3D Matinee transformer f13.75
YKO4E Matinee PSU bracket f1.60

'Delivery by carrier

All available from:-
Maplin Electronic Supplies Ltd., lilleptlIrri
P.O. Box 3, Rayleigh, Essex.
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TONE
GENERATOR
Vero Project 1

Useful test and sound
effects oscillator with a
frequency range of over
20:1 and a built-in speaker

This useful tone gene-
rator covers the range between
150Hz to 3.5kHz approximately
with a single, continuously vari-
able control; this range can easily
be extended if required. The unit
has a built-in, high -impedance
speaker but an output socket is
also provided for connection of an
additional speaker having an im-
pedance of 25 ohms or more, or
some form of signal processor.
The circuit can also drive a low
impedance speaker, 8 ohms giv-
ing 1 watt RMS or 3 ohms giving 2
watts RMS, but will require a
power supply capable of 100 to
200mA. The output of the tone
generator is a good quality square
wave.

The Circuit
The circuit diagram of the tone

generator is given in Figure 1. As
with the Metronome project in
this issue, the TDA2006 power
amplifier is used as an oscillator
but in this case it runs at audio
frequency and generates an out-
put waveform with equal length
'high' and 'low' states (a square
wave). R3 provides feedback to
the non -inverting input of IC1,

introducing hysteresis and caus-
ing the output to be in one of two
states, high or low. When it is high,
C2 is charged until pin 2 reaches
the threshold set by R1-3, and the
output goes low. C2 is then dis-
charged until the lower threshold
is reached; IC1 then reverts to the
high state. This action repeats,
generating a square wave having
its frequency controlled by the
charge rate of C2 and hence the
setting of RV1.

Output socket JK1 is a 3.5mm
jack having a break contact which

disconnects the internal loud-
speaker when a plug is inserted.
The output signal level is approxi-
mately 7 to 8 volts peak to peak.

The current consumption of
the unit is 25 to 30mA when using
the internal loudspeaker, and
about 12mA with no load or a high
impedance load across the out-
put.

Construction
The Veroboard layout and wir-

ing of the tone generator are
shown in Figure 2. Construction of

cr 0
SWITCH

(PART OF
RV1I

T
Bi

C1
100
uF

R2
33k

R1
33k

R3 33k

2

IC1

C2
720

nF

RV1
22k

3

111-o

R4
1k0

C3
100uF

IC1
T DA 2006

0 4

LS1
64R

BOARD
OUTLINE

JK1

the component panel is simple as
there are no breaks in the copper
strips and it is only necessary to
drill the two 3.3mm diameter
mounting holes (which take M3 or
6BA fixings) prior to soldering the
components into position. The
preformed leads of ICI should be
bent apart slightly before fitting.

The maximum frequency can
be increased by reducing the
value of R4, the lower frequency
limit can be reduced by increas-
ing the value of RV1.
Robert Penfold E&MM

PARTS LIST
Resistors - all '/3W 5% carbon unless specified
R1-3 33k 3 off
R4 lkO
RV1 22k lin. pot. with switch

(M33K)
(M1K0)
(FWO3D)

Capacitors
C1,3 100uF 10V aerial electrolytic 2 off (F848C)
C2 220nF polyester (BX78K)

Semiconductor
ICI TDA2006 (WQ66W)

Miscellaneous
LS1 Loudspeaker, 66mm dia. 64 ohm

impedance
Plastic or metal case
Veroboard, 24 holes by 10 strips,

0.1in. matrix
JK1 3.5mm switching jack socket
81 PP6 battery

PP3 connector
Knob
Connection wire

(WF57M)

(FLO6G)
(HF82D)

(HF28F)

(BLO9K)

Figure 1. The circuit diagram of the Audio Tone Generator.
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Figure 2. The Veroboard layout and wiring of the Tone Generator.

MUSICAL MICRO
24 TUNE DOOR B

BUILD THE WORLD FAMOUS
CHROMA-CHIME

Give your friends a warm welcome. Yes, think
how delighted and amazed they will be to hear the
musical Chroma-Chime play when they press your button!

The Chroma-Chime uses a microcomputer to play
24 well-known tunes. The kit is simplicity itself for
ease of construction. Absolutely everything needed
is supplied.

Plays 24 well-known tunes including:

Star Spangled Banner,
William Tell Overture,
Greensleeves, Rule Britannia,
Colonel Bogey, Oh come all ye faithful,
plus many other popular tunes.

* No previous microcomputer experience necessary
* All programming retained is on chip ROM
* Fully guaranteed
* Ideal present any time
ALL CHROMATRONICS PRODUCTS SUPPLIED WITH MONEY BACK GUARANTEE

PLEASE ALLOW 7-2i DAYS FOR DELIVERY

Please send me
TO CHROMATRONICS,RIVERWAY.HARLOW,ESSEX Telephone(02791418611
NAME

ADDRESS
I enclose cheque/PO value or debit my
ACCESS/BARCLAYCARD r
account no

Signature

cHnomnTrtoricsmaYE&mm5.81

DISCO LIGHTING KITS
Each unit has 4 channels (rated at 1KW at
240V per channel) which switch lamps to
provide sequencing effects. controlled manually
or by an optional opto-isolated audio input.

DL1000K
This kit features a bi-
directional sequence, speed of
sequence and frequency of
direction change being
variable by means of poten-
tiometers. Incorporates
master dimming con-
trol. £14.60

DI21000K
A lower cost version of the
above, featuring unidirectional
channel sequence with speed
variable by means of a preset
pot. Outputs switched only at
mains zero crossing points to
reduce radio interference to
minimum. £8.00
Optional Opto Input
DLA1 60p

INTEGRATED CIRCUITS
555 Timer 21p
741 Op. Amp. 19p
AY -5-1224 Clock 12.60

AY -5-1230/2 Clock/Timer £4.50
AY -3-1270 Thermometer II3.20
CA3080 Transconductance Op. Amp. 72p
CA3130 CMOS Op. Amp. 75p
ICL7106 DVM (LCD Drive) £7.00
LM377 Dual 2W Amp. f1.45
LM379S Dual 6W Amp. £3.50
LM380 2W Audio Amp. 80p
LM382 Dual low noise re amp. £1.00
LM386 250mW low voltage amp. 75p
LM1830 Fluid level Detector £1.50
LM2917 F -V Converter (14 pin) 11 .60
LM3909 LED Flasher/oscillator 60p
LM3911 Thermometer £1.20
LM3914 Dot/Bar Driver (linear) 12.10
LM3915 Dot/Bar Driver (log.) £2.20
MM74C911 4 -digit Display Controller £6.50
MM74C926 4 -digit counter with

7 -segment output £4.50
5566B Touchdimmer 12.50
SL440 AC Power Control 11 .75
SN76477 Complex Sound Generator 12.52
TBA800 5W Audio Amp. 68p
TBA810AS 7W Audio Amp. 11 .00
ICM7555 CMOS 555 Timer 79p
TDA1024 Zero Voltage Switch 1.20
TDA2020 20W Audio Amp. £2.85
TL081 J-FET Op Amp. 37p
TL082 Dual J-FET Op. Amp. 60p
ZN1034E Timer £1.80
All (Cs supplied with Data Sheets.
Data Sheets only - per device 10p

24 HOUR CLOCK APPLIANCE

TIMER KIT

Switches any appliance up to
1KW on and off at preset

1111111

times once per day. Kit con-
tains: AY -5-1230 IC. 0.5"
LED display, mains supply,

..eirieFF ' display drivers, switches,
LEDs, triac, PCBs & full in-
structions.

CT1000K Basic Kit £14.90
CT1000KB with white box (56/131 x 71 mm)

£17.40
£22.50Ready Built

MINI KITS
These Kits form useful subsystems which may be
incorporated into larger designs or used alone. Kits
include PCB, short instructions and all components.
MK1 TEMPERATURE CONTROLLER

THERMOSTAT
Uses LM391 1 IC to sense temperature (80°C max I
and triac to switch heater. 1KW £4.00
MK2 SOLID STATE RELAY
Ideal for switching motors, lights, heaters, etc.
from logic. Opto-isolated with zero voltage switch-
ing. Supplied without triac. Select the required
triac from our range. £2.60
MK3 BAR/DOT DISPLAY
Displays an analogue voltage on a linear 10 -
element LED display as a bar or single dot. Ideal for
thermometers, level indicators, etc. May be stacked
to obtain 20 to 100 element displays. Requires 5-
20V supply. £4.75
MK4 PROPORTIONAL TEMPERATURE

CONTROLLER
Based on the TDA1024 Zero voltage switch, this kit
may be wired to form a "burst fire" power
controller or a "proportional temperature" con-
troller enabling the temperature of an enclosure to
be maintained to within 0.5°C. 3KW 15.55
MK5 MAINS TIMER
Based on the ZN1034E Timer IC this kit will switch
a mains load on (or off) for a preset time from 20
minutes to 35 hours. Longer or shorter periods may
be realised by minor component changes.
Maximum load 1KW. f4.50

D.V.M. THERMOMETER KIT

Based on the ICL 7106. This
Kit contains a PCB, resistors,
presets, capacitors, diodes, IC
and 0.5" liquid crystal display.
Components are also included
to enable the basic DVM kit to
be modified to a Digital
Thermometer using a single

diode as the sensor. Requires a 3mA 9V supply.
(PP3 battery) £19.50

ARE YOU SITTING COMFORTABLY?
Our new TDR300K Touch Dimmer Kit
will ensure that you are. Based on our
highly successful TD300K touch con-
trolled dimmer kit. the TDR3O0K in-
corporates an infra- red receiver, enabl-
ing the lamp brightness to be vaned and
switched on or off by touch or remotely - -
by means of a small hand held transmitter.
The complete kit, which includes easy to
follow instructions, will fit into a plaster
depth box and the plastic front plate has
no metal pads to touch, ensuring com-
plete safety. Even a neon is included to
help you locate the switch in the dark. In years to come everyone

will be selling remote control
dimmers, but you can have your

TDR300K kit now for ONLY
£14.30 for the dimmer unit and

£4.20 for the transmitter. For the more
athletic of you, the TDK300K
Touchdimmer kit is still available at
£6.50 and the TDE/K Extension kit, for
2 -way switching etc., is 2.00.
DONT FORGET to add 50p P&P and 15%
VAT to your total purchase.

NEW - REMOTE CONTROL KITS
MK6 -Simple Infra Red Transmitter -A pulsed infra red source which comes complete with a

hand held plastic box. Requires a 9V battery.
MK7 -Infra Red Receiver - Single channel, range approximately 20ft. Mains powered with a

triac output to switch loads up to 500W at 240V ac, can be modified for use with 5.15V do
supplies and transistor or relay outputs.

"Special Price MK6 and MK7 together. Order as RC500K

£4.20

f9.00
£12.50

MK8 Code Infra Red TRANSMITTER. Based on the SL490, the kit includes 2 IR LEDs, measures only
8 x 2 x 1.3cms and requires a 9V (PP3) battery. £5.90
MK9 4 -Way KEYBOARD. For use with the MK8 kit, to make a 4 -channel remote control transmitter. f1.90
MK10 16 -Way KEYBOARD. For use with the MK8 kit, to generate 16 different codes for decoding by the
ML928 or ML926 receiver (MK12) Kit. £5.40
MK11 10 On -Off Channel IR RECEIVER with 3 analogue outputs(0-10V)for controlling such functionsas
lamp brightness, volume, tone, etc. Other functions include an on/standby output and a toggle output.
which may be used for sound muting. Based on ML922 decoder IC. Includes its own mains supply. f12.00
MK12 16 -Channel IR RECEIVER. For use with the MK8 kit with 16 on/off outputs which with further
interface circuitry, such as relays or triacs, will switch up to 16 items of equipment on or off remotely.
Outputs may be latched or momentary, depending on whether the ML926 or ML928 is specified. Includes
its own mains supply 111.95
MK13 11 -way KEYBOARD. For use with MK8 and MK11 kits. Transmits programme step t and
analogue 0 and -(3), mute, normalise analogue outputs, and on/standby, f4.35

ALL COMPONENTS ARE BRAND NEW AND TO SPECIFICATION ADD
50p P&P and 15 VAT TO TOTAL OVERSEAS CUSTOMERS ADD 1 50

(Europe) £4 )elsewhere I or P&P
Send s a e for price list and with all ell(1(11rit(S C(111.,` welc mile 9 30 5 00

(Mon Fri 10 00 4 00 (Sat

TI( Electronics
(EMI 11 Boston Road, London

W7 3SJ. TEL. 01-579 9794 2842
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TEST
AMPLIFIER
Vero Project 2

High -gain audio amp with
speaker and many
applications

It is surprising how often a
simple audio power amplifier can
be useful when building and ser-
vicing electronic equipment.
Amplifiers of this type can also be
useful for incorporation into more
complex items of equipment and
can serve as headphone or guitar
practice amps. The design des-
cribed here gives a maximum
output power of about 150mW
RMS into a high impedance loud-
speaker, and requires only about
25mV RMS (into approximately
200k) at the input to produce full
output.

The Circuit
The only active device used in

the circuit is a TBA820M inte-
grated circuit, as can be seen
from the circuit diagram which is
shown in Figure 1. The TBA820M
is a small, class B, audio power
device which requires few dis-
crete components.

RV1 is the volume control
which also biases the input of IC1.
The input signal is coupled to RV1
by way of DC blocking capacitor
C2. The closed loop voltage gain
of ICI is determined by an inter-
nal feedback resistor and dis-

crete resistor R1, the specified
value for R1 giving a voltage gain
of about 112 (41dB). C1 is the
main supply decoupling capa-
citor and C4 decouples the supply
to the input stage of IC1.

R2 and C7 form a Zobel net-
work that aids the stability of the
circuit. C5 is used to introduce
negative feedback at high fre-
quencies which rolls -off the high
frequency response of the circuit,
also to improve stability. C6 pro-
vides DC blocking at the output of
ICI.

Under quiescent conditions,
the current consumption of the
amplifier is only about 4mA, but
rises to 20mA or so at high output
levels.

Construction
Details of the Veroboard com-

ponent panel and wiring of the
amplifier are shown in Figure 2.

ICI A BOARD OUTLINE
8

TOP
VIEW I

4 5

TBA 820M

RV1
220k V

CW -
C17100nF

O JK1
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56R
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F.3_90pF
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100uF
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i=) C4

10uF

+01

SWITCH +
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OF -r
RV1I

131

C7
100nF

R2
1R2

LS1
64R

Figure 1. The circuit diagram of the Test Amplifier.

32

C2 is not mounted on the com-
ponent panel as it is more con-
venient to wire it direct between
SK1 and RV1. Do not run input
and output leads right next to
each other as this could result in
poor stability. Also, be careful not
to overlook the three link wires
connecting the panel compo-
nents.
Robert Penfold E&MM

PARTS LIST
Resistors - all 5% carbon unless specified.
RI 56R
R2 1R2
RV1 220K log. pot. with switch

Ca pac i tors
C1,3,6 100uF 10V axial electrolytic
C2,7 100n F polyester
C4 lOuF 25V axial electrolytic
C5 390pF ceramic plate

(M56R)
(M1R2)
(FW67X)

3 off (FB48C)
2 off (BX76H)

(F822Y)
(WX63T)

Semiconductor
IC1 TBA820M (WQ63T)

Miscellaneous
LSI Loudspeaker, 66m diameter MR

impedance
Veroboard, 24 holes by 10 strips,

0.1 in. matrix
JK1 3.5mm miniature jack socket
81 PP3 battery

PP3 connector
Connecting wire
Knob
Plastic or metal case

(WF57M)

(FLO6G)
(iF82D)

(HF28F)
(BLO9K)
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Figure 2. The Veroboard layout and wiring for the Amplifier.

FLADAR
DIFFERENT SECONDARY VOLTAGE

AVAILABLE PROVIDED V.A.

RANSFORMERS
PRIMARY 0-240V 50Hz

TO THOSE STATED CAN BE MADE
RATING IS NOT EXCEEDED

Type Voltage Current £ p/p
Type Voltage Current £ p/p

12FE30 6.0-6 2A 2.65 90p

06FE06 6 a 2 0.5A ea 2.18 600 12FE40 9.0.9 1.5A 2.65 90p

12FE06 6 x 2 1A ea 2.76 900 12FE50 12-0-12 1.0A 2.65 900

20FE06 6 x 2 1.5A ea 3.40 90p 12FE60 15-0-15 0.8A 2.65 90p

50FE06 6 x 2 3A ea 4.20 1.30p 20FE50 9.0-9 2A 3.30 90p
60FE06 6 x 2 4A ea 5.16 1.30p 20FE60 12-0-12 1.6A 3.30 90p

06FE09 9 x 2 0.3A ea 2.18
08FE09 9 x 2 0.5A ea 2.40

60p
600

20FE70 15-0-15 1.2A 3.30
200-20 lA 3.30

90p20FE80

90p

12FE09 9 x 2 0.75A ea 2.76 90p 50FE40 6-0-6 6A 4.10 130p
20FE09 9 x 2 IA ea 3.40 90p 50FE50 9-0.9 5A 4.10 130p
50FE09 9 x 2 2.5A ea 4.20 1.30p 50FE60 12-0.12 3.5A 4.10 130p
60FE09 9 x 2 3A ea 5.16 1.30p 50FE70 15-0.15 3A 4.10 130p

06FE12 12 x 2 0.25A ea 2.18 600 50FE80 20-0-20 2A 4.10 130p

08FE12 12 x 2 0.3A ea 2.40 60p 50FE110 30-0-30 14 4.10 130p

12FE12 12 x 2 0.5A ea 2.76 90p 60FE50 9.0.9 6A 5.00 130p
20FE12 12 x 2 0.8A ea 3.40 90p 60FE60 12-0-12 5A 5.00 130p
50FE12 12 x 2 1.8A ea 4.20 1.30p 60FE70 15-0-15 4A 5.00 130p
60FE12 12 x 2 2_5A ea 5.16 1.30p 60FE80 20-0.20 3A 500 130p
80FE12 12 x 2 3A ea 6.50 1.60p 60FE100 28-0-28 2.2A 5.00 130p

06FE15 15 x 2 0.2A ea 2.18 60p 60FE110 30.0-30 2A 5.00 1300

08FE15 15 x 2 0.25A ea 2.40 60p 80FE40 12-0-12 6A 6.40 160p
12FE15 15 x 2 0.4A ea 2.76 90p 80FE50 15.0-15 5A 6.40 160p
20FE15 15 x 2 0.6A ea 3.40 90p 80FE60 20-0-20 4A 6.40 160p
50FEI5 15 x 2 I.5A ea 4.20 1.30p 80FE80 28-0-28 2.5A 6.40 160p
60FE15 15 x 2 2A ea 5.16 1.30p 80FE90 30-0-30 2.3A 6.40 160p
80FE15 15 a 2 2.5A ea 6.50 1.600 90FE60 20-0-20 4.4A 7.00 160p
06FE20 20 x 2 0.15A ea 2.18 600 90FE90 30-0-30 2.8A 7.00 160p
12FE20 20 x 2 0.25A ea 2.76 90p 90FE100 36-0-36 2A 700 160p
20FE20 20 x 2 0.5A ea 3.40 90p 100FE26 26.0.26 4A 7.80 180p
50FE20 20 x 2 1.0A ea 4.20 90p 100FE30 30-0.30 3.3A 7.80 180p
60FE20 20 x 2 1.5A ea 5.16 1.30p 100FE36 36-0-36 3A 7.80 180p
80FE20 20 x 2 2.0A ea 6.50 1.600

150FE26 26-0.26 5A 9.00 200p
06FE30 6-0-6 1A 2.10 60p 150FE30 30-0-30 4.5A 900 200p
06FE40 9-0-9 0.6A 2.10 60p 150FE36 36-0-36 4A 9.00 200p
06FE50 12-0-12 0.5A 2.10 60p 150FE42 42-0-42 3A 9.00 200p
06FE60 15-0-15 0.4A 2.10 60p BATTERY CHARGERS
08FE40 9-0-9 1A 2.25 60p 48FE12 0-6-12 4A 5.60 130p
08FE50 12-0-12 0.6A 2.25 60p 66FE12 0-6-12 5A 6.00 160p
08FE60 15-0-15 0.5A 2.25 60p 70FE12 0-6-12 6A 7.00 180p
08FE70 20-0-20 0.4A 2.25 60p 90FE12 0.6-12 8A 9.00 200p

FLADAR ELECTRIC PAYMENT TERMS
P.O. Box 19 TRADE ENQUIRIES C.W.O. Cheques,
Brookside Engineering Indust. Units WELCOME Postal Orders
Springfield Drive, Westcliff, Essex All Prices include 15% VAT
Tel: (0702) 335791 .. ..

Having trouble containing yourself?
Then why not
BOX CLEVER
with one of our

STANDARD or CUSTOMISED

BIMENCLOSURES

Instrument Cases
Small ABS Desk Consoles

Low Profile Keyboard Consoles
Easy Access Hinged Lid Consoles

Diecast and ABS Multi -Purpose Boxes
All Metal or Genuine Wood Panelled Consoles

BIMCASES
BIMBOXES

BIMCONSOLES

FOR PROFESSIONAL QUALITY
AT REALISTIC PRICES

CISS
INDUSTRIAL MOULDINGS LTD

2 Herne Hill Rd, London SE24 OAU, England
Telephone 01-737 2383 Telex 919693
Cables & Telegrams: LITZEN LONDON SE24
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METRONOME
Vero Project 3

Single IC design with
visual beat indicator -
ideal for home musicians

Originally, metronomes were
purely mechanical devices which
used a pendulum and a clock-
work mechanism to produce a
'click' sound at regular intervals
to help musicians play at the
correct tempo; sheet music often
has metronome marks which in-
dicate the required number of
beats per minute. The device was
invented by Maelzel, a friend of
Beethoven, well over 150 years
ago. Apart from the click sound,
the pendulum also gives a visual
indication of the beat rate. This is
important when it is likely that the
sound of the metronome will be
drowned by the volume of the
instrument.

Although electronic metro-
nomes are considered novel, they
have been in existence for quite a
few years. Most, like the unit
featured here, provide a sound
which issimilartothatprovi.ded by
their mechanical counterparts,
and give some form of visual
indication of the beat rate as well.
In this case a light emitting diode
(LED) flashes each time a click is
produced by the unit.

The Circuit
Refer to Figure 1 for the com-

plete circuit diagram of the

metronome. The circuit is based
on a TDA2006 integrated circuit
(IC1) which is really designed for
use as an audio power amplifier.
It is quite a versatile device
though, and could be regarded as
an operational amplifier having a
class AB output stage capable of
delivering output currents in ex-
cess of 1 Amp. It has inverting
and non -inverting inputs, and

these are pins 2 and 1 respec-
tively.

RI, R2 bias the non -inverting
input of 101 to half the supply
voltage but the effect of R3 must
also be taken into account, and
will normally modify this voltage.
If the output of IC1 is fully nega-
tive, R3 is effectively connected
across R2 and reduces the bias
voltage to one third of the supply.

S1

- r
B1

O o R6 220R i if D2

R1 R3R3
180k 180k

C 1

100uF
R2
180k

1 5

3

IC 1

C2 ME
3u3

4- a 1-0-
C3
10uF

LS1
8R

D1

R4
 lk 0

R5
82k

0
2

ICI
TDA 2006

PIN VIEW

C/ ak *Z
D1

1N 4148

RV1
IMO

D2 CW
TIL 220

BOARD
OUTLINE

If the output of 101 is fully posi-
tive, R3 is effectively shunting R1,
and the bias voltage is raised to
two-thirds of the supply.

At switch -on, C2 is completely
uncharged and the inverting in-
put of 101 is therefore at the
negative rail potential. 101 is be-
ing used here as a sort of voltage
comparator - its output will go
negative if the inverting input is at

PARTS LIST
Resistors - all JAW 5% carbon unless specified.
R1-3 180k 3 off
R4 lkO
R5 82k
R6 220R
RV1 IMO lin. potentiometer

Capacitors
Cl 100u F 10V axial electrolytic
C2 3u3 35V tantalum
C3 101JF 25V axial electrolytic

Semiconductors
IC1 TDA2006
DI 1N4148
D2 0.2in. LED, red

Miscellaneous
Si SPST sub -miniature toggle
LS1 Loudspeaker. 66mm dia. 8R

impedance
Plastic or metal case
Veroboard, 24 holes by 10 strips,
0.1in. matrix
LED clip

81 PP6 battery
PP3 connector
Knob
Connection wire

(M180K)
(M1K0)
(M82K)
(M220R)
(FW08J)

(F848C)
(WW63T)
(FB22Y)

(WQ66W)
(QL808)
(WL27E)

(FHOOA)

(W813P)

(FLO6G)
(YY40T)

(HF28F)

(BLO9K)
Figure 1. The circuit diagram of the Metronome.
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Figure 2. The Veroboard layout and wiring of the Metronome.

a higher voltage than the non -
inverting input, or positive if the
comparative input states are re-
versed. Thus ICI's output initially
goes fully positive.

This results in C2 being
charged from the output of IC1 via
D1 and R4 and, to a lesser extent,
through the relatively high re-
sistance path provided by R5 and
RV1. When the charge on C2
exceeds two thirds of the supply
voltage the inverting input is at a
higher voltage than the non -in-
verting one. ICI's output there-
fore starts to swing negative and
the coupling through R3 to the
non -inverting input results in the
voltage at the latter being re-
duced as well. This increases the
difference between the two input
voltages, sending the output and
non -inverting input further nega-
tive. This positive feedback
causes the output to rapidly go
fully negative, leaving the non -in-
verting input at one third of the
supply voltage.

C2 now starts to discharge but
it can only discharge through RV1
and R5 since the path through R4
is blocked by Dl. Thus the dis-
charge time is relatively long and
is determined by the value of RV1,
which acts as the tempo control.
When the charge on C2 falls

below one third of the supply
voltage, the output of IC1 starts to
swing positive and the regenera-
tive action results in it almost
instantly going fully positive. C2
then rapidly charges through D1,
R4 and R5, RV1, as was the case
at switch on and the circuit goes
through this cycle continuously,
with a series of brief positive
pulses being generated at the
output of ICI. C3 couples these to
the loudspeaker which produces
the required clicks. The pulses
are also used to drive LED in-
dicator D2 via current limiting
resistor R6 so that each click is
accompanied by a flash from D2.

The current consumption of
the circuit is about 12mA.

Construction
Figure 2 shows details of the

Veroboard panel and the wiring of
the unit, which is all straight-
forward.

A scale, calibrated in beats per
minute, should be marked
around the control knob of RV1
using rub -on figures, and it is
advisable to use a large control
knob and scale because the scal-
ing is non-linear and will other-
wise become excesively cramped
at the top end.
Robert Penfold E&MM

NOW WITH
PLUG-IN COMPUTER

CIRCUIT BOARD

9t.iPORSNew KITS.

Top of all systems
tested by independent

national authority
July i9

C3001ES200
high performance electronic ignition,to add power,
economy, reliability, sustained smooth peak perfor-
mance, instant all weather starting, to your car.
Surefire has sold in its thousands in ready made form from big
name accessory firms, but it is now available in quality kit form to fit all
vehicles with coil ignition up to 8 cylinders.
ES200. A high performance inductive discharge ignition incorporating
a power integrated circuit (special selection) electronic variable dwell
circuit (maximises spark energy at all speeds) pulse processor
(overcomes contact breaker problems). Coil governor (protects coil).
Long burn output. Negative earth only. Compatible with all revcounters.
C300. In it's ready built form (C3000) it came top of all systems tested
by an independent national authority July '79. A high energy
capacitive discharge ignition incorporating a high output short circuit
proof inverter, top grade Swedish output capacitor, pulse processor
circuit, transcient overload protection. Fast rise bidirectional output
ideal forf uel injection, sports carburation, oily engines. Compatible with
most rev counters. (Low cost adaptors available for rare cases.
Application list enclosed with each kit. Note Vehicles with Smiths
Jaeger rev. counters code RV1 on dial will require adaptor type TC1).
What's in the kits. Surefire's own precision anodised aluminium
extruded case P.C. mounted security changeover switch, static
timing light. Special selection Motorola semi conductors, Capacitors,
resistors etc. selected after 5 years experience. Glass fibre pcb, solder,
complete down to last washer.
Fully illustrated comprehensive instructions
and full technical back up service.

Suretron Systems (UK) Ltd.
Bayer Buildings, Lower Bristol Road, Bath, BA2 3EF. Tel: Bath (0225)
332317

Na me

Address

Phone order with Access Barclaycard Quantity
VAT and P & P inc required

DEPT. EMM/3

ES200 Neg ÷ £13.95
C300- Pos -I: £17.95
C300: Neg --1!-- f17.95
Tacho Adapt TC1 f3.90

I enclose
chq PO's

Chq No
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SIGNAL
MIXER
Vero Project 4

Versatile mixer design
based on a low -noise
op -amp suitable for
microphones and
instruments

When it is required to apply
two or more signals to a single
input, it is unlikely that good
results will be obtained by simply
connecting all the signals direct
to the input. This action is more
likely to give rise to problems
such as a low impedance signal
dominating the others, which be-
come virtually short circuited by
its low source impedance, and
affects the levels of the others.

A simple mixer is needed in
order to avoid these problems,
and the design described here
can be built with up to four
channels. There is a high input
impedance (about 800k) at all
four inputs so that there is mini-
mal loading of the signal sources
applied to the unit. The output
impedance of the unit is low, and
it can be employed with any
normal amplifier or tape recorder

without loading of the output
causing any problems. The maxi-
mum voltage gain from any input
to the output is about 7dB (a little
over two).

The Circuit
The mixer design is based on

an op -amp, and Figure 1 shows its
circuit diagram. IC1 is used as an
inverting amplifier but there are
four input resistors connected to
the inverting input, one for each
input. The output therefore re-
sponds to the sum of the input
signals rather than to just a single
input, and the required mixing

2M21R1

R2
2M2

0

C W

R3
2M2

R5
33k

C2
47nF

2M2r
C1

10nF

R4

0 0

3

R6
33k

T.

RV1
1MO

RV2

0

RV3

0

0=11 OC=11
JK1 JK 2 JK 3

RV4-WO
O 6

N:=31
J K 4

O o

mg C4
100
nF

S1

B1

BOARD
OUTLINE

IC1

L F 351

TOP
VIEW

Figure 1. The circuit diagram of the Signal Mixer.
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action is produced. R7 is the
feedback resistor and has a

higher value than the input re-
sistors (R1-4) giving a small
amount of voltage gain. RV1 to
RV4 are controls which enable the
amplitudes of the input signals to
be adjusted individually. C2 pro-
vides DC blocking at the input to

PARTS LIST
Resistors - all 1/3W 5% (10% over 1M)
R1-4 2M2
R5,6 33k
R7 4M7
RV1-4 1MO log pot.

Capacitors
Cl lOnF ceramic plate
C2 47nF polyester
C3 10uF 25V axial electrolytic
C4 100nF polyester

Semiconductor
IC1 LF351

carbon unless specified
4 off (M2M2)
2 off (M33K)

(M4M7)
4 off (FW28F)

Miscellaneous
S1 SPST subminiature toggle

Metal case
Veroboard, 24 holes by 10 strips,

0.1in. matrix
81 PP3 battery

PP3 connector
JK1-5 3.5mm jack sockets

Knobs
Connecting wire

(WX77J)
(BX74R)
(F822Y)
(BX76H)

(WQ30H)

(FHOOA)

(FLO6G)

(HF28F)
5 off (HF82D)
4 off

(8L09K)
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Figure 2. The Veroboard layout and wiring of the

IC1. A 'virtual earth' is formed at
the inverting input (pin 2) of IC1,
this effectively isolates the four
inputs and their potentiometers
from each other so that there is no
interaction.

R5 and R6 are used to bias the
non -inverting input of IC1 to half
the supply voltage, this gives a
quiescent output voltage which is
alSo at this potential. This permits

Mixer.

an output signal level greater than
2 volts RMS before the output
signal becomes clipped and
seriously distorted. Cl prevents
stray feedback to the non -invert-
ing input at high frequencies
which would cause instability.
The current consumption of the
circuit is approxi mately 2mA, and
a PP3 size, 9 volt battery gives
many hours of operation.

Construction
The Veroboard layout and the

wiring details of the unit are
shown in Figure 2. The com-
ponent panel is straightforward
but note that there are thirteen
breaks to be made in the copper
strips before soldering in the
components, and three wire links
on the component side of the.
board. Rotary potentiometers and
3.5mm jack sockets were used on

the prototype but slider types
and/or alternative connectors
can be used, if preferred.

The unit should be housed in a
metal box to minimise stray pick-
up.

If a three channel mixer is
required, omit RV4, JK4 and R4.
Similarly, if a two channel mixer is
needed, RV3, JK3 and R3 should
also be omitted.

Robert Penfold E&MM

Some day all
power amps will
be made this way THE POWERFET AMPLIFIER

We sell electronic components
too at unbeatable prices

send SAE for lists.

PFA 80
(100W plus into 80 )

Elegant Simplicity
Advances in high technology should make life simpler. A

cluttered power amplifier board may well perform superbly,
but its busy elaboration is an indication that its design is
pushing the limit of its component technology.

There are now many first class bipolar power amps on the
market. All of them are complex and consequently expensive.
Any additional improvements in the areas where they are
weak (e.g. H.F. distortion) can only be obtained with yet further
complexity and cost.

Only a new technology can provide the sort of "quantum
jump" in component performance necessary to reduce the
clutter on the board, reduce the cost and make the highest fi
once more affordable.

Powerfets
So far 29 semiconductor manufacturers have invested in

this new technology. Clearly powerfets are something special.

Their enormous power gains eliminate conventional drive
circuitry in power amps, permitting delightfully simple de-
signs. Their freedom from secondary breakdown and their
tendency to shutdown when thermally overstressed, result in
inherently stable and destruction -proof output stages, not
needing protection circuitry. And perhaps best of all, their lack
of charge storage make them fast and responsive, producing
amplifiers of wide bandwidth and low distortion even at high
frequencies.

IT GROWS!

PFA80/120
The PFA is perhaps the perfect realisation of the classic

powerfet amp design. The superb P.C.B. allows the use of
either one or two pairs of output devices, providing easy
expandability for those starting with the smaller system. (The
extra cutout pair of the PFA120 results in lower distortion and
improved efficiency, particularly into low impedance loads).

The components used in the PFA have been chosen with
extreme care. The lowest noise input devices and lowest
distortion gain stage devices were selected regardless of cost.
140V powerfets were cosen against the more usual 120V to
give improved safety margins.

Specification
Bandwith
Output Power

R.M.S. into 85L
THD

(20Hz-20KHz)
(KHz at rated

output)
SNR
Slew Rate
Gain
Rin
Vs max

PFA80
10hz -
80W (Vs=± 50V)

PFA120
100KFN± 1dB
120W (Vs=± 55V)

0.008% c0.005%

0.004% typ. 0.002% typ.

120dB
>20V4iS
X22
30K

±70V

Cost
(built) £15.95 £22.85
(kit) £13.95 £20.85

"VAT inc. prices. P&P 40p or 75p with PFA. Power supply components available.-

PFA 120
(150W plus into 80 . 300W INTO 4c1)

Pre -amp PAN 20
The design is unique. Equalisation is applied after a flat gain

stage, resulting in one of the best noise performances
available. Superb overload figures are ensured by a front end
incorporating a special gain/attenuator control (volume
control to you!). The inputs are uncommitted and can be used
with any combination of signal sources in the 1mV to 10V
range. RIAA equalisation is provided for mag PUs and space on
the board is available for different equalisations.
Specification
B.W. 20Hz-30KHz ± 1dB
THD 0.003% typ.
at rated o/p
SNR 85dB (ref. 5mV RIAA)

105dB (ref. 100mV flat)
Vs ± 20V
Output 1V (clips at + 20dB)
Cost
(built board £4.75 2 needed for stereo
less controls)
Power Amp PAN 1397

A high quality 20W power amp board based on the HAI 397.
Easily modified for bridge operation, providing high powers
from low supply voltages.
Specification
Output power RMS 20W into8st, at ± 22V

20W into 4SL at ± 19V
THD 0.02% at 1KHz 1W to 12W
SNR 90dB
Input 100mV into 50K
Cost (Built) £5.80 EMM 3

THE POWERFET
FROM SPECIALISTS J. W. RIMMER

Mail order
only to -
Technical
enquiries

148 QUARRY STREET. LIVERPOOL
L25 6H0 Tel 051 428 2651
367 Green Lanes London N4 1DY
01-800 6667
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SCRATCH
FILTER
Vero Project 5

Hi-Fi add-on to reduce
surface noise from
records

Although records are capable
of very high quality reproduction,
with use there tends to be a
gradual decline in fidelity due to
record wear and an accumulation
of minute dust particles in the
grooves. This results in a loss of
treble signals, plus the generation
of a substantial amount of high
frequency noise (mainly the all
too familiar 'clicks' and 'pops').

When playing records that are
severely affected in this way it is
usually beneficial to use a scratch
filter. This attenuates the highest
treble frequencies and therefore
gives a reduction in the noise. It
also cuts treble in the programme
material, but this disadvantage is
usually more than outweighed by
the reduction in noise and sub-
jectively there is an overall im-
provement in quality.

For the best results it is neces-
sary fora filter of this type to give
little attenuation below the cut-off
frequency, and a very rapid roll -
off above this frequency. This
necessitates the use of an active
filter such as the one featured
here. Its response starts to roll off
at about 4.5kHz, reaching the

-6dB point at 6kHz and the
attenuation is nearly -40dB at
20kHz.

The Circuit
The circuit, which appears in

Figure 1, uses a conventional
arrangement. TR1 is a field effect
transistor used in the source fol-
lower made and gives approxi-
mately unity voltage gain. It is
biased by R1 and R2 via R3 -R6,
and R7 is the source load resistor.

The filtering is provided by R3
to R5, and C2 to C6. R3, R4, C3
and R5, R6, C5 form straight-
forward RC low pass filter. At low
and middle frequencies C2 and
C4 effectively have an infinite
impedance, and no significant
effect on the signal. This is simply
because any change in voltage at
the input to TR1 is matched by a

similar change in voltage at the
output. As C2 and C4 are con-
nected between these two parts of
the circuit, there is a constant
voltage across them so they are
ineffective. This technique is
known as 'bootstrapping.'

At high frequencieS the two
filter sections produce losses that
result in a lower signal level at the
output than at the opposite ends
of C2 and C4. In consequence
there are further losses due to R3,
C2 and R5, C4 forming additional
filter sections. This gives a steep
slope (about 20dB per octave)
above the cut-off frequency.

Slb provides on/off switching
and is ganged with Sla & c which
bypass the unit when it is
switched off. The current con-
sumption of the circuit is only
about lmA.

TR1
BF244

d a

PIN VIEW

S1a

INPUT
0

R1
6M8

BOARD OUTLINE

R3
100k

JJ C2
390pF

C1
1011F

R2
2M2

R4 R5 R6
100k 120k 120k

C4
390pF

C3 en
82pF -

C5 En
39pF -

TR1

C6
10uF

R7
3k9

S1c0-

OUTPUT
0

Sib

"T"
B1

Figure 1. The circuit diagram of the Scratch Filter.
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Construction
Figure 2 shows the Veroboard

layout and wiring of the Scratch
Filter. There are three breaks to
be made in the copper strips. Of
course, two boards are required
for a stereo unit, one for each
channel. It is advisable to use a
metal case for the unit so that the
circuitry is screened from
sources of electrical noise, in-
cluding mains hum.

Ideally the Scratch Filter
should be connected between the
pre- and power -amp stages of the
amplifier or receiver, and a tape
monitor socket can be used if
available. This allows the unit to
be switched in and out from the
front panel, and so the bypass
switching of the filter may be
omitted.
Robert Penfold E&MM

PARTS LIST
Resistors - all V3W 5% carbon unless specified
R1 6M8 10% V.IW (M6M8)
R2 2M2 10% 1/2W (M2M2)
R3,4 100k 2off (M100K)
R5,6 120k 2off (M120K)
R7 3k9 (M3K9)

Capacitors
Cl lOnF polyester
C2,4 390pF polystyrene
C3 82pF ceramic plate
C5 39pF ceramic plate
C6 10uF 25V axial electrolytic

(BX7OM)
2off (8)(52G)

(WX55K)
(WX51F)
(FB22Y)

Semiconductor
TR1 BF244 (QF16S)

Miscellaneous
Si Rotary switch, 3 -way 4 -pole
Si PP3 battery

PP3 connector
Veroboard, 24 holes by 10

strips 0.1in. matrix
Metal case
Input and output sockets
Knob
Connection wire

(FF76H)

(HF28F)
(FLO6G)

(BLO9K)

981 E&MM



ELECTRONICS

B

C

D

E

F

G

H

H

G

F

E

D

C

B

A

I I

INPUT
BATT. CLIP

R3 T2

C4

4 RS

R6

C3

TR1

a'

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

     
I  1 i  1

I  i

file

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ou Fixing Holes  Component Holes
0 3.5mm Leads IRef onlyl n

Cut Track

Figure 2. Constructional details of the Scratch Filter.

TRANSFORMERS
Panel Meters, Bridge Rectifiers, Power Supply Units
Multimeters - Semi Conductors - Timers - Safebloc

Minimum & Sub Miniature 50 VOLT (Po 220-240V)
Milli- Ref. Price Sec 0-19-25-33-40-50V

No. Ref. Priceamps £ P&P
Volts Amps No. £ P&P
3-0-3 200 238 2.60 .70 0 5 102 3.60 90
0.6.0.6 1A IA 212 3.00 75 1.0 103 4.60 1.05
9-0-9 100 13 2.30 70 2.0 104 7.30 1.20
0.9. 0.9 330 330 235 2.16 .70 3.0 105 8.60 1 20
0-8-9, 0-8-9 500 500 207 2.75 .75 4 0 106 10.85 1 30
0-8-9, 0-8-9 1A 1A 208 3.85 .75 6.0 107 15.10 1.50
0-15, 0-15 200 200 236 2.15 .70 8.0 118 20.20 1.70
0-20, 0-20 300 300 214 2.75 .90 10 0 119 24.10 2.20
20-12-0-12-20 700(DC) 221 3.50 .90 60 VOLT (Prr 220-240)
0-15-20, 0-15-20 1A 1A 206 4.60 1.05 Sec 0-24-30-40-48-60
0-15-27, 0-15-27 500 500 203 4.05 .85 Ref. Price

Amps No. E P&P0-15-27, 0-15-27 IA 1A 204 8.10 1 05
0
1

5 124 3.85 90
0 126 6.60 1 0512 AND/OR 24 VOLT

Po 220-240 Volts 2.0 127 7.55 1.20
Amps Price 3.0 125 11.10 1.30

12v 24V Ref. £ P&P 4.0 123 12.35 1.50
0 5 0.25 1 1 1 2.30 75 5.0 40 14.15 1.60
1 0 0.5 213 2.75 .90 6.0 120 17.60 1.60
2 1 71 3.25 .90 AUTO TRANSFORMERS
4 2 18 4.05 .85 Input /Output Tapped 0-115-210-240V
6 3 70 5.60 .95
8 4 108 7.40 1.20 VA Ref. Price

10 5 72 8.25 1.20 (Watts) No. £ P&P

12 6 116 8.85 1.20 20 1 1 3 2.65 90

16 8 17 10.85 1.30 75 64 4.10 90

20 10 115 13.85 1.50 150 4 5.60 1.05

30 15 187 16.85 1.50
60 30 226 33.35 1.80

Input/Output Tapped
0-115-210-220-240V
300 53 10.10 1 20

30 VOLT (Po: 220-240V) 500 67 10.85 1 50
Sec 0-12-15-20-24-30V 1000 84 18.60 1.60

Ref. Pries Also 1500/2000/3000VA
Amps No. £ P&P MAINS ISOLATING (Centro Tapped &

0.5 112 2.85 .90 Sat101100)

1.0 79 3.60 .90 Po 120/240V Sec 120/240V

2.0 3 5.60 1.05 VA Ref. Price
3.0 20 6.30 1.20 (Watts) No. £ P&P

4 0 21 6.60 1.20 60 149 6.60 1 05

5 0 51 9.60 1.20 100 150 7.60 1 30

6.0 117 11.10 1.20 200 151 11.10 1 30

8.0 88 14.36 1.50 250 152 13.30 1.50

10.0 89 16.60 1.50
Or

350 153 16.30 1.60
1000 156 37.10 3.20

r

Please add VAT at 15% ' 7b William Street
Barclaycard and Access facilities BAYDIS Herne Bay, Kent

available Herne Bay 64586i
Ilho. Trade and Education Welcome

AITKEN
35 HIGHBRIDGE,

TEL. 0632
NEWCASTLE

BROS.
26729

ON TYNE

THANDAR DIGITAL FREQUENCY COUNTERS
MULTIMETERS HANDHELD
HANDHELD THANDAR PFM200 LED
PDM35 31/2 digit LED £39.68 20Hz-200 MHz £57.27
Carrying Case £1.73 GSC MAX 50 LED 100
AC Adaptor £4.03 Hz -50 MH2 £56.35
TM354 31/2 digit LCD £45.94 GSC MAX 550 LED 500
Carrying Case £1.73 Hz -550 MHz £97.75
TM352 31/2 digit LCD £57.44 GSC PS500 Prescaler. Extends
Carrying Case £2.01 range by ten times £34.50

Post 75p . Postage 75p
BENCH PORTABLE

BENCH PORTABLE GSC 5001 counter -timer £212.75
DM235 31/2 digit LED £60.38 GSC 6001 5 Hz -650 MH2 £224.25
Carrying Case £8.86 THANDAR TF200 LCD
AC adaptor £8.69 10 Hz -200 MHz £166.75
DM350 31/2 digit LED £83.38 THANDAR TP600
Carrying Case £8.86 Pre -Scaler 600 MHz £43.13
AC adaptor £5.69 Postage £1.50
DM450 41/2 digit LED £113.85
Carrying Case £8.86
AC adaptor £4.03 CAPACITANCE METER
TM351 31/2 digit LCD £113.25 GSC 3001 1pf-199, 900uf £178.25
Carrying Case £6.84 TRI-MODE COMPARITOR £178.25
TM353 31/2 digit LCD £96.60 Send SAE for full spec.
Carrying Case £6.84 Postage £1.50

Send SAE for full spec.
All prices include leads & batteries
Extra accessories GENERATORS
Universal test leads £11.27 GSC 2001 Function 1 Hz -100 KHz
Nicads for LED bench models£8.63 Sine Square Triangle £89.70
40Kv probe all models £34.44 GSC 4000 Pulse

Postage £1.00 0.5 Hz -5.0 MHz £109.25
THANDAR TG 105 Pulse

5 Hz -5 MHz , £97.75
THANDAR TG100 Function

1 Hz -100 KHz £90.85
GSC DP1 hand held

OSCILLOSCOPES digital pulser £58.65
CALSCOPE Super 6 Post & Packing £1.00
6 MH2 bandwidth £186.30 .
CALSCOPE Super 10
10 MHz bandwidth dual LOGIC PROBES
trace £251.85 GSC LP1 10 MHz £35.65
THANDAR SC110 19MHz GSC LP2 1.5 MHz £20.70
bandwidth portable £159.85 GSC LP3 50 MHz £56.35

CARRIAGE INCLUDED IN PRICE GSC LPK1 Kit 1.5 MHz £13.70
Send SAE for full spec. Post & Packing 50p

Send SAE for full spec.

SOLDERLESS
MULTIMETERS BREADBOARDS
KRT100 1K opv 10 ranges £5.50 GSC EXP325 £1.84, EXP350 £3.62
Y7206 EN 20K opv 19 EXP650 £4.14, EXP4B £2.64

ranges £11.95 EXP300 £6.61, EXP600 £6.95
YN360TR 20K opv 19 ranges plus Postage 25p

transistor tester £13.95 P86 £9.95, PB100 £13.57
7081 GND 50K opv PB10 £19.78, PB102 £26.39

36 ranges £19.95 PB103 £41.34, P8104 £55.14
EM20 20K opv 17 ranges Powered Boards

inc case £19.50 PB203 £68.94, PB203A £97.75
AT1020 20K opv 19 ranges £15.95 P.B203AK kit £79.35

plus transistor checker Postage £1.00
EM30 30K opv 17 ranges

SOLDERING IRONSinc case £23.95
MM20 20K opv 22 ranges inc case

inc AC current £25.95 By ANTEX
mM50 50K opv 19 ranges Temperature controlled

inc case £32.50 TCSU1 station with CTC iron
360TR 100K opv 23 ranges £34.50 + 2 bits £43.96 post £1.75
MM100100K opv 22 ranges £42.50 Model CX-17 watt £4.98
EM1500 20K opv 21 ranges £49.95 Model C-15 watt £4.83
Carrying Cases MM100 £14.95 Model X25-25 watt £4.98
EM1500 £10.30 ST3 iron stand £1.34

Postage £1.00 Post 40p

Education Establishment order accepted

or send your ACCESS or,.I l Phone
1I

1

VISA BARCLAY CARD number.
!

All prices include VAT
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MW
RADIO
Vero Project 6

A simple battery powered
TRF receiver for use with
magnetic earphone or
headphones

This simple radio receiver
covers the normal medium wave
broadcast band and although a
very simple circuit is used', good
sensitivity is obtained. The output
is designed for a low impedance
magnetic earphone but inexpen-
sive low impedance headphones
(with the two phones used in
series) can be used for higher
quality. The set is cheap to run,
using two HP7 cells, which give
many hours of use, since the
circuit current consumption is
only about 20mA.

The Circuit
The circuit is the tuned radio

frequency (T.R.F.) type where the
received signal is amplified, de-
modulated, and the resultant
audio signal amplified before be-
ing fed to the earphone. Most
commercial receivers are of the
superhet type where the received
signal is converted to an inter-
mediate frequency (I.F.), giving

high gain and good selectivity,
which is then demodulated and
amplified. The main drawback of
using a T.R.F. set is comparatively
poor selectivity but performance
is adequate for use on the M.W.
band. In general T.R.F. receivers
have lower sensitivity than super -
het types but in this case the use
of a high gain integrated circuit
ensures good sensitivity. The ad-
vantages of a T.R.F. design are low
cost, simplicity, and the fact that

L1

C1
AirAr 300pF

D1,2
1N 4148

C2 R1

10nF 100kT

2

C3
T100nF

TR1
BC109C b

e 3
PIN

VIEWS

390R +
s 0

CS
2u2

115 47k

T
C4
.,--040nF

TR1

IC1
1 Z N 414

2 BOARD
OUTLINE

0 0

C6 an
100uF

O 0

O 0

S1

JK1

./

PARTS LIST
Resistors - all ',3W 5% carbon
RI 100k
R2 560R
R3 680R
R4 390R
R5 47k

Capacitors
Cl 300pF solid dielectric, variable
C2 lOnF polyester
C3.4 100nF polyester
C5 2u2 63V axial electrolytic
C6 100u1 lOy axial electrolytic

Semiconductors
IC1 ZN414
TR1 BC109C
01,2 1N4148

Miscellaneous
LI Denco MW5FR ferrite aerial
Si SPST miniature toggle

Plastic cast
Veroboard, 24 holes by 10 strips,

0.1in. matrix
JK1 3.5mm miniature jack socket
81 HP7 cells

2 x HP7 battery box
Low impedance magnetic

headphones (with 3.5mm jack)
Connection wire

*The Denco MW5FR ferrite aerial is avail-
able from:

Denco (Clacton) Limited,
355, Old Road,
Clacton -on -Sea,
Essex.
C015 3RH
Tel: (0255) 22807

Price £1.06 + VAT + 30p P&P.

(M100K)
(M560R)
(M680R)
(M390R)
(M47K)

(FF50E)
(BX70M)

2 off (BX76H)
(1B15R)
(11348C)

(QL47U)
(Q833L)

2 off (QL808)

(LB12N)*
(FHOOA)

(FLO6G)
(H1820)

2 off
(YR60Q)

(BLO9K)

Figure 1. The circuit diagram of the M.W. Radio.
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Figure 2. The Veroboard layout and wiring of the unit.

no complicated alignment is
needed once the set has been
completed.

Figure 1 shows the circuit of
the receiver. IC1 is a device
specifically designed for use in a
medium wave T.R.F. receiver (al-
though it can be used in other
applications), it provides radio
frequency (R.F.) amplification,
demodulation and automatic gain
control (A.G.C.). The A.G.C. action
produces a reduction in gain
when strong signals are received
- this reduces the risk of strong
signals overloading the device,
and boosts the signal from weak
stations. Another benefit is that it
counteracts fading of stations
due to atmospheric effects.

IC1 is biased by R1 via the
ferrite aerial coil, Ll. C2 couples
one end of the aerial coil to earth
and the other end connects direct
to the input of ICI. As IC1 has a
high input impedance the aerial
can be coupled straight to its
input, and the small coupling
winding on the ready made ferrite
aerial is not used. Cl is the tuning
capacitor.

The positive supply to IC1 is
provided via R3, the load resistor
for the demodulator section, and
is derived from D1, D2 and R2.
The diodes are forward biased
and drop 0.6V each, generating

the required 1.2V supply.
C5 couples the demodulated

audio signal to the input of a
common emitter amplifier, TR1.
This transistor is biased by R5
and the earphone acts as the
collector load.

Construction
The Veroboard layout and wir-

ing of the radio are given in Figure
2. The ferrite aerial can be
mounted on the board or to the
interior of the case using a 9.5mm
P -clip. A plastic case should be
used as a metal case would
shield the ferrite aerial from
the R.F. signal. The circuit is
from the R.F. signal. The circuit is
powered from two HP7 cells wired
in series, and these are fitted into
a plastic battery holder, with a
PP3-type connector. The aerial
coil should be positioned at one
end of the ferrite rod in order to
give the correct frequency cover-
age, with the two leads from the
unused winding of the aerial trim-
med off or glued to it.

The ferrite aerial supplied by
Maplin is type MWLW5FR, and
since the LW coil is not needed it
should be removed.

Robert Penfold E&MM

DAM
DORAM ELECTRONICS LTD

Fitzroy House, Market Place,
Swaffham, Norfolk, PE37 7QH.
TEL (0760) 21627 TELEX: 817912
VAT Reg: 324 5604 75

ELECTRONICS & MUSIC PROJECTS

Vocoder (80068) f 162.50
The first Vocoder designed for the home constructor.
It has 10 channels and 8 band pass filters. Wiring is
kept to a minimum by a plug-in bus board system. Rack
and panels available as extras plus new module for
voiced/unvoiced inputs. Send for full details.

Chorosynth (80060) f57.90
This is an inexpensive 'touch' keyboard synthesiser
that anyone can play. The range covers 21/2 Octaves and
has 10 register effects. In addition 4 Chorus effects are
possible together with vibrato and glissando. The range
can be switched to cover 6 Octaves. Single PCB
construction.

Mini Mixer (81068)
Small package, high performance mixer with 5 stereo
inputs, treble and bass controls. Power supply
included. Slider controls for inputs. Frequency
response 20Hz-25kHz.

Sound Pressure Meter (81072) f 11.35
This includes an electret microphone input and meter
output. Can measure sound levels from 50dBA to
110dBA.

Analcgue Reverberation Unit
(9973) f38.45
Uses a 1024 'bucket brigade' memory type SAD1024 to
delay up to 100mS. Reverberation varied by changing
the speed of the clock pulse from 5kHz-500kHz.
Signal/Noise ratio 60dB.

f37.50

Our Project Packs include the electronic components, the PCB, sockets and solder together with assembly instructions. Cases, knobs
etc can be supplied as extra items if required. This is only part of our wide range of projects. See our catalogue for details of other
projects that we can supply. You can also ring our number between 12.30 p.m. and 1.30 p.m. any weekday for a recorded
announcement of any new items we have available.

To order send cheque or postal order + 40p P&P to DORAM ELECTRONICS LTD
All prices include VAT - Telephone: (0760) 21627 Telex: 817912 a de boer company

A, ,
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s,_ The firm for Speakers

HI-FI
DRIVE
UNITS

AUDAX HD12 9025 £8.75
AUDAX HD11P25EBC £7.50
AUDAX HD20625H4 £14.95
AUDAX HD13D34H £12.95
AUDAX HD24S45C £21.95
AUDAX WFR 155 £23.95

CHARTWELL CEA205 pair £61.25

COLES 4001
COLES 3000
COLES 3100
COLES CE2000 61/2"

CELESTION FIF1300 II
CELESTION HF2000

£7.65
£7.65
£7.95

£14.95

£12.50
£12.50

DALESFORD D10 tweeter £8.45
DALESFORD D10 ferrofluid £8.95
DALESFORD D30/110 £11.25
DALESFORD D50/153 £12.25
DALESFORD D50/200 £12.25
DALESFORD D100/250 £29.95
DALESFORD 0300 £35.75

DECCA London Horn £79.95

ELAC 6NC204 61/2" £7.50
ELAC 8NC298 8" £8.95

EMI type 350, 13" x 8", 4 ohm £9.45
EMI 14A/770, 14'; x 9", 8 ohm £19.50

ISOPHON KK8/8 £8.15
ISOPHON KK10/8 £8.45

JORDAN WATTS Module £24.95
JORDAN WATTS Module Mk III £28.50
JORDAN WATTS HF kit £10.50

JORDAN 50mm unit £33.50
JORDAN crossover pair £34.00

KEF T27 £9.45
KEF 8110 £12.25
KEF 8200 £13.50
KEF B139 £27.75
KEF DN12 £9.40
KEF DN13 £6.75

LOWTHER PM6 £63.00
LOWTHER PM6 Mk I £67.75
LOWTHER PM7 £99.00

PEERLESS K010DT £10.95
PEERLESS DT1OHFC £10.50
PEERLESS K040MRF £13.60

RICHARD ALLAN CG8T £13.50
RICHARD ALLAN CG12T Super £29.50
RICHARD ALLAN HP8B £20.75
RICHARD ALLAN LP8B £14.50
RICHARD ALLAN HP126 £33.50
RICHARD ALLAN DT20 £9.95
RICHARD ALLAN DT30 £10.75

SEAS H107 £9.95
SEAS H211 ferrofluid £10.95

SHACKMAN ES units pair £136.00
SHACKMAN ES units with cabs. pair ..£170

SWIFT
OF WILMSLOW
The firm for Hi-Fi
5 Swan Street,
Wilmslow. Cheshire.

PA GROUP &
DISCO UNITS

CELESTION G12/50TC £19.50
CELESTION G12/80CE £24.50
CELESTION G12/80TC £23.75
CELESTION G12/125CE £42.00
CELESTION G15/100CE £37.95
CELESTION G15/100TC £38.50
CELESTION 018/200 £64.75
CELESTION POWERCEL 12/150 £66.00
CELESTION POWERCEL 15/250 C88.00

FANE CLASSIC 45 12"
FANE CLASSIC 55 12"
FANE CLASSIC 80 12"
FANE CLASSIC 85 15"
FANE CLASSIC 150 15"
FANE CLASSIC 125 18"
FANE CLASSIC 175 18"
FANE GUITAR 80L 12"
FANE GUITAR 80B/2 12"
FANE DISCO 10012"
FANE PA85 12"
FANE BASS 100 15"
FANE CRESCENDO 12E 12"
FANE CRESCENDO 15E 15"
FANE CRESCENDO 18E 18"
FANE COLOSSUS 15E 15"
FANE COLOSSUS 18E 18"
FANE J44
FANE J73
FANE J104
FANE J105

£13.95
£15.50
£19.75
£26.00
£37.95
£43.95
£47.95
£26.25
£27.25
£28.75
£26.75
£39.00
£57.50
£74.50
£94.75
£99.95'

£107.00
£6.90

£10.90
£15.95
£23.95

GAUSS 3181A 10" 150 watts 1115.00
GAUSS 4281 12" 300 watts £146.00
GAUSS 4581 15" 300 watts £162.00
GAUSS 4583A 15" 400 watts £162.00
GAUSS 4882 18" 400 watts £220.00

GOODMANS 8PA £5.05
GOODMANS PP12 £22.50
GOODMANS DI 1 2 £25.50
GOODMANS GR12 £24.95
GOODMANS 18P £48.45
GOODMANS HIFAX 50HX £21.85
GOODMANS HIFAX 100HX £24.50

McKENZIE C12100GP £24.45
McKENZIE C12100TC £24.45
McKENZIE C12100 BASS £24.45
McKENZIE C12125GP £39.95
McKENZIE C12125TC £39.95
McKENZIE GP15 £35.10
McKENZIE TC15 £35.10
McKENZIE C15 BASS £59.60

MOTOROLA PIEZO HORN 31/2" £8.50
MOTOROLA PIEZO HORN 2" x 6" £12.25

RICHARD ALLAN HD8T £20.25
RICHARD ALLAN HD1OT £21.75
RICHARD ALLAN HD12T £29.75
RICHARD ALLAN HD15 £52.75
RICHARD ALLAN 1-1015P £52.75
RICHARD ALLAN ATLAS 15" £77.00
RICHARD ALLAN ATLAS 18" £96.00

.4t((,

WILMSLOW
AUDIO
KITS FOR MAGAZINE DESIGNS etc.

EVERYTHING IN STOCK FOR
THE SPEAKER CONSTRUCTOR!
BAF, LONG FIBRE WOOL,
FOAM, CROSSOVERS, FELT
PANELS, COMPONENTS, SPEAKER
STANDS & BRACKETS ETC.,
LARGE SELECTION OF GRILLE
FABRICS (send 22p in stamps for
fabric samples).

Kits include drive units, crossovers,
BAF/long fibre wool etc. for a pair of
speakers

Carriage £3.95
unless otherwise stated

Practical Hi-Fi & Audio PRO9 TL
including felt panels and
level controls £152.75

carriage £5.00

Hi-Fi Answers Monitor £146.00
Hi-Fi News State of the Art £189.00

Hi Fi News Midiline £99.75

Hi Fi News Miniline £49.00

Hi-Fi News Tabor with J4 bass units £66.00
Hi Fi News Tabor with H4 bass units £70.00
Hi-Fi for Pleasure Compact Monitor £116.00

Hi-Fi for Pleasure E.C.M.
including felt panels, foam etc. £77.50

carriage £5.00

Popular Hi-Fi Jordan System 1 £125.00

Popular Hi-Fi Mini Monitor £77.00

Popular Hi-Fi Round Sound
including complete cabinet kit £74.00

Practical Hi-Fi & Audio BSC3 £65.00

Practical Hi Fi & Audio Monitor £180.00

Practical Hi.Fi & Audio Triangle £120.00

Practical Hi-Fi & Audio DBS4 £85.00
carriage £5.00

Everyday Electronics EE20 £29.50

Everyday Electronics EE70 £150.00
carriage £5.00

Wireless World T L KEF C125.00

Wireless World T L RADFORD £190.00

Building speakers
is easy

with the new
WILMSLOW

AUDIO FLAT
PACK CABINET

KITS!

ALL PRICES INCLUDE VAT AT 15% AND ARE CORRECT AT 12/2/81

SEND 50P FOR 56 -PAGE CATALOGUE 'CHOOSING
A SPEAKER' (or price list only free of charge)

Export catalogue .f1 or S3 U.S.

Tel: 0625-529599 for speaker drive units, kits, PA equipment, mail order
enquiries, and all export enquiries.
Tel: 0625-526213 for Hi-Fi equipment and complete speaker enquiries.

[7= Lightning service on telephoned credit card orders l

SPEAKER
KITS
SPEAKER KITS Prices Per Pair

Carriage £3.95
unless otherwise stated

COLES NIMBUS KIT mounted on battle £69.00

DALESFORD SYSTEM 1 £54.00
DALESFORD SYSTEM 2 £57.00
DALESFORD SYSTEM 3 £104.00
DALESFORD SYSTEM 4 £110.00
DALESFORD SYSTEM 5 £142.00
DALESFORD SYSTEM 6 £95.00
DALESFORD '0' KIT including cabinet£79.95
KEF Reference 104aB kit £133.00

plus £5 carriage
KEF Cantata kit ... £199.00 plus £5 carriage
LS3 Micro Monitor kit £76.00

LOWTHER PM6 kit £132.75
LOWTHER PM6 MK I kit £139.95
LOWTHER PM7 kit £199.00
RADFORD Studio 90 £181.00
RADFORD Monitor 180 £243.00
RADFORD Studio 270 £309.00
RADFORD Studio 360 £450.00
RICHARD ALLAN Tango Twin £55.50
RICHARD ALLAN Maramba £77.50
RICHARD ALLAN Charisma £111.00
RICHARD ALLAN Super Triple £102.50
RICHARD ALLAN Super Saraband II £159.95
RICHARD ALLAN RA8 kit £62.75
RICHARD ALLAN RA82 kit 198.75
RICHARDALLAN RA82L kit £108.00
SEAS 223 £42.50
SEAS 253 £67.00
SEAS 403 179.95
SEAS 603 £134.95
WHARFEDALE DENTON XP2 kit
WHARFEDALE SHELTON XP2 kit
WHARFEDALE LINTON XP2 kit
WHARFEDALE L60 kit
WHARFEDALE L80 kit
WHARFEDALE L100 kit
WHARFEDALE E50 kit
WHARFEDALE E70 kit
WHARFEDALE E90 kit

f31.45
f40.40
f 56.20
£52.50
£72.00
(87.00

£129.00
f160.00
/249.50

WILMSLOW AUDIO BA1 sub bass
amplifier/crossover kit £37.95

plus £1 carriage

CARRIAGE & INSURANCE
Tweeters/Crossovers 70p each
Speakers:
4" to 61/2" 90p each
8" to 10" £1.10 each
12", 13" x 8", 14" x 9"£2.00 each
15" £3.00 each
18" £5.00 each
Speaker Kits £3.95 pair
Mag. Design Kits £3.95 pair
unless otherwise stated

F21

WILMSLOW
MTH
The firm for Speakers

35/39 Church Street,
Wilmslow. Cheshire.
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ELECTRONICS

Starting Point
As it is hoped this series will show, it is within the capabilities
of practically anyone to gain a good basic understanding of
electronics. For those whose main interest is electronics

construction, design, or servicing, it is probably best to concentrate
mainly on the characteristics of the various components and the way
in which they are employed in practical designs, rather than on the
detailed theory of their operation. This approach is used in this series,
and it should enable even absolute beginners to quickly and easily
grasp an understanding of electronic circuits. Each part of the
series will be accompanied by a simple constructional project
which will demonstrate the practical application of the theory that
has been covered, as well as being a useful and worthwhile piece of
equipment in its own right.

Capacitance
Capacitors are an essential part of

virtually every electronic circuit, and
you will only very rarely (if ever) come
across a practical circuit which does
not contain at least one. The circuit
symbol for an ordinary capacitor is
shown in Figure 1, and this also gives
details of symbols for special types of
capacitor which will be dealt with later
on. For the moment we will only
consider ordinary (fixed value, non -
polarised) capacitors.

Basically, a capacitor is an ex-
tremely simple component and
merely consists of two conduc-
tors separated by an insulator. In
practical capacitors the two conduc-
tors are normally in the form of two
metal plates made from thin foil, and
the insulation, known as the 'dielec-
tric,' is often a thin layer of plastic
(polystyrene, polyester, etc.), al-
though other dielectrics, such as
paper and ceramic materials, are in
common use. In the capacitor circuit
symbol the two parallel rectangles
represent the plates and the space
between them represents the
dielectric.

Although at first sight a capa-
citor may seem of little or no practical
use, it does actually have the im-
portant and very useful property of
having the ability to store electric

-II-- General Capacitor

-IU- Electrolytic
Polarized
Non -Electrolytic

Non -Polarized-CO-Electrolytic
Manually Variable
Capacitor

Preset Variable
Capacitor

Figure 1. Capacitor circuit symbols.

charge. If we take the simple circuit of,
Figure 2, with S1 in the 'charge'
position the battery is connected
across the capacitor. The positive
terminal of the battery attracts free
electrons from the top plate of the
capacitor while the lower plate is fed
with electrons from the negative bat-
tery terminal. This results in the capa-
citor almost instantly charging to the
same voltage as the battery, and the
current flow then ceases. An im-
portant point to note here is that
although a current flowed into one
battery terminal and out of the other
and there was an apparent current
flow through the circuit, no current
actually passed through the capa-
citor. The dielectric prevents any con-
tinuous current flow through the com-
ponent.

If S1 is now set to the 'discharge'
position the capacitor is able to return
to a state of equilibrium by forcing an
electron flow from the bottom plate to
the top plate of the capacitor through
Si. This gives another apparent cur-
rent flow around the circuit, but in the
opposite direction to the original one,
and again no current actually flows
through the capacitor.

Thus a capacitor is able to store an
electric charge, and then deliver the
stored electricity into a circuit. The
amount of electricity that can be
stored in a capacitor is governed by
several factors, including the size of
the plates and the effectiveness of the
dielectric. The value of capacitors is
measured in 'farads,' and one farad is
equal to an input of one coulomb to
give a charge potential of one volt. In
other words, if a capacitor is charged
at 1 amp for one second (or an
equivalent charge equal to 1 cou-
lomb) and a charge voltage of 1 volt is
achieved, its capacitance is 1 farad.

The farad is far too large for use in
general electronics and the units

Capacitor
c,

Switch
S1 Discharge

Charge

+
7 Battery

B1

T

Figure 2. 2. Demonstration of charge storage by a capacitor.
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normally used are micro -farads (uF),
nano -farads (nF), and pico-farads
(pF). These are equal to a millionth of
a farad, a thousand millionth of a
farad, and a million millionth of a
farad respectively. Thus a capacitor
having a value of lOnF for example,
could also be correctly said to have a
value of 0.01uF or 10,000.pF.

In addition to capacitance value,
capacitors also have a voltage rating
- this voltage is the highest that can
safely be applied across the com-
ponent. A higher voltage could easily
result in dielectric insulation break-
ing down giving a virtual short circuit
through the capacitor. Even within the
working voltage of the component the
dielectric's insulation properties will
not be perfect. The resistance be-
tween the two plates is known as the
leakage resistance, and any charge
on the component will gradually leak
away through this if it is not dis-
charged through some other path.
Like resistors, capacitors also have a
tolerance rating on their value.

Time Constants
If a battery is used to charge a

capacitor the charging occurs almost
instantly due to the high charge
current that the battery is able to
provide. If a resistor is added in series
with the capacitor, as shown in Figure
3, the charge current is reduced and
the capacitor charges more slowly.
The time taken for the capacitor to
charge to the battery voltage depends
on the values of the resistor and
capacitor, and increasing the value of

by Robert Penfold

either increases the charge time.
The time taken for the charge to

reach 63% of the input voltage is CxR
seconds with C in farads and R in
ohms, or for greater convenience in
practical calculations C can be in
micro -farads and R can be in
megohms. The time taken for the
capacitor to fully charge (or, more
accurately, to achieve a voltage equal
to 99% of the input voltage is 5xCR
seconds.

If the circuit of Figure 3 is switched
to the discharge mode, the resistor
now slows up the discharging of the
capacitor. It takes CR seconds for the
charge voltage to fall to 37% of its
initial value, and 5CR seconds for it to
drop to 1% of its initial value.

When charged or discharged via a
resistor the voltage across a capacitor
does not rise or fall in a linear fashion.
If we consider the charging action
first, initially the full input voltage will
be present across the resistor, giving
a high charge current. As the charge
voltage on the capacitor rises, the
share of the input voltage taken by the
resistor reduces, as does the charge
current (as dictated by Kirchhoff's
voltage law and Ohm's law). As time
passes, the voltage across the capa-
citor rises more and more slowly, as
shown in the graph of Figure 4. The
capacitor charges 'exponentially.'

A similar effect is produced when
a capacitor is discharged through a
resistor, with the charge voltage fall-
ing fast at first, and then gradually
slowing up as the voltage across the
resistor (and hence the discharge
current) diminishes. This is also

Resistor
R1

Capacitor
Cl T

Charge

Switch 0-
Si Discharge

+1
"r Battery

B1

T

Figure 3. Charge and discharge of a capacitor via a resistor.
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cr,
a

0

Charge

Discharge

Time

Figure 4. Exponential charge and discharge of a capacitor.

shown in the graph of Figure 4.

Parallel Capacitance
If two or more capacitors are con-

nected in parallel, a charge source
has to charge all the capacitors in the
network, and the combined charges
of all the capacitors are then available
if a discharge circuit is connected.
Thus the total capacitance of parallel -
connected capacitors is simply the
sum of the individual capacitance,
values.

When connected in series, capa-
citors provide a value that is less than
the highest single capacitance value
in the series circuit. The equation for
two capacitors connected in parallel
is:

CI x C2
C total - CI + C2

For more than two series connec-
ted capacitors the combined capa-
citance is given by the equation:

1
C total

1 1

E+-a+"e73+

This is very much the same as
calculating parallel resistance, and
will not be considered in greater
detail.

Simple Timer
Probably the most obvious use for

a capacitor is in a timing circuit of
some kind, and this is indeed a
common use for capacitors. Our con-
structional project this month is a
simple electronic timer which is suit-
able for use as a kitchen timer, or for
other similar, non -critical timing
applications. It sounds an audible
alarm some preset time after switch -
on, and the timing range is con-
tinously variable from 30 seconds to 5
minutes.

The complete circuit diagram of
the timer unit is shown in Figure 5.
Here we will be primarily concerned
with circuitry to the left of IC1, and the
rest will not be considered in detail at
this stage. The purpose of the tran-
sistor TR1 is to switch on the buzzer if
pin 2 of IC1 is at a higher voltage than
pin 3, or switch the buzzer off if it is
not.

Pin 3 of IC1 is fed with a fixed
potential from the voltage divider
comprised of R3, R4 and connected
between the supply lines. The voltage
can be adjusted from half the supply
voltage to the full supply voltage by
means of RV2.

TR1 and IC1 pin views

Pin 2 of IC1 is fed from the supply
lines via a resistor -capacitor network
which consists of RV1, R2 and Cl. At
switch -on Cl will obviously be in an
uncharged state, and zero volts will be
fed to pin 2 of IC1. Thus initially the
buzzer will not be activated.

The voltage across Cl (which is
also the voltage fed to pin 2 of ICI of,
course) will gradually increase, and
eventually it will become higher than
the voltage fed to pin 3 of IC1 by RV2.
The buzzer is then activated and the
audio alarm signal is produced. There
are two variable factors which affect
the time taken before this happens,
one of which is the setting of RV2. The
higher the voltage this supplies to pin
3 of IC1 the longer it takes the voltage
across Cl to exceed this. The other
factor is the setting of RV1, with the
time taken for Cl to reach a given
charge voltage increasing and de-
creasing as the value of RV1 is raised
and lowered respectively

In practice, RV2 is adjusted so that
there is a delay of 30 seconds after
switch -on before the buzzer sounds
when RV1 is set at minimum re-

sistance (a delay of just under 1.4CR
seconds). This gives a nominal delay
time of 51/2 minutes with RV1 at
maximum, but due to component
tolerances this time will vary some-
what from one example of the circuit
to another. It will normally be within
the range of 5 to 6 minutes. RV1 is the
delay time control, and in practice the
dial is calibrated so that the required
delay can be easily set.

When the on/off switch Si is set to
the off position Sla discharges Cl
through R1 very rapidly so that the
unit is ready to operate again almost
instantly. Without this a residual
charge might be left on Cl and this
would shorten the subsequent timing
run of the unit. RI is needed to limit
the discharge current of Cl to a value
that does not damage S1.

The capacitor used in the Cl
position needs a fairly high capa-
citance, and one that is not really
practical for an ordinary capacitor as
it would be physically very large as
well as being difficult and very ex-
pensive to manufacture. Higher value
capacitors are normally of the elec-

S1a
ON 0

OFF

ER1
1OR

1_
CW

RV1
2M2

ER2
220k

+
C1 me

100uF

IC1: CA31307, TR1: BC179

RV2
10k

2

EIR3
10k

7

C2
47pF

ICI

R4
47k

C3 =:1
10uF

S1b (;), OFF
0-

C4 -

ON

-rB1
9V

PP3
SIM

Figure 5. The circuit diagram of the Timer.

The Timer unit.
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trolytic type, and these are generally
far smaller than would be possible
with a non -electrolytic type of the
same value, and can be produced
quite cheaply. An electrolytic is not
ideal for use as Cl in this circuit as
they do have a few important draw-
backs.

One disadvantage is that they
must be fed with a supply of the
correct polarity or the dielectric will
not form properly and the component
will have a very low leakage resist-
ance. This is not really a problem here
since Cl is always fed with the same
supply polarity. Of greater importance
here is that even when fed with a
supply of the correct polarity the
leakage resistance of an electrolytic is
still relatively low. This would tend to
leak away the charge current, ex-
tending the delay. The tolerance of
electrolytics is also rather high, which
would cause widely varying delay
times from one unit to the next.

The component used for Cl is a
tantalum bead type which although
rather expensive when compared to
an electrolytic of similar value and
working voltage, has a lower tolerance
and high leakage current. Tantalum
capacitors, like electrolytics, are
polarised components, and can be
damaged if connected the wrong way
round.

Supply Decoupling
Earlier in the series we discussed

internal resistance of batteries, and
the fact that supply voltage changes
with variations in current. These volt-
age fluctuations can cause circuits to
malfunction, and this is usually com-
batted by adding a decoupling capa-
citor across the supply. When the
supply is heavily loaded the capacitor
gives up some of its charge and
minimises the drop in supply voltage.
When the supply is lightly loaded the
capacitor recharges, maintaining the
loading on the supply and preventing
its voltage from greatly increasing. It
thus has a stabilising effect on the
supply voltage, though this method is
only usable if there are fairly rapid
changes in loading as the capacitor
would otherwise have to supply cur-
rent fora long period of time, needing
an excessively high value.

C4 is the supply decoupling capa-
citor for this circuit, and C3 provides a
similar function for the buzzer.

Construction
The unit will comfortably fit into a

metal panel box type M4004 or any
case of a similar size (111 x 78 x
48mm). Si, RV1, and the buzzer are
mounted on the front panel, and the
latter requires two 2.5mm diameter
holes for the 8BA mounting bolts, and
a 3.5mm hole for the two leadout
wires. The buzzer can be used as a
template when marking out the hole
positions.

Figure 6 shows the 0.1 in. Vero -
board layout and wiring of the timer.
The only point to note in the con-
struction is the fact that ICI is a MOS
device and as such can be damaged
by high static voltages. Handling
should be kept to a minimum, the
device should be left in its protective
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Figure 6. Constructional details of the Timer.

packaging until needed, and it should
be the last component to be fitted to
the board. Solder it in position with a
soldering iron having an earthed bit,
or unplug the iron from the mains just
before use.

When initially testing the unit start
with RV2 at a central setting and RV1
at minimum resistance (fully anti-
clockwise). RV2 is then trimmed by
trial and error to give a time delay of
exactly 30 seconds. Clockwise adjust-
ment of RV2 shortens the time delay;
anticlockwise adjustment increases
it. Rub -on numbers can be used to
produce a calibrated scale around the
control knob of RV1, with the cali-
bration points determined empiri-
cally. E&M M

PARTS LIST
Resistors - all 5%' watt carbon unless specified.

RI 1OR
R2 220k
R3 10k
R4 47k
RV1 2M2 lin. pot.
RV2 10k Hor. S -min. preset

Capacitors

(M1OR)
(M220K)
(M10K)
(M47K)
(FWO9K)
(WR58N)

Miscellaneous
Si DPDT ultra -min. toggle
81 PP3 battery

PP3 connector
Veroboard, 24 holes by 10

strips, 0.1 in. matrix

(FH99H)

(HF28F)

(FLO6G)
Cl 100uF 10V tantalum (WW79L) Metal Panel Box M4004 (WYO1B)
C2 47pF ceramic plate (WX52G) 12 volt buzzer (FL40T)
C3 10uF 35V PC electrolytic (FF04E) Control knob (YX02C)
C4 100nF polyester (BX76H) Insulated hookup wire (BLOOA)

6BA W' bolts (BF06G)
Semiconductors 6BA nuts (BF18U)
ICI CA3130T (QH28F) 8BA 1/2" bolts (BFO9K)
TR1 8C179 (QB54J) 88A nuts (BFI9V)
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ADVANCE ADVERTISING BARGAINS LIST!
Our FREE Bi-monthly list gives details of bargains arriving or just
arrived - often bargains which sell out before our advertisement can
appear - it's an interesting list and it's tree - just send S.A.E.
Below area few of the Bargains still available.
TRANSMITTER SURVEILLANCE
Tiny, easily hidden but which will enable conversation to be picked
up with FM radio. Can be made in a matchbox - all electronic
parts and circuit. £2.30.
RADIO MIKE
Ideal for discos and garden parties, allows complete freedom of
movement. Play through FM radio or tuner amp. £6.90 comp. kit.
SAFE BLOCK
Mains quick connector will save you valuable time. Features include
quick spring connectors, heavy plastic case and auto on and off
switch. Complete kit. £1.95.
LIGHT CHASER
Gives a brilliant display - a psychedelic light show for discos, par-
ties and pop groups. These have three modes of flashing, two chase
patterns and a strobe effect. Total output power 750 watts per
channel. Comlete kit. Price £16. Ready made up £4 extra.
FISH BITE INDICATOR
Enables anglers to set up several lines then sit down and read a book.
As soon as one has a bite the loudspeaker emits a shrill note. Kit.
Price £4.90.
6 WAVEBAND SHORTWAVE RADIO KIT
Bandspread covering 13.5 to 32 metres. Based on circuit which
appeared in a recent issue of Radio Constructor. Complete kit in-
cludes case materials, six transistors, and diodes, condensers, resist-
ors, inductors, switches, etc. Nothing else to buy if you have an
amplifier to connect it to or a pair of high resistance headphones.
Price £11.95.
SHORT WAVE CRYSTAL RADIO
All the parts to make up the beginner's model. Price £2.30. Crystal
earpiece 65p. High resistance headphones (gives best results) £3.75.
Kit includes chassis and front but not case.
RADIO STETHOSCOPE
Easy to fault find - start at the arial and work towards the speaker
- when signal stops you have found the fault. Complete kit £4.95.
INTERRUPTED BEAM
This kit enables you to make a switch that will trigger when a
steady beam of infra -red or ordinary light is broken. Main compon-
ents - relay, photo transistor, resistors and caps etc. Circuit diagram
but no case. Price £2.30
OUR CAR STARTER AND CHARGER KIT has no doubt saved
many motorists from embarrassment in an emergency you can start
car off mains or bring your battery up to full charge in a couple of
hours. The kit comprises, 250w mains transformer, two 10 amp
bridge rectifiers, start/charge switch and full instructions. You can
assemble this in the evening, box it up or leave it on the shelf in the
garage, whichever suits you best. Price £11.50 + £2.50 post.
GPO HIGH GAIN AMP/SIGNAL TRACER. In case measuring
only 5'/.in x 3%in x 1%in is an extremely high gain (70dB) solid
state amplifier designed for use as a signal tracer on GPO cables, etc.
With a radio it functions very well as a signal tracer. By connecting
a simple coil to the input socket a useful mains cable tracer can be
made. Runs on standard 4f/w battery and has input, output sockets
and on -off volume control, mounted flush on the top. Many other
uses include general purpose amp, cueing amp, etc. An absolute
bargain at only £1.85. Suitable 80ohm earpiece 69p.

FIVE UNUSUAL SWITCHES
For inventors, experimenters, service engineers, students or in
fact anyone interested in making electrical gadgets. The parcel
contains, - delay switch - motor driven switch - two-way and
off switch - polarity changing switch - and humidity switch. Our
regular price for these switches bought separately is over £10, but
this month you can have the 5 for £2.50.

MAINS OPERATED CLOCKS
Where can you buy a precision mains operated electric
clock for only £1.25? The answer is from us, but you must
be prepared to buy 8 at a time. Made for famous cookers,
these are for normal 250 volt 50Hz mains and they still
have the 25 amp timed on and off switches. They are all
brand new and still in original manufacturer's packing.
Don't miss this offer. Send £10 for 8 today, or £2.00 for
sample one_

275 WATT TRANSFORMER
With normal mains primary and two secondary windings. The
major one being 26 volts at 10 amps, the other being 12 volts at
1 amp. Extremely well made transformer impregnated and varnish-
ed with a substantial terminal plate on the top. Made for surface
mounting with perforated clamps for fixing along any edge.
£8.50 + £2.00 post.
WATERPROOF HEATING WIRE
60 ohms per yard, this is a heating element wound on a fibre glass
coil and then covered with p.v.c. Dozens of uses - around water
Pipes, under grow boxes in gloves and socks. 23p per metre.

CLOCKWORK MOTOR
Precision movement with a balance wheel and main spring, goes
for 1 hour at one winding - can be used to operate models, delay
switches, etc. etc. 75p.
FRUIT MACHINE HEART. 4 wheels with all fruits, motorised and
with solenoids for stopping the wheels with a little ingenuity you can
defy your friends getting the "jackpot". £9.95. + £4 carriage.

MUGGER DETERRENT
A high -note bleeper, push latching switch, plastic case and battery

- connector. Will scare away any villain and
bring help. £2.50 complete kit.

2

9 "- 3j
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TIME SWITCH BARGAIN
Large clear mains frequency controlled
clock, which will always show you the
correct time + start and stop switches
with the dials. Comes complete with knobs.
£2.50.

3 CHANNEL SOUND TO LIGHT KIT
Complete kit of
parts for a
three -channel
sound to light
unit controll-
ing over 2000
watts of light-
ing. Use this
at home if
you wish but it
is plenty rugged enough for disco work. The unit is housed in an
attractive two-tone metal case and has controls for each channel,
and a master on/off. The audio input and output are by Y."
sockets and three panel mounting fuse holders provide thyristor
protection. A four -pin plug and socket facilitate ease of connect-
ing lamps. Special snip price is £14.95 in kit form or £19.95
assembled and tested.

REMOTE CONTROL for Sound to Light Systems (ours
or any other circuit) saves connecting to speaker or amp - kit
consists of 1 watt amplifier, crystal mike, case, sundries and
diagram. Price £3.95.

LIGHT EXPANDER AND LATCH for Sound to
Light, enables 3,000 watts of lighting to be controlled by single
channel or each channel and enables lights to be latched on.
Kit consists of latching relay, control switch, case, sundries and
diagram. Price £4.25.

PANEL METERS "AMSTRAD"
We have two types, both approx 40mm
(1 7/8" square) with modern clear pers-
pex type front. Both have sensitivity
0 - 100 uA, one has a pointer in the
centre and the scale calibrated 3 - 2 - 1 -

0 - 1 - 2 - 3.The other has the pointer in
the normal position and the scale reads
0 - 5. The interesting feature of these
meters is that if illuminated from behind,

the scale and pointer seem to fluoresce, giving a very pleasing
effect. Special price of £1.75 each.

THIS MONTH'S SNIP
PUSH BUTTON G.P.O. TELEPHONES
For £25 (quickly recoverable in saved time) you will
improve your image and efficiency with this push
button desk telephone, ex. G.P.O. thoroughly recon-
ditioned, can be yours in a few days, if you send today.

EXTRACTOR FAN
Mains operated - ex. Computer.
5" Woods extractor

£5.75 Post £1.00.
6" Woods extractor

£6.90 Post £1.25
6" Plannair extractor

£7.50 Post £1.00
4" x 4" Muffin 115v.

£4.50 Post 50P.
4" x 4" Muffin 230v.

£5.75 Post 50p.

8 POWERFUL
BATTERY MOTORS
For models, Meccanos, drills,
remote control planes, boats,
etc. E2.50.

SPIT MOTORS These are powerful mains operated
induction motors with gear box
attached. The final shaft is a 'A" rod
with square hole, so you have altern-
ative couplingmethods - final speed
is approx. 5 revs/min, price £5.50. -
Similar motors with final speeds of
80, 100, 160 & 200r.p.m. same price.

TAPE PUNCH &
READER For controlling machine
tools, etc, motorised 8 bit punch with
matching tape reader. Ex -computers, be-
lieved in good working order, any not so
would be exchanged. £17.50 pair. Post
£3.00.

MINI -MULTI TESTER Deluxe pocket size precision mov-
ing coil instrument, Jewelled bearings - 2000 o.p.v. mirrored scale.
11 instant range measures: DC volts 10, 50, 250, 1000.

AC volts 10, 50, 250, 1000.
DC amps 0 - 100 mA.

Continuity and resistance 0 - 1 meg ohms in
two ranges. Complete with test prods and in-
struction book showing how to measure cap-
acity and inductance as well. Unbelievable
value at only £6.75 + 50p post and insurance.

e

4

FREE Amps range kit to enble you to read
DC current from 0 - 10 amps, directly

on the 0 - 10 scale. It's free if you
purchase quickly, but of you already
own a Mini -Tester and would like
one, send £2.50.

MULLARD UNILEX
A mains operated 4 + 4 stereo
system.. Rated one of the
finest performers in the
stereo field this would
make a wonderful gift for
almost anyone. In easy to assemble
modular form this should sell at about £30

but due to a special bulk buy and as an in-
centive for you to buy this month we offer the sys-
tem complete at only £16.75 including VAT and post.
FREE GIFT - buy this month and you will receive a pair of
Goodman's eliptical 8"x 5" speakers to match this amplifier.

VENNER TIME SWITCH
Mains operated with 20 amp switch, one
on and one off per 24 hrs. repeats daily
automatically correcting for the lengthen-
ing or shortening day. An expensive time
switch but you can have it for only £2.95.
These are new but without case, but we
can supply plastic cases (base and cover)
£1.75 or metal case with window £2.95.
Also available is adaptor kit to convert
this into a normal 24hr. time switch but
with the added advantage of up to 12 on/
offs per 24hrs. This makes an ideal con-

troller for the immersion heater. Prce of
adaptor kit is £2.30.

DELAY SWITCH
Mains operated - delay can be accurately
set with pointers knob for periods of up
to 2'/:hrs. 2 contacts suitable to switch 10
amps - second contact opens a few min-
utes after 1st contact. £1.95.

LEVEL METER
Size approximately 4" square, scaled signal
and power but cover easily removable for
resealing. Sensitivity 200 uA. 75p.

STEREO HEADPHONES
Japanese made so very good quality.

plug. £2.99 Post 60p. 4`'
8 ohm impedance. padded, term-
inating with standard Y." jack-,

BRIDGE RECIFIER
1 amp 400v 30p each.
10 for £2.50. 100 for £20.00

PORTABLE
RADIO CASE
Size: 11 x 8 x 3% ins
approx. Made from ply-
wood, pleasingly covered.
Suitable for any normal
radio circuit. Has studs
for mounting 5" speaker
and the front is drilled
to take a tuning conden-
sor in the centre and
normal controls either
side. £2.30 + £1.50 post.

LAST MONTH'S SNIP - STILL AVAILABLE
And it still carries a free gift of a desoldering pump, which we are
currently selling at £6.35p. The snip is perhaps the most useful break-'
down parcel we have ever offered. It is a parcel of 50 nearly all
different computer panels containing parts which must have cost at
least £500. On these boards you will find over 300 IC's. Over 300
diodes, over 200 transistors and several thousand other parts, resist-
ors, condensors, multi -turn pots, recifiers, SCR, etc. etc. If you act
promptly, you can have this parcel for only £8.50, which when you
deduct the value of the desoldering pump, works out to just a little
over 4p per panel. Surely this is a bargain you should not miss)
When ordering please add £2.50 post and £1.27 VAT.

MAINS MOTORS Precision made as
used in record players, blow heaters, etc.

Speed usually 1,400. All have ample
spindle length for coupling fan blade,

pulley, etc. Power depends on stack size.
5/8" stack £2.00;Y." stack £2.50: 7/8"
stack £3.00; 1" stack £3.50; 1%" stack
£4.50. Add 25% to motor cost to cover pos-
tage, and then add 15% VAT.

YOUR LAST CHANCE FOR THIS BARGAIN
100 twist drills, regular tool shop price over £50, yours for only
£11.50. With these you will be able to drill metal, wood, plastic, etc.
from the tiniest holes in P.C.B. right up to about '4". Don't miss
this snip - send your order today.

MAGNETIC LATCH
Low voltage (4 - 8 volt AC/DC operation)
Only £1.50 each.

COMPONENT BOARD
Ref. WO998
This is a modern fibreglass board which contains a multitude of
very useful parts, most important of which are: 35 assorted diodes
and rectifiers including 4 3amp 400v types (made up in a bridge) 8
transistors type BC 107 and 2 type BEY 51 electrolytic condensers.
SCR ref 2N 5062, 25 Ouf 100v DC and 100uf 25v DC and over 100
other parts including variable, fixed and wire wound resistors,
electrolytic and other condensers. A real snip at £1.15. A

J. BULL (Electrical) Ltd
(Dept. EM), 34 - 36 AMERICA LANE,

HAYWARDS HEATH, SUSSEX RH16 3QU.

J. BULL (Electrical) Ltd - Established 25 years. MAIL ORDER TERMS: -1
Cash with order - please add 60p to all orders under £10, to offset packing,
etc. ACCESS & BARCLAYCARD WELCOMED. Our shop is open to callers.
BULK ENQUIRIES INVITED. Telephone: Haywards Heath (0444) 54563
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Micromusic
A series that focuses on using the popular microcomputers for making music.

Learning morse by computer -- . - . Graham Knight

The two previous editions of Elec-
tronics and Music Maker have
detailed the versatile musical

capabilities of the Sharp MZ-80K
microcomputer. Some of the readers
who purchased the Maplin cassette
were quite amazed by the range of
sound effects which can be pro-
grammed on the MZ-80K from Basic.
The main program this month utilises
the variety of note durations and the
seven tempos in a unique way to
make up an interesting method of
learning the morse code with the
assistance of a computer.

The thirty two line program takes
less than 1K of memory and can be
run on any Sharp MZ-80K micro-
computer - regardless of the
memory size available. The dots and
dashes which make up the morse
code are entered as DATA statements
in lines 23 to 32. Line 23 contains the
code for the letters A,B,C, D and E; line
24 contains F,G,H and I; line 25
contains J,K,L,M and N; line 26 con-
tains O,P,Q and R; line 27 contains
S,T,U, V and W; line 28 contains X,Y
and Z. Similarly lines 29 to 32 contain
the numbers 0 to 9. It is most
important that care is taken in enter-
ing these DATA lines as they define
the dots and dashes which will be
both displayed on the screen and
heard coming from the MZ-80K
speaker.

Once entered and run the program
can be used to learn morse by both
sight and sound. Seven different
learning speeds are controlled by the
TEMPO as defined in line 5 and line 7.
The printing of the morse characters
on the screen is achieved by reading
the DATA and printing the value of C$
(line 17) and the morse sounds are
generated by the MUSIC statements
in lines 18 and 19. After selecting a
learning speed between 1 and 7
simply enter the message you wish to
hear on the MZ-80K keyboard, press
the carriage return key and the
morse code for your message will
then be heard and displayed on the
screen.

The program is quite a simple one
but is capable of further expansion.
The 32 line version only caters for the
letters of the alphabet and for figures.
Some enthusiasts may wish to expand
the DATA lines and make the other
appropriate changes to add punctua-
tion marks, currency symbols, etc. It
would also be possible to use the
program to generate morse to feed
the microphone circuits of a trans-
mitter - morse could then be sent by
simply entering the messages on the
keyboard of the MZ-80K.

Readers who liked the previously
published program which generated
whistles, trimphone rings, engaged
tones, etc have asked for guidance in
using the POKE commands, and the
second program shows how to control

E&MM MAY 1981

NOTE POKE 4514
value

POKE 4513
value

C 29 220
#C 28 48

D 26 156
#D 25 28

E 23 180
F 22 96

#F 21 32
G 19 240

#0 18 208
A 17 196

196
B 15 212
C 14 238

#C 14 24
D 13 78

#D 12 142
E 11 218
F 11 48

#F 10 144
G 9 248

#G 9 104
A 8 226

#A 8 98
B 7 234
C 7 119

#C 7 12
D 6 167

#D 6 71
E 5 237
F 5 152

#F 5 72
G 4 252

#0 4 180
A 4 113

#A 4 49
B 3 245

Table 1

the sounds produced from the Sharp
Basic for musicians to experiment
with.

The program allows the user to
enter a frequency in Hertz and the
Sharp will then play it and display the
appropriate POKE values for locations
4514 and 4513. The program will
generate tones and display these
values over a range from 16Hz to
3,900 Hz.

Table 1 will assist readers who are
more accumstomed to musical nota-
tion and the POKE values are given for
36 notes to start you off. E&MM

1 Din Ls(26)Ast9)
2 FOR R=1 TO 26:RERD L$t91:NEXT

3 FOR 9=9 Ti) 9:RE9D N$01):NFXI

4 PRIHT" lEORNIN8 nURSE UV SISK RHD SOUND"
5 INPUT "ttENTER SPEED fl -?)"S

6 IF tS(1)+tS)7) THEN SOTO 4

7 TEMPO 8-S:PRINT""NOW ENTER MESSflEIE IN LETTERS 9ND FIHRES":PRINI
8 INPUT 1$:PRINT:FOR S=1 TO LENtM$)
9 9=9SCUIID$111$1S!11)-64

19 IF 9=-32 THEN nu sic "R5":PRINT " ";:130TO 21
11 IF 9)9 MEN 13
12 X$=N$111+16):13010 15

13 IF 01(1)+t9)26) THFN 8
14 XS=OtH)

15 FOR 0=1 TO LENIX$)

16 cs=micistwo)1)

17 PRINT CI;

18 IF C$="." THEN nusic "-92R2"
1? IF C$="-" THEN MUSIC "-95R2"
29 NEXT 9: MUSIC "P":PRINT"

21 NEXT SPRINT"""

22 80I0 8
23

24

25

26

27

28 DRT9 "-..-')"-.--"!"--.."
2?

39

31

32 D9Tli "----

DRT9 ...-."!"-."J""
DflT9 " .-.'!"--"."
DRI1 ..___.,._

DRIR " "'U. "J"..---"
Nifti

Program 2. Frequency Finder.

1 REM 9M4NtO FREQUENCY FINDER PRIAR9M

2 LIMIT24552:TFMPO7:MUSIC"R9"
3 FOR1=24553T024569:POKEM:NEXT
4 D9 TH795! 27, 9,59; 240 J 95! 28118
S FOU=24565T024572:POKflJY

6 NEXT:DRIB 58)0!0!50)252195!291s0

7 INPUT"2SIVE FREQUENCY IN HERTZ ";F
8 IF(FC16)+tF)3909)THEN7

9 P=11890/F)*)18.67

10 PINT(P/255):8=INT(fP/255-9)*255)
11 PRINT".c.r4;" Hertz"

12 PRINT"tPOKE 4514,";STRV.H1

13 PRINT"±POKE 45131";STRVI3)
14 POKE4514A:POKF4513)8:US068)

15 PRINT"t+Press R. to restart.

16 6ETO:IFQ$="R"THEN RUN
12 60T916

Program 1. Learning Morse using MUSIC command.
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'MICRON' may sound small - but we all know that it's much targer than an atom!

The un-beatable features of Microtan 65 and Tanex have been brought together to give you Micron,

a ready built and tested computer of outstanding value. Fully supported by comprehensive documentation,

Micron represents an ideal starting point in personal computing. We've taken a full O.E.M. licence

for Microsoft Basic, which means that you'll have the support of the most popular Basic available,

(as used on PET, APPLE, TANDY etc.). If you want to expand Micron there's no problem, just move into

the system rack and choose from the range of Microtan modules. Read the information, study what the

magazines have to say about us and compare what we have to offer with other systems, then we feel

sure that you'll be convinced that we've produced an excellent product.

O FULLY BUILT, TESTED AND CASED.
06502 BASED MICROCOMPUTER.
COVDU ALPHA NUMERIC DISPLAY.
08K RAM.
032 PARALLEL I/O LINES.
02 TTL SERIAL I/O LINES.
C11 SERIAL I/O PORT WITH RS232/20mA LOOP,
AND 16 PROGRAMMABLE BAUD RATES.

L0300 / 2400 BAUD FILENAMED CASS.
CODATA BUS BUFFERING.
COMEMORY MAPPING CONTROL.
071 KEY ASCII KEYBOARD, INCLUDING NUMERIC
KEYPAD.

COPOWER SUPPLY INCLUDED.

TANGERINE
COMPUTER SYSTEMS LIMITED

Forehill Works
`Forehill Ely Cambs England

INTERFACE.

I

SOFTWARE
O 10K EXTENDED MICROSOFT BASIC.
O ALL THE USUAL BASIC COMMANDS.
O INTEGER AND REAL NUMBERS.
O INTEGER AND REAL ARRAYS.
O INTRINSIC FUNCTIONS: ABS, INT, RND

SGN, SIN, SQR, TAB, USR, ATN, COS,
EXP, LOG, TAN.

O USER DEFINED FUNCTIONS.
O READ AND DATA STATEMENTS.
O DUMP AND LOAD PROGRAMS.
O PROGRAM EDITING COMMAND.
O STRING FUNCTION FOR TEXT I/O.
O BASIC CAN CALL MACHINE CODE SUB-

ROUTINE.
O USER MACHINE CODE INTERRUPT HAND-

LER INTERFACES WITH BASIC.
O XBUG.

C1DATA CASSETTE FILE HANDLING IN BASIC

Tel: (0353)3633
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microtan 65

The Microtan system is rapidly becoming accepted as the ultimate approach to personal computing. Start

with Microtan 65, a 6502 based single board computer, and expand to a powerful system in simple and

in -expensive stages. The Microtan system is a concept and not an afterthought, this means expansion

is easy and very efficient! Unlike many other systems, you'll find it difficult to outgrow Microtan,

and you won't be wasting your money on a product that will only last you a few months! When you are

ready to expand, Tanex is waiting. The features offered by Tanex are tremendous, and you _an start into

them for just £49.45! Cassette interface, 16 I/O lines, two 16 bit counter timers, data bus buffering,

memory mapping and a further 1K of RAM are standard. From thereon expansion is simple, just plug in

extra integrated circuits to get yourself 8K of RAM, a further 16 I/O lines and two more counter timers

a serial I/O line with RS232/20mA lcop and full modem control, XBUG - a firmware package containing

cassette file handling routines, plus a line -by-line assembler (translator) and dis-assembler, PLUS

10K EXTENDED MICROSOFT BASIC, a suped-up version of the Basic as used by major manufacturers such as

Apple, Tandy and Nascom, NO OTHER LOW COST MICROCOMPUTER OFFERS YOU THIS SUPERB PACKAGE. O.K. so you

want more memory, try Tanram for size! Upto 40K bytes on one board starting for as little as £50.60.

RAM freaks will be pleased to hear that our system mother board offers page memory logic which will

support 277K Bytes, satisfied? To house these beautiful modules you can choose between our mini -rack

(as used on Micron), which accepts Microtan and Tanex, or our system rack pictured above. The system

rack will support 12 modules. What are these extra modules? Well for starters there's a couple of I/O

modules, parallel and serial offering upto 128 I/O lines organised as 16 8 bit ports and 8 serial I/0

ports respectively. Shortly we'll be introducing high definition (256x256) colour graphics, A to

and D to A modules, IEEE 488 Bus interface, a PROM programmer, disc controller and TANDOS - a 6502 CPM

system. So there's plenty to keep you busy. Send for more details, and find out how you can get started

for just £79.35! ALL PRICES QUOTED INCLUDE V.A.T.

AIM 65, KIM 1, SIM 1 USERS- READ ON!

We have produced a T.V. interface module which simply

connects to the expansion socket of your computer and

produces a display of 16 rows by 40 characters! Of even

more interest will be our Buffer module, which allows

you to expand into our system rack, giving you access

to the full range of Microtan modules.

Please underline the information required.

AIM T.V. INTERFACE. MICROTAN SYSTEM.

NAME:

ADDRESS:

E&MM/3

PLEASE ENCLOSE 12p STAMP. THANK YOU.

E&MM MAY 1981
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The AT*
Music Syttem

Reviewed by
Dr David Ellis

The Apple Music System is some-
thing of a quantum jump when
compared to other micropro-

cessor -controlled music synthesis
systems. It's almost like a giraffe
being given the evolutionary gift of a
long neck enabling it to feast off the
forbidden fruit on higher branches!
Not that digital synthesis has been
exactly forbidden, but, with this
system, the price at least makes it
feasible to have your own digital
music synthesis set-up without hav-
ing to sell house, possessions and,
quite probably, your soul.

The basic hardware needed to
start off would be an Apple II with 48K
RAM, a monochrome VDU, a 51/4" disc
drive plus controller, a Silentype gra-
phics printer, and, most importantly,
the Music System itself comprising
additional hardware and software
(Figure 1). At UK prices, you'd be
lucky to have change from £2,000;
that may sound a lot, but just wait and
see what unfolds before your eyes!

Figure 1. The complete Apple Music System comprising 48K Apple II, MH Music System
(light pen included), 2 Disc Drives, Silentype Printer and VDU.

Figure 2. The 2 MH System boards are
plugged into the 2 left hand
peripheral connectors in Apple II.

The Apple II is a sensible basis forariy
computer music system, for, at the
present state of Apple Computers Inc.
on the US stockmarket, together with
the exponentially -increasing selec-
tion of peripherals and software for
Apple computers, this firm is sure to
coast with ease into the next century.

The Music System peripheral is
manufactured by Mountain Hardware
Inc. and consists of two boards which
plug into adjacent peripheral con-
nectors on the main board of the
Apple II (Figure 2). The hardware
comes complete with a light pen and a
stereo pair of phono output sockets
for connection 'to an audio system

3. MUSIC PLAYER - this plays the
data created by the MUSIC EDITOR
and joined together by the MUSIC
MERGER. The following functions are
included:
(a) Conversion of COMP files to PLAY
files.
(b) Change of instrument assign-
ment, either using predefined IDEF
and WAVE files (offering instrument
definition and waveform identity, re-
spectively), or (and this is where the
fun really starts) by defining one's
own instrument definitions.
(c) Re -assignment of speaker location
for each part.
(d) Cancelling the performance dur-
ing playing.
(e) Saving the composition.

Music Editor/Merger
Entering music into the system via

the MUSIC EDITOR is actually a lot
more complicated than it sounds on
paper. To a well -practised hand, writ-
ing a note on manuscript paper is a

Figure 3. The Mountain Hardware Music System package, comprising 2 PCBs, 2 Diskettes
and manual.

(Figure 3). The two boards enable the
synthesis of sixteen individual voices
implemented by the same number of
digital waveform generators.

The present software enables
three programs to be run to achieve
three stages of music production:
1. MUSIC EDITOR - this inputs data
into COMP files and is 'designed to
approximate the process of compos-
ing a musical score on regular music
staff paper.' The following functions
are included:
(a) Input and editing of data.
(b) Display of musical scores.
(c) Printing musical scores.
(d) Loading and saving compositions.
2. MUSIC MERGER - this merges
small COMP files created with the
MUSIC EDITOR to create larger COMP
files (and little fishes are eaten by
bigger fishes ...)

more -or -less deft combination of a
circular note head and a stroke and a
flick for the note tail. With EDITOR,
there are rather more steps involved:
1. Select octave from CO to C7 (where
middle C = C2) by using the LH game
paddle control.
2. Select note value from a main
commands menu (Figure 4) dis-
played on the lower portion of the
screen using either the RH paddle
control or the light pen.
3. Select note using a pitch cursor
operated by the LH paddle control
(Figure 5).
4. Write that note by pressing the LH
paddle button.
5. Select and write accidentals from
the main commands menu if neces-
sa ry.

And that's not including the initial
selection of clef, key and time signa-

50 MAY 1981 E&MM



COMPUTING

, ,,,!.

2

.:,

/2
.../

 H

if i): TENUR Acro, s..,..s 11.,., 10
2

... Lit

50 60 ;1 16 : ::.:k H k 5k ii:k 26

0 cl J ; f::. .1" .

HoTE7H0F:D
rioriE tioDE

REST 0 k 00 ,
I

L'v
cHt.ici
PITCH

CHNG

[JUR

DEL

..--
DEL

--.

i 1 -7 cliff
1-j!ifis

ririEldips
C ni IND
1*:tios HEW OUIT

PPP PP P rod' rid f ff fff 13"D E.:Yr

LENTILENTO LHRI3H Fit.IDAH MODER HLLECi 1..,111..JFIC: F.P.EST

LEFT BOTH RIGHT

y - ; .. EXIT

sf sff sill 1,7 11.: 111:: slz sflz E;fff:Ai:It.10-

TIE

Figure 4. Lower Screen Menus. From top to bottom: Signature Commands, Main
Commands, Sound Control, Note Modifier.

Figure 5. Upper screen shows pitch cursor,
lower screen has one of the
available menus.

tures from the signature commands
menu and the later selection of slurs,
accents, dynamics and tempo from
note modifier and sound control
menus. Personally, I find using the
pitch cursor to select notes rather too
reminiscent of those maddening telly
games and I'd much prefer to see an
additional pitch menu from which
notes can be selected by using the
light pen. Perhaps the RH side of the
stave displayed on the upper screen
(Figure 5) could include a note pool-
or even something reminiscent of the
Clangers' note tree! Luckily, all or
most of this can also be accom-
plished by keyboard entry, but that's
definitely not for beginners!

The end product of writing some
trial parts is seen in Figure 6. These
illustrate a number of peculiar idio-
syncrasies of the EDITOR: firstly,

groups of notes (e.g. .I or ar=)
aren't available; secondly, slurs
appear an inch above the notes that
they link; thirdly, dynamics appear an
inch below the notes.

Once the first part of a compo-
sition has been entered, it's then
possible to go on to the next part of
typing ADDP PART 2 and x parts later
the entire piece can be printed on the
Silentype printer. However, the music
always appears one part at a time,
whether on the screen or out of the

printer! This may be adequate for
providing instant parts to feed raven-
ous musicians, but isn't much help if
you want to see how your magnum
opus is jelling together. The MUSIC
EDITOR seems to presuppose either
that you've already scored the piece
on paper, in which case one -line -at -a -
time printing isn't exactly the end of
the world, or that you create music
horizontally (i.e., you write 'toons'), in
which case you're more -or -less ob-
liged to throw the vertical (i.e. chords)
or contrapuntal baby out with the
bathwater. That's assuming that you're
not another Mozart whose right hem-
isphere in the cerebral cortex prob-
ably consisted of biological bubble
memories ...

What's more, even if you do the
sensible thing of arranging the parts
above each other in the score (as I've
done in Figure 6), this doesn't really
help very much as some parts appear
to be more equal than others in the
sense that bar lengths vary according
to the number of notes contained
therein.

Other useful additions would be a
repeat command (*/.) and automatic
bar lines. Dynamic control is very
flexible, and, apart from accents and
the like, it's also possible to assign
relative dynamic levels to notes by
entering a value from 0 to 127 on the
keyboard. Absolute dynamic levels
(ppp to fff) are also possible, but, as
far as we could make out, it isn't
possible to perform a gradual
dynamic transition along the stan-
dard notational lines of a crescendo,
pp- mf, or a decrescendo,
mf--pp. We may be wrong,
here, as there is a GRAD option on the
sound control menu, but no mention
of this appeared in the accompanying
manual. A bit frustrating, this!

The Music Player
Having loaded the MUSIC PLAYER

'4,1Nolicaiiii

Figure 7. The PLAY file has now been
compiled from the COMP file.

with a COMP file we're now in a

position to do some rather interesting
things with the outpourings of our
fevered imagination. The transition
from the COMP file into the real
McCoy is a two -stage process; firstly,
the data from the MUSIC EDITOR/
MERGER has to be compiled by get-
ting all the parts and the names
assigned to them together in one
place, or what with a bit of patience
will become the PLAY file. If you refer
to Figure 7, the two LH columns of the
display represent the compiled parts.
In our case, we were really boring and
kept to monophonic lines for each
part (indicated by the numbers in
parentheses in the PART column) and
made no assignment of names to
individual parts (hence PART 1-9 in
the NAME column).

The next stage is where instru-
ments are assigned to the parts and
some decisions are made as to where
we want the instruments to come
from, speakers -wise. Assuming that
for the moment we're sticking to the
MUSIC PLAYER predefined IDEF files,
we can assign instruments from the
list shown in Figure 8. Note here that
some instruments use more oscil

g

p Pp 1,P

Y Y

>

V
$J 0

Figure 6. Trial parts printed by the Silentype Printer from the Music Editor. Note the two possible print sizes.
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lators (digital waveform generators)
than others. We need to watch this
with the eyes of a hawk.

Remembering that there are a
total of sixteen voices, and bearing in
mind that the LH and RH channels
each get eight, we'll end up with the
Music System's equivalent of a slap
on the face with a wet kipper if we try
to assign brass to all nine parts of the
test piece! Indeed, if you look at Figure
8 and add up the numbers of oscil-
lators you'll find ten assigned to the
LH channel and nine to the RH, and
that just ain't on.

Once these choices have been
made, the instruments can then be
bonded to the music, forming the
PLAY file, either by playing the score
or by saving it on diskette. The imi-
tative quality of the IDEF file is re-
markably good, as you'll be able to
hear from the second example on the
E&MM demo cassette (No. 2).

So far, so good, but now comes the
interesting part, the instrument de-
finer program that permits additive
synthesis. Additive synthesis is de-
rived from the compilation of a wave-
form as the sum of harmonic com-
ponents, or, to put it another way, any
periodic waveform may be described
as a sum of simpler harmonically -
related waves. The Apple II can be
used to combine a fundamental fre-
quency with the harmonics at parti-
cular amplitudes in the form of a
waveform table which is used to drive
each digital waveform generator.
Since the D/A converters used in the
Music System operate with 8 -bit reso-
lution, each wave -form table is des-
cribed by only 256 bytes which limits
the accuracy with which complex
waveforms can be generated. This is
one of the reasons why it's necessary
to use multiple waveform generators
for instruments like brass and wood-
wind. The instrument definer pro-
gram allows you to reprogram the har-
monic profile up to the twenty-fourth
harmonic for a particular waveform
(Figure 9) and will then load and plot
the resultant product of additive syn-
thesis.

Having defined a new waveform,,
it's then possible to construct a suit-
able envelope for the new instrument
using the same program. For the
attack portion of the envelope there
are fifteen points over which ampli-
tude versus time can be defined for
the waveform. This is pretty sensible
as attack is the most important fea-
ture in the perception of timbre.
Sustain is then specified by an expo-
nential parameter, and decay by a
linear or logarithmic function. One
trouble is that all the programmed
harmonics have to follow the same
envelope which really doesn't reflect
natural synthesis. An instrument like
the gong shows a longish attack time
before there's a swell of even har-
monics, but these harmonics decay in
an uneven fashion and it's this be-
haviour that gives the gong its charac-
teristic bloom. It's this aspect of
additive synthesis where the Fairlight
CMI really rules supreme with the
potential to draw individual envelopes
for up to thirty-two harmonics. It'll be
interesting to see whether new soft-
ware for the Music System provides
this facility or something approaching
it.

A Chart Of Instrument Definitions

Number of Octave Waveform
Name Oscillators Range Files Description

ORGAN 2 0-7 IDEF.ORGAN full keyboard
WAVE.ORGAN1 range
WAVE.ORGAN2

CLARINET 3 2-5 IOCF.CLARINET sounds like
WAVE.CL1 woodwind
WAVE.CL2 from G2 to G5
WAVE.CL3

BASS 1 1-2 IOEF.BASS sounds good
WAVE.BASS up to G3

GONG 2 1-5 ICEF.GONG see note 1.

WAVE.GCNC

DRUM 2 1-3 IDEF.CRUM good bass drum
WAVE.SINE1 from GI to G3
WAVE.DRUM2 see note 2.

WOOD BLOCK 2 1-4 ICCF.WOODERUM see note 3.
WAVE.SINE1
WAVE.ORUM2

BRASS 3 2-4 IDEF.RRASS see note 4.
WAVE.BRASS1
WAVE.BRASS2
WAVE.BRASS3

PIANO LOW 1 1-3 IDEF.PIANOLOW Cl to G3
WAVE.SAWTOOTH12

PIANO MID 2 3-5 IDEF.PIANOMID C3 to 05
WAVE.SAWTOOTH16
WAVE.SINE2

PIANO HI 2 4-6 ICEF.PIANOHIGH G4 to G6
WAVE.SINE1 and beyond
WAVE.SAWTOOTH12

CYMBALS 2 2 IDEF.CYMBALS 82 or C3
WAVE.NOISE
WAVE .UGLY

CLAVICHORD 2 0-7 IDEF.CLAVICHORD full range
WAVE.CLAVICHORD
WAVE.NOISE

Figure 8.

Figure 9. Harmonic profile of an altered
instrument (Gong) taken from
the IDEF file.

Conclusions
It's obvious that the present Music

System is geared towards the compo-
sitional side of music -making, and so
any peripherals that could be added
to switch the balance to real-time
synthesis would be very welcome.
One obvious addition would be a fast
A/D converter allowing analysis of
analogue information and subse-
quent driving of the Music System in
conjunction with additional input
from the Music System operator. Even
though the Apple II is limited to 8 -bit
resolution, and therefore prone to
quantization error, the A/D + D/A.
interface produced by Mountain
Hardware has a superfast conver-
sation time which permits high fre-

quency analysis and could therefore
be a valuable add-on to the Music
System with appropriate software.

So far, though, all pitch infor-
mation is derived without the musi-
cians' conventional interface, the
piano -type keyboard, which means
that it's impossible to perform real-
time synthesis. Alpha Syntauri will
shortly be introducing a polyphonic
keyboard to the UK that interfaces
with the Music System and should
offer programmable presets, enve-
lope control on each voice, and a
velocity -sensitive keyboard. However,
the cost of this is likely to be on the
high side. If you remember last
month's discussion of the PAIA 8700
Computer/Controller, you'll recall that
this is a 6503 -based system and
could therefore be an ideal keyboard
interface for the Apple Music System.

This is certainly something I'll be
following up. E&MM too, will soon be
presenting a system that's micro -
based and, despite its versatile pro-
gramming facilities, of low cost.

At present, the Music System is
not widely available in the UK and to
do this review it was necessary for me
to take advantage of the hospitality of
Microsense Computers Ltd. of Hemel
Hempstead, the sole distributors of
Apple over here. The afternoon spent
with the system only scratched the
surface of its quite remarkable poten-
tial and the considerable amount of
nit-picking that I've indulged in is only
because I think it's so good. Also, a
good number of the apparent short-
comings may be due in part to 'green'
operators rather than actual system
deficiencies. I would like to proffer my
sincere thanks to Andrew Seymour of
Microsense for putting up with me
and being such an enthusiastic guide
around the system. It should perhaps
be pointed out that Mountain Hard-
ware have only recently updated the
software of the Music System and
the preceding night before my visit to
Microsense was the first time that the
new software had been tried out! As
the hardware and initial software was
introduced only six months ago in the
States, it is perhaps unfair to be over-
critical. Furthermore, Mountain Hard-
ware are committed to continued
development and support of the
Music System, so I'm confident that
exciting times lie ahead.

An intriguing aspect of the Music
System is that it really makes you
aware of the complexities of music -
making. As a composer, I intuitively
use the whole gamut of natural para-
meters that make up a modern musi-
cal vocabulary, grammar and syntax,
but it's rare that I take the time to
examine the raison d'etre of all this.
Three hours with the Music System
has made me only too aware that I

take too much for granted and I really
look forward to reappraising all this
once I have my own Music System.
Perhaps, in a future E&MM article, I'll
be able to pass on what I've learnt -
that's if anyone wants to listen!

Finally, I must apologise for the
not -so -great quality of the examples
on this month's demo cassette; unfor-
tunately, the vast range of Apple peri-
pherals doesn't include such things as
common -or -garden cassette decks,
and so the music had to be recorded
on my interview cassette machine.
Don't be put off; the quality of the real
thing is superb! E&MM
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THESE SPACE INVADERS WILL ALARM YOU - the price won't!

The space invaders are back.
This time right on your wrist!
CA -90 game
The keyboard is effectively divided in half. Any or all of the
left hand buttons (1,2,4,5,7,8) become AIM and any or all
of the right hand buttons become FIRE.

The random digital invaders attack from the bottom
right and move across the display. Every time you tap AIM
your missile number, displayed top right, progresses by 1.
When your missile number coincides with an invader, tap
FIRE and that spaceship will disappear, adding to your
score. Since this is a speed game, the earlier you destroy
an invader, the higher it will score. The game is over if 3 of
the 16 spaceships is an encounter penetrate your
defences.

There are 2 stages, each stage having 9 encounters. In
stage 1 the game speeds up with each encounter and in
stage 2 the invaders attack from a closer position. After
stage 2 the invaders attack from a closer position. After
stage 2 the game reverts back to the beginning of stage 1,
but the score, which is added and displayed after each
encounter, is carried forward.

Depending very much on your skill, one game can last
for as much as an hour or more. The highest score so far
will be retained in a non-volatile memory. (This will be
erased if the stopwatch function is utilised).

 Calculator
 Stopwatch
 Alarm
 Dual

time
 Digital

invader
game

4-1311 0
gnu LI -

1111 r Ir I1O
game display

CASIO'S MOST AMAZING
WATCH EVER

CA -90 specification
Time: Hours, minutes, seconds, a ml pm, day and date.
One -touch changeover between 12/24 hour formats.
Calendar: Automatic; day, date, month and year pre-
programmed until the year 2002.
Calculator: 8 digits (7 digits for negatives). Four basic
calculations, with constants for +,-,x,+.
Alarm: 24 hour reminder alarm, with "alarm on"
symbol.
Hourly time signal: Every hour, on the hour. The signal,
with display symbol, can be switched on or off.
Stopwatch: Professional 1/100 second stopwatch
measuring net, lap and first and second place times.
Dual time: An alternative time (second time zone) can be
memorised. Hours and minutes; 12 or 24 hour format.
Tone control: Pitch can be varied in 10 steps.
Game: Additive digital space invader speed game.
Dimensions: 46.0 x 36.0 x 10.55mm. Resin case/strap.
Metal keys. Stainless steel back. Mineral glass face.

ALL THIS FOR
ONLY .£24.95 (RRP £27.95)

BECOME AN INSTANT MUSICIAN
NO EXPERIENCE NECESSARY

Create your own music with a VL-TONE. You combine the sound rhythm
and tempo and the VL-TONE plays it back ...beautifully!

CASIO VL-TONE (VL-1)
Electronic Musical Instrument
and Calculator

(RAP £39.95)

ONLY f35.95
VL-1: Utilises very large scale integral circuit advanced technology. This complete
29 -note synthesiser records and plays back. The octave shift switch expands the
range of the keyboard to almost 5 octaves.
Preset sounds: Piano, Violin, Flute, Guitar, Fantasy and ADSR (sound wave that
can be varied in over 80 million ways).
Auto play: ONE -KEY or MANUAL playing can be recorded and will be played back in
the form of a melody.
Auto rhythm: 10 built-in rhythms, all with variable tempo and volume balance, can
be incorporated in manual playing or added to your recording.
Built-in melody: Pre-programmed German Folk song with rhythm accompani-
ment. Play it anytime and practice tempo changes with the tempo control.
Facilities: LCD numerical display shows pitch, including sharps and programming
information. Built-in amplifier and speaker. Output jack. Pitch control.
Calculator: 8 digits, +,-, x,+, square roots, %, constants and full memory.
Power source: Four AA size batteries or AC adapter type AD -4160 (price £5).
Dimensions: 30mm x 300mm x 75mm (11/2" x 113/4" x 3").
This compact, battery powered lightweight (438g, 15.4oz) can be played anywhere.

Please order now for May delivery

OTHER CASIOTONE KEYBOARDS
MT -30 Polyphonic, 22 instruments over 3 octaves. Battery/mains (RRP £115) £95
CT -301 Polyphonic, 14 instruments over 4 octaves. 8 x 2 rhythm accompaniments.
Vibrato, delayed vibrato. Pitch control. Output jacks. AC only (RRP £285) £245
CT -401 As CT -301 but with Casio Auto Chord for one finger accompaniment. Plays
major, minor and seventh chords with bass. Integral sustain and hold.
(RRP £345) £295

ILLUSTRATED CATALOGUE
Send 20p (postage) for details of CASIOTONE keyboards, CASIO watches and
calculators and selected SEIKO watches.

OFFERS SUBJECT TO AVAILABILITY

A CLASSIC IN ITS TIME
You don't have to be a highbrow to appreciate the beauty of this clock. Battery
powered, it is ideal for office, lounge, kitchen, bedroom, caravan or boat. Compact
and lightweight, it can be used as a travel alarm clock or car clock.

MA -1
ALARM
CLOCK

ONLY
f9.95 (RAP £11.95)

Blue LCD display, as seen on "Tomorrow's World" 5/3/81. Elimination of polarising
filter allows wide angle viewing. Full display of time. Symphonic alarm or buzzer,
with snooze facility. Hourly time signal. Integral loudspeaker and amplifier with 3
position volume control. A large top button gives night time illumination and
switches the alarm off. Alarm function: "Symphonie Nr. 40 G moll" (W. A. Mozart
K.550) for about 30 seconds or buzzer for 60 seconds. Three AA size batteries last
approx. 15 months. Quartz accuracy.
Dimensions: 43mm x 115mm x 76mm (11/4x 41/2 x 3 inches).

CASIO'S BEST SELLING WATCHES

AA81 M1200 W150B

LCD ANALOGUE/DIGITAL ALARM CHRONOGRAPH with countdown
alarm.
AA -81 chrome, s/s bracelet £29.95. AA -81G. Gold plated £49.95. AA -82. All
s/s £39.95.
12 MELODY ALARM CHRONOGRAPHS with countdown alarm. M-12 resin
case/strap f24.95. M1200 all stainless steel £29.95.
100 METRE WATER RESISTANT Alarm chronographs with countdown alarm.
W100.
Resin case/strap £19.95. W150C Stainless steel case/resin strap £25.95.
W150B Stainless steel case/bracelet £32.50.

Price includes VAT and P&P Send
your company order, cheque, P 0 or
phone your ACCESS or BARCLAY-
CARD number to TEMPUS Dept E&MM 3, FREEPOST, 164-

167 East Road, Cambridge CB1 1 BR
Tel 0223 312866
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MICROPROCESSORS
Peter S. Kershaw B.Sc.

The aim of this series of articles is to teach by example the basic principles of microprocessor hardware and software to the level at which the
reader will be able to understand, modify and even design microprocessor -based projects.

In the first two parts of this series we have looked at how binary numbers are
manipulated and at the structure and use of the Z80 microprocessor. This
month we examine the representation of alpha -numeric text and discuss some
types of software.

Hexadecimal Numbers
We have already compared denary (base 10) and binary (base 2) numbers.
Whilst binary numbers are simplest for computers to manipulate they are
particularly unsuitable for human use. When reading and processing long
strings of ones and zeroes the chances of error are very high. There was just
such a mistake in Part 1 of this series! However, hexadecimal (base 16)
numbers may be used as a convenient representation of binary data. Just as
denary numbers require ten digits (0 to 9) hexadecimal, or hex, numbers
require sixteen digits. We use 0 to 9 and A to F. Table 3 shows the relationships
between denary, binary and hex numbers.

Denary Binary Hex
0 0000 0
1 0001 1

2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9

10 1010 A

11 1011 B
12 1100 C

13 1101 D
14 1110 E

15 1111 F

16 10000 10
17 10001 11
18 10010 12 etc.

Table 3. The relationship between denary, binary and hexadecimal numbers.

It can be seen that one hex digit corresponds to four binary digits. Thus, one
eight -bit byte may be represented by two hex digits:

1001 0101
D 5

This is easily converted back to denary:
00D516 = (0x163) + (0x162) + (13x16) + (5x1) = 21310
Familiarity with hex numbers is soon gained with use. For practice, verify the
following, converting from denary to hex and back again:

i. 2A16 = 4210
ii. 30016 = 76810
iii. 6DC816 = 28,10410

Representing Text
The most commonly used code for representing alphanumeric characters is
7 -bit ASCII (Table 4). The 128 codes are in the range 00-7F16. 00- F and 7Fare
control codes passed, for example, between a teletype and computer. Some
examples are OA (line feed), OD (carriage return) and 7F (delete). The other 95
codes are printing characters, including space (20). As an example of their use,
the ASCII codes for 'E&MM' would be:

22 45 26 4D 4D 22

In UK character sets, # is sometimes replaced by e. Whilst other coding systems
(such as EBCDIC and BAU DOT) are still encountered, ASCII is nearly always
used for microprocessor work.

Let's leave number systems for now and move on to look at some ways of
writing software.

Microprocessor Software
We have seen that microprocessors work with binary data (which we may
represent in hex). This means that program instructions must be given in
binary. The kind of instructions which the Z80 microprocessor recognises
include 'add registers,' store in memory,' etc.

Each instruction is represented by a one- or two -byte code. When used in a
program, the instruction code will be followed by the data required to carry out
that instruction. This may be one data byte or two address bytes. In instructions
such as 'add register B to register A' no additional data is required. Consider the
following example:

Instruction

Load reg. A from address 100016
Add 3016 to register A
Add A to A (multiply by 2)
Store reg. A in address 100116
Halt

Instruct
Code
3A
C6
87
32
76

on Instruction
Data

00 10
30

01 10

Notice that addresses specified as instruction data are written with the high and
low bytes reversed, so 10 00 becomes 00 10. Some processors use this
format, others enter addresses the other way around. The instructions are
described and the codes (158 of them for the Z80) are listed in various
publications. These include the Z80 Programming Manual by Mostek and Z80
Assembly Language Programming by L. A. Leventhal.

The program above would take the number is memory location 1,00016, add
3016 to it, double the result then store it in memory location 1,00116 and halt.
The program could be placed in memory (ROM or RAM) starting at any location
(say 080016) as follows:

Address Data
0800 3A
0801 00
0802 10
0803 C6
0804 30
0805 87
0806 32
0807 01
0808 10
0809 76

The program counter in the processor must first be set to 080016. Then, as each
instruction is read, the program counter automatically moves to the next
instruction. Note that the processor cannot distinguish between instruction
codes and data, so a missing data byte will cause instructions to be used as data
and data to be interpreted as instruction codes!

Assembly Language and Assemblers
In the previous example, the program was written using long instruction

descriptions and laboriously converted to hex 'by hand.' Using long and
arbitrary descriptions may be ambiguous and coding by hand is slow and prone
to errors. The first problem is solved by the use of assembly language and the
second by an assembler.

Assembly language is a set of instruction mnemonics ('opcodes') and rules,
specific to the processor used, in which one line of code corresponds to one
machine instruction. The assembler is a program which converts the assembly
language code ('source code') to hex machine language ('object code').
Normally, the program is written on a microcomputer using an editor program.
This numbers all the lines and allows the programmer to change individual
lines.
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The example program above would be written for a Z80 assembler as
follows:
Line No. Label Opcode Operands Comments
0001 START LD A,(1000H) ;Load data
0002 ADD A,30H
0003 ADD A,A
0004 LD (1001H),A ;Store result
0005 HALT ;and halt
The 'load' opcode (LD) is used to load the data and to store the result (most other
processors 'load' from memory and 'store' to memory - the Z80 always uses
'load' opcode in either case). The opcode must always be present unless the line
is only a comment; the number of operands is determined by the nature of the
instruction. Comments, which follow a semicolon, are optional and have no
effect upon the program. However, they are absolutely essential in making a
program understandable. Documentation of programs generally will be
discussed in detail later. Labels are discussed shortly.

The brackets in line 1 indicate that the contents of location 100016are loaded
into register A, rather than the number 100016 (which is too large anyway and
would be truncated to 1016). The H suffix denotes hexadecimal data. Some
assemblers use a $ prefix ($1000). Other common suffixes are Q for octal (base
8), B for binary and D for decimal (decimal is usually the default).

When the programmer instructs the microcomputer to assemble the
program, the following output is obtained:
Line No.
0001
0002
0003
0004
0005

Address
0000
0003
0005
0006
0009

Object Code Label
3A 00 10 START
C6 30
87
32 01 10
76

Opcode Operands Comments
LD A,(1000H) ;Load data
ADD A,30H
ADD A,A
LD (1001H),A ;Store result
HALT ;and halt

Two columns have been added; the address of the program counter and the
assembled object code.

Certain assembler instructions are also available which do not generate any
object code but which are instructions to the assembler itself. These are called
pseudo-ops. For example, if the 'origin' instruction ORG 0800H were placed
before line 1 of the example, the starting address of the assembled code would
be 0800 instead of 0000. Other commonly used pseudo-ops will be met in later
examples.

Program Jumps and Labels
It is nearly always necessary to execute a program in an order other than that

in which it is written. This may be because some section of code is executed
several times or as a result of some previous action which causes a decision to
be made. In order to change the order of execution, 'jump' or 'branch'
instructions are used. The instruction JP 0880H will cause 0880 to be loaded
into the program counter and execution will continue from there. Consider the
following very simple counting program:

0800 3E00 LD A,0 ;Clear counter
0802 3C INC A ;Increment counter

Other
instruc-
tions

0850 03 02 80 JP 0802H ;Jump back
In the JP (jump) instruction, the jump address has been given in hex. If it is a
jump forward, the address cannot be written in until the rest of the program has
been written and assembled. Furthermore, if an extra instruction were inserted
at the beginning of the program all the jump addresses would have to be
changed. The assignment of labels solves these problems:

0800 3E 00 LD A,0
0802 3C LOOP INC A

0850 C3 02 80 JP LOOP

The assembler assigns the value 0802 to the label LOOP and inserts that value
in the object code when that label is encountered. If a change is made in the
program, one merely reassembles it.

Values may also be assigned to variables, using the EQU (equate) pseudo -op:

CONST1 EQU 32H

ADD A,CONST1
This will cause 32H to be added to register A. The variable CONST1 may be used
several times during a program. To change the value at each occurrence it is
necessary only to change the equate statement.

The rules governing which characters and how many may be used in a label
vary according to the particular assembler, but they are usually flexible enough
to allow descriptive labels to be chosen (eg. MPLY for a multiply routine).

So far, we have seen only an unconditional jump instruction. However, the
power of the computer lies in its ability to make decisions. Conditional jump

instructions allow us to change the order of execution according to the results of
a previous operation. For example, consider a routine which executes ten times
then continues with the rest of the program (Figure 6). This is achieved by the
following program segment:

LD A,10
LOOP

;Routine XYZ

DEC A
JP NZ,LOOP ;Jump if non -zero

The JP NZ instruction will cause a jump to occur if the zero flag in the condition -
code register (described last month) is not set. It will only be set if the result of
the previous instruction (decrement A) was zero. Various conditional jump
instructions are available, using the other condition code flags.

The Z80 also has a set of conditional and unconditional relative jump (JR)
instructions. The byte following the opcode is a 2's -complement offset from the
start of the next instruction. As a single offset byte is used instead of the two -
byte absolute address, less program space is used. Also, if a routine is moved
around in memory the relationships between addresses within that routine do
not change, so relative jumps which stay within the routine do not change. The
range of offsets is -126 to +129 bytes.

When a program is assembled, the assembler will tell you if certain types of
errors are present: for example if the offset of a relative jump is too long or if an
invalid opcode is used. The assembler will not, of course, tell you whether or not
the program will work - it doesn't know what you want the program to do.

Figure 6. The use of a conditional jump.

High -Level Languages
Whereas a line of assembly language code corresponds to one machine

code instruction, a line of high-level language code generally corresponds to
several machine instructions. High-level languages are used to make complex
programming tasks simpler.

The simplest and most common language available to the micro -computer
user is BASIC. This is usually presented in the form of an interactive interpreter.
This means that the user communicates directly with the BASIC software. If at
any time, for example, the user types:

PRINT 7+2
the answer 9 will be printed on the terminal almost immediately. An example of
a BASIC program to print all the integers from 1 to 100 and their squares would
be:
10 FOR N=1 TO 100
20 PRINT N,N*N
30 NEXT N
40 END

English -like statements are used and the lines a re numbered to faci litate editing.
At any time the use may type RUN and the program will be executed.
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The interpreter is effectively a collection of machine code modules, each
representing a function. Each instruction is carried out in turn. For example,
each time line 20 is reached, the PRINT module is branched into, and it handles
the sequence of events required to print the list of variables. Thus, no
intermediate object code is produced. The interpreter goes straight from the
program to the result. This means that very little memory space is required to
run a BASIC interpreter which is one reason that it is so common on small
microcomputers. For more details of the BASIC programming language see the
'Basically BASIC' series elsewhere in this magazine.

Of more interest to the writer of applied microprocessor software, however,
are high-level language compilers such as Pascal, PL1 and FORTRAN. All these
languages are more complex and more versatile than BASIC. In particular,
FORTRAN (from FORmula TRANslation) is widely used for mathematical and
scientific work. They are non -interactive compilers, which means that after the
program is written it must be compiled into object code. This is done by
replacing each high-level instruction with an object code module wherever it
occurs. Thus, if the Pascal instruction WRITELN (write line) occurs 100 times
in a program, the WRITELN module will appear 100 times in the object code. It
may then be run on the microprocessor.

Note that when a processor is presented with some object code to execute, it
cannot tell whether the source code was written in Assembler, FORTRAN,
Pascal or any other language. This means that instead of writing our complex
software in assembler and assembling it we could write it in a high-level
language and compile it.

Which Programming Method to Use
The main advantage of writing software in a high-level language is the time

which can be saved. Fewer instructions and less detail are required and
documentation is simpler. Also, programs are more portable; standard
language syntax ensures that FORTRAN written on one microcomputer will run
on another, although some small changes may be required in practice.
Furthermore, there are standard high-level language programs for the
programmer to use, saving even more programming time.

Now for the disadvantages. High-level language compilers need more
memory to run and they are therefore only available for the larger, disc -based
microcomputers. Secondly, the syntax for these languages is fairly complex
and it can take some time to become skilled in their use. Thirdly, because
standard modules are used the object code is not the most efficient in terms of
speed of execution or memory usage. Often, where speed is important the most
repeated and therefore critical parts of the program are written in assembler,
whilst the bulk is written in a high-level language. Lastly, programming in

LOOK TO
THE FUTURE
by wearing a T-shirt with the special
Electronics & Music Maker symbol.

These superior quality T-shirts have our
symbol printed in silver on the front, and
come in red or black and S, M, L or XL sizes,
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assembler gives more control over the hardware of the microprocessor system.
I have heard it said that assembler 'lets you get at the pins.'

So what programming method should you use? The answer depends on your
requirements and resources. Hardly anyone hand -assembles programs that
are more than 10 instructions long. As long as you have a microcomputer of

Software
Specification

Flowcharts,
etc.

Assembly
Language Code

Hand
Assembly

Optimize for
Speed, Efficiency,

COSt , etc. OW

Automatic
Self or Cross
-Assembly

High -Level
Language

Self or
Cross -Compiler

t

Object Code

Figure 7. Summary of the ways in which microprocessor software may be written.

some sort, assembler programs are available very cheaply and the increase in
programming speed is enormous. For long programs where speed and memory
requirements are not critical high-level languages may be used to cut down
programming time: however, you need to have access to a machine with high-
level language capabilities which will produce object code for the processor you
wish to use. A 'self -compiler' (or self -assembler) produces code to run on the
processor which does the compiling. a 'cross -compiler' or assembler produces
code for a different processor.

The various software design options are summarised in Figure 7. For most
medium-sized applications, assembly language remains the most attractive
option and it will be used for the examples in this series. However, as memory
devices become cheaper and software accounts for a higher proportion of the
cost of a product, high-level languages are being used in a wider range of
applications.

Next month, we will look in more detail at the Z80 instruction set and at some
other general points which will prepare us for the first complete design exercise.

E&MM

MSD

0 1 2 4 5

0 NUL DLE SP 0 P p
1 SOH DC1 1 A a q
2 STX DC2 2 B R b r

3 ETC DC3 3 C S c
4 EOT DC4 S 4 D d

5 ENQ NAK 5 E U e u

L 6 ACK SYN 6 F f
S 7 BEL ETB. 7 G g w

D 8 BS CAN 8 X h x

9
A

HT
LF

EM
SUB

9
J

Y y

z

B VT ESC K
(

C
D
E

FF
CR
SO

FS
GS
RS

L

M
N

m
n

F SI VS 0 DEL

Table 4. ASCII (American standard code for Information Interchange).
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ELECTRONIC GAMES
ATARI

SPECIAL PRICE

£86 + VAT

SPACE
INVADERS

HAND ME LDS  CARTRIDGES
ATARI ACETRONIC
PRINZTRONIC

RADOFIN DATABASE etc.
We keep a full range,
Send for cartridge lists stating which
macNine you own

INTELLIVISION MATTEL

E173.87 + VAT

£324.74 + VAT

Available August 1980
This is the most advanced TV
Game in the world.
Expendable
next year into a full
microcomputer.
COLOUR CATALOGUE
AVAILABLE WITH
DETAILS ON ALL THE
CARTRIDGES

* Plays 1/2/3 or 4 Hands
* Problem Mode
* Audio Feedback
* Instant Response
* Auto scorekeeping

DRAUGHTS
COMPUTER

* Solves Problems
* Rejects illegal moves

2 level machine
£43 + VAT
4 level machine
£77.78 + VAT

MAIL ORDER SERVICE Free postage & packing
TELEPHONE & MAIL ORDERS accepted on

8pm

CHESS COMPUTERS

NEW RANGE
AVAILABLE
AUGUST 1980
We specialise in
computer chess
machines & stock
over 13 different
models from
£20 to f300

OMAR 1
OMAR 2
CHALLENGER
GAMMONMASTER

From £38 to £108. Send for further details.

LEISURE
*CHEAP TV GAMES
*TELEPHONE ANSWERING MACHINES
* AUTO DIALLERS
*CALCULATORS
* DIGITAL WATCHES
*PRESTEL
* HAND HELD GAMES
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COMPUTING

3ASICALLY 3ASIC Graham Hall, B Sc

This regular series will attempt to teach BASIC to those who would like to use it for any home,
business, scientific or musical application, but have no previous programming experience.

This month we resume ourexami-
nation of the BASIC language by
first looking at some more ex-

amples of how the LET statement can
be used.

If you looked at the small BASIC
program at the end of last month's
article you would have noticed that a
LET statement was used not only to
initialise a variable but also to change
its value later in the program. Let us
have a look at the program:
10 LET S = 0
20 LET C = 1
30 LET S = S + C
40 LET C = C + 1
50 PRINT S
60 PRINT C
70 END

Lines 10 and 20 are examples of
initialising a variable to a numeric
constant.

NUMERIC CONSTANT - A
number which remains the
same during the operation of a
BASIC program (e.g. 5, =
1,0.314 are all constants.).

There is a restriction on the size of
a constant used in BASIC imposed
because of certain limitations of the
computer. Most personal computer
systems have room to store constants
of up to eight digits in length. Thus,
the constant 54329876 or =
54329876 is allowed but 543298761
is illegal because its length is nine
digits. There are two ways that the
computer may deal with a number of
illegal length, it may either abbre-
viate it to a legal length or return an
error message.

TRUNCATION - The abbre-
viation of a number of illegal
length to the maximum length
allowed by the computer. (e.g.
543298761 would be trun-
cated to 54329876 by a com-
puter which only allowed con-
stants of eight or less digits).

When small decimal numbers are
used as constants, truncation can
cause problems due to lack of pre-
cision. For example, consider an ille-
gal constant

0.19766989987
this will be truncated to 0.19766989
so the 987 at the end of the constant is
lost. The second number is not as
precise as the first and may lead to
inaccurate results if it is used in a
calculation. However, for most prob-
lems this degree of accuracy is not
required.

Exponential Notation
BASIC also allows decimal num-

bers to be written in exponential nota-

tion (also called scientific notation).
Using exponential notation the num-
ber is expressed as a constant (called
the mantissa) multiplied by the
appropriate power of ten (the power is
called the exponent). For example,
1000 can be expressed as 1 x 103 (i.e.
1 x 10 x 10 x 10). Here the mantissa is

.1 and the exponent is 3; the 1 has
been multiplied by 10 raised to the
third power. 1 x 10 x 10 x 10 is the
same as 10 x 10 x 10 and also 100 x
10, so in exponential form this be-
comes 10 x 102 and 100 x 10'. (Note:
10 raised to the power of 0 is defined
as 1). Positive decimal numbers less
than one can also be expressed in
exponential form by using a negative
exponent. A negative exponent shows
that the mantissa is multiplied by the
reciprocal of 10 raised to the power of
the exponent. (The reciprocal of a
number is defined as 1 divided by the
number itself).

E.g. The reciprocal of 1000 can be
expressed as 1 x 10-3

(i.e. 1 x 10x 10 x10
0.001)

This can also be written as
110 x 10 x 10 x 10 x 10 and as

100 x
1 which is

10 x 10 x 10 x 10 x 10
the same as writing 10 x 10-a or
100 x 10-5.

In BASIC the power of 10 is often
represented by a special character,
usually 'E,' so 1 x 103 written in BASIC
becomes 1E3 and 1 x 10-3 as 1E-3
BASIC also imposes a size restriction
on numbers expressed in exponential
notation. The length of the mantissa is
limited by the same restriction
applied to constants expressed in nor-
mal format (usually eight digits in
tength). The size of the exponent is
also limited by the type of system.

OVERFLOW-overflow occurs when the computer executes a program
that generates an oversize constant. This usually causes
the program operation to stop and an error message to be
displayed on the terminal. An example of how overflow
can occur is by dividing any constant by 0.

UNDERFLOW - the opposite to overflow. A constant generated by the
program that is too close to 0 for the computer to handle.

Once you become familiar with
this form of notation you will find it a
quick and convenient way of express-
ing either very large or small deci-
mal numbers. (NOTE: a comma is
never used in BASIC numbers. If you
tried to type in the statement: 10 LET
A = 1,000 the interpreter program
would return an error message).

Simple Expressions
and Arithmetic
Operators

Lines 30 and 40 are both examples
of how to use a LET statement to
assign the result of an arithmetic
expression to a variable.

ARITHMETIC EXPRESSION -a collection of constants and/or variables
joined together using one or more arith-
metic operators.

ARITHMETIC OPERATOR-BASIC enables the use of five common
mathematical operations. The symbol used
to denote the operation is called the 'arith-
metic operator.' The operations are addi-
tion, subtraction, multiplication, division
and exponentation. Figure 1 shows a table
of arithmetic operators.

BASIC
symbol
operator

Arithmetic
operation

+ addition
- subtraction
* multiplication
/ division

n or t or ** exponentiation

Example Description

X + Y
X - Y
X * Y
X / Y
X Y

add Y to X
subtract Y from X
multiply X by Y
divide X by Y
raise X to the Yth

power

Table 1. Arithmetic operators allowed in BASIC and examples of their use.
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Later in this series we shall ex-
amine how BASIC evaluates expres-
sions with more than one arithmetic
operator according to operator
priority.

Line 40 is an example of an equa-
tion which assigns the result of an
expression to the variable C. The
expression part of the equation is
'C + 1' and means that the constant 1
is added to the value of the variable C.
The result of this arithmetic opera-
tion replaces the previous value of the
variable C. This C is incremented by 1.
If an expression contains a variable
which has not been initialised the
BASIC interpreter program automat-
ically assigns the value of that vari-
able to 0.

When the program reaches line 60
the value of C will be output to the
terminal by the PRINT statement.
Initially C was assigned to 1, it was
then incremented by 1 so its new
value is 2. Therefore the number
displayed on the terminal is '2:'.

Now we will look at line 30. This is
an example of an equation where the
expression consists of two variables.
The computer will translate line 30 as
'put into the memory location named
S the result of adding the contents of
location S to the contents of location
C.'

When the program reaches line 50
the PRINT statement outputs the
value of S to the terminal. A '1' will be
displayed because S contains the
result of adding S, which was initially
0, to C, which was initially 1.

Most versions of BASIC allow the
LET part of an assignment operation
to be left out. A LET statement could
be written as
10 S = 0
Throughout this series the LET state-
ment will always have the 'LET' part
included to avoid possible confusion.

Now we are almost ready to com-
pletely convert the algorithm devised

last month to calculate the average of
the counting numbers from 1 to 10
into a BASIC program to give us an
answer to the problem. First we must
introduce the BASIC IF and GOTO
statements.

The GOTO statement
UNCONDITIONAL BRANCH -
a jump to a specified line
number within the program. It
is unconditional because a de-
cision is not made to deter-
mine whether the branch is
taken.

A GOTO statement is used in a
BASIC program to implement an un-
conditional branch. We can modify
our existing program to include a
GOTO statement as follows:
10 LET S = 0
20 LET C = 1
30 LET S = S + C
40 LET C = C + 1
44 PRINT C
45 GOTO 30
50 PRINT S
60 PRINT C
-70 END

Try running the new program to
see if the same results are printed on
the screen. You will find your terminal
will appear 'dead' because the pro-
gram contains an 'infinite loop.' Con-
sider what happens each time line 45
is encountered - the GOTO state-
ment sends the program directly back
to line 30. Prove this is happening by
adding the statement
44 PRINT C
and re -running the program. A list of
numbers starting at 2 and increasing
in steps of 1 until the overflow limit of
your computer will be output to the
terminal.

Obviously we need a way of stop-
ping this kind of loop. This is where
the IF statement can be used.

The IF statement
The IF statement used together

with a GOTO statement is used to
make a conditional branch (it also has,
other uses which will be examined
later in this series).

CONDITIONAL BRANCH - a
condition is checked and a de-
cision made to determine if the
branch is to be taken.

Let's modify our program to in-
clude an IF statement which will
control the number of times lines 30,
35, 40 and 45 are performed.
10 LET S = 0
20 LET C = 1
30 LET S = S + C
35 IF C = 10 THEN GOTO 50
40 LET C = C + 1
45 GOTO 30
50 PRINT S
60 PRINT C
70 END

The IF statement on Line 35 is
equivalent to the question contained
in the diamond decision box on the
flow diagram shown last month (i.e.
'does C = 10'). Note that in this context
the '=' is being used as a com-
parison operator and not as an assign-
ment operator as for the LET state-
ment. Lines 40 and 45 represent the
branch taken if the answer to the
question 'does C = 10' is 'NO.' Now the
loop is performed ten times at which
point C has been incremented by
steps of one to the value of 10 and S
contains the sum of all the numbers
from 1 to 10 inclusive. The IF state-
ment compares C with 10, the result is,
true so a jump is made to line 50, the
value of S and C will be displayed on
the terminal and the program will
stop.

At last we are almost there! The
only operation left to perform to
calculate the average is to divide S by
C. Using the division operator to

perform this calculation lines 50 and
60 can be replaced with the lines:
50 LET A = S/C
60 PRINT A
Using a REM statement to allow com-
ments to be inserted and the PRINT
statement to output a message, the
final program is:

5 REM AVERAGING PROGRAM
10 LET S = 0
20 LET C = 1
30 LET S = S + C
35 IF C = 10 THEN GOTO 50
40 LET C = C + 1
45 GOTO 30
50 LET A = S/C
60 PRINT"THE AVERAGE OF";
65 PRINT"COUNTING NUMBERS"
70 PRINT"BETWEEN 1 AND 10 IS'', A
80 END

Line 60 introduces another use of
the PRINT statement. The message
contained in quotation marks is called
a 'string' and is printed exactly as
written (the quotation marks them -
'selves are not printed). Line 70 prints
the string followed by the contents of
A (not the character A because it is
not contained within the quotes). The
semicolon means that the string and
the value of A are to be printed on the
same line. The REM statement is used
to allow comments to be added.
These are ignored by the computer
and serve only to make the program
easier to understand.

We have now completed our first
useful BASIC program. It would be
instructive to compare the final ver-
sion of this program with the flow
diagram of the algorithm to see just
how closely related they are. The only
action which is not shown on the flow
diagram is the printing of the mes-
sages. Now it is more obvious why first
a problem should be tackled by devis-
ing an algorithm and a flow diagram
before trying to write a program.

E&MM

THAT MAN AGAIN

So you thought £100 was cheap,
well you were wrong, Clive Sinclair
publicly launched his new baby the
ZX81 at Microsystems 81 and the
response, despite Microsystems 81's
trend towards business computing,
was impressive, as was the machine.
The stand was swamped, particularly
on the Friday when in fact a small
number of machines were actually on
sale.

The price? An amazing £69.95 (in-
cluding V.A.T.) built! The ZX80 is, it is
claimed, currently outselling all other
personal computers put together in
the U.K. and the ZX81 should be
another winner. It is built into a case of
ABS plastic which is a considerable
improvement on the ZX80's 'choco-
late box liner.' Many other improve-
ments have also been made.

ZX81 incorporates a Z80A micro
and 8K of BASIC in ROM which now
includes floating point arithmetic and
more scientific functions. A print
driver facility has been added making

hard copy possible and an abili y to
operate in fast or normal modes is
incorporated, fast being fourtimes the
speed of normal. The biggest im-
provement is the ability of the ZX81 to
compute the display simultaneously,
which allows moving, flicker -free gra-
phics. Other improvements in the
graphics area include the addition of
a screen plotting area of 64 by 44
pixels, thus giving 2,816 plottable
points, each point can be turned on or
off using PLOT or UNPLOT.

Saving and loading of programs is
now somewhat better with the in-
troduction of file names and the
ability to search the tape for the
required program.

A comprehensive 200 page in-
struction manual is provided with the
machine, which includes a new
course in BASIC programming.

The new 8K BASIC ROM used in
the ZX81 will shortly be available to
ZX80 users and will be provided with a
new keyboard template and operat-
ing manual. This will enable ZX80
owners to have all the facilities

offered by the ZX81, with the excep-
tion of flicker -free graphics.

A ZX series compatible printer will
be available in June 1981 for around
£50. It offers full alphanumerics

across 32 columns plus sophisticated
graphics. Special features include
COPY, which prints out exactly what is
on the T.V. screen, without further
instructions. E&MM
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New! Sinclair 1X81
Personal Computer
Kit: 149.25- complete
Reach advanced
computer comprehension
in a few absorbing hours

1980 saw a genuine breakthrough -the
Sinclair ZX80, world's first complete
personal computer for under £100. At
£99.95, the ZX80 offered a specification
unchallenged at the price.

Over 50,000 were sold, and the
ZX80 won virtually universal praise from
computer professionals.

Now the Sinclair lead is increased:
for just £69.95, the new Sinclair ZX81
offers even more advanced computer
facilities at an even lower price. And
the ZX81 kit means an even bigger
saving. At £49.95 it costs almost
40% less than the ZX80 kit!

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

It uses the same micro -processor,
but incorporates a new, more powerful
8KBASIC ROM -the'trained intelligence'
of the computer. This chip works in
decimals, handles logs and trig, allows
you to plot graphs, and builds up
animated displays.

And the ZX81 incorporates other
operation refinements -the facility to
load and save named programs on
cassette, for example, or to select a
program off a cassette through the
keyboard.

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

The secret lies in a totally new
master chip. Designed by Sinclair and
custom-built in Britain, this unique chip
replaces 18 chips from the ZX80!

Proven micro -processor, new 8K BASIC
ROM, RAM -and unique new master chip.

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

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

10
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29
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32
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New
Sinclair
teach -yourself
BASIC
manual
Every ZX81 comes
with a compre-
hensive, specially -
written manual -a
complete course
in BASIC program-
ming, from first principles to complex
programs. You need no prior knowledge
-children from 12 upwards soon
become familiar with computer
operation.
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New, improved specification
Z80A micro -processor -new faster
version of the famous Z80 chip, widely

recognised as the best ever made.

 Unique 'one -touch'
key word entry:
the ZX81

eliminates a great
; deal of tiresome

; typing. Key words
(RUN, LIST, PRINT,

etc.) have their own
single -key entry.

 Unique syntax -
check and report codes

, identify programming
errors immediately.

 Full range of mathematical
and scientific functions accurate

to eight decimal places.

%  Graph -drawing and animated-;
- display facilities.

 Multi -dimensional string and
numerical arrays.

 Up to 26 FOR/NEXT loops.

 Randomise function - useful for games
as well as serious applications.

 Cassette LOAD and SAVE with.
named programs.

1K -byte RAM expandable to 16K
bytes with Sinclair RAM pack.

 Able to drive the new Sinclair printer
(not available yet -but coming soon!)

 Advanced 4 -chip design: micro-
processor, ROM, RAM, plus master chip
- unique, custom-built chip replacing
18 ZX80 chips.

ZX81
Sinclair Research Ltd,
6 Kings Parade, Cambridge, Cambs.,
CB21SN. Tel: 0276 66104.
Reg. no: 214 4630 00
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If you own a
Sinclair ZX80...
The new 8K BASIC ROM used in the
Sinclair ZX81 is available to ZX80
owners as a drop -in replacement chip.
(Complete with new keyboard template
and operating manual.)

With the exception of animated
graphics, all the advanced features of
the ZX81 are now available on your
ZX80-including the ability to drive the
Sinclair ZX Printer.

Coming soon -
the ZX Printer.
Designed exclusively for use with the
ZX81 (and ZX80 with 8K BASIC ROM),
the printer offers full alphanumerics
across 32 columns, and highly sophisti-
cated graphics. Special features include
COPY, which prints out exactly what is
on the whole TV screen without the
need for further instructions. The ZX
Printer will be available in Summer 1981,
at around £50 - watch this space!

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

Use it for long and complex pro-
grams or as a personal database. Yet it
costs as little as half the price of com-
petitive additional memory.

fl lf,K BYTE RAM PAC.

COMP maw CIEY I= VIM, 11MB r
V MM. Rpm OM 'MP VIMO meg ams
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How to order your ZX81
BY PHONE -Access or Barclaycard
holders can call 01-200 0200 for personal
attention 24 hours a day, every day.
BY FREEPOST -use the no -stamp -
needed coupon below. You can pay by
cheque, postal order, Access or
Barclaycard.
EITHER WAY -please allow up to 28
days for delivery. And there's a 14 -day
money -back option, of course. We want
you to be satisfied beyond doubt -and
we have no doubt that you will be.

ro: Sinclair Research Ltd, FREEPOST 7, Cambridge, C1321YY. Orderl
Oty Item Code Item price

£
Total

£
Sinclair ZX81 Personal Computer kit(s). Price includes
ZX81 BASIC manual, excludes mains adaptor. 12 49.95
Ready -assembled Sinclair ZX81 Personal Computer(s).
Price includes ZX81 BASIC manual and mains adaptor. 11 69.95

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95

16K -BYTE RAM pack(s). 18 49.95

8K BASIC ROM to fit ZX80. 17 19.95

Post and Packing. 2.95

Please tick if you require a VAT receipt El
*I enclose a cheque/postal order payable to Sinclair Research Ltd, for £
*Please charge to my Access/Barclaycard account no.

TOTAL £

111111111 IIIIIII
*Please delete/complete as applicable.

Name: Mr/Mrs/Miss 111111 1 111 1 1 1 1 1 11
Address 11111111_111 1 _I 11111
1111111111111111 1 1 1

LFREEPOST -no stamp needed.

Please print.

11
11
EMMO5J
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ELECTRO-MUSIC

Electronic Music Composer
Tim Souster's interest in elec-
tronic music began at an early
age when experimenting with

sound through ring modulators. The
sounds he used were from traditional
instruments. His use of electronic
devices as treatments led to further
experiment over many years with
synthesisers and computers for the
process of making electronic music.
His involvement with such composers
as Stockhausen, Berio and Henze
inspired him to form his own elec-
tronic music groups, "Intermodula-
tion" and then later "OdB."

Since his educational background
never really concentrated on mathe-
matics and electronics, he has not
found it easy to tackle the technical
aspects of producing electronic
music, but like so many musicians
today has learnt through the job of
composing what his electronic in-
struments can do. His visits to Stan-
ford University in California to study
electronic composition at the now
world-famous Center for Computer
Research in Music and Acoustics
posed quite a problem when he found
that trigonometry was part of the
course work! Tim comments that 'very
often there are people who can invent
machines or processes on the back of
an envelope with a few equations and
prove to you logically that it will work,
but in fact couldn't make the machine
work in a month of Sundays.'

He feels that his own forte is being
pragmatic - he couldn't say how a
particular transistor or IC is func-
tioning, but if he has an electronic
instrument to use he will exploit it
intuitively, in an applied way. For
example, with his present modular
synthesiser system he gets a feel for
what the sections do by experiment.

Serge Tcherepnin designed this
complex system for him, which can
be provided in kit form to your own
specification. Having chosen the con-
figuration of each panel, the panels
and complete units are built up in San
Francisco by the Serge company and
then sent to the buyer. Tim preferred,
as you might guess, to have the units
pre -wired at the factory. He finds the
system extremely versatile with vir-
tually all the functions voltage con-
trolled - including waveshaping,
phasing, depth of modulation, por-
tamento and ring modulation. One
module he's waiting for is the digital
control unit which gives 32 simul-
taneous control outputs enabling him
to do a lot more pre-programming.

Tim moved from Cambridge to
London last year having given up
teaching to become full time com-
poser, and as he says, 'You can't really
do that unless you're a Peter Maxwell
Davies or Richard Bennett!' A few
years ago he met Laurence Aston, at

the time working for Transatlantic
Records but now running Original
Records. Tim wrote the music for the
'Hitch -Hiker's Guide' albums which
were produced by Laurence and have
been very successful, showing his
approach to a more commercial style
of composition and this helped finan-
cially with getting the studio started.

Another piece of music that was
successful was "Soundtrack at the
British Genius Exhibition" for an exhi-
bition at Battersea Park in 1976. This
piece was an audio /visual
soundtrack in 5 channel playback
and this is currently another area of
his 'bread and butter' work. Having
established a firm source of income,
Tim is now doing more original
material in his own studio entirely
using synthesisers.

So his day-to-day work as an elec-
tronic music composer can be of a
more commercial nature, such as
arrangements of rock and popular
music, or they can be his more
serious compositions. He obviously
hopes that one will pay for the other
and points out that he doesn't want to
work exclusively with electronic
sound sources because parallel to his
studio work he still writes a lot of
music for concerts. He much prefers
live works and sees tremendous
potential in the combination of the
sound world of electronics with the
live gesture of performance. He re-
cently wrote a piece for "Electric
Phoenix," an interesting vocal quartet
that use their own electronic set-up of
ring modulators, filters and analogue
delay line devices. The music was for
4 -voice performance integrated with
4 -channel tape recording in Tim's
studio. Thus his work always comes
back to electronic resources in some
shape or form and like most elec-
tronic compositions is always a one-
man job.

Because of Tim's limited back-
ground in electronics he has had a lot
of help from Turnkey, a London com-
pany that specialises in setting up
studios. An important item from them
was a "patch bay" rack that allows
signal lines to be interconnected from
one central point very easily. Serge
also built for Tim a special interface
module on the synthesiser that
matches up triggers and control volt-
ages in the various electronic equip-
ment.

Instruments
Tim points out that all the units

themselves are 'nothing new in parti-
cular but it's the interconnection of
each to make a unique combination
that is important. There's the Roland
JP4 and Vocoder Plus VP330, which I
find fantastically useful - especially
the vocoder for treating other instru-

ments. I'm not just interested in
singing and playing into it but like to
feed in another synthesiser as the
program source whilst putting pre-
recorded voices from tape into the
mic input. This enables me to build up
multi -channel voices in advance - I

The treatments rack.

The main keyboard rack.
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did this in my vocal piece for Phoenix.
First I recorded the singers on to the 4 -
track Teac and then fed the com-
posite signal through a D.I. box into
the mic input of the Vocoder. The key-
board is by-passed with an external
source such as a noise output or
complex wave shape from the Serge
synthesiser and you can get the most
incredible sound colour mixes - it's
something that I want to investigate
further.'

'Then I use the trusty old Mini-
moog which I've always used from my
"0dB" group days.'

Tim stresses that it is i mportant for
him to have several instruments that
offer a range of completely different
sound sources - in fact, he often
wakes up in the middle of the night
with a new idea for interconnect-
ing different synthesisers, and then
he falls asleep again and forgets it,
only to spend next day trying to
remember it again!

Another instrument he uses a lot is
the Roland MP700 Electric Piano,
nearly always adding some kind of
treatment to its sound from a flanger
or graphic between the piano and its
cabinet amp, before the chorus effect
even gets on to it. Then when it
reaches the mixing desk he often uses
it on foldback to a pitch transposer
(or harmon iser), simply to thicken the
final sound rather than change pitch.
There's a parody of a heavy metal
band on one track of the second
Hitch -Hiker album and this was all
done on the Roland piano with a fuzz
pedal!

Finally, his Serge synthesiser com-
pletes his sound making instruments
and provides all the extra sound

TIM SOUSTER
Tim Souster read music at New College, Oxford from 1961 to 1964. In 1965 he
became a music producer with BBC Radio 3, specialising in contemporary
chamber music and working with Stockhausen, Berio and Henze among
others. In 1967 he left the BBC to become a freelance critic in both rock music
and contemporary classical music, and during the period 1968 to 1969 he
concentrated on composing and performing. In 1969 he was appointed
composer -in -residence at King's College, Cambridge, a post which he held until
1971. At Cambridge he joined forces with Roger Smalley to form the electronic
music group, Intermodulation; during the next seven years they performed
extensively in the U.K. as well as touring Germany, Poland, France and Iran.
Between 1971 and 1973 Tim worked with Stockhausen as his teaching
assistant at Cologne State Music High School. This was followed by a year in
Berlin where Tim became composer -in -residence on the West Berlin Artists'
Programme. In 1975 he was appointed as Leverhulme Research Fellow in
Electronic Music at Keele University. During 1976 he formed the group OdB
with Peter Britton and Tony Greenwood.

The recording area.

E&MM MAY 1981

effects he needs. Certainly, for Tim,
the overall concept of this synthesiser
provides an immense range of possi-
bilities and he finds many of its effects
quite difficult to control - 'It's more
for experimental music because you
can set up a patch and listen to it do
the most incredible things.' The patch
cords are also a good idea, for they
terminate on banana plugs that slot
into each other so that you can send a
single control voltage to several
modules without having to use mul-
tiple jack -linked sockets. There's a
touch -activated keyboard sequencer
that is laid out as 16 x 4 small
printed squares that have more than
one layer of c.v. outputs, so you can
join up the sequence lines to play in
parallel or serial format and specify
the reset point. There is a control pot
for each square to set its pitch over
the whole audio range.

This part of the Serge can be used
to control his MXR Pitch Transposer
so that any music signal going
through the MXR can be raised or
lowered in semitones by touching the
appropriate squares.

It's interesting that all these items
are commercially available and that
Tim's own style is formed in many
respects by the precise way he uses
them, although there is obviously a
degree of customisation in his inter-
face facilities.

Tim's main instruments are key-
boards (originally piano and church
organ) and viola. He recognises that
for musicians using multiple key-
board set-ups, feet are almost as
important as hands, especially if you
can play a pedal -board.

Treatments
One 19" rack holds the three main

devices used for extra treatments -
first, the MXR Pitch Transposer, an
instrument similar to the well known
Eventide Harmoniser. 'It does what its
name suggests, putting any type of
audio signal up or down in pitch and
works very well providing you don't
jump too big an interval -even a 5th
up you'll hear that the sound has been
treated because of the limited sample
rate and the way it regurgitates it with
a slightly metallic edge. Nevertheless,
its voltage controlled input is great for
modulating pitch via a synthesiser
and it can completely transform
speech and music. Pitch intervals are
dialled up from four very useful touch -
sensitive control presets, either in
semitones or as a ratio to zero (normal
pitch), and these allow rapid trans-
position during a piece. A 'Regenera-
tion' control then gives variable feed-
back resulting in interesting chains of
transposition.

Next there is the Lexicon 'Prime
Time' digital delay unit - an expen-
sive item but essential as far as Tim is
concerned to give to separate time
delay outputs from one input signal. It
can also bounce outputs from either
or both of the two available inputs
from one channel to the other. He got
a liking for this sound as a means of
producing artificial echo from using a
modified Rexox when he was at Keele
University. It was a mod suggested by
David Allen, late of 'Gong' and Soft -
Machine.'

There's a Roland Rack Flanger he
likes for synthesised bass that was

used on the Hitch -Hikers LPs and
numerous other effects boxes dotted
around the studio. A 'Great British
Spring' from Turnkey hangs on the
studio wall and provides all his main
reverberation. The Serge synthesiser
is very much a multiple effects box as
well, with its V.C. wave multipliers and
phasing.

The mixing desk he uses is a

Soundcraft Series 2, 16 into 8 and
accounted for quite a lot of his costs in
setting up the studio.

Sound amplification comes from a
Quad 405 stereo amplifier and a
couple of JBL 4313 speakers. In
addition, a back pair of KEF speakers
are used for monitoring when working
on four channel pieces, powered from
a Quad 303 amp.

Most of Tim's classical work is con-
ceived in quad and he is much in
favour of surround sound, however it
is produced. 'The artistic potential of
it is still practically untouched in
popular music and for concert per-
formance of electronic music multi-
channel production has been com-
mon -place over many years.'

Tim has had to purchase all the
studio items himself - a big outlay
these days - and has not been able to
skimp on the quality of equipment
because it is not practical to re-
record electronic music, except for
the final mixdown which could be
done in a recording studio situation.
He confesses that he has been known
as a "strange avant-gardist" and only
recently has turned his composition
towards more "accessible" rock
music. He's not too pleased that he
has been forced to make this move
and feels that the spirit of adventure
should always be present and must be
acceptable for new music to develop,
rather than simply aim at cast-iron
certainties.

He likes to use the oscilloscope to
check waveshapes and other syn-
thesiser functions, although he relies
.on listening to check for correct levels
and distortion.

Recording
The Teac Tascom 88 8 -track re-

corder is used to lay the tracks, with
DBX noise reduction added. When
these are filled, Tim often puts a
rough mix onto the Teac 4 -track
which has its own DBX system and
then these 4 -channels are dumped
back again onto the 8 -track leaving
another 4 tracks ready forfurther use.

A digital multiplex clock gets over
the problem of auto locating tape
cues by sending a digitally encoded
pulse signal to track 1 of the Tascom
(every second or 1/2 second) which will
then play back off the tape (so it's
ideal also as a click track) and return
to the clock for display as a 4 -digit
reference number.

The final mix is made in stereo on
the Revox B77. For any work out of the
studio there's a stereo portable: the
JVC KD2 cassette recorder, with ANRs
and super ANRS. Some Accessit
boosters are used for matching the 8 -
track level to the Soundcraft mixer
during monitoring.

In terms of experimenting with
synthesiser control during recording,
Tim has been trying out the Roland
'Dr. Rhythm' box. This has two pulse
outputs that he can dump onto tape
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and then he uses these to control the
Serge functions and synchronise
effects.

Composition
'Interfacing is a prime part of

creativity' agrees Tim, 'making con-
nections between things is like com-
position itself. The very word "com-
position" means "putting things to-
gether." In counterpoint and har-
mony, putting together the notes was
the key thing. In electronic music it's
finding new circuits and new ways of
connecting different sound making
devices. After all, some of the early
experimental American composers,
like Frederic Rzewski and Gordon.
Mumma, always used to say that
soldering the first jack plug was all
part of the piece! What you have to be
careful about is that you don't get
swamped so much in technology that
you're always developing a device that
will do some fabulous thing and you
never get time to actually use it. So I
tend to buy off the shelf and con-
centrate on the business of com-
position.'

Since Tim took part in the per-
formance of Stockhausen 'Sternk-
lang' we've reviewed in this issue, I

asked him about it.

Inside the Serge kit.

Soundcraft Series 2, 16 into 8 mixing desk.

The Studio.

64

The Serge Synthesiser.

'It's one of those scores where the
parts can be realised in lots of dif-
ferent ways - the proviso is that each
singer or player has to be able to
produce and filter the overtones of
their sound. It's really an extension of
the work called 'Stimmung' (Tuning)
which is for 6 voices and uses a vocal
technique of producing overtones in a
whole series above the fundamental
note. In Sternklang, exactly how the
sound was produced was immaterial
- you could have a trumpet with a
wah-wah note through a pick-up and
other people were using EMS VCS3
synthesisers. I was using a viola with a
pick-up and a VCS3 filter.

'It was mixed down in a Paris
studio and we were sectioned off in
our little areas and multi -channel
recorded. Then Stockhausen spent
several days mixing all this, bringing
up one group after another as if des-
cribing an imaginary walk between
the different groups in a park.'

I asked how he felt about the great
length of the piece, which is over 31/2
hours. Tim feels that 'music is there to
take people out of their normal time -
scales. The whole of life could be
reduced to a smaller time -scale but it
would become intensely boring. Our
musical rituals in the West are still ex-
tremely short in comparison with the
rest of the world and 'Sternklang' does
establish its own time -scale and I like
that.'

Whenever he hears the music, it
reminds him of sitting in damp parks
waiting for the next cue, freezing and
cursing the mosquitoes - while some
of the crazy tuning could have come
from a "mad minstrel orchestra in
central Bulgaria!"

Hitch -Hikers Guide
to the Galaxy

This was originally a book by
Douglas Adams that has since been
produced for BBC radio and tele-
vision, stage show and as a double
album. There's also a sequel to the
Guide on a further LP entitled "The
Restaurant at the End of the Uni-
verse."

Both Tim and Paddy Kingsland of
BBC Radiophonic workshop (featured
in Electronics & Music Maker March
Issue) were responsible for the music
and effects for the different presen-
tations. Tim arranged the BBC open-
ing theme music 'The Journey of the
Sorcerer' by Berni Leadon and also
wrote all the music for the LP record.

The signature tune used on the
television was built up in the normal
way using synthesiser over -dubs. The
particular version we were discussing
is not on the LP's but is available as a
single. There's quite a lot of voice
vocoder treatment in it, with JP4
arpeggios going into the vocoder so
that the overall shape goes from low to
high from the vowel sounds changing
from "aah" to "eeh."

If you listen carefully you can hear
the cymbal sound changes at one
point into a sustained 'ssh' sound
from Tim that's fed in the vocoder mic
with the JP4 going through it. The
bass part is also occasionally trans-
formed into a low voice note by this
method. The sitar -like sound really
comes from a banjo with "stereo
phased backwards reverb!" Each note

is preceded by a pre -echo of itself,
done by simply turning the tape over,
recording the (now backwards) banjo
part through the reverb unit onto
another track, then reversing the tape
again for playback. Roland vocoder
"strings" fill the background.

On our E&MM cassette No. 2 you
can hear another technique used in
the Hitch -Hiker - the stereo bounce
echo from the Lexicon Prime Time, as
the JP4 plays a slow arpeggio
sequence. There's also the MXR Pitch
Transposer, showing its effect on
voices - just as used on the albums,
but with an Eventide Harmoniser.
Then echo is added from the Prime
Time .with its modulation oscillator
switched in to give sliding transpo-
sitions on the voices.

An interesting example of a
rhythm track is given because the
distinct bass line you can hear is not
really there at all - it's synthesised
drums going through a digital delay at
certain delay times (controlled by
hand), and it's the inter -relationship
between the times which are produc-
ing the frequencies by difference
tones and feedback. The second
rhythm is produced from a drum
machine fed into the Serge synthe-
siser, with the pulses being used to
produced different instruments -
often sounding like artificial tablas.

When composing his music, Tim
sometimes writes in detail but pre-
fers to jot down basic tracks and then
experiment with the recorded version
of these during overdubs without fur-
ther notation. Much of his commercial
work is tied to scripts, but will in fact
sound quite acceptable without the
dialogue.

He doesn't use patch cards for the
Serge because it would take him too
long to insert all the details - so he
just notes the particular modules in
use. He would love to be able to notate
tone -colours in some kind of con-
ventional way - 'if there was an
agreed form for writing down a note
which had been fed through a distor-
tion pedal, flanged, filtered, trans-
posed and digitally delayed you'd be
okay, but there isn't.'

Tim's immediate plans are to win
himself enough time to put together
completely new material for his own
album done in a 24 -track studio. He
still likes the combination of elec-
tronic and acoustic sounds and this
will keep him happy for a long time.

If you want to hear some of his
most commercial work to date, then
take advantage of our special offer
this month for the Hitch -Hiker's Guide
LP's - the quality is superb! If you're
an avid collector of electronic music
(and who isn't!), Tim has kindly
agreed to sell his last few copies of
"Swit Drimz" LP at £4.99 each
through E&MM. It's definitely a col-
lectors item, with computer speech,
jazz orientated electronics and the
avant-garde music of our front cover.

All from a British composer who is
already making an important contri-
bution to the world of electronic
music. E&MM
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The best Rock musicians are not good because they use exotic
instruments, but because they have developed a sensitivity for what is
good. A cornerstone of this sensitivity is 'knowing your instrument'.
This involves much more than being on intimate terms with your
Stratocaster; really, 'your instrument' is you, the guitar, your amplifier
and the PA - and in some exalted cases, even the audience can

Guitar Amplifiers
If a newcomer to Rock, your first

instrument amplifier has to meet the
difficult criteria of being cheap, and
simple enough not to overwhelm or
confuse, and at the same time, being
reliable and versatile enough so as not
to limit your expression. If you're
already firmly committed to a well-
defined style of music (eg: HM) or
performance (eg: Cabaret), then
choosing an amplifier can be simply a
case of copying the professionals. The
amp. should give you access to all the
sounds your brand of music requires;
end of story! However, many music-
ians are fired by creative aspirations,

being more concerned with the en -
rapturous magic of sound than rigid
categories, and require an amplifier
which will allow them to indulge freely
in the mutual exploration of their
instrument and their own mind. Para-
doxically, the first stages of this
exploration are best achieved with a
simple amplifier; otherwise there's a
danger of missing the wood for the
trees. Whatever amplifier you buy, you
will soon outgrow it, and until you have
found your way, a simple amplifier will
do no harm to creativity and won't turn
out to be an unnecessarily expensive
mistake if you decide to reverse
direction.

Your amplifier is really as much a

become your instrument. Here, we're concerned primarily with the
parts of the instrument that are electronic - the instrument amplifiers
and the PA. The series is a spiral - after the basics have been
explained, we'll return to focus on both the more advanced and the
more refined aspects of each topic.

part of your guitar as the machine
heads; what does it do? Most obvious-
ly, it makes the sound of the strings
audible. Indeed, this is sometimes its
sole purpose. However, the effect is
little different from an acoustic guitar,
yet only two other effects can vividly
extend the potential of the
instrument.

Firstly, the amplifier's tone con-
trols can powerfully influence the
relationships between the fundamen-
tals and the harmonics - and there-
fore alter the tonality, the 'bite' and the
'roundness' of the sound. Other
aspects of the amplifier - such as the
overload characteristics and the input
impedance can influence the upper

harmonics, with similar effects.
Secondly, the amplifier can be

overloaded, to produce 'dirty',
'raunchy' sound. Although the result
is known and feared as distortion in
musical reproduction equipment, in
the context of the instrument ampli-
fier - a generator of music - the
effect is best thought of as 'harmonic

'generation'. The ratios of the funda-
mental to the odd and even and high
and low harmonics generated by over-
driving exerts a crucial, powerful and
emphatic effect on the character of
the sound. The overdriven sound can
be produced in the input or output
stages of an amplifier, or by the
speaker, or any combination of the
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three; they are all different, and their
'sound' varies with level and tone
control setting. The critical and com-
plex nature of the overdriven sound
largely accounts for the legendary
name of certain amplifiers. Overdriv-
ing also generates spurious and there-
fore dissonant notes which are largely
devoid of meaning in conventional
western music. This effect, known as
intermodulation tends to make the
sound loud, 'full' and 'muddy', it is
part of the classic 'fuzz' sound.

With these modifications to the
original sound, the nature of the
amplifier's ability to control the sound
intensity is radically altered. At very
high sound levels, the amplifier can
make the modified sound of the guitar
seem larger and more real than life
itself; the sound suddenly has the
bizarre potential of multidimensional-
ity. High levels also bring sharp,
'attackish', transient and other subtle
sounds into prominence, and alter
tonality, as perceived by the ear; we
hear the fundamentals of the electric
bass and the high harmonics of the
lead guitar better at Rock concert
levels. And unlike acoustic instru-
ments, we can easily reduce the level
of an electric instrument, often with-
out grossly upsetting the nature of the
sound. So the volume control(s) can
also give us quiet access to sounds
normally only available by playing the
instrument aggressively at extremely
high levels.

Knobs and Sockets
Perhaps the first rule about guitar

amplifiers is that they should not be
shared, poverty regardless! Apart
from creating a muddy sound, the
result is to limit individualism and
ironically, to destroy a band's coher-
ence. Nonetheless, many guitar
amplifiers feature two channels, and
whilst the spare may be a useful gig -
saver should another amplifier give
problems, the key purpose is to
extend the range of sounds available
to the guitarist. The reasons begin
inside the guitar. The output voltage

Naming the knobs and sockets
Input gain
Tone
Mid
Tone controls
Sensitivity
Master volume
Line output
Echo Send
Echo Return
Power Amplifier

= Volume
= Top cut, Treble cut
= Presence
= Equalisation
= Boost
= Output gain, Volume
= Slave output, Line, 'Link Out'
= Send, Effects Send
= Return, Effects Return
= Output stage

and impedance of guitar pickups are
simply very nebulous quantities -
the voltage varying between 10mV
and 2 volts (a 200 fold variation)
depending on how you play. Your
amplifier has to be able to handle
these variations in input level, and, at
the same time, provide a clean or dirty
sound on demand. Hence the two
input sockets - or a single switched
input socket - marked 'high' and
low'; the high sensitivity input can be
readily overloaded for a dirty sound,
whilst going into the 'low' input makes
it possible to play loud and clean
without overloading the amplifier.

Essentially, these inputs differ only
in degree, so it may well be possible to
achieve a dirty sound on the low
sensitivity input if a 'loud' pickup is
used, and vice versa. This underlines
the desirability of checking that any
amplifier you aim to buy is matched to
the sensitivity of the pickup it will be
working with. Ideally, the volume con-
trol shouldn't require extreme set-
tings to achieve clean and dirty sound
on the low and high sensitivity inputs
respectively. If either sound cannot be
readily achieved, then the pickup and
amplifier are obviously incompatible
in so far as sensitivity is concerned.
Amplifiers are frequently chastised
for being 'not 100 watts' when the
pickup and/or the preamplifier are
simply too insensitive to drive the
amp to its full potential. This is
analogous to rejecting an MGB for

lack of speed without discovering the
purpose of the accelerator pedal!

Dual input sockets may also pro-
vide a variation in the amp's treble
again, possibly in conjunction with
high/low sensitivity sockets, but more
commonly in the form of a 'bright'/
'mellow' switch. When a guitar pickup
is fed into a low impedance, the signal
is damped, making the sound
'rounder', quieter and more mellow.
The latter effect is often superfluous
because the treble response (where
the upper harmonics lie) is usually
already awkwardly attenuated by the
shunting effect of the guitar tone and
volume controls and the curly con-
necting lead; the 'bright' input or
switch is a means of correcting this
deficiency - it simply boosts the high
frequencies. The result can also be
attained by avoiding the treble
attenuation in the first place - or
equally it can be achieved with well
designed tone controls.

Some amplifiers have only a single
channel - 'bright' versus 'normal'
and 'high' versus low' sensitivity, plus
any built in effects being selected by
switches or sockets common to the
channel. Strictly there is no need to
provide separate channels for these
functions, but it makes life more con-
venient if rapid changes in effect can
be achieved simply by plugging the
guitar into the alternative channel,
with the controls preset and therefore
ready for action. The multichannel

amplifier is essentially a convenience
for pre -ordained, high speed acts; it's
not essential if your forte is laid back,
improvised Reggae for instance!

The tone (or 'equalisation') con-
trols on a guitar amplifier are funda-
mentally similar to those on a hi-fi
system. However, the guitar ampli-
fier's controls should provide a greater
range of gain variation to enable you
to boost - or cut - with emphasis.
And the frequencies at which these
controls have most effect are attuned
to the electric bass/guitar rather than
a composite music signal. Whilst a
midrange control is very useful, the
effect of carefully designed and sen-
sitively applied bass and treble con-
trols alone can be effective enough. It
is easy to feel, with a few broad and
magnaminous test sweeps, that these
controls are limited in their ability to
create original sounds - but explora-
tion of the whole instrument will
usually reveal that the creative limi-
tations lie mainly in the mind. In other
words, simple tone controls which you
can feel instinctively on stage will
initially give you a far greater fluency
and insight into the potential of your
instrument than other, more versatile
yet complicated methods of tone
control.

The master volume control has a
considerable mystique which it does
not deserve. It is usually nothing more
esoteric than a pot wired between the
equalisation and output stages of the
amplifier. It's used to limit the output
power and hence the loudness of the
amplifier, whilst the channel (or input)
volume control is wound up to pro-
duce distortion in the stages prior to
the power amplifier. Thus, dirty sound
can be produced without the usual by-
product - deafening sound levels.
Ignoring the humanitarian aspects of
the master volume control, it greatly
enhances the range and precision of
overload effects. For decibel deprived

 dirty sound, only the input stages will
be overloaded, but brain damage
regardless, output stage overload has
a character of its own, and the two
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Figure 1. Block Diagram of a typical guitar amplifier.
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extreme control settings (channel
volume down, master control up,
versus channel volume up and master
control down) can give very different
sounds, with a wide range of caco-
phonous melodies to explore at the
intermediate control settings. It's far
better to choose an amplifier with a
master volume control than one with
an esoteric equaliser or other
gimmick.

Lurking on the rear panel of your
amp is an array of sockets, the func-
tions of which may be a source of
bewilderment to you owing to the
frequently idiosyncratic labelling. The
sockets variously termed 'slave', 'line
output', 'link out' are all similar in
function - they provide an output of
intermediate (or line) level which can
be fed to auxiliary power amplifiers
('Slaves' or 'Slave amplifiers') to ex-
tend the power capabilities of your
amplifier. Equally, they may be used
to feed a tape machine, a demo -
studio mixing desk or a PA system.

Many effects boxes work admir-
ably when linked between the guitar
and amplifier, but if for instance you
require echo or reverb, it's beneficial
to add these after the signal has been
amplified to line level. The signal
must pass through the effects unit
and then back into the amplifier -
usually via a socket marked 'echo
return' or 'return'. Obviously, the
signal requiring reverb or echo must
be prevented from passing through
the amplifier directly, thus the socket
from which the signal is derived
(usually marked 'echo', 'echo send' or

'send') is arranged to break the signal
path when a plug is inserted. These
sockets operate at essentially the
same level as the slave output and are
usually wired immediately before the
master volume control. Slave output
sockets, however, are usually con-
nected after the master volume con-
trol, so their output level mimic's the
level from the amplifier's own
speaker. Unfortunately, if any part of
your music's character depends on
overdriving the amplifier's output
stage or speaker, then this aspect will
obviously be missing from the 'slaved'
output signal unless you are fortunate
enough to be using an identical guitar
amp as a 'slave'. Some instrument
amplifiers derive a 'slave' signal from
the loudspeaker socket, via an
attenuator which prevents the high
power herabouts from vapourising all
your auxiliary gear! This method has
the advantage of including the sound
of the overdriven output stage in the
signal sent to the 'Slave' amps, so it's
useful for recording (see the E&MM
Direct Inject Box Project in last
month's issue), or boosting the
merchants of dirty sound; but the
conventional 'slave' output, wired
immediately after the master volume
control will always provide a cleaner,
quieter signal, essential for more
cultured guitar sounds. And clearly,
neither type of slaving can include the
sound of an overdriven speaker.

In the next part, we'll look at loud-
ness, power and loudspeakers.

E&MM
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Guide to Electronic Music Techniques
Lawrence Casserley

Basic Tape
Techniques

Most people are familiar with the
tape recorder as a means of storing
and recalling sounds, but the tape
recorder can also be a powerful
means of transforming and mani-
pulating sounds once they have been
stored. Much of the earliest work in
Electronic Music and Musique Con-
crete relied almost entirely on a few
basic techniques for manipulating
recorded sounds.

Before examining these techni-
ques it is necessary to go into a few
points about different types of tape re-
corders, as some machines will make
some of these operations difficult (al-
though probably not impossible if you
use a bit of ingenuity). First of all, it is
desirable that your tape recorder runs
at at least two speeds (if more than
two, so much the better). Secondly, it
will be necessary to get access to the
play -back head of the machine for
editing purposes (See Figure 1). On
some machines this can be difficult,
but removing some of the head covers
will usually make it possible. Another
problem with editing on some
machines is that the playback head is
inoperative unless the recorder is in
'Play' mode. You may be able to get
round this by running the tape the
wrong side of the capstan shown in
Figure 1 (try it, the first time with a bit
of tape you don't need, in case of
disasters!). Lastly, there is the tech-
nical matter of head configurations.
Many domestic tape recorders are
designed so that two programmes can
be recorded, one in each direction of
the tape, in order to save on tape costs
(all cassette recorders use this
approach). While this may be fine for
some applications it is undesirable for
this sort of work for two reasons: first,
if you are going to edit the tape, it is
not much good having another pro-
gramme going the other way, and,
second, one of our most powerful
transformations, reversing the mater-
ial, is impossible on a machine de-
signed specifically not to do this!
(Figure 2 shows you why). If your
machine records in this way then you
will probably have to resort to some
sort of modification, for example,
some machines have room to fit an
extra playback head. If your tape
recorder has some or all of these
drawbacks, don't despair, get to know
the idiosyncracies of your machine
and learn how to get round them (or
even turn them into advantages). Ob-
viously if you have a more profes-
sional machine the scope is wider
(and two machines are more than
twice as good), but part of the idea of
this sort of music is doing what you
can with what you have available. A lot
of amazing things have been done
with the most primitive equipment.

The only other items you will need
for the experiments below are micro-
phone, splicing gear and some imagi-
nation.

Tape Path

Pinch Roller
1 Erase head - always the left-hand head.
2 Record head on 3 -head machines (not fitted on 2 -head machines).
3 Playback head (Record/Playback head on 2 -head machines).
NOTES. The playback head is always the right-hand head. When you hear the sound you

want, it will be at the point indicated by the arrow.
If you thread the tape behind the capstan, you may be able to get the tape in
contact with the heads without it being pulled by the capstan.

Figure 1. Tape head arrangement.

1) 1/2 -track stereo

Lett Track

Right Track

Recorded Programme
If you turn the tape over and play in reverse the tracks will be swapped over but
you will hear the sounds backwards.

2) %-track stereo (sometimes called 4 -track)

Left Track

I Right Track

Programme 1 - Side A

Previously Recorded
Programme

Previously recorded programme 1 material is not heard when the tape is reversed.
Figure 2. Track configurations.

Left Track

Right Track

Programme 2 - Side B

Time

Figure 3. Simplified diagram of piano envelope (all percussive sounds are essentially
similar).

So, what are the possibilities?
If you have recorded a sound, or

succession of sounds, it will be repre-
sented on tape as a magnetic ana-
logue of the original waveform. Nor-
mally one would want to reproduce
these sounds in a manner closely
approximating the original. But, hav-
ing stored this information, there are
other ways of reproducing it. For ex-
ample, if you replay the tape at a dif-
ferent speed, a number of things are
altered. If you replay something faster
the tempo will be quicker and the
pitch higher, but other, less obvious,
changes will occur. If you try this with
singing you will find that the charac-

teristic vibrato is speeded up pro-
ducing the "Chipmunk" effect; or, if
you slow it down, the vibrato becomes
a slow wavering of pitch - try it. Also
you will find that different timbres can
be produced - a slowed -down
soprano does not sound like a tenor,
a speeded up bassoon does not sound
like an oboe; also, slowed down high -
register guitar is different to low -
register guitar, and vice -versa. This is
caused by the particular resonances
of the instruments concerned, but
don't get tied down in the techni-
calities, experiment with the sounds.

The second technique is reversing
the tape. Naturally events now occur

in the reverse order, but what effect
does this have on the sounds? Much of
what the ear understands about
sounds is concerned with envelope -
the way sounds change in time. In
other words we interpret things in
relation to what happened last. So if
we reverse those envelopes our per-
ception of the sounds can be altered
drastically. For example, a single
sustained note on a piano is charac-
terised by a sharp attack and a long,
exponential decay. Reverse it and a
very different sound occurs. One of
the characteristics is that the upper
harmonics die away more quickly. In
reverse you can hear these harmonics
gradually coming in (Figure 3) fol-
lowed by a 'clonk' at the end (the
attack) - try it.

Or reverse some ordinary speech
- not only does it not make sense but
it sounds like a completely different
language - why? The characteristic
inflections and the envelopes of the
sounds are reversed. Another idea -
try to record speech so it will be
intelligible in reverse (by speaking the
words in reverse) - it's hard - and
the results will make the Da leks seem
quite human!

Next, you can extract particular
sounds, groups of sounds, or particles
of sounds from their contexts and re-
arrange them into new contexts. For
example, tape a passage of speech
and try to separate the vowels onto
one tape and the consonants onto
another - if you don't know how to
separate them listen to the tape at
reduced speed - these techniques
can help you to learn about sounds as
well as manipulate them.

This leads to the concept of edit-
ing, or joining together, sounds from
different tape sources. Any sound (or
part of a sound) that can be extracted
from one tape can be spliced to any
sound from another tape and this is
where composition comes in. Try to
build those sounds you've found into
something that means something to
you.

Let's look at two things that might
help. If you can join bits of tape
together, you can join them into a
continuous loop and this loop can be
(within reason) any length from fast
repeated notes or figures through
ostinatos to extended passages; or
loops may be speeded up drastically
to produce new timbres - try this
over several stages.

Finally, you will want to super-
impose one set of sounds onto
another. How you do this will depend
on the facilities you have available. If
you have a twenty-four track recorder
you can simply record each layer onto
a different track, and mix it down, but,
assuming that you have more humble
facilities, as long as you have some
way of copying one recorded track
onto another and mixing in new
sounds (many tape recorders provide
for this) well then, the sky's the limit-
think about it! E&M M
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NDUSTRY
PROFILE
Electronic Dream
Plant Limited

Twelve miles away from the cen-
tre of Oxford, right in the middle
of the country, is the Electronic

Dream Plant, owned by Adrian Wag-
ner. For two and a half years this
company has been producing the
Wasp synthesiser which offered sev-
eral innovative features such as its
portability and a full complement of
variable controls including two oscil-
lators and a digital touch sensitive
keyboard, considering its very low
cost.

At first the complete synthesiser
was built at EDP, including the
assembly and final testing, although
more recently some of the large scale
production is done through a local
factory. The attractive country house
that forms the base for EDP has been
converted to accommodate assem-
bly, workshop, test area and stores.

The Company name came as a re-
sult of Adrian moving from London to
set up a recording studio with the title
'Electronic Dream Plant.'

Soon Chris Huggett, a technical
engineer, joined him at Oxford and
development began on a very cheap
synthesiser. In fact, the final instru-
ment became a little more expensive
than planned, so this was called the
Wasp and they have only recently
finished their original idea, the Gnat.

Chris had initially little knowledge
of synthesiser techniques and relied
on Adrian to suggest the make-up of
the instrument. Very quickly, they
came up with a digital keyboard
prototype that could be battery pow-
ered and yet still remain stable in
terms of pitch generation, by means
of a digital code for each note. From
the start they foundi-hat because they
were developing on whatwas forthem
entirely new ground, they would arrive
at an easier, or better alternative to
previous design ideas for synthe-
sisers. The Caterpillar Keyboard Con-
troller in many respects came about
as a result of suggestions from users
of the original Wasp and the subse-
quent development to overcome
various problems.

Adrian finds that designing is very
much trial and error, just like com-
posing a piece of music. One funda-
mental design feature that was re-
quired for the Wasp was the use of a
single circuit board for ease of con-

struction and the first production
Wasps were made in September
1978. Much to everyone's surprise
and delight the 100 units made were
sold in 3 hours from one London shop,
and this immediately caused some
problems in getting another batch
ready. The actual business of manu-
facturing at that time was quite new to
Adrian and he found it very difficult to
keep all the components in stock for
production to continue.

'The Wasp's success is due to two
reasons' states Adrian. 'Partly the
price and then its appearance, look-
ing like a toy. The latter is important
because it's not oppressive and it has
no complication about it, with con-
trols reading from left to right. The
plastic case was chosen for economy
and the touch keyboard was the only
way we could keep the final price right
down. This type of keyboard can also
be used by non -keyboard musicians
- drummers and guitarists often use
it as an extra effects box.'

The keyboard design is not related
to the early EMS Synthi-A keyboard,
but was more like the action of a
Theremin, working through capaci-
tance sensitivity. The design allows
any part of the note outline drawn on
the keyboard to function by touching
with a finger, and with careful adjust-
ment can be played by moving the
finger across the notes even without
touching.

Adrian admits that production
went badly at first and they knew that
there was a big risk taking on pro-
duction of a complete product. Rather
than go to a major manufacturer,
where changes would be difficult
once the production model was made
(there have already been 10 major
modifications made to the Wasp over
21/2 years), they tried to do the whole
job themselves and soon found the
main problem was in the supply of the
components. Since then they've had
to put out extra production to local
factories to cope with their three extra
instruments: the Deluxe, the Cater-
pillar and the Gnat.

Adrian Wagner.

Prototypes being assembled.

Adding the final top -soldering by hand.

The completed Wasp Synthesiser board.
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The Wasp and
the Spider

The Wasp synthesiser was one of
the first instruments to be completely
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portable and playable anywhere,
through its built-in speaker. Nine volt
d.c. power can be from standard or ni-
cad batteries, or via a regulated bat-
tery eliminator. There's even been a
jam session in Shaftesbury Avenue
with rock stars busking on the Wasp!

It was designed to contain all the
basic features for synthesising sound.
Adrian emphasises the need for 2
oscillators, noise, control modulation
and a filter section that is not just low
pass type, which tends to make layers
rather muddy when multi -tracking.
The Wasp has low, band and high
pass filters with proper 'Q' control of
each.

The Spider Sequencer came out
over a year ago at Olympia and was a
great success because of its large
memory storage and cheapness at
£199 compared with other current
designs.

The Spider was designed to ope-
rate in two modes, the first being 'real'
time with 84 note storage capacity.
Unlike other sequencers that rely on
you to set the clock fast enough to
take the quickest notes you play, this
mode stores exactly any note or
silence up to 5 seconds duration
before using up the next 'note,' (by
holding on, off and wait times in
digital form). In 'pulse' time it acts like
a conventional sequencer that uses
pots to set each note pitch, except
that it is set instead from the Wasp
keyboard step by step with a maxi-
mum of 252 notes and can then be
synchronised to pulses from the tape
recorder for multi -track work. Notes
can be deleted, extra spaces inserted,
and a lot of people have been using
the Roland Dr. Rhythm Unit with the
sequencer to get rhythm and bass
backing.

Adrian feels that the Wasp and its
accessories will always be useful
because of the linking facilities be-
tween instruments by means of the
digital coding system. Links are made
through a 7 -pin DIN socket and there
are 6 bits of TTL that hold the key code
and 1 bit for the trigger. This makes
connection to a micro through its
parallel input/output port quite easy,
without the need for A to D or D to A
conversion. The coding system also
allows the Caterpiller to operate four
Wasps and still have a separate 'voice'
patching facility. Programs can be
dumped on cassette and the Spider
only uses 1/2K of storage to remember
252 notes.

Incidentally, choosing names for
instruments can be difficult with
many ending up as a code number.
Adrian prefers a 'friendly' image for
his products and so chose the insect
names for monophonic and bird
names for polyphonic instruments.

Since the Wasp sells at £199
(having had a price increase of £1
since it was launched!), the next step
was to try and bring out another
instrument even cheaper, and so the
result was the 'Gnat' which sells at
£99. This has most of the Wasp
features and a single oscillator that
can be made to sound like two oscil-
lators. It has a low pass filter and
several functions have been put on
individual knobs to save space. Every
component is circuit -board mounted
including the speakerand this has cut
the cost down considerably.

The production line!

Testing the new Deluxe Wasp.

Adrian checks a batch of Wasps.

The original Wasp synthesiser.

New products
The Wasp DeLuxe was then

brought out with a mechanical key-
board and wood finish case, and the
Caterpillar is another new product
that enables four individual Wasps or
Gnats to be controlled from its 4 -voice
keyboard and will only cost £149.

It has taken a long time to get the
scanning right for the Caterpillar -
the keyboard is scanned every 4
microseconds in both directions and
puts 'keydown' information into a
memory 'stack.' A logic programme
then sorts out the stack. There are 3
modes of key assignment - the first

The Spider Sequencer.

is called note priority, selecting notes
one after each other for synths
1,2,3,4. Second is unison with every
last note played going to every synth
and the 3rd is the most interesting
called 'Sequence' which switches
every note you're holding down at any
time to each Wasp. So four Wasps and
a 3 -note triad can give you instant
Mozart style chords by putting the
fourth synth up an octave on oscillator
pitch from the rest. The actual note
that is chosen for the fourth synth
depends on the order of notes selec-
ted at the instant of playing and so will
vary. On the other hand, cyclic opera-
tion can be effected to make note

allocation to each synth in the order
1234-2341-3412-4123 etc., and
when each of the Wasps has a com-
pletely different sound the results can
be very interesting and totally unique.
There's also a selection of holds on
the machine as well, with unison hold,
note priority hold and cycle hold. Note
priority hold means that you can hold
3 notes down and whatever you do
with the 4th note will always go to the
4th Wasp. The 'cycle' hold will keep
each note on - always holding four
notes as, for example, you play arpeg-
gios up and down the keyboard.

Future developments
Having developed a range of in-

struments that merges into the poly-
phonic field, EDP is now concentrat-
ing on this for the future. Later on this
year Adrian hopes to bring out a 4 -
voice programmable synth with a 4 -
voice type of 'Spider' selling at £595
and £345 respectively. The 'poly' ver-
sion of the spider will enable block
chord composing as well as the con-
ventional linear style and has full
editing facilities. One of its planned
innovations is controllable offset that
gives time variation (or rubato) within
a bar without affecting the total bar
count. This in theory is quite simply
done by pushing notes further down
the memory stack and inserting a
space. It will hold 2000 notes divided
equally for the four voice layers.
Besides full edit controls the
sequencer also records settings of
sounds using the multivoice. You still
have to select the pitch and the
oscillator waveform on each synth but
you can record various parameters on
the spider, making it like a preset
programmable device. For example,
you could store up to 250 single
sound parameters on Voice 1 along
with 250 notes on Voice 2. This
information can then be dumped onto
cassette thus providing basic pro-
gramming facilities for the Wasp
through the Spider. Control of filter
frequency envelope and the para-
meters on the envelope will also be
storable on the Spider itself. Connec-
tion to the Waspwill be via a multi -way
connector so that other Wasps and
Spiders can be linked to it, which
again builds up the 'Electronic Dream
Plant' studio even further.

So the combination of a Cater-
pillar plus four programmable Wasps
leads towards a complete polyphonic
synthesiser system. 'Our real dream,'
says Adrian, 'is the Eagle, a sixteen
voice, totally programmable, floppy
disc storage system that is totally
micro based. Both the planned poly-
phonic Spider and the four voice unit
have their own micros that are linked
through tri-state input/output de-
vices thus keeping the link wires to a
minimum.'

Adrian originally considered hav-
ing his own dedicated chips made but
found that it was too expensive and
would also restrict further develop-
ment. So he tends not tothink in those
terms but more towards microproces-
sors, and EPROMs. In fact, the ori-
ginal Spider used an EPROM because
he was still waiting for the CMOS
87C48 chip to come out to replace it.

It is possible to interface the Wasp
to a micro and the company publish a
data sheet showing details for linking
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Part of the Adrian's recording studio.

The Caterpillar 4 voice keyboard controller.
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The Gnat Synthesiser.

to several of the currently popular
systems. You can play anothervoltage
controlled instrument by connecting
it to the control voltage output on the
Spider (which has a D to A converter),
and if, for example, you want to use a
sound on another synthesiser then
the Wasp first programmes the Spider
and you can then download onto the
other instrument. The Spider inter-
faces with most synthesisers through
its CV and Trigger outputs. Both the
range and scale of CV output can be
altered (there's an exponential con-
verter built in) and triggers can be
positive or negative -going.

'We've even received comments
that the Spider's CVs can improve the
stability of other synths keyboard
pitch control - especially where a
resistor network is being used -
simply because of its digital coding
that interfaces through a Ferranti
10 -bit D to A converter chip.

'The Spider is not mains powered,'
explains Adrian. 'It runs off batteries
which last about 11/2 hours- because
we wanted it to be as portable as the
Wasp. Even if the battery runs out, you
have up to 2 hours to put in a new one
without losing its memory.

'The Eagle will have sound analysis
with its 32 -bit micro up to 40K, so you
will get 25K worth of frequency which
is well abOve audio range. The micro
itself will run at 12 MHz and that's 50
MHz in terms of 8 -bit! That starts to
become very interesting because we
are looking in terms of an additive
synthesiser, not a subtractive synthe-

siser, providing a total computer -con-
trolled set of sound waves on top of
each other. We plan to have a full
colour graphics display on it which
will give a music print-out.'

- Adrian emphasises that the Eagle
will take a long time to develop and
it's half a dream at the moment, with
only the initial stages completed.

'We are at the stage where you can
print out music and we've been doing
a lot of extra research at Oxford
University. A printer peripheral will
enable it to be used as a composing
aid because you also can play the
music, edit the music, put a full score
in if you wish and ask it to printout the
parts at the same time. The whole
Eagle System will cost around £5,000.
Although this is a high price we are
trying to make our products cover the
whole range of musical synthesis and
we obviously expect our very cheap
synthesisers to be our main items at
present, and yet they will benefit from
the advanced technology of the Eagle
as prices of chips come down. I can
envisage that a synthesiser costing
£500 in 10 years time will have all the
facilities you'll ever need!'

Coming back to micros, the Spider
is the only one that actually uses one
at the moment, with the logic for the
new Caterpillar operating from an
8035 Intel chip.

'The synthesiser is now an instru-
ment,' says Adrian, 'that can be used
by virtually everybody. The important
point is that pro -musicians bought
them at the beginning but now there
are more than 250 shops, including

Dixons, stocking Wasps and Gnats for
the future.

'Schools are buying them for class-
room use - you can connect them
altogether to the teacher's instrument
that is played whilst pupils operate
the controls and we are now providing
complete recording/synth studios for
educational use based on the Wasp
and Teac's Portastudio M-144. Many
schools not only want them for their
music lessons, but for drama and
science as well. It's interesting to note
that science departments may well
pay over £100 for one oscillator unit
- when a digital oscillator on the
Wasp is better value because of the
other things that go with it. We found
that in one school we put a Wasp into,
within 2 weeks 10 pupils had gone out
to buy their own.

'For a couple of months we put the
Wasp out in kit form, but we found that
people made errors in soldering its
41/2 thousand connections. It's easy
for us using a flow soldering machine
- you put a board in at one end and it
goes through a flux and then it is
heated and the whole lot is soldered in
one go, taking only 10 seconds (in
fact, it took 81/2 hours in the early days
for our assembly workers to hand -
solder a board). It has 48 chips, and
the top soldering connections are
quite tricky to do. All connections
including sockets are made direct to
the main board, again for economy.

'There are very few links from one
side to the other so in practice the
underneath is flow -soldered and then
the top is hand -soldered taking about
20 minutes. Readers may not realise
that through -hole plating costs three
times the amount of money as
"double -sided" and you can get a lot
of failures. Also, if you have an IC to
take off with through -hole plating it's
practically impossible.

'One of the main reasons for the
Wasps' success is that at first glance
people thought that it was a toy, be-
cause it has an unconventional
appearance. But of course the elec-
tronics inside make that machine
really versatile as a synthesiser and
that's why a lot of professional musi-
cians have used them: Oscar Peter-
son used three Wasps in a recent
broadcast and really enjoys their
touch sensitivity. It's gone into many
other areas - you have DJ's using
them in discos to create sound
effects, and theatres use them for off-
stage noises. This is where the noise
generators score for they are d igital ly-
derived and in conjunction with the
Sample and Hold (called 'Random' on
the Wasp) will produce sounds of rain
water and storm effects, as well as
rhythmic control of the filter cut-off
frequency (listen to E&MM's demo
cassette).

'At the beginning we started the
project on £3,000 - now we've got
National Research Development Cor-
poration backing which is absolutely
marvellous for us. This government
institution has helped us overcome a
lot of the difficulties we've had in
extending our business, especially as
the research and design costs so
much money and getting in stock can
take all your capital overnight.'

I asked Adrian if he anticipated
that everybody would be making music
in some form in the future, just for

enjoyment, with synthesisers from
the Electronic Dream Plant coming in
all shapes and sizes. 'Very much so,'
replies Adrian - 'we are going to go
down market as well as up market at
the same time, but the important
thing is to go down market as we hope
within the next two years we'll find a
synthesiser around £50 dropping to
around £20 in 5 years time. Not a
preset organ, but a controllable syn-
thesiser because I don't call "presets"
synthesisers; it has to be controllable.

'I see synthesisers not replacing
but being very much on a parallel with
conventional instruments. Now that
people are starting to understand
them they are blending more with
other instruments, because they are
becoming more compatible in terms
of dynamic range and emotional
colour. I've even had one person from
an RAF military band actually looking
at the prospect of having their march,
ing musicians all playing synthe-
sisers!'

Adrian Wagner's
Music

Having taken a little rest in the past
year from music to get the Wasp off
the ground, Adrian is now working on
an album called 'Carousel.' He is very
keen to set up his own electronic
music record label, not for special
'elitist highbrow' music but for anyone
that has something substantial to say
in electronic music (E&MM hopes to
have an electronic music competition
later in the year). Electronic music is
here to stay and it just needs time and
more development for people in all
walks of life to accept it.

Adrian sees EDP being very com-
petitive in the immediate future and
Japanese and American companies
have tried to copy and bring their
prices down into his bracket. 'So for
once we have the opportunity to really
forge ahead, making sure we do not
make any mistakes and that's quite a
big challenge!'

You can listen to Adrian playing the
Wasp with the Spider sequencer and
an excerpt of his own electronic
music from his 'Disco Dream' LP on
our E&MM Demo Cassette No. 2. The
LP is not on general sale and Adrian is
offering it to E&MM readers at £1.99
inc. post, packing and VAT. Send your
cheque to 'Electronic Dream Plant
(Oxford) Ltd.', Red Gables, Stones -
field Road, Combe, Oxford 0X7 2ER.
It's ideal for something different at
disCos and worth having in your
electronic music collection from the
listening angle alone - provided you
don't mind a good strong beat and
occasional girl vocals. E&M M
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PRODUCTS NOW AVAILABLE FROM
r GREAT BRITAIN'S LEADING SYNTHESISER

SPECIALISTS

WASP
ROADSHOW

2nd -30th MAY '81

A 25 DATE TOUR OF

GREAT BRITAIN'S

TOP DEALERS IN

THE WASP COACH.

SEE MUSIC PRESS

FOR TOUR DATES

GNAT SYNTHESISER
R.R.P. f99.00

WASP DELUXE
R.R.P f199.00

WASP
SYNTHESISER
R.R.P. f199.00

CATERPILLAR
POLYPHONIC
KEYBOARD
R.R.P.
f149.00

SPIDER
SEQUENCER
R.R.P. f199.00

11111111111111

CATCH US IF YOU CAN!

ELECTRON= IKEA"
FILAN(OXFORD) Limited roronfutallcpt ryoopuurotneoaerte:lts)WASP dealer
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MANY MORE KITS ON PAGE 87 - MORE KITS AND
ORDERING INFORMATION ON PAGE 87

All projects on this page can be purchased as separate packs, e.g. PCBs, components
sets, hardware sets, etc. See our free catalogue for full details and prices.
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ELECTRO-MUSIC

Each month we review the latest
Electro-Music Equipment -from synthesisers
to sound reproduction and effects!

E&MM's special in-depth reviews look
at what's new in the world of commercial
music -a vital updating for both electronics
designers and musicians.

Lowrey MX -1 Electronic Organ

It seems a definite turning point has
now been reached in the marriage
of organ, synthesiser and com-

puter. No longer does the organ afi-
cionado, whether amateur or profes-
sional, have to take a less than perfect
reproduction of an instrument. The
developments in micro -technology
can now make possible the dupli-
cation of traditional orchestral and
popular music instruments so that it
is difficult to know which is the
original. I must be one of many people
who watched the BBC TV 'Parkinson'
show recently and literally couldn't
believe that the sounds I was hearing
came from one single instrument -
the Lowrey MX -1. It was expertly
played by Harry Stoneham, although I
doubt whether even he needed to
concentrate all his skills to make the
instrument create an electronic or-
chestral sound of such complexity. In
fact, all you've got to do is playa single
3 -note chord on the lower manual and
select your orchestral combination,
from Big Band to Baroque, and away
you go! And it's not just the realism of
the instrument voices, it's the way
each instrument plays counterpoints,
harmonies and rhythms ideally suited
to it.

All this and much more is
achieved at a price - the MX -1
costs £13,950 - although Lowrey
have already introduced a new range
of 'Micro -Magic' organs, starting with
the Fiesta at £855, that no doubt
benefit from this new technology.

The conception of this remark-
able instrument first started about
five years ago in Chicago, Illinois at
the Lowrey Organ Division of Norlin
Music Inc. It first emerged in the UK at
last year's music trade fair, having
been on sale in America for a year,
and the reception it received was tre-

mendous - we all looked for the
hidden tape recorder with no suc-
cess! Certainly, the implementation of
a huge amount of micro -chip cir-
cuitry in one home organ cabinet has
created a system that could well be
come the ultimate dream for many
home organists - but no doubt there
are more innovations to come. Many
of the ICs are custom LSI chips de-
veloped by Lowrey - for example,
there's the Serial Interface Controller
which is virtually a microprocessor in
itself.

I spoke to Braham Digdgelli, Ser-
vice Manager for Lowrey U.K. at
Braintree, Essex, and he commented
that although the design was wholly
done in America, he is able to provide
feedback from the British point of
view. Braham then proceeded to give
me an enthusiastic survey of the
MX -1 that took no less than three
hours!

Controls and layout
We switched on and immediately

the organ jumped into a routine of
flickering lights reminiscent of Star
Trek's instrument panels! In fact the
tabs, pedals and obviously the pre-
sets, which all have coloured LEDs
under their buttons, are scanned one
by one every 5 microseconds to show
that the organ is operating properly
and waiting for your command. The
moment you select any button the
effect is cancelled. The majority of the
controls operate through a 'PIC' -
Parallel Interface Controller which
enables, for example, tabs to switch
FETs and similarly gate all the other
hardware that the performer uses to
the organ microprocessor.

The control panel is illuminated by
two side halogen spotlights that can
be directed onto the controls or music

rest at two itensities. There are tab
lights, pedal and panel lights (high
and low brightness) as well. Lowrey
sliders, introduced about 2 years ago,
are smaller than standard construc-
tors sliders and felt as smooth as they
should be and the small single touch
'latching' presets contain. a special
low current LED that can change
colour on certain functions (from red
to yellow or green) thus indicating a
change of mode. This is especially
useful on the Digital Stereo Rhythm to
indicate end of intros.

A low impedance stereo head-
phone socket is provided, if you don't

want to deafen your neighbours with
the MX -1's 6 x 40 watt amplifier
system. An interesting extra, that
should be on all drum machines these
days is a 3 -digit LED readout of tempo
for setting the rhythms which sub-
sequently synchronise all the 'Or-
chestration Plus' accompaniments,
'Magic Genie' chords and 'Golden
Harp' arpeggios. The control slider is
not a 'pot' type but a multiple switch,
so that the numbers indicated step
from 54, 59, 64 in exponential fashion
to 295, 321, 350 and 380 maximum
tempo - no more guessing the cor-
rect speed from Rock to Waltz!

Back cover removed showing first layer of circuitry.
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All controls are situated on the
main front console and this includes
external phono sockets in and out for
stereo recording of the organ or play-
back of taped music. Another big
advantage here is that the 'Leslie'
effect (called Stereophaze Sound) for
the organ tabs is very good indeed and
is electronically -generated so that it
will be present on the recorded signal.
The organ speakers can be cancelled
if desired and external speakers used
instead and there is a 'Cancel' switch
that will cut out all accompaniments
immediately to give full manual con-
trol.

Circuitry
The power supply is quite sub-

stantial and provides a range of + and
- voltages that draws a surprisingly
small primary current of under 1 amp!
The keyboards (both 49 note, upper
C -C and lower F -F) are fully poly-
phonic, operating single contacts for
diode keying and they are scanned
from right to left every 5 micro-
seconds by the Serial Interface Con-
troller. You can even hold virtually all
notes of the lower manual on 'Magic
Key Memory' without the pitch drift-
ing. Thus 49 upper, 49 lower and 18
pedal switches feed serial data to the
Keyboard Encoder which sends its
information to the upper manual
flutes, Solo Symphonizer, Golden
Harp, Orch. Percussion and AOC;
lower manual flutes, Magic Memory
and Magic Chord. It provides data that
selects the fractional flute, on/off
strike tone and Orchestral Sympho-
nizer pitches. At this point too, the
pedal and lower keyboard serial data
goes to the CPU which produces Data
and Address lines and Control Bus
(WR, Reset) for the Orchestration
Plus system. The Magic Chord, AOC
and Golden Harp are also controlled

via the Keyboard Encoder.
Various triggers, for the EGs, sus-

tain control, strike tone for bells and
vibe voices, snub lines (for initial
control of piano and other percus-
sive instruments) are initiated from
keynotes played. Main tone gene-
ration is done by Top Octave Syn-
thesisers (TOS) receiving a 4mHz
oscillator and dividing down over the
pitch range. Vibrato and Glide (a
semitone slide up to the note) is
obtained by modulating the oscillator,
the latter effect is sometimes inserted
automatically on Orchestration Plus,
or it can be added manually from a
foot button operated by the right toe
as it moves the swell pedal. Certain
sounds such as 'piano' will change the
glide into a 'sustain' control. The
selected pitches are sent to the main
instrument tone generation boards
which include Symphonic Strings,
Vibes, Vibra Harp, Violin, Hawaiian
Guitar as well as the Orchestration
Plus and Solo Symphonizer. The
Custom Symphonizer is really a syn-
thesiser with the minimum preset and
control slider functions for quick set-
ting up.

It relies on a suitable sound
source, taken from Orchestra (Poly-
phonic) or Solo (Monophonic) before
it can produce percussive effects.
Wow and rich stereo chorus can be
added to get a big solo lead synth
sound,

Many of the voices are derived
from several tone formants that are a
result of adding pulse waves and
sawtooth waves which are then filt-
ered to give instruments like oboe,
trumpet, sax, bassoon, and jazz flute.
Fractional filtering gives flute pitches
of 16' 8' 51/3' 4' 22/3' 2' and 1' and low
frequency sawtooth waves also con-
trol attack and decay on filters to give
more realistic sounds. Tremolo can

Note the two 6" x 9" chorus speakers and the sealed unit for the 10" bass speakers.

Second layer of circuitry revealed.

also be added to both Orchestral and
Solo Symphonizer, which is really a
BBD generated chorus effect giving
pitch and volume variation after a
slight delay. The result is a much
more natural modulation on most
instruments especially 'wind' types.
It's nice to see a tuning control for
each of these sections so that syn-
thesiser style detuning can be done.
Incidentally, instruments have their
tonal qualities altered as you play
each group of 7 notes up the key-
board, thus acting like a keyboard
follower to brighten higher pitches.

The Solo Symphoniser plays on
the highest note of the upper manual
and has Piano, Clavecin, Rock Guitar,
Sax, Oboe, Jazz Flute, Jazz Guitar,
Clarinet, Bassoon, Trombone and
Trumpet instruments. A solo keying
on/off button ensures that note jump-
ing does not take place - i.e. from
releasing a single top note it will not
jump to a lower pitched left-hand
chord, which can be very irritating
with both hands on the one manual.
The large Solo generator chip gives
16' 8' 4' and 2' squarewave outputs
and these go through their own Solo
filter board containing analogue
switched filters for multiple selection
during the actual instrument enve-
lopes. The Jazz Flute is a good ex-
ample with a 4' initial envelope and
noise 'breath' added to the 8' pitch.
The noise generator is digitally pro-
duced from the Rhythm board.

The Rhythm system is operated
from another PIC which keys 15V op -
amps, providing suitable triggers for
each percussion effect. The main
sounds are bongo, bass drum, cym-
bal, tom-tom, wood block, hi -drum,
snare, low -drum, clave, and noise (for
Jazz Flute treatment). With 'Autostart'
on, the drum rhythm selected - there
are 16 to choose from including two-
tone metronome -- will commence as
soon as you play one or more notes on
the lower manual and the percus-
sion will continue until you release all
these notes. It doesn't stop imme-
diately but ends suitably on the first
beat of the next bar (that is why there
is a period when you can release the
chord and move your left hand to play

the upper manual or select other tabs,
before it is necessary to return to the
chord for continuous rhythm - very
useful indeed). One of the most in-
teresting developments here is that
when a sound is selected on 'Orches-
tration Plus', the rhythm section will
flash those selector buttons that pro-
vide the most appropriate rhythms for
the sound, so 'Big Band' suggests a
choice of Dixie, Country or Samba.
Choose one of these and you then
have the best combination for the
music you are playing. You could, of
course override the suggestions by
selecting another rhythm - such as
3 -beat 'Waltz' with a 4 -beat 'Baroque'
(Dave Brubeck would like this one!).
The 3 beats of the waltz still have the
same basic pulse as 4 -beat, unlike
other drum machines whose beats
are divided over 48 parts, (i.e. 3 every
16, and 4 every 12).

The drum sounds themselves are
extremely authentic and are pro-
duced in stereo with a push-button
cymbal crash that is derived through
its own LSI to give you multiple ringing
effects exactly like a big cymbal
decaying. There's an 'intro' button
that gives a suitable fill-in before all
the Orchestration Plus and Magic
Genie accompaniments burst forth.
You know when the fill-in is finished
because the LED downbeat indicator
cha nges colour from red to green, and
a 'Rhythm Balance' control sets the
L/R speaker outputs for real stereo
percussion.

Needless to say, this is where both
Braham and myself began to deviate
from the circuitry functions towards
the musical effects and special con-
trols! So I will simply justify this by
saying that we both had realised that
the enormous complexity of this in-
strument can only be briefly dis-
cussed in this review - it's the central
processing unit based on an 8085
microprocessor, with bi-directional
Address/Data bus and control lines for
operating an 8 x 1K RAM, SIC 1 Button
scan, address latches, SIC 2 Key -
switch scan, that masterminds the
MX -1. The push-button scanning is
performed through the SIC by looking
at Y select lines (a vertical row of

E&MM MAY 1981 77



ELECTRO-MUSIC

buttons) and then sending an X -scan
to decode which of the horizontal
buttons in the vertical group has been
selected. The Orchestration Plus
boards produce up to 6 different
instruments including a bass line
from the 'pedal keyer and filter' board
for each button selected.

Controls and effects
There are a lot of features on the

MX -1 that make it easy for the be-
ginner to get a full accompaniment
that is synchronised with the rhythm
and other effects. On the other hand,
they also increase the possibilities of
multi -layer 'orchestral' performances
for the more experienced musician.

The 'Magic Genie' chord system
gives interesting homophonic accom-
paniment from Piano, Guitar and
Banjo tabs, with auto bass derived
from the LH chord played. A LH single
note gives a major chord and this is
changed to minor from the right toe
foot switch on the pedal. This switch
also adds Golden Harp when you want
it and gives yet another effect for the
competent player to master and en-
joy. Its extra 'Magic Key Memory'
feature is linked to the 'Magic Genie'
and 'Orchestration Plus' to allow the
player the temporary use of both
hands on the upper keyboard to play
full block chords.

Orchestral percussion has a dis-
tinctive set of percussive instru-
ments: Bells, Vibes, Vibraharp,
Chimes (on top 30 notes), plus Accor-
dion, Hawaiian Guitar and Violin. Also
here are 4' and 22/3' harmonics for
adding to flute drawbars used on
jazz/pop organ playing.

The Golden Harp is great fun to
use and will give swirling arpeggios,
always synchronised to the rhythm
tempo, but selectable for fast, slow,
up, down and 'virtuoso' (variations on
up/down) arpeggios. It works on the
Orchestral Percussion voices (and
Orchestral Symphonizer as an op-
tion).

AOC (Automatic Organ Computer)
is one of Lowrey's selling features on
their organs and it gives full upper
keyboard harmony from 1 finger of
the right hand. The chord is formed
from the lower manual chord being
played. AOC 'Organ' provides chords
for upper tabs and most of
the Orch. Symphonizer voices and
polyphonic Custom Symphonizer. In
addition, AOC 'Open Harmony' pro-
duces a wide two -hand style chord
that really does give a full ensemble
sound to melodies and can easily
convince the listener that a complete
woodwind, string or brass section is
playing.

The 'Stereophaze Sound' provides
a particularly good stereo image for
the player from carefully positioned
speakers in the console. Here you
have the traditional Leslie sound and
more, all electronically produced so
that recording the 'live' sound is easily
done through the Stereo phono out-
put sockets.

It's not a bad idea to use head-
phones to monitor recording if pos-
sible and it's also important to keep
the swell pedal volume off maximum
otherwise you'll start picking up the
usual electronic organ background
whistles and noise. In live perfor-
mance the sound quality is excel -

Orchestral Symphonizer Sound Decoder using PIC 7949.

CPU board containing PROMs, RAMs and ROMs.

Cymbal processor and drum circuitry.

Orchestration Plus circuitry.

lent - especially considering that the
largest speaker is a 10", for the bass
really thumps out if you want and the
top is bright enough to do justice to all
those high harmonics.

In all there are two 10" Bass
speakers mounted in a central sealed
enclosure (see photos), two 6" x 9"
Chorus speakers at left and right ends
of the console, one 8" main speaker
and two 8" flute speakers.

'Vibra Trem Flutes' create the tra-
ditional 'chorus' fast rotor effect. Flute
and Main Chorus tabs give an en-
semble (from a very short pulsed de-
lay treatment on one channel whilst
the other side is straight). Chorus,
Celeste' is really the slow rotor
'chorale' effect. Vibrato, Tremolo (as
described) and reverberation can be
added to complete the concert hall
sounds of the MX -1. There's even a
Marimba repeat that gives alternate
reiteration from two notes, and of
course variable sustain.

Instrument Sections
Now we come to one of the most

exciting aspects of this instrument,
the vast range of sound combinations
available - there's virtually nothing
missing (except Harmonica!) and to
complete it all comes the innovative
'Orchestration Plus' section.

There are Symphonic Strings on
upper and lower chorus that have a
realistic phased ensemble quality for
d. bass, cello, viola and violin. 'Or-
chestral Symphonizer' gives Grand
Piano, Brass Ensemble and specials
such as Banjo, Electric Guitar, Post
Horn and Mandolin. The Solo Sym-
phonizer complements the latter sec-
tion for lead -line playing that adds an
authentic top -note solo to your right
hand, from a reasonable 'reedy' Sax to
'breathy' Jazz Flute, and then you can
add the Custom Symphonizer in
mono or poly mode as well.

'Symphonic Bass' gives tremen-
dous depth to your own pedal play-
ing - after all, 'piano' on the Bass
gives that rich orchestral film score
feeling (such as on John Williams'
original score for 'Star Wars'). There is
Tuba and Bass Fiddle as well, with the

18 note pedal -board a great help for
church organ music. And we mustn't
forget the full tab selections on upper
and lower manuals. These not only
include a full flute tab set (except 1'
mixtures), but have a custom flute tab
that lets you set sliders in any com-
bination just like drawbars. Full brass,
clarinet, and a Vox Humana that al-
most sounds like voices complete the
tabs.

Finally, we come to Orchestration
Plus, described by Lowrey with a

string of superlatives as 'the most
advanced, innovative, imaginative,
truly incredible musical feature ever
to be introduced in an electronic
organ'!

There is no doubt that this section
provides the most exciting feature for
this instrument. Its innovative design
enables, for the first time from one
instrument, a choice of twelve pre-
programmed fully orchestrated
accompaniments that are very rea-
listic indeed. Despite the fact that
every two or four bars, the selec-
ted 'orchestra' repeats its various
counterpoints based on lower manual
chords (any inversion), the variations
of instruments and melodies are suffi-
cient to avoid any feeling of mono-
tony when played properly. With
'Chord -Logic' button on certain
chords (in particular the flattened
7th) will make the CPU select a
slightly different melodic line, and
even give glide on appropriate in-
struments such as trombone. 'Basic
Mode' will give a full set of instru-
ment groups on all chord rhythms.
Switch this effect off and you're back
to separate sections 'doing their own
thing'. 'Variation' ensures that you'll
never get tired of the accompani-
ment! You can also have 'keyed style'
so that the orchestra only plays for the
duration of a left-hand chord. Need-
less to say, there are enough couplers
and upper/lower select options to
give plenty of variations to your regis-
tration.

It is at this point that the final say
has to be left to the instrument
itself! So on E&MM's Demo Cassette
No.2 I have provided examples of the
Orchestration Plus section, from Big
Band and Polka to Waltz and Baroque.
Here I'm sure the provision of an aural
complement to this review will be
worthwhile, for the examples are done
not by spending hours of practice to
master the controls and effects in a
virtuoso way, but by simply sitting at
the organ and there and then assess-
ing what the instrument can do with-
out too much effort. Thus you have a
more accurate idea of what the home
musician can achieve after a very
short time (provided he knows his
chords and names of controls). Other
features are highlighted on the cas-
sette and along with this review
should help you assess this unique
instrument for yourself. You may
need a good few 'strong arm' men to
lift the superbly finished console - it
weighs 357 lbs (162kg) (there's a
matching bench too) and it measures
283/4" (731mm) from front to back.
That's just less than many door
frames - but I for one would be quite
happy to remove my front door to get
the MX -1 in my house!
Mike Beecher E&MM
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Pinging Bell Circuits, 86
Remote Control Garage Light, 606
Remote Read -Out Thermometer, 78
Seale -of -Two Counter, 304
Silicon Controlled Switch Circuits 220
Silicon Controlled Switch Circuits 310
Siren Sounder,
Sleeper -Bleeper,
Sound -Operated Light Switch,
Sure -Fire CMOS Latches,
Sustained Alarm Unit,
The Decision Maker,
The Finger Pinger,
Workshop Power Supply
Workshop Power Supply

764
678
627
348
545
428
417
534
622

Dec.
Sept.
Dec.
Mar.
Jan.
May
Nov.
Dec.
Feb.
Mar.
Apl.
Dec.
July
July
Dec.
Aug.
May
Nov.
Oct.
June
(lct.
Jan.
Dec.
Jan.
Aug.
July
June
Feb.
May
Mar.
Mar.
May
June

'78
'78
'78
'79
'79
'79
'78
'78
'79
'79
'79
'78
'79
'79
'78
'79
'79
'78
'78
'79
'78
'79
'78
'79
'79
'79
'79
'79
'79
'79
'79
'79
'79

Help yourself & save £1.
Radio and Electronics
Constructor has been
published since 1947
with a continuity and
accuracy that is probably
unmatched in electronics
publishing. So R&EC's
present programme of
reviewing and revising its
approach to cope with
the ever broadening scope
of electronics in the 80s
is largely being based on
feedback from readers of
electronics magazines in
the shape of our 1981
Reader Survey. Most
enthusiasts have a number
of observations to make
on the subject of magazines,
their likes/dislikes/wants -
and our survey form is
designed to explore as many
aspects of your thoughts on
the hobby as possible.
R&EC is undergoing a
thorough 'metamorphosis' -
culminating in an entirely
new format with the
September issue - so if you
would like to help shape
exactly the sort of radio &
electronics magazine you
want, then please send us an
SAE for a survey form.
Schools/colleges/clubs etc
may have as many as you
can use
As a small incentive - any
subscription submitted with
a completed survey form will
he subject to a L1 discount:
£8.50 for 12 issues inc post.

RX 80 Midi - A DIY SOLID -STATE-OF-THE-ART MODULAR
DUAL CONVERSION RECEIVER SYSTEM FOR THE ENTHUSIAST

 AS DESCRIBED IN JAN/FEB/MAR 81 RADCOM BY TONY BAILEY-G3WPO  REPRINTS CI ins

CURRENT OPTIONS INCLUDE
* LCD DFM with built in IF offset, interface PCB
* HUFF/PUFF vfo stabilizer
* NBFM adapter inc 8kHz multielement ceramic IF filter
* Constant Z PIN diode attenuator
* 12v low RF noise mains PSU

PISA

..E23.75

..E9.60

.19.95

..14.95

..E7.95

* LOW DRIFT VARICAP TUNING (READILY ADAPTABLE FOR
SYNTHESISED/ HUFF&PUFF STABILIZATION)

* DUAL CONVERSION BASED ON A 3-4 MHz SSB IF, WITH
MECHANICAL IF FILTER, AUDIO DERIVED AGC, BALANCED
MIXER, WITH ON-BOARD AF AMP AND VOLTAGE REGULATOR

* CAPACITY FOR UP TO 12HF/VHF/UHF 1 MHz WIDE CRYSTAL
CONTROLLED CONVERTERS WITH TRACKED RF TUNING

* EACH CONVERTER SELF CONTAINED - SO MORE CAN BE USED
EXTERNALLY IF REQUIRED. RF PATHS ARE DC SWITCHED AT
LOW IMPEDANCE

PRICES
RX 80 Mk II tuneable 3-4MHz SSB receiver/IF with MFL series
2.4kHz mechanical SSB IF filter
A/A but with low cost 4kHz CFM2 series filter
HF Converters, including crystal for the following bands:
1-2MHz, 7-8MHz, 10-11MHz, 14-15MHz, 18-19MHz, 21.22MHz
24-25MHz, 28-29MHz, 29-30MHz
Hardware: Case, meters, pots, knobs (exc. DFM)
Complete RX 80, 6 converters, switches, case, PSU

PLANNED
ADDITIONS
TO THE
SYSTEM

..142.66

.132.42

..19.10 ea

..£25.00

..1132.50

 3-4MHz IF frequency synthesiser
'UP Conversion' front end system

 AM IF adapter  Noise blanker
 VHF/UHF converters with helical filters

PRICES EXCLUDE VAT (15%1. Postage 50p on orders under £12. Free postage on orders over £12, except please note
any order including HARDWARE should be accompanied with a £2 carriage charge General price lists are available FOC
with an SAE full AMBIT catalogues including a multitude of radio parts components £1.80 a set or 70p per section.

AMINT international:
TELEPHONE ISTD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG

200 forth Seruice Road Brentwood Essen
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Coil tapping
humbuckers

Coil taps are an extremely simple
way of producing a fundamental
character change in the tone of a
guitar, both from the point of view of
function and operation, and installa-
tion. The apparent extra treble is
generally enhanced by the use of 1n0
capacitors on backed off volume con-
trols, giving a breathy, edgy sound
that goes some way towards a Tele-
caster's character, though other phy-
sical changes are necessary to help
overcome the difference between the
Tele's taut 251/2 inch scale and the
243/4 inch scale found on most guitars
fitted with humbuckers. But, physical
stuff aside, coil taps are pretty much
the bee's knees in simple modifi-
cations. Volume drop can be a nui-
sance, and where it is not possible to
overcome this by using floor volume
pedals or compressors, a partial tap
can help.

Turning one coil off altogether can
be done by leaving it open circuit or
without earth reference, or by earth-
ing one of the pair out partially or
completely. Earth -type taps are the
simplest to add, as the extra wire does
not require screening. The extra wire
is added to the join between the coils
as in Figure 1. Here, earthing the tap
wire will cut out coil 2. Switching can
be done by an on/off switch, or
preferably for cosmetic reasons, by a
mini -toggle SPDT (single pole, double
throw). The mini -toggle switches are

generally available with a 1/4" shaft,
and as the external appearance is
similar with a variety of S/DPDT's, it
will tie in with other modifications
such as phase or series/parallel - of
which more at a later stage. It is
unwise to use a push button latching
action switch, as you will have no
visual check on mode, whereas with a
mini -toggle, you can see which way
the thing is set before you start.

To wire an on/off SPDT, run the
tap wire to the centre terminal, and
wire from one of the outer terminals to
earth, as in Figure 2.

The alternative partial tap, which
avoids a big volume drop, runs to
earth via a capacitor, and this will take
out the treble frequencies of coil 2,
leaving the bass end of the pick-up
humbucking, and allowing the treble
frequencies of coil 1 to dominate the
tone. This gives a weightier sound
than a complete tap, and in my
experience, requires a harmonically
rich pick-up for best results - I would
use it on a power pick-up ratherthana

Adrian Legg

vintage type. To wire it, simply replace
the earth wire from terminal 3 with a
capacitor. It is worth experimenting
with different value capacitors to get
the results most suited to you and
your guitar. I use 33nF on my regular
guitar; Lawrence recommend 20nF
for their pick-ups, and I would suggest
you experiment with capacitors be-
tween 10 and 50nF. Much will also
depend on pick-up position, and
capacitors are cheap enough anyway.
Voltage rating is irrelevant except in
that higher voltage units will be more
robust and will be less susceptible to
heat damage.

Capacitor value has another bear-
ing on the sound in that the deeper
down the frequency range that it cuts,
the deeper will be the hum. That is,
the pick-up will still be humbucking
below the level that the capacitor
removes to from one coil - the hum
from a lOnF tap will be shallower than
the hum from a 50nF tap, and com-
plete tap will have all the hum that the
humbucker usually cancels out.

I have found it useful on several
custom guitars to be able to alternate
between complete ,and partial tap,
and this can be done by using an
on/off/on SPDT as in Figure 3. The
three switch positions give partial
tap/humbucker/complete tap, and
here, you may even find it useful to
vary between different value partial
taps rather than partial and complete.
You could try, for example, a lOnF
capacitor from terminal 1 to earth,
and a 50n F from terminal 3 to earth. It
has often been said that differences
between capacitor values on tone
controls are hard to hear, and it could
be said that variance between two
values on a partial tap are over fussy.
However, I have found that seemingly
minute changes in tone can make the
difference between a satisfying gig
and a gig that didn't quite cut it, and
that's the best reason for experi-
menting. E&MM

Coil 1

Coil 2

Pickup
Output

Tap Wire

Figure 1

Figure 2

Figure 3
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SUBSCRIBE!
to ELECTRONICS & MUSIC MAKER -

the No.1 Monthly for the Electronics and
Music Hobbyist

For 12 issues:
UK and overseas surface £9.90
Europe £11.64
Airmail (excluding Europe) £25.20

Overseas payments including Republic of Eire should be covered by Bankers draft in
pounds sterling.

Subscriptions normally commence from the current issue of E&MM.
Back copies can be obtained from E&MM at £1 each inc. postage.

For further information write to:-
E&MM Subscriptions Dept., Maplin Publications

282 London Road, Westcliff-on-Sea, Essex SSO 7JG

E&MM Subscriptions Dept., Maplin Publications, 282 London
Road, Westcliff-on-Sea, Essex SSO 7JG.

Please send me the next 12 issues of Electronics & Music Maker.
I enclose a cheque/postal order* for £9.90/£11.64/£25.20*
made payable to Electronics & Music Maker.
*DELETE AS APPROPRIATE

PLEASE PRINT

Name

Address

E&MM 5/81

NEW 1981 MODERN ELECTRONIC
CIRCUITS REFERENCE MANUAL
by Markus Price: £32.50p

1001 THINGS TO DO WITH YOUR PERSONAL
COMPUTER by M. Sawusch Price: £5.75

WORLD RADIO TV HANDBOOK
35th Annual Ed. Price: £10.50p

1981 THE RADIO AMATEUR'S HANDBOOK
by ARRL Price: £8.00

THE CATHODE RAY OSCILLOSCOPE &
ITS USE by G. N. Patchett Price: £4.00

UNDERSTANDING HI Fl SPECIFICATIONS
by J. Earl Price: £3.50p

HIGH PERFORMANCE LOUDSPEAKERS
by M. Colloms Price: £7.00

AUDIO IC OP -AMP APPLICATIONS
by W. G. Jung Price: £5.75p

NEWNES BOOK OF VIDEO
by K. G. Jackson Price: £6.50p

HOROWITZ & HILL: THE ART OF ELECTRONICS
by Horowitz Price: £13.50p

*All prices include postage*

11111110.01

THE MODERN BOOK CO.
Britain's largest stockist of British and American technical books

15-21 PRAED STREET, LONDON W2 1NP
PHONE 01-402 9176 (closed Saturday 1 p.m.)

There are 10
Professional

Speakers
at acceptable prices

on the market
RitluurcIALn

Make Them All !

Reviewed by KEN DIBBLE-December 1978

UNIT
Weight Power Sensitivity

Chassis Handling 1W/1kHz/1m
kgs RMS Watts

HD8 8" 2 6 50 93
HD10 10" 2 7 50 94
HD12 12" 4 6 100 96
HD12P 12" 4 6 100 99
HD12 Super 12" 6.8 100 99
HD12P Super 12" 6 8 100 101
HD15 15" 7 30 100 96
HD15P 15" 7 30 100 100
ATLAS 15 15" 7 30 250 98
ATLAS 18 18" 8 80 250 99

Available all units -8 or 15 ohms impedance-front or rear mounting

SOLID SOUND
SEND FOR DETAILS, PRICES AND REVIEWS TO:-

Richard Allan Radio Ltd, Bradford Road, Gomersal, Cleckheaton,
West Yorks, BD19 4AZ. Phone: Cleckheaton (0274) 872442

Grams: 'Acoustics' Bradford. Telex: 51311 Relays -G

Send POWER RANGE leaflet to

Address

Trade enquiries invited E&MM/3
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OrganTalk Ken Lenton-Smith

Whilst in the Services I played
the piano in an Army dance
band for a short period. Arriv-

ing at a Garrison Hall in India, we
found the piano to be far from concert
pitch. There was no alternative but to
re -tune the instrument as quickly as
possible, using a strip of bamboo
between adjacent strings, a tuning
lever and a great deal of patience.
That experience taught me that piano
tuning is very much the domain of an
expert: at that time I little realised that
pulling up tuning throughout can be
very dangerous if the frame has hair
cracks. Anyway, the tuning was com-
pleted in time for the concert and the
piano passed muster!

Thank goodness that the modern
electronic keyboard instrument only
requires the adjustment of a single
oscillator - or twelve tunings at the
most - with the widely used divider
system. Free phase generator
systems, on the other hand, still
require adjustment of each note
generated and thus multiple tunings
similar to the piano.

Standard
Despite the fact that electronic

music facilities include glide, slalom
and portamento, steady tones need
accurate tuning. For this purpose a
standard of pitch is necessary - an
absolute reference to which all other
notes can be related. Until the advent
of broadcasting and recording there
was no real standard. By iraternational
agreement, the pitch standard is that
A above middle C is 440.00Hz (at 8'
pitch). The BBC uses this frequency
before the start of programme
material as a tuning signal.

Although A = 440Hz is the ideal,
other factors may have to be taken
into account. For example, if an organ
is to be played in duet with a piano
which has deviated slightly from con-
cert pitch, the organ can be easily
brought into line. 'Sharp pitch' instru-
ments used in military bands may be
encountered occasionally so it will be
necessary to re -tune to these
if accompanying.

Having considered the inter-
national pitch standard, the question
of intervals arises. Certain orchestral
instruments are under total control of
the player in this respect, such as the
trombone and stringed instruments
without frets. A certain amount of
pitch bending is possible with brass
and woodwind instruments but the
intervals between notes are basically
fixed by the position of wind holes and
operation of valves. Excluding the
synthesiser, keyboard instruments
have fixed tonal intervals.

Intervals
Whilst it is a simple matter to tune

octaves or perfect fifths bylistening to
the beats produced, musicians al-
ways had tuning problems until equal

TUNING
temperament tuning was adopted.
The pure diatonic scale and its fre-
quency ratios are shown in Table 1.

Due to the oddities of these fre-
quency ratios, difficulties arise. For
example, the first two notes in the key
of C (C and D) have a different ratio
from the first two notes in the key of D
major (D and E), so transposition is
impossible. For a while it was thought
that making all the whole tone inter-
vals equal would solve the problem,
but cumulative errors arose when
attempting to tune in perfect fifths.

trained ear can detect errors of a few
cents. The twelfth root of two is a
complex number (1.0594631) for a
digital divider system to cope with but
the manufacturers have done their
homework well.

To set the record straight, bearing
in mind the problems the T.O.S.
overcomes for amateur and profes-
sional builders alike, I have looked
closely at a typical T.O.S., the
AY -1-0212A from General Instrument
Microelectronics. This device will
accept an input frequency of 2.5MHz

CD
Ratio to lowest C 1:1 9:8
Ratio to note above 8:9

Table 1. Mean Tone Tuning

Frequency
Divide by Note Produced

E F G

5:4 4:3 3:2
9:10 15:16 8:9

E.T.
Frequency

A BC
5:3 15:8 2:1

9:10 15:8 15:16

Deviation I.C.
in Hz. Pin

239 C 8372.016 8372.016 - 8

253 B 7908.742 7902.131 +6.611 7

268 A# 7466.089 7458.619 + 7.470 11

284 A 7045.464 7039.999 + 5.465 12
301 G# 6647.548 6644.874 + 2.674 6

319 G 6272.451 6271.926 +0.525 5

338 F# 5919.857 5919.909 - 0.052 13

358 F 5589.139 5587.650 +1.489 14
379 E 5279.451 5274.040 + 5.411 4
402 D# 4977.393 4978.031 - 0.638 15
426 D 4696.976 4698.635 - 1.659 16
451 C# 4436.612 4434.921 + 1.691 3

C 4186.008

Table 2. AY -1.0212A supplied with 2.0009118MHz

Step
1 Tune A to 440Hz by tuning fork or BBC signal.
2 Tune E below (with A ) to 89 b.p.m.
3 Tune B above (with E ) to 67 b.p.m.
4 Tune F# below (with B ) to 100 b.p.m.
5 Tune C# below (with F# ) to 75 b.p.m.
6 Tune G# above (with C#) to 56 b.p.m.
7 Tune D# below (with G#) to 84 b.p.m.
8 Tune A# above (with D#) to 63 b.p.m.
9 Tune F below (with A#) to 94 b.p.m.

10 Tune C below (with F ) to 71 b.p.m.
11 Tune G above (with C ) to 53 b.p.m.
12 Tune D below (with G ) to 80 b.p.m.
13 Check that D to A has 60 b.p.m.

Table 3. Tuning the E.T. Scale by Audible Beats. Tune each interval to zero beat
then flatten by the number of beats per minute indicated.

E.T. Tuning
Equal temperament tuning was

adopted during the eighteenth cen-
tury, where the frequency ratio be-
tween each semitone was made iden-
tical - based on the twelfth root of
two. This method is a compromise
and has been very successful but it
does have the disadvantage that per-
fect intervals involve a slight beat
because they are no longer perfect in
the true sense!

When the T.O.S. (Top Octave Syn-
thesiser) came to our rescue some
years ago, its critics imagined it would
not be sufficiently accurate to satisfy
the ear of a trained musician: for
tuning purposes, each semitone is
divided into 100 cents - and a

and so will produce 2' pitch without
breaking back (the AY -1-0212
accepts up to 1.5MHz and so will only
provide 4' pitch).

Table 2 shows the results obtained
when supplying the AY -1-0212A with
just over 2MHz to provide top C at
8372.016Hz.

Column one shows the divisors
that are applied to the incoming
oscillator signal, the next two columns
the note of the scale and its fre-
quency. For comparison, the precise
E.T. figures are shown and are found
by using the twelfth root of two as a
constant divisor. The deviations are
tiny indeed and in the worst case (Aft)
amount to one part in a thousand. In
musical terms, this represents an

error of less than 2 cents which a
trained musician might be hard put to
detect. With reverberation added to
the instrument, this small deficiency
would probably be covered.

The music industry must be
thankful to GIM and other manufac-
turers of these devices for solving the
problem of accurate tuning intervals.
Additionally, the ability to re -tune the
whole compass simultaneously is in-
deed a boon. Incidentally, I should
mention that any constructor using
TDA 1008 divider-keyers should use a
TOS capable of top C = 16744Hz
(such as AY -3-0214) if the full capa-
bilities of the keyers are to be realised.

Alternatives
Some instruments still employ

twelve master oscillators or an indi-
vidual oscillator per note of the com-
pass, in which case tuning is more
complex. The middle octave of a well -
tuned piano could be used to set the
scale of a divider instrument, tuning
each note until beats are eliminated.
The various octaves of a free phase
instrument can be tuned from these,
again eliminating beats. The piano is
intentionally mistuned progressively
in each direction from the middle of
the keyboard, so only its centre
should be used as a tuning aid.

Alternatively, using a pocket cal-
culator 440.00Hz can be multiplied
or divided by 1.0594631 repetitively
(using it as a constant) to give the
E.T. semitone frequencies above and
below the tuning standard. Having
tabulated the figures, a frequency
meter will indicate whether the oscil-
lator is tuned correctly.

If neither a good piano nor fre-
quency meter are to hand, tuning has
to be tackled the hard way.

Tuning by introducing audible
beats relies on the presence of har-
monics, so I would suggest 8', 4' and 2'
Diapason tabs are used simultan-
eously. The table shows A = 440Hz as
the starting point with E tuned against
it. Our E.T. calculations will showthat E
ought to be 329.6275Hz and its fourth
harmonic therefore becomes
1318.51Hz. The third harmonic of A is
1320Hz, so the two harmonics will
beat at 1.49Hz (or 89 beats per
minute) when the fundamentals are
correctly tuned to each other. The rest
of the table is based on a similar
calculation for each note.

Before embarking on the sequence
of Table 3, allowthe oscil latorsto settle
down, then use a tuning fork or the
BBC signal to set 440Hz to zero beat.
When arriving at the last step, do not
adjust A unless it has drifted from the
standard. There should be 60 beats
per minute between Dand Aand, if this
is not the case, the process must be
repeated and repeated ... while trying
to keep your temperament!
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Create One Yourself !
FRANZ LAMBERT
The World's most Entertaining Organist
TOURS BRITAIN SPRING '81
Dates as follows: -
21.4.81. - CROYDON - Fairfield Halls
23.4.81. - POOLE - Arts Centre
24.4.81. - SLOUGH - Fulcrum Centre
26.4.81. - BRISTOL - Colston Hall
27.4.81. - BIRMINGHAM - Town Hall
30.4.81. - SHEFFIELD - City Hall

1.5.81. - NEWCASTLE - City Hall
2.5.81. - EDINBURGH - Portobello Hall
4.5.81. - PRESTON - Guild Hall

All Concerts start at 7.30 p.m. Tickets £1.50, £2.50 and
£3.50. Tickets available from the halls or Wersi Agents.

Aura and 111E1111E1
Create one of Wersi's electronic organs by building

it yourself from an easy to build kit. Create a perfect
match in decor by picking a spinet or console in
contemporary or traditional styling. Create your own
personalized instrument by picking just those features
that fit your playing style.

Create your own custom electronic organ by having
WERSI build it for you. Create the keyboard
instrument that exactly fits your needs in styling and
features. Create a lifetime investment with WERSI's
unique updating system which allows you to ADD new
features in the future.

Want to know more about WERSI? AURA SOUNDS
are the first company to successfully market WERSI
Organs and kits in the U.K. Our technical telephone
support service is second to none. There's a friendly
welcome and free demonstration at our three
showrooms. Fill in the coupon and enclose a
cheque/P.O. for £1.00 payable to AURA SOUNDS

Show You How
LTD. FOR IMMEDIATE ACTION TELEPHONE
01-668 9733 24 HOUR ANSWERING SERVICE,
QUOTING ACCESS/BARCLAYCARD NUMBER.
AURA SOUNDS LTD.
14-15 Royal Oak Centre, Brighton Road, Purley, Surrey.
Tel: 01458 9733
17 Upper Charter Arcade, Barnsley, Yorkshire. (0228) 5248
1729 Coventry Road, Sheldon, Birmingham. Tel: 021-707 8244

MIN =I MI =5 IMO En INN INN II

I Please send me the full colour WERSI Catalogue. I
I enclose cheque/P.O. for £1.

I
I
I
I
I

E&MM/3.
Nil MINI MI ME NM IIIIII 1111111 INN IIMI MN NM

NAME

ADDRESS

Send to Aura Sounds Ltd., 14/15 Royal Oak
Centre, Brighton Road, Purley, Surrey.

MEM AND AURA SOUNDS - THE WINNING COMBINATION

I
I
I
I
I
I
I

E&M M MAY 1981 83



ELECTRO-MUSIC

0 0
.111=1.

.111=11. 111111..

.111M.0 0
.I1111111.

.1M11.

.11=0".. 0!0 .11N. amp. .11M1. .11111. 0
.11111. .111. .11111.

.M111.
.111111.

.11.11111.

.1111111. .11=1. .1=111. .11111M1. .111111.

.1M=1. .111! 0
.1111. .onms. S

rain. .110.11. .11111M.

0 0 0 0
Andrew Emmerson

This month we want to know if
you're looking for trouble. Are you
aware that every time you switch on
your TV set or use your video recorder
you are promoting its demise? Do you
realise that by switching off your
super new colour camera without first
capping the lens with its proper
plastic bung you may be shortening
the life of its tube? Do you take risks by
using cheap tapes? And so on ... Have
those silly articles in the weekend
papers or those scientific looking
adverts succeeded in making you
think twice about even using your
hard earned video equipment? Do you
have a complex about misusing your
video outfit?

Yes? Then don't! Honestly, to read
some doom -laden articles, you would
think that video was not at all a

pleasurable activity. And some ad-
vertisements seem determined to get
you worried about things you had
never even realised were harmful
previously. I want to dispel all these
horror stories - as long as you follow
the manufacturer's instructions and
use the equipment in a normal man-
ner, you should expect several years
enjoyable and reliable service from
your video gear. The reliability of
modern consumer electronics pro-
ducts has grown considerably in the
last five years, so much so that short
of deliberate misuse it is almost im-
possible to blow up your expensive
equipment. The Japanese started this
when they figured that the only way to
break into the European market was
to make 100% reliable products: this
way they could build up an unassail-
able reputation (and would not have
to send back all the way to Japan for
lots of expensive spares). Spurred on
by this example, most European
manufacturers are now achieving
virtually identical reliability perfor-
mance, and you, the consumer, gain
the benefit.

As far as home video equipment is
concerned, the items with the
shortest probable life -time are the
heads in video tape recorders. It is a
fact of life that some things wear out
faster than others - like tyres on a
motor car. In the same way, video
heads get abraded by the tape pass-
ing by them at high speed and there is
nothing you can do to prevent this.
Most manufacturers quote a mini-
mum life of 100 hours for a set of
heads but you can often exceed this
figure by a factor of five. Replacing
heads is not a do-it-yourself job by the
way - although the commercial price
for this job is between, say, £50 and
£100 (depending on the type of

Hercules the bear found watching his favourite video programme!

machine and where you go), there is
absolutely no way even a gifted ama-
teur can escape this charge. Most of it
is made up of the cost of the heads
anyway, and fitting them needs the
skills of a watchmaker as well as
precision alignment gear and test
tapes. So reconcile yourself to this
expense at some time in the future if
you have a video machine.

How do you determined when your
heads need replacing? Quite easily-
when the picture you receive when
playing back tapes is swamped by
white flecks known familiarly as
'snow'. If you ignore the condition you
will eventually have no picture at all,
and it will also affect your ability to
record programmes. Before you re-
sign yourself to forking out for new
heads do make some basic checks. If
you see just as much snow when you
are recording a programme or just
watching TV this indicates a poor
connection between the recorder and
the TV set's aerial input or possibly the
need to improve your aerial system. It
could also mean that your TV set is not
tuned exactly to the output of the VCR
(try adjusting the fine tuning control
on your TV set while watching a
playback). If on replay you see a more
or less static pattern of white or black
speckles on the screen, try adjusting
the tracking control on the video.
recorder - it might be a mistracking
fault, particularly if it only occurs on
tapes borrowed from other people.
Actually, the tracking problem is
largely a thing of the past now. The

first Philips machines had a bit of a
reputation for incompatibility be-
tween tapes recorded on one
machine and another, but with the
advent of VHS and Beta (and pre-
sumably more so for the new Philips
system) this seldom gives any
trouble.

We have now dealt with the most
likely source of trouble and expendi-
ture in your video system, which must
mean that any further problems are
likely to be slight. However, unless
you happen to be an expert in elec-
tronics (or fancy yourself as one),
there's little you can do to rectify any
malfunction anyway. The traditional
cure of thumping the equipment or
employing a gas board screwdriver
will have no curative effect and may
even be injurious to your health or
wealth. If you suspect a fault, do
check first and see if you have for-
gotten to do something obvious; as a
very last resort you could even consult
the instruction manual! Failing this, it
means taking the gear back to the
place where it was bought or to a
reliable service technician.

However, even if there's nothing
one can usefully do, the devil will still
find work for idle hands. People like to
feel involved in the upkeep of their
nice expensive equipment and this is
where the anxiety mongers make
their appearance. I mentioned them
earlier; usually they are trying to sell
you some gadget to prolong the equip-
ment's life. Some of these devices are
quite harmless or even a good idea

such as, library cases, racks for tapes
and perspex lids or fabric covers for
keeping the dust out of VCRs. Less
praiseworthy are some of the c leaning
tools and fluids intended for cameras
and tape machines. Some are useful,
some are useless and some are posi-
tively harmful. Even if the product
itself is good in skilled hands, its use
by amateurs may be harmful, parti-
cularly if it encourages (or requires)
them to disassemble equipment. The
moral is that most of these acces-
sories are gimmicks and expensive
ones at that. (Ah, but you always have
to pay for quality, Sir...) You may
remember the grotty record care
accessories that used to be on sale -
most have disappeared now that hi-fi
enthusiasts have become better in-
formed. Manufacturers must pre-
sume videots have less sense (or
more money to burn) because there is
some real high class rubbish in the
shops!

So let us get down to brass tacks.
Most things intended for cameras are
in fact quite useful. You can get lens
brushes and tissues to (occasionally)
clean the lens and possibly the face-
plate of the tube. Do, however, avoid
pointing the tube directly into strong
light when you do this. You can cause
nasty white burn marks on the tube,
even if the camera is not switched on.
It does not happen often, fortunately,
but be warned. Beware of solvent
cleaners - soapy water or isopropyl
alcohol are all that I would use. Video -
recorders are another kettle of fish.
You can buy head -cleaning tapes (wet
and dry), cotton buds, aerosols of
compressed air and cleaning fluid,
inspection mirrors and so on. All of
these are acceptable if used in
moderation and by people who know
what they are doing. But excessive
use of cleaning tapes can actually
wear down the heads prematurely;
cotton buds can leave fluff trapped in
the mechanism; blowers can push
dirt further inside; drenching with
cleaning fluids can attack plastics
and synthetic rubber pinch wheels.
So my advice is save your money.
Most tape recorder manufacturers do
not recommend the use of cleaning
tapes, and if you're worried, then once
a year take your machine to the dealer
you bought it from and ask his tech-
nician to check whether it needs
cleaning. If it does, he will do it
scientifically and will probably make
little or no charge. You wouldn't
attempt to take your watch to bits and
squirt weird things into it, so why do
the same to something costing a lot
more?

If peace of mind as been restored,
I look forward to meeting you again
here next month. E&MM
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HOBBY ELECTRONICS GOES WEST
London has more than its fair share of electronics shows, but we know that

electronics enthusiasts are by no means limited to the capital. For that reason the
first annual Hobby Electronics Show is to be held in Bristol - centre of the

South-West.

What's to see there?
 major electronics component suppliers

 special exhibition offers
 Wales & West schools' electronic project competition (*has your school

submitted an entry yet? Available from Hobby Electronics 81)
TICKETS - at the door - ADULT £1.00. CHILD, STUDENT, OAP : 50p.

GAMES KIT  TEST GEAR  MAGAZINES  SPECIAL OFFERS  BOOKS
OPEN DAYS :

Friday May 29th : 10am - 7pm  Saturday May 30th : 10am - 6pm  Sunday May 31st : lOarn - 4pm
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NEWS

L.C.D. FREQUENCY
METER. TF040

Sinclair Electronics Ltd. announce
the release of their new bench fre-
quency meter. This battery operated
unit has an 8 -digit liquid crystal dis-
play (LCD) and covers the frequency
range 10Hz to 40MHz, with a sensiti-
vity of better than 40mV. The 0.5 in.
display reads out direct in kHz with
indicators for gate, overflow and low
battery, and automatic positioning of
the decimal point.

Typical battery life from 6 alkaline
'C' cells is claimed to be 80 hours, and

DIY-HIFI
A new product from a new com-

pany - the 'CECILIA' DIY speaker.
For a fee of £2.50, DIY-HiFi will

supply a construction guide package
which includes full-size plans and
step-by-step assembly instructions.

The drive unit in the speaker is the
PIONEER TS107, which, although de-
signed for use with in -car audio
systems, boasts a frequency range of
50Hz to 20kHz and a power rating of
20 watts and thus is ideal for use in
the 'bookshelf speaker' type of appli-
cation.

DIY-HiFi quote a price of around
£35 for a pair of speakers depending
on materials and finish. The TS107
should be available from car radio
centres and the construction package
is available from:

DIY-HiFi, York House,
Swan Street,
West Mailing, Kent.

the meter can also be powered from
an optional AC adaptor.

Price of the TF040 is £110 + VAT.
Further details may be obtained from
Sinclair Electronics Ltd., London
Road, St. Ives, Huntingdon, Cambs.
Tel. (0480) 64646.

JAPANESE BOOTS
Boots Audio have teamed up with

AIWA to produce a Micro HiFi.
The system, consists of an ampli-

fier with 20W RMS per channel out-
put, a digital FM tuner, a dolby equip-
ped cassette deck and 2 -way full
range loudspeakers.

The unit stands only 12 inches
high and at present is available in

FUNCTION GENERATOR

A further addition to the Sinclair
Thandar range of low cost profes-
sional bench test equipment is the
TG100 function generator. This unit
covers the range 1Hz to 100kHz, in 5

walnut veneer only, but from May '81
it will be possible to order black, white
or alternative wood veneer finishes.

The speakers are of British design
and the unit is supplied pre -wired
thus aiming for HiFi separates quality
with the convenience of a music
centre. The current price of the com-
plete system is £397, and is avail-
able from the larger Boots branches.

VERTICAL SHARP
A new concept in music centres

has been announced by Sharp. Desig-
nated the VZ3000, the unit is built
around the first commercially avail-
able vertical turntable to allow both
sides of a record to be played, without
turning it over.

The turntable is a belt -driven type
with two linear tracking arms, auto-
matic size and speed detection, and
can be set to play one side, both sides
in sequence orcontinuously repeated.

In addition to the unique turntable,
the unit also boasts a cassette deck
which features the Sharp APSS, Dolby
noise reduction and metal tape capa-
bility, as well as a LW/MW/FM stereo
radio. The system output is 25 watt
per channel and has a 2 -way bass
reflex loudspeaker system.

Due for release in the autumn, the
expected retail price is around £325.
Sharp Electronics (U.K.) Limited,
Sharp House, Thorp Road, Newton
Heath, Manchester, M10 9BE.

decade ranges with a calibrated ver-
nier for fine adjustment and features
D.C. offset control (+5V) and external
sweep control.

In the sweep mode, the frequency
range is extended downward to
0.01Hz and the maximum sweep

range is 1000:1.
Output is a sine, square or tri-

angular wave and is available at TTL
level as well as 60011 with two switch -
selectable attenuator ranges with ver-
nier control of each range.

For further details contact Sinclair
Electronics Ltd., London Road, St.
Ives, Huntingdon, Cambs. Tel. (0480)
64646.

FLASHY LEDs
West Hyde are now marketing a

range of LEDs from the German
company, Mentor, which are available
in two sizes 3mm and 5mm diameter,
with the choice of four colours and
concave or convex reflectors. The
bodies finished in chrome or black.

Many variations to the standard
range are available including water
resistant types, units fitted with wire
leads and assemblies with built-in
series resistors. In addition to these
more conventional devices, West
Hyde also offer 'flashing' variants and
even an integrated device which gives
steady green or flashing red from the
one unit.

West Hyde Developments Ltd.,
Unit 9, Park Street Industrial Estate,
Aylesbury, Bucks HP20 1E7
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EXPANDABLEPOLYPHONICSYNTHESISER COMPLETE

KIT

ONLY

£320
00 + VATI

(single
voice)

Plug in extra
Voices - Kit price

f52 + VAT

(f48 - + VAT if ordered
with kit)

Cabinet
size

31.1"
x 1 9.6" x 7.6"

rear
3.4" front

TRANSCENDENT

POLYSYNTH

By brilliant
design

work
and the use of high

technology
components

the

Polysynth
brings

to the reach
of the

home
constructor

a machine
whose

versatility
and range

of sounds
ismatched

onlyby ready
builtequipment

costing

thousands
of pounds.

Designed
by synthesiser

expert
Tim Orr and

being

featured
in Electronics

Today
International,

this latest
addition

to the famous

Transcendent

family
is a 4 octave

(transposable

over 71/2
octaves)

polyphonic

synthesiser

with
internally

up to 4 voices
making

it possible
to play

simultaneously

up to 4 notes.
Whereas

conventional

synthesisers

handle
only

one
at a time.

The basic
instrument

is supplied
with 1 voice

and up
to 3 more

may be plugged

in. A further
4 voices

may
be added

by connecting

to an expander
unit,

the

metalwork
and woodwork

ofwhich
isdesigned

for side
by side

matching
with the

Kit also

as separate
packs

Pack

Price

POLY
15 Pots,

switches,
diodes,

Cs for VOICE
PCB

£4.80

POLY
16 PCB

for plug
in voice

£8.20

POLY
17 Rs, Cs, presets,

connectors

for one
voice

£16.30

POLY
18 IC's,

IC skts,
diodes

for one
voice

£27.50

POLY
19 Transformer

0-120-240,
17-0-17,

0-7.7
£6.30

POLY
20 Pitch

bend
control

£3.90

POLY
21

Misc
parts

e.g. jack sockets,
knobs,

mains
switch

etc.

POLY
22 Ribbon

cable,
ribbon

cable
connectors,

mains
cable

£13 00

£8.45

POLY
23 Fully

finished
metalwork

and fixing
parts

£25.60

POLY
24 Solid

teak cabinet

£25.80

POLY
25 Construction

manual

£1.50

Total
cost

for individually
purchased

packs
for single

voice
instrument

£355.15

Special
kit for

4 voice
expander

kit including

connectors

£295.00

PRICE
STABILITY:

Order
with confidence.

Irrespective

of any
price

changes
we

will honour
all prices

in this
advertisement

until
July 31 1981

if this
month's

advertisement

in Electronics
& Music

Maker
is quoted

with your
order.

Errors

and VAT
rate changes

excluded.

EXPORT
ORDERS:

NoVAT.
Postage

charged
atactual

costplus£1.00
handling

and postal
documentation.

U.K.
ORDERS:

Subject
to 15%*

surcharge
for VAT.

No charge
is made

for

carriage,
or at current

rate if changed.

MANY
MORE

KITS

ON PAGES
74&75

Pack
POLY 1

POLY
2

POLY
3

POLY
4

POLY
5 Double

sided
plated

through
PCB

for digital

control
and pitch/gate

generator
cct

£17.25

POLY
6 Rs, Cs, heat

sink for fitting
to Pack

5
£10.50

POLY
7

IC's IC
sockets,

diodes
for fitting

to Pack
5£31.30

POLY
8 Double

sided
mother

board

FREE

(for plug-in
voices)

£18.90

CATALOGUE

POLY
9 Rs, Cs, connectors

for mother
board

£14.10

POLY
10

IC's IC
sockets,

Trs,
heat

sinks
for

mother
board

£13.10

POLY
11

PCB
for master

controls

(left of section
marked

VOICES)

£18.80

POLY
12 IC's IC sockets,

diodes,
Trs,

Rs, Cs
for

master
control

PCB

£9.30

POLY
13 Pots,

Switches
for master

control
board...

£11.80

POLY
13 Pots,

Switches
for master

control
board...111.80

POLY
14 PCB

for VOICE
controls..

£6.80

main
instrument.

Each
voice

is a complete
synthesiser

in itself
with

2 VCO
s, 2

ADSRS,
aVCA

and aVCF
(requiring

onlycontrol
voltages

and a power
supply,

the

voice
boards

an also
suitable

for modular
systems).

One
of these

voices
is

automatically

al ocated
to a

key as
it is operated.

There
are separate

tuning

controls
for each

VCO
of each

voice.
All other

controls
are common

to all the

voices
for ease

of control
and to

ensure
consistency

between
the voices.

Although
very

advanced
electronics

the
kit is mechanically

very simple
with

minimal
wiring,

most
of which

is with ribbon
cable

connectors.

All controls
are

PCB
mounted

and thevoice
boards

fitwithPCB
mounted

plugs
and sockets.

The

kit includes
fully finished

metalwork,

solid
teak cabinet,

professional

quality

components

(resistors
2%, metal

oxide
or metal

film of 0.5%
and 0.1%),

nuts,

bolts,
etc. Price

Pair of PCB's
for multiplex

cct. K.B.
contacts£9.50

ADSR
IC

IC's
IC sockets,

Rs, Cs, for multiplex
cct. ... £8.20

CEM
3310

£4.00

Superior
quality

keyboard

£32.25

Contacts
and bus bars

£12.00

VCO
IC

CEM
3340

£6.00

POWERTRAN

ICs and details
of all

packs
in our



NEWS

Electronics & Music Maker looks to the future by choosing projects that use
up-to-date technology and features that inform its readers of the latest
developments in electronics and electro-music.

Education in its broadest sense is therefore one of the key aspects of this
magazine.

It is also exciting that it will be read by teachers and pupils alike through its
wide circulation in this country and many subscriptions abroad.

EDUCATIO\
One of the most pleasant rewards

of music teaching is to see indi-
vidual pupils in a class group re-
sponding and learning in their own
different ways. Many children who do
not take to group class singing will
nearly always have a go at playing an
instrument. But all the pupils in a
particular class have to be catered for
and this at first seems as unsur-
mountable problem with large groups
of 25 or more children. Nevertheless,
once the teacher knows his individual
pupils in a group and arranges acti-
vities on a rota system from week to
week, the practical teaching of a
group of six or more pupils can be
done effectively even using such in-
struments as the synthesiser, electric
piano or guitar.

I am not assuming that the music
teacher knows a lot about electronics,
although E&MM should provide
plenty of information each month! So
once electronic instruments are con-
sidered, the problem of operating and
maintaining the electronics may put a
lot of people off - apart from their
lack of sufficient playing ability on the
keyboard or guitar.

Synthesisers can be used in the
classroom in a number of ways so I'll
leave these for a later article and look
at a system from America that should
offer a ready-made solution to finding
enough instruments to go round.
Although the initial outlay may be
considered high, the long-term bene-
fits of using "real" electronic instru-
ments make it worth the investment.
Often area education authorities,
rather than individual schools are
willing to purchase a music system
and allocate them on a temporary
basis.

The 'portable music lab' system
comes from an American company:
Multivox/Sorkin Music Company Inc.
They have two music labs - one for
guitar and the other, which has only
just become available in its up -dated
form, for the electronic piano.

Mobile Piano Lab
This is a compact, modular solid

state system on a fold -up, roll about
table which may be expanded to
accommodate a maximum of 18 stu-
aents. Its design enables the whole
unit to be moved around the room and
locked away at the end of the day. The
electronic pianos have a 61 -note key-
board and slide controls for piano/
harpsichord sounds plus vibrato and

The Portable Music Lab
pitch adjustment. The control unit is
housed in a free-standing case and
puts the teacher in two-way commu-
nication with any pupil at the touch of
a button. An additional button is
provided for reaching all students
simultaneously. The instructor's piano
and microphone headset are con-
nected directly to the control con-
sole. Facilities are also provided for
the connection of a cassette tape
player or other external source, for
programmed learning cassettes, de-
monstrations, accompaniment, etc.

The system's big advantage is in
its potential for providing individual
instruction at the level required. In
practice, it is advisable for the teacher
to explain to the whole group what the
Lab is all about and then select
reasonably compatible groups of
pupils for a general introduction les-
son, before beginning to give personal
attention to individuals who are per-
haps not quite sure of how to pro-
ceed. One item that does not seem to
be provided is a pupils step-by-step
instruction book, so presumably the
teacher would have to find a suitable
course book.

Guitar Lab
This is similar in concept to the

piano lab with a music wagon con-
taining 8 electric guitars, cables,
leather straps and picks plus the
individual headsets with boom micro-
phone and teacher's control console.

Further information on the full
range of Premier Labs can be ob-
tained from Multivox/Sorkin Music
Company Inc., 370 Motor Parkway,
Hauppage, New York 11787 (Tel:
(516) 231-7700). E&MM
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WEREI
THE CREME DE LA CREME OF ELECTRONIC ORGANS

Easier to own than you think!
Believe it or not WERSI organs were designed for those
who wanted to build their own organ but never conceived
it possible. The WERSI concept is to make assembly an
automatic step-by-step procedure. NOW even the
humblest do-it-yourselfer can construct a WERSI organ -
experience isn't necessary, just the desire to own an organ
which is technically brilliant and is guaranteed to produce
the world renowned WERSI sound.
Perhaps you have toyed with the idea but are still hesitant
about taking the plunge - Electro-Voice are WERSI
specialists and whilst giving you the opportunity to see,
hear and play the complete range of WERSI instruments at
any one of our fully equipped showrooms, we will be more
than happy to discuss in full the advantages of building
your own organ.
Seeing plus hearing equals believing, so, why not come
along to one of our studios and meet one of our resident

Head Office & Showroom:
Maple Cross Industrial Estate.
Denham Way.
Rickmansworth. Herts.
Tel: (Rickmansworth) 75381

Nottingham:
389 Aspley Lane,
Nottingham
Tel: (Nottingham) 296311

Ipswich:
486 Felixstowe Road,
Ipswich, Suffolk
Tel: (Ipswich 0473) 710051

, nuguatineS

Town Cenirt

demonstrators who will be delighted to demonstrate any
instrument. Additionally, talk with one of our engineers
who will show you one of the WERSI kit -pack systems.
(Electro-Voice customers are guaranteed full after sales
service plus engineering support).
WERSI . . . one of the world's most desirable instruments
- easier to own than you thought!!

P.S. Home construction
offers you the bonus of

saving at least 60% of the
completed instrument price

Name

Address

Tel.

0 Please send me the 104 page catalogue. I

enclose f1 to cover postage and handling.

:I Send to: Electro Voice, FREEPOST,
Rickmansworth, Herts RD3 SFP.

E&MM /3 
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NEWS

Electronic Projects in Music
by A. J. Flind
Published by Newnes
Technical Books
Price £2.50

Elea r
Projects
in
Music

SiFtxnd

Abook which seeks to explain
the functioning of electronic
circuitry, without one single cal-

culation, must surely have a great
deal to interest the novice and the
non -mathematically minded.

'Electronic Projects in Music' is
intended to be of practical value to
any amateur interested in both the
production and reproduction of elec-
tronic music. Chapter one sets the
style of the book with a single -tran-
sistor, flat response amplifier, which
is used to demonstrate how this basic
building block of sound engineering
functions. The author then proceeds
progressively to more elaborate cir-
cuitry, including in his repertoire the
operational amplifier.

A general overview of the history
and workings of the op amp - one of
the most important of the electronic
engineer's tools - is given in the
book's usual concise and simplistic
terms.

Several novelty circuits have been
included, the most intriguing of which
must surely be the 'mini organ' in
chapter eleven. This useful project
features switchable vibrato and a half
watt power amplifier. The most in -
genius aspect of this miniaturecircuit
is its keyboard, which uses a pre -
calculated resistor network, leaving
only one control necessary to tune
the entire keyboard.

Mr. Flind has taken the standard
text book style for beginners' projects
and succeeded in presenting them in
a commendably clear and approach-
able manner. Each project makes use
of standard veroboard, and contains a
circuit diagram, a schematic repre-
sentation of the board layout from
above and below, as well as a clear
and informative photograph.

Attention is also directed towards
the linking of the various effects into
existing equipment.

I consider 'Electronic Projects in
Music' a book to be recommended to
anyone wishing to develop an active
interest in the musical aspect of
electronics without being bogged
down by mathematical formulae.
Ron Levy

Inter -related Integrated
Electronics Circuits
by R. M. Mendelson
Published by Hayden Book Co.
Inc.
Price £5.53

The full title of this book is 'Inter-
related Integrated Electronics
Circuits for the Radio Amateur,

Technician, Hobbyist and CB'er.'
It should be noted that the book is

American in origin, and that certain
adaptions to the circuits portrayed
within the text may be necessary, to
interact successfully with British
mains voltage and to make them safe
for use in this country.

Each project concludes its text
with a 1:1 printed circuit board art-
work, complete with component over-
lay. If that does not put most British
books to shame then the appendix
might, for every artwork is repeated in
bold type and can quite easily be cut
out and removed from the book.

S u MSNMSCA

Interrelated
Integrated

Electronics
Circuits

The layout of this publication
bears a distinct resemblance to the
familiar arrangement used in the
many monthly periodicals that adorn
the market. A circuit description,
incorporating a photograph of the
finished article and the circuit dia-
gram, is followed by the parts list.
Most of the components used
throughout the book are readily avail-
able from the larger, and better
known mail order companies in this
country. When you have dug out and
acquired all the necessary bits and
pieces, you can then read on and
thread your way through the script
headed 'Construction.' It is here that
the artwork and overlay appear to-
gether with many constructive hints
to help prevent any disappointment
when you reach that apex in elec-
tronic project building - the point of
'switch -on.' However great the enjoy-
ment of construction, it is never the'
same, when the final result refuses to
oblige in doing what it ought.

The author has chosen five areas
from which to extract his designs.
They are: power supplies, amplifiers,
passive circuits, instruments and
games. Some of the more noteworthy
circuits include dual tracking voltage
supply, SSB detector, Wheatstone
bridge, frequency counter, dwell -
tachometer, and digital roulette.
N.F.

Electronics - a self teaching
guide
by Harry Kybett
Published by J. Wiley & Sons Inc.
Price £5.85

Harry Kybett's authority in writ-
ing a teach yourself electronics
book, is the result of many

years producing training pro-
grammes for the Sony Corporation,
and his work for British television and
Columbia Pictures. He is probably
better known for his works on video
tape recorders. He takes the stand
that most other home study publica-
tions are over complicated by contain-
ing too much irrelevant and highly
technical dogma.

The book does not follow the usual
pattern of tackling the simpler pas-
sive components before venturing on
to higher levels, instead it starts
almost immediately with the diode
and transistor, then goes on to devote
more than half of the book to, AC
theory, oscillators and amplifiers.
Each chapter is remarkably reminis-
cent of those tests which one took at
school, where you get asked a series
of questions, each followed by its
answer. At the end of the section you
are greeted by a nother7q uestionna i re,
the intention of which is to measure
your progress through the subject.

A prologue heads each chapter,
guiding you in the direction of what is
to come, and roundly informing the
reader of the extent to which his
knowledge will be increased. The
book culminates in one massive 'final
self -test.' After successfully complet-
ing this test your understanding of
electronics is laid down in no un-
certain terms, for the 'conclusion'
states that you will be able to: 'Re-

cognise all the important electronic
components; recognise several,
simple circuits; do simple circuit
calculations; analyse simple circuits,
design simple circuits; build simple
circuits in a lab and make them work.'

A disappointment of the book is
the opening statement, 'This book
assumes some knowledge of basic
electricity... if not you should read
Charles Ryan's 'Basic Electricity' (also
a self teach guide...').

I would have thought that a really
good book, covering the rudiments of
any subject, would have started at the
most logical point - the beginning.
N.F.

Stimulating Simulations
by C. W. Engel
Published by Hayden Book Co. Inc.
Price £3.95

This book is written one hundred
per cent for the computer
hobbyist. It can only be des-

cribed as a fun book. It is a paper-
back and at £3.95 is very reasonable,
considering that it is imported. The
author has tried to steer clear of the
many computer games based on
mathematical theorems and has
achieved a book full of recreational
programming, all of which is designed
to give a graphical representation of
the real life situation or sequence of
events it is simulating. His second
breakaway from convention is to de-
liberately prevent the computer from
doing all the 'thinking' and thereby
force the user into developing strate-
gies to achieve the objectives.

Stimui,
Simulations

There are twelve programs fea-
tured in the book, a brief resume of
which follows:
Art Auction - Buying and selling
works of art to make a huge profit, if
possible.
Monster Chase - You are being
chased by a monster. If you can pre-
occupy it for ten moves your life is
spared.
Lost Treasure - Speaks for itself.
Gone fishing - Catch as big a haul as
possible but distractions such as a
storm and boat problems, in a shark
ridden sea, spell danger.
Space Flight - Plot a course, keep to
it and do not run out of fuel whilst
delivering medical supplies to a

distant planet.
Starship Alpha - As above but more
interesting.
Forest fire - Your mission, should
you choose to accept it, is to control,
subdue and extinguish the fire.
Nautical Navigation - As title.
Business Management - You control
a manufacturing company - maxi-
mize the profits.
Rare Birds - Identify as many rare
birds as you can.
Diamond Thief - You're the detec-
tive, catch him.
The Devil's Dungeon - You must
enter a bottomless, demon -filled
cave and fight with monsters, poison-
ous gas and other horrors to obtain
and escape with the gold.

Each program is well documented,
has a good flowchart and a sample
run. A thoroughly enjoyable book
which gives days of fun at the key-
board and has the added advantage of
educating the user in many elements
of software design.
Nigel Fawcett
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3 CHANNEL SOUND/LIGHT
CHASER

LB31000SLC is £32.70

A high performance
sound to light system which

automatically switches to a chase when the
music ceases. Super sensitive with an anti -
interference circuit. The unit will operate from
practically any amp and control up to 1,000W/
channel, 5Hz to 70K. Controls: bass / mid
treble / master sensitivity / chase speed.

3 CHANNEL SOUND/LIGHT
LB31000SL

All the advantages
of the SLC without chase.

Controls bass/mid/treble/master sensitivity.

STEREO DISCO
MIXER/PREAMP

LBPA3
M - Magnetic
C - Ceramic

£33.70
Magnetic or ceramic deck

versions - please state
All the requirements of a stereo disco preamp on
one board, left and right deck mixers/tone
controls/mic. mixer/tones/mic. auto fade over
decks/and P.F.L. The unit can be used with
either LB100/150/250.

Full set of pots - £8.63

LBPA2

£17.20
A four channel mixer
and tone stage for
mics, guitars, etc. Can
be used with any LB
amps Set of pots
£2.74.

LBPA1

f19.50
A stereo hi-fi preamp
and tone storage for
mag. p.u. / tape /
tuner, etc. Set of pots
£3.27.

2/4/8 CHANNEL CHASER
LB81000LC

An all logic chaser system
for use with up to 8 channels
at 1,000 watts each. Facilities include foot -
switch trigger and module cascading (16, 24, 32
channel, etc.), chase speed and re -cycle delay.

3 -WAY ACTIVE CROSSOVER
LBACO1
f17.90

LBPSU1

£7.20
Bass/mid/treble

active crossover with
stage booster! Available with crossover points of
200 or 300Hz, and 2K or 3KHz (please specify)
LBPSU1 supply for LBAC01 (1 or 2).

4 CHANNEL SEQUENCER
LB41000LS

£19.20
A 4 channel sequence generator for
banks of lamps up to 1,000W per channel. Two
speed controls, cross effect to provide settings
between seconds and rapid burst.

POWER AMPLIFIERS
Tough dealing power amps for use in sound
systems. Open/short circuit prbtection and
fused. Heavy gauge heatsinks and rugged o/p
devices (all operate down to 4 ohms

25W RMS
20Hz to 60K
0.07% THD
96DB S/N

LB25
£11.20

100W RMS
5Hz to 25K
0 1% THD
110013 S/N

LB100
f19.70

150W RMS
5Hz to 25K
0.1% THD

110DB S/N
LB150

f29.20

250W RMS
5Hz to 25K
0.1% THD

110DB S/N
LB250

£43.50
Note all models are available with either 500rnV
or 775mV sensitivity Please state when
ordering.

LBRLD1

£6.20
A de -thump unit for use with any LB power amps

1 AND 3CHANNEL DIMMERS
LB3100OLD

LB3100OLD
f16.20

Single channel version

LB11000LD £7.20

Power dimmer units for the theatre/stage appli-
cations up to 1,000W per channel, with on board
suppressing. The unit is also available withot
rotary pots for use with sliders - CL
LB31000LD (no pots) £15.00 Sliders 75p ear (A

LB25PS
£11.20

P/P £1.20

POWER AMP
POWER SUPPLIES

LB100PS LB150PS LB250PS
£16.20 £19.00

P/P f 1 40 P/P Lt. 70
£26.50

ROPE LIGHTS/DRIVER
LB41000LC-S
(24.20

24 feet ropes
Red/Yellow
Blue/Green

te.

ROPE LIGHTS
£45.40

A four channel chaser up to 1,000W per
channel, with a sound trigger facility. The music
input signal modulates the speed of the chase
giving an excellent sound/light effect. The unit
will control up to 10 ropes with chase speed and
trigger level control.

FOR GUITARS
P.A.& DISCO

ESTION LOUDSPEAKERSLL STANDARD
CONE 8 OHMS)

G10-50
(10in 50W)

£14.70
P/P 11 70

G12-65
(12in 65W)

£20.70
P/P £1 70

PIEZO
HORNS
£5.75
P/P 50p

G12-luv G15-100
(12in 100W)(15in 100W)

£26.45 £36.45
P/P £1.70 P/P L2.00

NEW - MINI MODULES - NEW
Ingeniously designed mini pre -amplifier build-
ing blocks for use in music and PA applications.
You choose the type and number of units you
require for your particular system and mount
each module via its control direct onto your
panel.
LBMM1 Pre -amp for mics, guitars etc.
LBMM2 Mixer for up to 6 LBMM1/2/3/4/5
LBMM3 Bass/boost/cut for either LBMM
1/2/3/4/5. LBMM4 Mid-boost/cut for either
LBMM1 /2/3/4/5. LBMM5 Treble boost/ctit for
either LBMM1 /2/3/4/5. LBPSU1 + 15V supply
for up to 12 modules. LBPSU + 15V regulated
for up to 50 modules.
MM1 £4.50; MM2 L5.20; MM3 £570; MM4
£5.70; MMS £5.70; PSU1 £7.20; RPSU £14.50.
Discount on MM1/2/3/4/5 10 to 24 - 20%.
25 + -30%.

L & B
ELECTRONIC MODULES

PROFESSIONAL ENGINEERING BY
PROFESSIONALS

45 Wortley Road, Croydon, Surrey
CRO 3EB. Tel: 01-689 4138

Each module is manufactured from the highest
quality components, fully tested, supplied with a
connection and circuit diagram and guaranteed
for twelve months.
All prices shown are VAT inclusive. Please
include 50p post/packing except where indi-
vidually stated. To mail order send cheque/P.O./
registered cash or Access number. C.O.D. ser-
vice L1 extra. For the new Autumn catalogue
send 50p (full spec. shown).
Please note this company has no connection

with LB Electronics of Hillingdon

Wiley
INTRODUCTION
TO COMPUTER

MUSIC
by W. Bateman, University of Utah

Presents computer music in a non -technical yet
comprehensive manner. It explains how digital
computers may be used to generate new and
interesting musical sounds. Discussion of related topics
such as acoustics, signal processing, music theory and
composition, and audio equipment is included.
Contents: The Computer and the Musician; Tones and
Harmonics; How the Computer Operates; Computer
Programming in Tone Generation; Modulation and
Dynamics; Waveform Analysis in the Frequency
Domain; Synthesis of Complex Tones; Modification
and Processing of Recorded Sounds; Simulation and
Reproduction of Natural Sounds; Scales and Tonality;
Composition with the Computer; Machines and
Human Creativity; Glossary; Appendixes; Index.
May 1980 324 pages
0471 05266 3 $33.20/£15.10

MUSICAL
APPLICATIONS

OF MICRO-
PROCESSORS

by H. Chamberlin
A comprehensive guide to all current electronic and
computer music performance techniques as they apply
to microprocessors. It features previously unpublished
techniques that are practical with microprocessors. In
non -mathematical language, signal -processing tech-
niques are presented and applied to the newer and
more powerful 16 -bit microprocessors.
Divided into three sections, Chapters 1 - 5 cover
important background material including analog
music synthesis principles, and much more. Chapters 6
- 11 cover the applications of microprocessors to
controlling analog sound -synthesizing equipment.
Chapters 12 - 18 detail digital synthesis techniques.
Numerous charts and graphs as well as some programs
in BASIC are used to illustrate the concepts.
March 1981 approx. 688 pages
0810457539 approx. $34.95/£14.85
Published by Hayden Book Company, and distributed
by John Wiley & Sons Ltd.

John Wiley & Sons Limited
Baf fins Lane  Chichester  Sussex  England
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Karlheinz Stockhausen

Annette Meriweather - Soprano Markus Stockhausen - Trumpet

D

Sternklang (2 LPs)
(Park Music for five groups)
Karlheinz Stockhausen
Deutsche Grammophon 2707 123

Stockhausen calls Sternklang a
work of sacred music, yet at the
very heart of the composition is

the relationship between the music
and the classical star constellations,
making this a more mystical exercise.
'Park Music for 5 Groups' was con-
ceived in 1969/71 and first per-
formed in the Berlin Tiergarten in
June 1971. As 'spatial' music this
recording suffers greatly from the
Stereophonic medium; few of the
'subtle timbral changes' that Stock-
hausen desired are here. Other simi-
larly conceived works by this com-
poser benefit enormously from the
use of space:
GRUPPEN - for 3 orchestras

1955/ 57
KONTAKTE - for Electronics, piano

and percussion 1958/60
TELEMUSIK - 5channel loudspeaker

electronics 1966
Thus Sternklang would have been
better served in Quad rophony.

The five groups of musicians play
an assortment of wind and stringed
instruments as well as synthesisers
and also use the human voice to great

D)
1\1

.61.1.1.

effect, reminiscent of StockhauSen's
Stimmung of 1968 for voices and elec-
tronics. The five chord material forthis
rather lengthy piece suggests an
accessibility uncommon in much
music of the latter half of this century
Fundamental notes and their related
harmonic series are articulated in a
variety of ways; the marriage of syn-
thetic and acoustic sounds present a
tantalizing sound-scape and the limi-
ted pitch material really does allow
the listener to sink into Stockhausen's
'cosmic whole.'

The beautiful bell sounds that
begin the work also bring it to a close,
their tonality of 'F' seeming to moti-

vate the related tonal -centres of 'Db'
and 'Bb' that permeate the whole
piece.

If this music is for 'concentrated
listening in meditation' then I must
confess that I was distracted by the
insistent use of isorhythm, the inter-
jections of a rather operatic soprano
and the literal references to the star
signs including one timely scream of
'Pollux.'

There are some lovely moments in
smaller episodes of the piece, the
trombone/voice cadenza for example
represents a style very akin to Vinko
Globokar and the movement in
modern instrumental music to beat
electronic music at its own game.
Also very attractive is the use of
chanted monotone, a device heard
before in Stockhausen's investigation
into Buddhism and related ceremony.

Among the five groups there is a
British contingent of Peter Britton,
Tim Souster, Robin Thompson, Roger
Smalley and others; proof of our
standing in the contemporary music
world.

To sum up it would be wise to
remember that this work was con-
ceived for performance in a large
space, to create a feeling of 'spiritual
ceremony,' we therefore are left with a
catalogue of musical events. That
they are beautiful in themselves is
remarkable and altogether due to
Stockhausen's sympathetic ear.
Jeffery J. Wilson E&MM

Sirius (2 LPs)
Karlheinz Stockhausen
Deutsche Grammophon 2707 122

irius, the alpha star of Canis
Major -8.7 light-years away...
For the inhabitants of Sirius,

music is the highest form of all vibra-
tions.' We are asked to accept this
state of affairs before embarking
upon a musical star trek through the
astrological constellations. This
voyage, judging by the sleeve photo-
graphs, would seem to be as theatri-
cal as Stockhausen's 'Harlequin'
(1975) for solo clarinet. We are de-
nied the theatrical experience and
have to be content with the musical
one.

Sirius is written for trumpet,
soprano, bass clarinet, bass and elec-
tronic music. It falls into three sec-
tions: Presentation, Wheel and
Annunciation. The Wheel is the only
changeable part of the composition
enabling four different versions to
correspond with the seasons. Four
main melodies are utilised in this
section, deriving from an earlier work,
'Tierkreis' (1975/76); I can thor-
oughly recommend this charming
and uncharacteristic Stockhausen
monodic writing, recorded on this
Suzanne Stephens - Clarinet

label (D.G.2530 913).
The eight -track tape electronic

music section of this work was con-
ceived in Cologne (July 1975/March
1977) and in the Presentation the
composer makes use of realistic
sounds, such as recordings of wind,
water and fire. For the remainder the
E.M.S. Synthesiser 100 is used very
largely as an additional voice in the
corporate ensemble.

Very crucial to this work as a whole
is Stockhausen's conception of the
analogous relationship between the
natural sciences and electronic
music. This concept of structural
similarities between natural pheno-
menon and the composer's art in
electronic music is not as technical
nor as high powered as it sounds.
Indeed, in Sirius we have a glimpse of
Stockhausen's wit when the soprano
Annette . Meriweather complains
about the early arrival of Libra herald-
ing winter (must have been recorded
in England!).

The very comprehensive sleeve
notes, including the composer's own
text and sample 'dope sheets,' make
this an invaluable addition to any
contemporary collection.
Jeffery J. Wilson
Boris Carmelli - Basso profundo
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Technology to match
your imagination.
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See the whole range of
Yamaha Synthesizers

at your local dealer or phone
Kemble /Yamaha (0908) 71771

musicalinstruments YAMAHA
Kemble/ Yamaha, Mount Avenue, Bletchley, Milton Keynes. Telephone 0908 71771
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EVENTS
Apr 14th -16th

Apr 29th

May 8th -11th

May 10th -17th

May 12th -14th

May 22nd

May 26th

June 27th -
July 4th

LONDON COMPUTER FAIR, North London Polytechnic
(opposite Holloway Road tube station).
Exhibits include Hobbyists, Club Stands, Work Shops, Seminars.

MICRO SHOW, New Century Hall, Manchester.
Aimed at industry although the hobbyist would find it interesting.
Further information from Online Conferences Ltd., Argyle House, Joel Street,
Northwood Hills, Middlesex.

INTERNATIONAL MUSIC FAIR, Poland.
For further information contact Management of the Poznan International Fair,
Glogowska St 14, 60-734 Poznan.

AUDIO VISUAL & TELEVISION FAIR,
National Exhibition Centre, Birmingham.
For the Entertainment Industry.

INTERNATIONAL MICRO ELECTRONICS EXHIBITION, Exhibition Centre, Bristol.
Aimed at industry and business.
Free tickets from Euro Fairs Ltd, 9 Park Place, Clifton, Bristol BS8 1JP.

THE EXPERIMENTAL MUSIC GROUP present a music theatre piece which deals with
'Exploitation' particularly in the field of advertising.
Venue, Royal College of Music, London. Tickets available on the night.

ELECTRONIC MUSIC STUDIO.
Informal concert featuring work by Royal College of Music students.
Venue, Royal College of Music, London. Tickets available on the night.

KEYBOARD AND ELECTRONIC MUSIC FESTIVAL, to be held at the London
Musicians' Collective, in conjunction with the October Gallery.
If you wish to participate, contribute or perform, please post tapes, videos, cassettes to:
Ken Guntar, c/o October Gallery, 24 Old Gloucester St, Queen Square, London WC1.
Closing date 20th May 1981.

Don't forget the Franz Lambert concerts during April and May on the Wersi organs. Details on page 83.
We shall be pleased to publish news of forthcoming electronic and electro-music exhibitions, clubs -
also special electronic music concerts.

Con er the chip.
Be it a career, hobby or interest, like it or not the Silicon Chip

will revolutionise every human activity over the next ten years.
Knowledge of its operation and its use is vital. Knowledge you

can attain, through us, in simple, easy to understand stages.
Learn the technology of the future today in your own home.

MASTER ELECTRONICS
LEARN THE PRACTICAL
BY SEEING AND DOING

 Building an oscilloscope.  Recognition of components.
 Understanding circuit diagrams.  Handling all types Solid State 'Chips'.
 Carry out over 40 experiments on basic circuits and on digital electronics.
 Testing and servicing of Radio, T.V., Hi-Fi and all types of modern

computerised equipment.

MASTER COMPUTERS
LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW
THEY WORK - THEIR 'LANGUAGE' AND HOW TO DO PROGRAMS.
 Complete Home Study library. Special educational Mini -

Computer supplied ready for use.  Self Test program exercise. r-
 Services of skilled tutor available.

MASTER THE REST
 Radio Amateurs Licence.  Logic/Digital techniques.
 Examination courses (City & Guilds etc.) in electronics.
 Semi -conductor technology.
 Kits for Signal Generators - Digital Meters etc.

WAY

1
Please send your FREE brochure

Fwithout obligation to:-

R Name
EAddress

E
BLOCK CAPS PLEASE

I am interested in .-

PRACTICAL ELECTRONICS

COMPUTER TECHNOLOGY

OTHER SUBJECTS
(please state your Interest)

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

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL

L_
4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. EMM/5/813
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NEXT MONTH June Issue
on sale at your newsagent from May 14th

WORD SYNTHESISER
This unique project enables the hobbyist for the first time to produce top quality
computer speech from a large 'on -board' word library.

GUITAR TUNER
A low cost 'commercial' tuner that gives rapid accurate tuning for electric
and acoustic guitars in a new simple way.

MOSFET AMPLIFIER
A quality 75 Watt amplifier module with very low distortion and
noise characteristics ideal for Hi-Fi applications.

POOLS PREDICTOR
Here's a real 'home' project that gives random selection of football
League clubs at a touch!

FAIRLIGHT COMPUTER
MUSICAL INSTRUMENT
This important 'State-of-the-art' computer synthesis system
is reviewed and will up -date designers and musicians using
micros to make music.

DAVID VORHAUS AND
KALEIDOPHON STUDIO
A profile of the composer in the electronic music studio with his design -
the Kaleidophon.

Plus all our regular articles covering Electronics, Computing and Electro-Music.

THIS MONTHS'S SPECIAL OFFERS
A compact, re -chargeable soldering iron supplied

complete with mains charger, one tip, two lamp
fittings and two lamps (for illuminating the tip), one
small screwdriver and 750mm of solder.

The iron will make approximately 100 solder
joints from a full charge and takes less than a second
to reach a temperature of 360°C.

E&MM offers this useful
workshop/mobile tool at the bar-
gain price of £19.85 including
postage and packing. Overseas
customers please add an extra
87p to this price.

Offer closes 31st May 1981
and is made subject to avail-
ability.

All overseas orders including
Republic of Eire should be
covered by bankers draft made
out in pounds sterling. Please
allow 28 days for delivery.

Send this coupon and cheque/P.O. to:
ELECTRONICS & MUSIC MAKER (Special Offers)
282 London Road, Westcliff-on-Sea, Essex SSO 7JG.
Please send me:
Quantity Item Item Price Total

SOLDERING IRON 19.85

TOTAL
I enclose a cheque/P.O. payable to:
Electronics & Music Maker for: £
PLEASE PRINT

Name: Mr/Mrs/Miss

Address

E&MM 5/81
All prices shown include VAT, postage and packing

E&MM MAY 1981
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HITCH -HIKER'S
GUIDE TO THE
GALAXY LPs
Tim Souster composed the
futuristic electronic music
for the sound dramatisations
on record/cassette and his
work is featured in this
issue. The overall quality is
superb and Paddy Kingsland's
electronic effects make vivid
stereo listening.

Price £10.00
This special reduced price has been arranged directly through the
suppliers. Complete the order form below and make your cheque
payable to 'Megadodo Publications'.

L

Send this coupon and cheque to:
Zarniwoop, Megadodo Publications, P.O. Box 101A, Surbiton, Surrey
KT6 5AX.

Please send me HITCH -HIKER'S GUIDE TO THE GALAXY
 ORA 42 (double album, Part One) and ORA 54 (single album, Part Two) £10

inc. p&p.
 TORA 42 (double cassette, Part One) and TORA 54 (single cassette, Part Two)

£10 inc. p&p.

I enclose a cheque payable to:
Megadodo Publications for: £
PLEASE PRINT

Name: Mr/Mrs/Miss

Address

All prices shown include VAT, postage and packing
E&MM 5/81
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ELECTRONICS & MUSIC MAKER
CASSETTE No. 2: MAY/JUNE ISSUES
Electronics & Music Maker is the first monthly publication to produce its
own cassettes that will provide a unique aural complement to the
magazine. Produced in our own recording studio, these C60 cassettes
will allow you to hear the sound of instruments and electro-musical
effects in our projects and reviews.
Demonstration Cassette No. 2
contains:- 1. Tim Souster
'feature' examples from his
electronic music studio.
2. Electronic Dream Plant:
Adrian Wagner plays the
Wasp/Spider and some of
his music. 3. Lowrey MX -1
Electronic Organ - the essen-
tial music complement to the
review! 4. Apple Music System
polyphonic computer music.
5. E&MM Word Synthesiser - speech
from our friends in Texas.
6. Fairlight Computer Musical Instrument review - because of its price,
very few have heard this amazing instrument. 7. Sharp 'Composer'
and 'Morse' programs.

Due to a huge demand for E&MM's special demo cassettes:
CASSETTE PRICE ONLY £1.99 inc. VAT and p&p.

Please allow 28 days for delivery

E&MM Cassettes Dept., Maplin Publications, 282 London Road, Westcliff-on-Sea, Essex SSO 7JG

Please send me copies of Demonstration Cassette No. 2 at £1.99 each. I enclose a

cheque/postal order for £ made payable to Electronics & Music Maker.

PLEASE PRINT

Name

Address

E&MM 5/81
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CLASSIFIEDS
£6 per single column

centimetre
Musical instruments- micro -
computing equipment - elec-
tronic components, in fact
anything for the Electronics
and Music Hobbyist can be
sold and bought through the
news classified section of
E&MM.
Ring Alan Gibbs or Dennis
Hill on 01-527 3376 and take
advantage of the special intro-
ductory offer of only £4 per
single column centimetre.

CORRIGENDA
The following errors and omis-

sions have been noted in previous
issues of E&MM and are brought to
your attention:
MARCH ISSUE. Hi-Fi Sub -Bass Woofer
Page 32: TR8 is shown as a PNP tran-
sistor in the wiring diagram. It is in
fact a NPN device.
APRIL ISSUE. Direct Inject Box
Page 29: 'R10 and R11' should read
R9 and R10'
Matinee Organ
Page 37: C212 should read C208

The Editorial staff apologise forany
inconvenience that may have been
caused to our readers.

MURPHY'S LORE
by STICHOS

Oh, 'tis 'Murphy this,' and 'Murphy that'
and 'Murphy jiggled me arm'

Are the piteous cries that rend the skies
when our projects come to harm.

'If it can go wrong - it shall go wrong'
is the rede that runs world-wide;

So all Snags obey, and - night or day -
their irritant faults provide.

Who is this Murphy? What is he, and
how was his Law made clear?

Is it true his Pop was a New York cop
who'd been born in Ballyneer?

Or did an emigre from Europe
feeling bitter and morose

Leave his life of strife for an Irish wife,
and change his name in Ballyclose?

Make sure you are sitting in comfort,
and the bottle's close to your hand,

As Truth is revealed that's been concealed
whilst Error ran rife in the land.

The heart of the matter's quite simple,
(though rumour's sure to persist),

Stripped of all myth we get to the pith -
that Murphy - doesn't - exist!

My! You've gone all puffy and purple;
sit down; sup up, and relax.

A hasty decision lacks in precision,
so let us consider the facts.

The existing Law's not disputed -
it's the existing Man we doubt;

Not a him -type him but an acronym
is what M.U.R.P.H.Y.'s all about.

Savants point to a deeper Law
while professionally deposing

That ev'ry Action incurs Re -action
which has equal force opposing

Any change in status quo; thus huge efforts
result in huge tantrums,

Whilst 'removing stress, and struggling less,
turns set -backs into phantoms.

Our so-called 'M.U.R.P.H.Y.'s Law,' as proper
sibling to a mightier sire,

Controls the effects of those defects
that are known to raise Man's ire.

Fully -named 'Make -Useless Reaction, -
Primarily Human Yearning'

It seeks to reverse, in manner perverse,
our efforts at every turning.

Wise men use Laws for advantage -
making allies out of opponents -

Thus I've not lost my wits in smashing to bits
this box of brand-new components;

For we cannot deny the Law must perform
impartially its duty,

So, I'll make each Snag; and, - later on - brag
that the Murphy -made rig is a beauty!

nfLEC-11110111ICS
w_crritiniC_-.111101ven

TECHNICAL WRITER
Additional staff are needed to join our editorial team to
help us produce projects, features, news and reviews that
make E&MM the No. 1 monthly for the electronics and
music hobbyist.
We require immediately a TECHNICAL WRITER with
experience in editing or writing projects and articles in the
field of electronics.

The salary for this important position will be commen-
surate with age and experience.

Please write, enclosing detailed C.V. to: The Editor, 282, London
Road Road, Westcliff-on-Sea, Essex SSO 7JG.
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Burglar Alarm
Baby Alarm
Opto Alarm
Radio Tuner
3 -Function
One Armed
Lights -on
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come

below

Charge
Controller

Parking

Supply
Timer

Probe

Monitor

Generator

Game
Generator
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Pipe

Current

Synchroniser
Reverb

Generator
Bandit

Reminder
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items
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Unit

Monitor

-Up

(Electronics

Tester

Amplifier

Delay

Monitor
System

Control
Flasher
Locator

Box
Wave

Oscillator

Timer
3-9V
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assembly

and
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complete
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complete
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Jogger
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Unit
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Amplifier

Limiter

Receiver

Unit
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ZB122
ZB121
ZB123
ZB124
ZB73
ZB77
Z878
ZB75
ZB76
ZB74
ZB71
ZB70
ZB72
ZB68
ZB69
ZB79
ZB80
ZB81
ZB82
ZB83
Z884
ZB85
ZB86
ZB64
ZB63
2866
ZB65
ZB67
ZB62
ZB61
ZB60
ZB59
ZB54
ZB57
ZB58
ZB53
Z855
ZB56
Z845
ZB44
ZB43
ZB42
ZB49
ZB48
ZB47
ZB46
ZB103
ZB51
ZB40
ZB41
ZB108
ZB52
ZB33
ZB34

becoming

the
extra.

explained
projects

all

appear

parts
WITH

plus

many

Oct.
Oct.
Oct.
Oct.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Aug.
Aug.
Aug.
Aug.
Aug.
July
July
July
July
July
July
July
July
May
May
May
May
May
May
April
April
April
March
March
March
March
March
March
Feb.
Feb.
Feb.
Feb.
Jan.
Jan.
Jan.
Jan.
Dec.
Dec.
Nov.
Nov.
Nov.
Nov.
Oct.
Oct.
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Texas

projects

80
80
80
80
80
80
80
80
80
80

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

80
80
80
80
80
80

80
80
80
80
80
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80
80
79
79
79
79
79
79
79
79
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are

specified.
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CONSTRUCTION
most
most
great

a must

IC sockets

available.

£12.25
£6.90

£17.25
£9.25
£3.50
£3.75
£9.50
£8.50
£3.25

£14.25
£5.65

£17.75
£47.50
£7.50

£14.95
£5.00
£5.00
£6.00
£4.75

£19.25
£20.00

£5.25
£19.25

£4.80
£3.60

£10.25
£25.00
£3.50

£14.00
£27.00
£8.00

£14.50
£3.75

£15.25
£3.60
£4.50

£12.75
£9.00

£17.00
£18.00

£6.00
f11.50
£22.50
£30.00

£4.50
£33.00

£6.25
£5.00
£8.50
£5.00

£14.75
£25.00
£21.00

£4.60
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Signal
High
Universal
Chaser
Lower
Simple
Varicap
Quiz
Touch
Trailer
Swanee
Electronic
Power
Warbling
Water
Dolls
Darkroom
Soldering
Voltage
Conference
Electronic
Tremolo
Meter
Quad
Short
Electronic
Intruder
Shaver
Touch
Choke
Transistor
One
Time
Micro
Lights
Headphone
Solid
I'm
Continuity
Fuzz
Vehicle
Audio
Tele-Tel
Radio
Sound
R.F.
Guitar
A.F.
Quagmire
Tele-Bell
Weird
Catch
Chaser
Car

and

Impedance

Power

Referee
-on

Supply

Level
House

Amplifier
Simulator
Wave

Bleeper
Warning

Transistor
Delay
Chime
Reminder

-State
First

Box

Effects

MW/LW
to

Signal
Tone

Signal

Sound
-a -Light

System

required,

Level

Oscillator
Light

Transistor
MW

Pilot
Flasher

Whistler
Tuning

Timer

Timer
Iron

Splitter

Canary
Unit

Dice
Alarm

Inverter

Tester

Tester

Immobiliser

Light

Light

educational
in

Indicator

Audio

Radio

Light

9V

Indicator
Lights

Bit

Timer

Converter

Device

Radio
Indicator

Enhancer
Roulette

Oscillator

Generator
Booster

Generator

Effects

Display
Alarm
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Start

also

Voltmeter
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Tester

Fork

Economiser

Saver
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ZB36
ZB35
ZB37
ZB4
ZB3
ZB2
ZB1
ZB12
ZB10
ZB9
ZB8
ZB7
ZB6
ZB5
ZB111
ZB107
ZB17
ZB13
ZB15
Z814
ZB19
ZB18
Z821
ZB22
ZB25
ZB24
ZB23
ZB26
ZB27
ZB28
ZB100
ZB104
ZB98
ZB96
ZB32
ZB101
ZB95
ZB105
ZB115
ZB106
ZB110
ZB109
ZB94
ZB116
ZB112
ZB93
ZB117
ZB119
28120
ZB118
ZB113
ZB102
ZB97
ZB92

80's
beginners

connecting

that

KITS
field,

could

Oct.
Oct.
Oct.
Sept.
Sept.
Sept.
Sept.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
July
July
July
July
July
July
June
June
June
June
May
May
May
April
April
April
April
March
March
Feb.
Jan.
Jan.
Jan.
Jan.
Jan.
Dec.
Dec.
Nov.
Nov.
Oct.
Sept.
Sept.
Sept.
Aug.
July
June
March
March
Feb.
Feb.

79
79
79

79
79
79
79

79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79

79
79
79
79
79
79
79
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79
79
79
79
79
78
78
78
78
78
78
78
78

78
78
78

78
78

of all ages.
with basic

become a

wire, etc.

£4.50
£14.50

£3.50
£17.50

£3.75
£5.50
£8.50
£4.75
£2.00
£3.00
£3.50
£3.90
£3.25
£5.80
£4.50
£4.50
£2.50
£9.25
£3.25

£38.00
£4.50

£10.00
£3.50
£8.00

£13.75
£13.50
£23.00
£8.00
£3.25
£7.50
£4.00

79 £7.25
79 £4.00

£12.00
£4.50
£4.00

£18.25
£3.70
£4.30
£5.00
£5.00
£3.50

£17.80
£7.00
£7.00

£20.50
£5.00

£10.00
£9.50

£12.25
78 £3.50
78 £6.00

£22.00
£4.50

PERSONAL CALLERS PLEASE RING TO CHECK AVAILABILITY OF KITS
ALL PRICES INCLUDE POST PACKING AND 15% V.A.T.

MINI I.C. RADIO OCTOBER '80 Z8126 £10.35
DUSK/DAWN RELAY OCTOBER '80 ZB125 £7.45
SOUND TO LIGHT ZB127 NOV. '80 £19.00
GUITAR PRACTICE AMPLIFIER 26128 NOV. '80 £16.85
REACTION TESTER ZB129 NOV. '80 £10.25
PRECISION TIMER ZB130 NOV. '80 £21.00
TRANSISTOR TESTER ZB131 NOV. '80 £8.00
SOIL MOISTURE MONITOR ZB132 NOV. '80 £5.00

POW
ADVANCE WORKS, 44 Wallace Road
London Ni. 01-226 1489

HOURS

MON F RI 9 530 PM
SAT. 9 430 PM

OTHER THAN STATED, PRICES ON APPLICATION 11 r.okyor 1 o A ,

A VISA
master, char- ge- ' .... Ali. ORDERS

ADD 30p POS
ADD 15% VAT TOT/PAC:KINGTOTAL

CALLERS BY APPOINTMENT ONLY
HOURS: Mon -Fri 9.00-5.30 p.m. Sat. 9.00-4.30 p.m.

Minimum telephone Orders £5.00
Minimum Mail Order £1.00

4



Make it for a Song!
:Tr .0

The New Maplin Matinee
Amazing Value

For Only £299 95 ± £99.50 for cabinet if required.

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. Reverb.
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.

Full construction details continued in this
issue of Electronics & Music Maker.

The complete buyers' guide to electronic
components. With over300 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.

MEI IM MB I= MI Mil Mil
Post this coupon now for your copy of our 1981
catalogue price £1.

111

Please send me a copy of your 320 page catalogue. I. I
enclose £1 (Plus 25p p&p). If 1. am not completely

mil satisfied I may return the catalogue to you and have my I
or 12 International Reply Coupons.
I enclose £1.25.

money refunded. If you live outside the UK send £1.68 I mr,

\

Name

Address

1

I Maplin Electronic Supplies Ltd. .

All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR
Telephone: Southend (0702) 554155. Sales (0702) 552911.
Shops:
159-161 King Street, Hammersmith, London W6. Telephone: (01) 748 0926.I 284 London Road, Westcliff -on-Sea, Essex. Telephone: Southend (0702) 554000.

161 IIII NB MO In IMM in INI ME MIN MI MI MI MIS 1E1 In MI NM el Both shops closed Mondays.

Catalogue now on sale in all branches of WHSMITH it4 Price £1.00


