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

teacher, etc.

£279

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.

OUR ZX80 IS NOW NO
LONGER REDUNDANT
Upgrade your ZX80 to the full animated graphics of the
ZX81. (No screen flicker). For only E12.95 + VAT, in kit
form. Works only in conjunction with new 8K ROM from
Sinclair (not included).

113ixtt'''
Getting Started APPLE II is faster, smaller, and more
powerful than its predecessors. And it's more fun to use too
because of built-in features like:
 BASIC - The Language that Makes Programming Fun.
 High -Resolution Graphics (in a 54,000 -Point Array) for
Finely -Detailed Displays.  Sound Capability that Brings
Programs to 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.

WE ARE NOW STOCKING THE
AUTOSTART APPLE II AT

REDUCED PRICES
16K £549
32K £579

48K £599 +

itoRoDucING THE NEW Et
EXCITING

TRS80
MODEL

III

16K £559 32K £589 48K £619
+ VAT VAT + VAT

The Radio Shack TRS-80TM Model III is a ROM -based
computer system consisting of:
 A 12 -inch screen to display results and other information
 A 65 -key console keyboard for inputting programs and data
to the Computer  A Z-80 Microprocessor, the "brains" of
the system  A Real -Time Clock  Read Only Memory
IROM) containing the Model III BASIC Language (fully
compatible with most Model I BASIC programs)  Random
Access Memory (RAMI for storage of programs and data
while the Computer is on (amount is expandable from "16K" -
to "48K", optional extra)  A Cassette Interface for long-term
storage of programs and data (requires a separate cassette
recorder, optional/extra)  A Printer Interface for hard -copy
output of programs and data (requires a separate line printer,
optional/extra)  Expansion area for upgrading to a disk -
based system loptional/extral  Expansion area for an RS-
232 -C serial communications interface (optional/extra)
All these components are contained in a single moulded case,
and all are powered via one power cord.

EUROPE'S FASTEST SELLING ONE BOARD COMPUTER

*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 learn about
Micros, but didn't know which machine
to buy then this is the machine for you.

Build, Understand
and Program your

own Computer
for only a small outlay.

NEW ISSUE COMPUKIT
WITH ALL THE FEATURESTHAT MADE IT THE MOST

PROFESS
COMPUTER KIT

IO
ONNAL THEMARKET. Now WITH FREENEW EXTENDED

MONITOR (a saving of £22),which includes FlashingCursor, Screen Editing, EtSave Data on Tape.

KIT ONLY £149 +VAT

Fully Assembled - £199 + VAT

DEALER ENQUIRIES INVITED

NEW MONITOR IN ROM available separately £22 + VAT
Revised BASIC 3 ROM - contains cure for GARBAGE collection routine - allows
correct use of STRING ARRAYS. Suitable for Compukit or Superboard £7.50 + VAT.

FOR THE COMPUKIT - Assembler Editor £14.90 Screen Editor Tape £1.90
GAME PACKS - 11. Four Games E5.00 21. Four Games E5.00 31. Three Games 8K only £5.00

Super Space Invaders (8K) £6.50 Space Invaders £5.00 Chequers E3.00 Realtime Clock £3.00
Case for Compukit £29.50 40 pin Expansion Jumper Cable E8.50 All Prices exclusive VAT

NEW REDUCED
PRICES

16K £449 bA

32K £499
RRP £795 for 32K

The PEDIGREE PETS
use 8K Microsoft Bas,c ic ROM 8K Pet 32K U 16K wits,
new improved keyboard All with green Scueer,

Cassette Deck £56 extra Fill range ot software avai,apie
Interface PET IEEE - Centronics Parallel

Decoded E77.00 + VAT

GET YOURSELF
A NEW MX80

PRINTER AND SAVE
A FORTUNE 4000/11.

only £299 + VAT
Interface Cards for Apple, Pet,

TRS80, Nascom and Compukit -
RS232 Interface Cards not
necessary for parallel. £49 + VAT

Full TRS80/Genie Graphics
including cables. Ready to go.

EX -STOCK.

Now Available
Fiction Feed Option

E49 + VAT

NOW
111144a ABLE
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SYSTEM

"9°  VAT

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 pm -recorded messages.

HITACHI
PROFESSIONAL

MONITORS
9" - p29' £99.95
12" - fAag- £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.

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, TRS80,
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.

40 TRACK
Single E225 + VAT
Disk Drive £389+VATDisk Drive

Double

77 TRACK
Single ennes Double riann

Disk Drive Lmaa, + VATDisk Drive 1.-zav + VAT

SHARP
PC1211

_st®f £79.90£79.90oe
60 + VATtk: 00'212%0

COMPUTER
\+:11v POWER THAT

ONCE FILLED A ROOM
CAN NOW EE CARRIED IN YOUR POCKET,

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

Im. AV:
"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
* IRELAND: 80 Marlborough Street, Dublin 1. Telephone: Dublin 749933
* COMPSHOP USA, 1348 East Edinger, Santa Ana, California, Zip Code 92705.

Telephone: 0101 714 5472526

- Moorgate Line).

TELEPHONE SALES
OPEN 24 hrs. 7 days a week

01-449 6596

CI
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ETI VOCODER

COMPLETE KIT ONLY f195 + VAT!

Features as a construction article in Electronics Today Inter-
national this design enables a vocoder of great versatility and
high intelligibility to be built for an amazingly low price. 14
channels are used to achieve its high intelligibility, each channel
having its own level control. There are two input amplifiers, one
for speech either from microphone or a high level source e.g.
mixer or cassette deck and one for external excitation (the
substitution signal) from either high or low level sources. Each
amplifier has its own level control and a rather special type of
tone control giving varying degrees of bass boost with treble cut
or treble boost with bass cut. The level of the speech and
excitation signals are monitored by LED PPM meters with 10
lights - 7 green and 3 red which indicate the level at 3dB steps.
There are three internal sources of excitation -a noise generator
and two pulse generators of variable frequency and pulse width.
Any of the internal sources and the external source can be mixed
together. There is a voiced/unvoiced detector which substitutes
noise for the excitation signal at the points in speech where the
vocal chord derived sounds of the speaker are substituted for by
the unvoiced sounds of sibilants, etc. There is a slew rate control
which smooths out the changes in spectral balance and
amplitude enabling a change of the speech into singing or
chanting and other special effects. A foot switch is provided to
permit a complete freeze in spectral balance and amplitude
whenever required. An LED on this indicates when the freeze is
in operation.

An output mixer allows mixing of the speech, external excitation
and vocoder output. The majority of the components fit into the
large analysis/synthesis board with the rest on 8 much smaller
boards with the controls and sockets mounted on them for ease
of construction. Connectors are used for the small amount of
wiring between the boards.
The kit includes fully finished metalwork, professional quality
components (all resistors 2% metal oxide), nuts, bolts, etc - even
a 13A plug!

TRANSCENDENT 2000 SINGLE BOARD
Designed by consultant Tim Orr (formerly synthesiser designer for EMS Ltd.) and
featured as a constructional article in ETI, this live performance synthesiser is a 3
octave instrument transposable 2 octaves up or down giving sweep control, a noise
generator and an ADSR envelope shaper. There is also a slow oscillator, a new pitch
detector, ADSR repeat, sample and hold, and special circuitry with precision
components to ensure tuning stability amongst its many features.
The kit includes fully finished metalwork, fully assembled solid teak cabinet, filter
sweep pedal, professional quality components (all resistors either 2% metal oxide or
1/2% metal film), and it really is complete - right down to the last nut and bolt and last
piece of wire! There is even a 13A plug in the kit - you need buy absolutely no more
parts before plugging in and making great music! Virtually all the components are on
the one professional quality fibreglass PCB printed with component locations. All
the controls mount directly on the main board, all connections to the board are made
with connector plugs and construction is so simple it can be built in a few evenings
by almost anyone capable of neat soldering! When finished you will possess a
synthesiser comparable in performance and quality with ready -built units selling for
many times the price.
Comprehensive handbook supplied with all complete kits! This fully describes
construction and tells you how to set up your synthesiser with nothing more
elaborate than a multi -meter and a pair of ears!

COMPLETE KIT ONLY f168.50 + VAT! Cabinet size 24.6"

CHROMATHEQUE 5000 5 CHANNEL LIGHTING
This versatile system featured as a constructional article in ELECTRON-
ICS TODAY INTERNATIONAL has 5 frequency channels with individual
level controls on each channel. Control of the lights is comprehensive to
say the least. You can run the unit as a straightforward sound -to -light or
have it strobe all the lights at a speed dependent upon music level or front
panel control or use the internal digital circuitry which produces some
superb random and sequencing effects. Each channel handles up to
500W and as the kit is a single board design wiring is minimal and
construction very straightforward. Kit includes fully finished metalwork,
fibreglass PCB controls, wire etc. - Complete right down to the last nut
and bolt!

MANY MORE KITS AND ORDERING
INFORMATION ON PAGE 42

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.

POWERTRAN ELECTRONICS
PORTWAY INDUSTRIAL ESTATE ANDOVER
ANDOVER, HANTS SP10 3WW (STD 0264) 64455

DJ90 STEREOMIXER as being featured
in Electronics Today International - July issue
COMPLETE KIT ONLY f97.50 + VAT!
This versatile new mixer, shown fitted to our console, has 2 stereo inputs
for magnetic cartridges, a stereo auxilliary (e.g. cassette or jingle
machine) input and a microphone input. The decks can be automatically
panned either fast or slow and all 3 music inputs can be mixed with slider
controls. There is a 5 -section graphics equaliser and a beat -lift control.
Also there is a voice-over unit (ducking) and an override button for
interrupt announcements. The microphone input can be modulated at a
variable rate to produce 'growl' effects and there is monitoring of any
music input (pre -fade listen) via the stereo headphone socket and a pair
of LED PPMs. The kit includes fully finished metalwork f ibreglass, PCBs,
controls, wire etc. - complete down to the last nut and bolt! The console
is shown fitted with two 19" panel units -a Chromatheque 5000 lighting
controller and an SP2-200 stereo 100W/channel power amplifier. For a
200W/channel system two SP2-200s could be fitted.
Power supply for mixer with screening metal box f9.90+VAT. Console
complete with switch panel, lid feet and carrying handlesf69.50+VAT.
BSR P256 - their latest belt -drive disco turntable f29.90+VAT.

POWI

POWERTRAN
SP2-200 2 -CHANNEL COMPLETE KIT ONLY

100 WATT AMPLIFIER f64.90 + VAT!
The power amplifier section of the MPA 200 has
proved not only very economical but very rugged and
reliable too. This new design uses 2 of these amplifier
sections powered by separate power supplies fed
from a common toroidal transformer. Input sensi-
tivity is 775mV. Power output is 100 rms into 8 ohm
from both channels simultaneously.
The kit includes fully finished metalwork, fibreglass
PCBs, controls, wire, etc. - complete down to the last
nut and bolt!

TRANSC
MULTI VO

COMPLETE

Cabinet size 36.3" x
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SYNTHESISER 1024 COMPOSER

15.7" x 4.8" (rear) 3.4" (front)

1024 CHIP=  
MINIUN - -

COMPLETE KIT ONLY f89.50 + VAT!

Programmed from a synthesiser, our latest design to be featured in Electronics
Today International, the 1024 COMPOSER controls the synth. with a sequence of
up to 1024 notes or a large number of shorter sequences e.g. 64 of 16 notes all
with programmable note length. In addition a rest or series of rests can be entered.
It is mains powered but an automatically trickle charged Nickel -Cadmium battery,
supplying the memory, preserves the program after switch off.
The kit includes fully finished metalwork, fibreglass PCB, controls, wire etc. -
complete down to the last nut and bolt!

POWERTRAN
EFFECTS SYSTEM COMPLETE KIT ONLY f49.50 + VAT!

BLACK HOLE CHORALIZER COMPLETE KIT ONLY f49.80 + VAT!
(single delay line system)

De Luxe version (dual delay line system) also available for
f59.80 + VAT
Cabinet size 10.0" x 8.5" x 2.5" (rear) 1.8" (front)

RTRAN
The BLACK HOLE designed by Tim Orr, is a powerful new musical effects device for processing
both natural and electronic instruments, offering genuine VIBRATO (pitch modulation) and a
CHORUS mode which gives a "spacey" feel to the sound achieved by delaying the input signal
and mixing it back with the original. Notches (HOLES), introduced in the frequency response,
move up and down as the time delay is modulated by the chorus sweep generator. An optional
double chorus mode allows exciting antiphase effects to be added. The device is floor standing
with foot switch controls, LED effect selection indicators, has variable sensitivity, has high
signal/noise ratio obtained by an audio compander and is mains powered - no batteries to
change! Like all our kits everything is provided including a highly superior, rugged steel,
beautifully finished enclosure.

200 100 WATT (rms into 8 ohm)
MIXER/AMPLIFIER

COMPLETE KIT ONLY f49.90 + VAT!
4 IN NO -Lk...1

PROM

1d. 4,1 t.1
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Featured as a constructional article in ETI, the MPA 200 is an exceptionally low priced - but professionally finished - general purpose high
power amplifier. It features an adaptable input mixer which accepts a wide range of sources such as a microphone, guitar, etc. There are wide
range tone controls and a master volume control. Mechanically the MPA 200 is simplicity itself with minimal wiring needed making
construction very straightforward.
The kit includes fully finished metalwork, fibreglass PCBs, controls, wire, etc. - complete down to the last nut and bolt.

ENDENT DPX
CE SYNTHESISER
CIT ONLY f299 + VAT

5.0" x 5.0" (rear) 3.3" (front)

The Transcendent DPX is a really versatile 5 octave keyboard instrument. These are two audio outputs which can be used
simultaneously. On the first there is a beautiful harpsichord or reed sound - fully polyphonic, i.e. you can play chords with
as many notes as you like. On the second output there is a wide range of different voices, still fully polyphonic. It can be a
straightforward piano as a honky tonk piano or even a mixture of the two! Alternatively you can play strings over the wholr
range of the keyboard or brass over the whole range of the keyboard or should you prefer - strings on the top of the
keyboard and brass as the lower end (the keyboard is electronically split after the first two octaves) or vice -versa or even a
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make the
keyboard touch sensitive! The harder you press down a key the louder it sounds - just like an acoustic piano. The digitally
controlled multiplexed system makes practical touch sensitivity with the complex dynamics law necessary for a high
degree of realism. There is a master volume and tone control, a separate control for the brass sounds and also a vibrato
circuit with variable depth control together with a variable delay control so that the vibrator comes in only after waiting a
short time after the note is struck for even more realistic string sounds.

To add interest to the sounds and make them more natural there is a chorus/ensemble unit which is a complex phasing
system using CCD (charge coupled device) analogue delay lines. The overall effect of this is similar to that of several
acoustic instruments playing the same piece of music. The ensemble circuitry can be switched in with either strong or mid
effects. As the system is based on digital circuitry data can be easily taken to and from a computer (for storing and playing
back accompaniments with or without pitch or key change, computer composing, etc., etc.).

Although the DPX is an advanced design using a very large amount of circuitry, much of it very sophisticated, the kit is
mechanically extremely simple with excellent access to all the circuit boards which interconnect with multiway
connectors, just four of which are removed to separate the keyboard circuitry and the panel circuitry from the main
circuitry in the cabinet.

The kit includes fully finished metalwork, solid teak cabinet, professional quality components (all resistors 2% metal oxide),
nuts, bolts, etc., even a 13A plug!

E&MM JULY 1981 3
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TEAC Portastudio

StudJo Supply for the Creative Musician

£539
£579 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
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.

iRmTnkey
Plugs to
24 tracks, we

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

Comp -Cards

FILE TRAY

£6.50 £1.20
A new concept in neat and efficient
parts storage. File your small components
in these vacuum formed trays, each with
24 compartments, with see through,
snap -on lids. The modified ring binder
takes up to 7 cards - that's 168 orderly
locations in the size of a book. Ideal
for servicing, constructors and research
work.

Microchip
£35.95 Orchestra

SiEW

I

11 111 11 111

The revolutionary musical instrument
that turns you into an instant musician.
Order the Casio VL-Tone now, and try
it out at no obligation for 14 days.

SECK
6 6 *
* 6.6 6 

6 0  6 * 0     

£108.33
Professional

Mixer in
Kit Form

£152.25
ASSEMBLED

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 A unique range of add-on signal processors for
PA or studio use. As reviewed in this magazine.

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 19in rack

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

Haaryou

Books /2"---
"Are you ready for
Multitrack?" explains
recording techniques
from sound on sound
through to eight track,
with many pages about
The equipment to use. 60p
"The Multitrack

rimer!, 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.

TEAC

£3.50

AI\

BARC AYCARD

All prices shown are inclusive
of postage and VAT. You can
order by phone using Visa or
Access Cards, or drop in and
see us! Export enquiries

11
welcome.

111.0 me a free copy of
Please send I

your 32 -page catalogue.

I Name

IAddress

I tECNkey
E&MM/7

I8 East Barnet Road, New Barnet,
Herts EN4 8RW Tel: 01-440 9221
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Astrong German flavour pre-
vails this month with re-
ports on Wersi Electronics,

PPG and Kraftwerk. Not surpris-
ing really, when you consider the
amount of German electronic
music available - much of this
now coming from specialist re-
cording companies.

During the early 70's many
musicians playing organ and
piano were tempted away from
recording homophonic layers of
music in order to exploit the dif-
ferent sounds of the new mono-
phonic synthesisers that were
fast appearing. At least a four -
track recorder was then required
to mix these down to a homo-
geneous harmonic background.

Of course, many composers
kept their existing poly -key-
boards close by until the arri-
val of the polyphonic synthesiser.
Meanwhile, forward -looking com-

,ELEC1R FMCS
Writinirillagerra
Monophonic Goes Polyphonic!
by Mike Beecher, Editor
Electronics & Music Maker.

panies had ensured their pro-
ducts would be able to inter-
face with other instruments
through the provision of control
voltage and trigger inputs and

outputs. Unfortunately, one main
difference in this interfacing
came with Yamaha and Korg (also
EMS), who did not choose, for
good reasons, the one volt per
octave relationship for CVs and
also used differing trigger thres-
holds. This can be overcome,
however, by using linear and loga-
rithmic converters, so the possi-
bility of linking up mono syn-
thesisers of all kinds has existed
for some time.

Now we can offer a very cheap
way of producing sophisticated
polyphonic music through our
Alphadac 16 project. An enor-
mous number of control possi-
bilities come from its micropro-
cessor and EPROM and it points
to the direction that new musical
instruments are taking, from the

Casio VL-Tone to the PPG Wave 2
and the Yamaha GS -1.

The electronic drum machine
can now be micro -controlled and
even the new guitar synthesisers
from Roland employ the concept
that polyphonic outputs are
another step forward.

Joining this polyphonic band
come the home computers that
have a strong selling potential
simply from their music -making
qualities.

The Atari 400 and 800 are the
latest home computer additions
and offer four-part polyphony
from a plug-in cartridge.

Now, perhaps we have (be-
sides electronic project construc-
tion!) a different theme for the TV,
video and computer in our home
- Let's Make Music!

Dear Editor,
I really liked reading your first issue of
Electronics & Music Maker and found it
one of the best magazines on the market.
I really wish that in one of your future
issues you will include a circuit of a
colour analyser which is used in colour
photographic printing. I am sure many
readers would be interested to build one.

I. Calleja
Ta'Xbiez, Malta

What do other readers think?

Dear Sirs,
Having just finished the first, excellent,
issue of E&MM, I'd like to seek some advice
from the experts - you!
I'm thinking of starting a synth -based band
along the lines of G. Numan, John Foxx,
New Musik, and I'd like advice on which
synth to go for.
Money is a big problem - something in the
range up to £200 would be idea. Any
ideas?

David Daniells
Chesterfield, Derby

A bit of a tricky question this one, espe:
cially since you are somewhat restricted by
a lack of funds. However, the first instru-
ment that springs to mind is the WASP. I
don't know if you are familiar with this
synth, but it will give you almost all the
sounds that a much more expensive in-
strument can product at a fraction the cost.
the catch is that the WASP has a touch
keyboard, i.e. there are no moving keys,
and this can make the WASP a bit tricky to

play; but if you only want to be able to play
relatively simple lead lines, and produce a
wide range of sounds, then this may be jusi
right for you. The WASP would suit the Wry
Numan, John Foxx school of synthesists,
but wouldn't be too good for the Wake -
mans, Emersons and Moraz's of this world.
Incidentally, EDP, the manufacturers
of the WASP have recently introduced a
proper keyboard version.
Next up, you could try getting hold of an
ARP Axxe, or a Kitten (made by Octave
Electronics), these are very similar instru-
ments, and fall within your price bracket (if
you shop around, or go for second hand),
but they are only single oscillator instru-
ments, and consequently are not so versa-
tile. If I were in your position I would
definitely go for a Moog Prodigy, which sells
for under £250.00. This really is a mono-
phonic synthesiser with a good history
behind it (I understand that it recently
became the world's best selling synthe-
siser ever), and the more recent versions of
the Prodigy have control voltage and gate
interface sockets on the rear panel, thus
enabling the system to be expanded at a
later date. The only drawback of the Prodigy
is its lack of a noise generator for making
'natural' and percussive effects.
If you really want to sound like Gary
Numan/New Musik for £200 then I would
suggest a second WASP at £80, and a phase
tone MT 30 for around £80, and a phase or
chorus pedal. The Casiotone can then be
used to give a synth string sound, and the
monophonic for the lead lines; but if you are
hoping to make a long term investment,
then the Prodigy is a better bet, and you can
get a string machine or a poly synth later.

'Dave Crombie

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

Dear Editor,
I require a mono play and recording and
bias circuit for a reel-to-reel deck taken
from a (fairly) ancient HMV 2206. The
heads are in good condition, so are the
mechanics but the valves are, unfortu-
nately, dead. I intend to use it for effects
as detailed in your fabulous magazine, so
I only need reasonable quality since I'm
not going to use it for music recordings
etc. Thanks.

J. R. Walker
Norwich, Norfolk

Any ideas?

Dear Sir,
I would appreciate it if you would answer
the following questions: How can I adapt
the circuit of the Workshop Power Supply
unit in the April issue of E&MM, to enable
the unit to give out 0-24 volts at up to
5 amps. Secondly, what changes need to be
made to component values? Also could you
detail what the new setting up procedure
would be?
Finally, can I use the same meter, or do I
need to use one with a lower internal
resistance?

K. L. Hall, Liverpool
It is not possible for the circuit to handle
5 amps at 25 volts in its present .form,
because TR1's power rating would be
exceeded under short-circuit conditions.
The only way to correct this would involve
the use of two transistors in parallel (with
emitter resistors) which would preclude the
use of the Maplin PCB. If this is done DI to
D4, FS3, Tl should be uprated to 5A types,
and RI changed ta0R1 (use two OR22 3W

wire wound in parallel).
The setting -up procedure is not affected,
except that the maximum current should
be set at 5 amps. The same meter may be
used, but it must of course be scaled to
read up to 5 amps, not 2.5.
A more practical solution would be to build
two power supplies! This would enable you
to set up split rail supplies, in addition to the
application you have in mind.

Dear Editor,
Thank you for a most interesting maga-
zine which I have read from the start.
I have a particular interest in the Mati-
nee Organ, for which I have already placed
an order and I am looking forward with
great anticipation to receiving the kit.
With regard to your Vero Board Project 2,
this looks good for an audio probe, but I

(have noticed that there is no connection
between Pin 1 of IC1 and C5 and I would
suggest that there should be 4 link wires
and not 3 as is quoted in your text. I

also note that in the photograph there
is an LED shown - what for pray?

D. S. Upton
Powys, Mid -Wales

Yes, it would appear that you are correct
and there is a link wire missing from the
Vero Project 2 board. This should be added
between D-12 and F-12 on the Veroboard,
although as C5 is only needed as a pre-
caution against instability, the unit may
well function properly without this wire.
The mysterious LED visible in the head-
ing photograph is due to the fact that
the 'Metronome' and 'TestAmplifier'photo-
graphs were accidentally transposed.
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Dear Sir,
Please could you inform me what key-
boards Stevie Wonder uses and their
approximate prices. Also I soon hope to
be starting a two-piece soul group and
would like some advice on what keyboard/
synthesizer to purchase.
I'm writing this letter after picking up
your mag by chance and I can tell you
now you've just picked up a regular reader.
Thanking you in advance.

Paul Williams
London E3

After a great deal of research we've mana-
ged to track down a list of Stevie Won-
der's keyboards, the ones he used on
his last tour. Approximate prices are in
brackets. Yamaha CS 80 (£3,500), Fair -
light CM1 (£13,000), Steinway 7' grand
piano, Hohner D6 Clavinet (£400), Fender
Rhodes Suitcase 73 (£1,000). He has a
host of other instruments dotted around
his American homes including a Yamaha
CX-1, which used to cost a staggering
£50,000.
With regard to your enquiry as to which
keyboards/synthesisers you should buy,
we hope to be doing a special feature
in a forthcoming issue dealing specifi-
cally with this subject, so keep your eyes
peeled.
The Roland JP8 should be on sale at the
end of May for around £2,500, though
prices haven't as yet been fixed due to
fluctuations in the exchange rates.

Dave Crombie

Dear Editor,
Having just received my third issue of
E&MM I, like so many others, must con-
gratulate you on a superb magazine, de-
signed for the every -day enthusiast for
whom electronics has been a realm of
wonder in the past.
However, I feel it is my duty to request
that you ensure total safety to your ama-

teur constructors who will undoubtedly
build many of your projects.
From experience I have found that the ama-
teur builder will also be the person who
will want to construct for as little cost
as possible. With this in mind I would
like to draw your attention to Figure 12 of
May issue Page 24. The wiring to the
mains fuse is such that, should an un-
shielded fuse carrier be used, with mains
switched on at the unit it is possible
to be in contact with the supply before
the fuse link has been fully inserted. The
fuse connections should be reversed.
As the production manager for an elec-
tronics company I have to be very aware
of the fact that the general public do
not always switch off .units before check-
ing fuses.

R. D. Baker
Weston Super Mare, Avon

Your comments with regard to the safety
aspect of mains powered equipment are
noted and Maplin Electronic Supplies are
taking appropriate action to correct the
error.

Dear Sirs,
You have certainly set a very high

standard and maintenance of this, which
I am certain, will ensure a long and suc-
cessful life for this new publication.

It occurs to me that you may have
some sort of advisory service.

I am trying to get information on a
Compton Melotone organ which I have
recently acquired. This appears to be a
'vintage' instrument and is of the elec-
trostatic tone wheel sound generation type.
I assume that the instrument is no longer
in production and if I could obtain the cir-
cuit diagrams and any other technical
information it would assist me in the reno-
vation of the instrument. I have attempted
to contact Compton but they appear to
have moved from their original premises

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

L.

PLEASE PRINT

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.

* Binders will be available shortly *
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

I Name

I Address

E&MM7/81

and have amalgamated into Compton Mir -
field.

P. Davies
Kirton Lindsey, Lincolnshire

We were fortunate in enlisting the help of
Mr. W.F., one of the parents of the electro-
static organ. He started work in 1928 with
Leslie Bourn, inventor of the Compton
Melotone, and was his assistant for many
years. Mr. Davies received a circuit dia-
gram and helpful letter from W.F. which
should enable him to renovate the Melo-
tone.
J. & J. Makins of Rochdale bought the
Compton Company from the Official Re-
ceiver and continued to make electrostatic
organs until turning to other methods some
six months ago.

Dear Sir,
Let me start off by congratulating you on a
superb new magazine that brings my two
main hobbies together under one cover.
Yes, you have probably guessed, I have a
problem, one that has oft caused me sleep-
less nights, one I hope you will be able to
help me with, or at least point me in the
right direction. Let me explain.
I have a Commodore Pet computer, which I
can get to play four part music. Four part
harmony can be very limiting, so without
changing my whole system, I can think of
only one way of increasing the number of
ports. By recording four ports on to one
track of a reel-to-reel, and then recording
additional ports on to another track. My
problem is 'sync'. How can I record on to the
second track at exactly the right place, so
that when replaying both tracks together
they sound right?
I would be most grateful if you could either
help me or put me in touch with someone
who could.
I look forward to all subsequent issues of
E&MM.
Thanking you in sleepless anticipation,

B. N. Bidgood
London

Synchronization isn't possible unless you're
going from one tape recorder to another
with a sync track recorded on a non -music
track. I'd suggest that you investigate the
Micro Technology Unlimited Instrument
Synthesis Software Package (obtainable for
£30 plus VAT from IJJ Design Ltd, 37
London Road, Marlborough, Wilts SN8
2AA), which, with two D/A boards, will offer
stereo synthesis, the 'voices' being dis-
tributed between the left and right chan-
nels. E&MM will be reviewing this shortly if
you'd care to wait before committing
yourself!
Dr David Ellis

Dear Sir,

Being a musician and a computer en-
thusiast at the same time, I'm looking for a
device rather like the add-on device for the
Casio FX 501-502P. That is, a device that
when attached to a micro (ZX-81) produces
a monophonic instrument, when given the
frequency. Is it possible to hand that over to
one of your experts in hope of some design
rising to the surface?

D. Parvaz
Henley-on-Thames

Here's an idea for someone to take up -
we'll publish the first suitable design
submitted.

Dear Sir,

I thought I would just write a short note
regarding your new magazine.
Last September my wife and I decided to
take up organ playing (from scratch). We
bought a fairly cheap model in case we tired
of it. Now we have taken it seriously we
would like to up role the organ. Your
D -I -Y organ seems to fill the bill admirably.
In fact, I enjoy the whole magazine. Good
luck with it.

R. A. Clarke
Melton Mowbray, Leics

Dear Editor,
Having seen the first few issues of E&MM
I must say that the magazine is superb.
I am eagerly awaiting publication of Alpha-
dac 16. I would like to offer a few sug-
gestions of future issue content.
(1) An interview/equipment review on
Tangerine Dream - surely the most im-
portant and impressive live performance
totally electronic progressive band of the
decade.
(2) A feature reviewing amateurs own
electronic studios - perhaps with photo-
graphs.
(3) One of the major problems with home
built synthesis equipment is insurance -
the finished product would be extremely
expensive to replate with commercially
made equipment if stolen and insurance
companies require written valuations when
dealing with equipment worth over £200
to £300. Would it be possible to produce
an official E&MM equipment valuation as
a service?

W. J. Philips
Solihull. W. Midlands

Our interviews over the year will cer-
tainly try to cover interesting groups or
composers who make a valuable contribu-
tion to electronic music and from the onset
we have welcomed possible features on
'unknown' musicians who have a good
studio set-up.

Insuring musical equipment, especially
custom-built items, can be expensive and
is best left to specialist insurance agencies.
Try Entertainment & Leisure (Insurance)
Services, PO Box 64, Harrogate, North
Yorks, HG2 9ND.

Dear Sir,

I want to commend you on your wonderful
magazine. As a student of music in the '30's
in Paris I met some of the pioneers of
electronic music and became interested in
the aspects of 'aperiodic' sounds. When I
returned to London in 1935, with some
'radio fiends', we would get some old TRF
sets and overload the speakers, producing
'motor boating'. Along with some Theremin
type instruments we would produce some
very variable sounds. I would add that the
results were far more interesting than 'Mr
X'! In order to attract musicians to embrace
electronic instruments, we will need some-
thing more than a singular, monophonic
score. Even the old percussion, acoustical
efforts of the West African drummers with a
trio of kalingas produced a bigger variety of
sound, and the kalingas certainly produced
a larger 'melodic' effort, one part even
producing hyper-phiygian melodic struc-
tures. Certainly in the case of folk music we
expect diatonic form plus primary chords,
but this is 1981, not very far off from the
21st century! I. J. Gordon

London
Dear All at E&MM,
Without exaggeration, your new magazine
is causing me great problems, for since the
first issue work here seems to have come to
a standstill, the fact of the matter is that
once picked up, no one can put it down, and
that includes myself. Congratulations, it's a
winner.

The Sound Revival Centre
Corsham, Wilts

Dear Sir,
The first four copies of E&MM have been
superb, keep up the good work. I have
built the Syntom and it has some quite
amazing sounds.
I would like to see a project for an AC
adaptor with three 9 volt outlets or per-
haps one 18 volt outlet as well. This
would be useful for controlling three or
four effects pedals.

K. Wild
Birmingham

The idea of a battery eliminator for effects
pedals has arisen before, but we feel
that the extra wiring from power source
to effect may cause problems in a 'live
performance' environment. However, as we
plan several more percussion/trigger
effects boxes, a suitable design may be
forthcoming.
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Good guitars are grown, not made.

Of course, it does help to have advanced
construction facilities and some of the finest
craftsmen in the world. °

But like the great traditional luthiers, we
attach unusual importance to the selection and
curing of the finest 'soundwoods' available.
Such timbers behave as living materials which
continue maturing and mellowing even after
the guitar is made. The wisdom of working
with their natural qualities is the wisdom of
Yamaha craftsmen.

Play a Yamaha at your local music store.
You'll hear the difference that extra care can
make.

musicalinstruments YAMAHA
Mount Avenue, Bletchley, Milton Keynes MKI ISE.

Telephone 0908 71771
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ALPHADAC 16
SYNTHESISER CONTROLLER
by Charles Blakey and Ken Hitchmough
Digisound Limited

This low-cost micro -based
system provides almost
unlimited control
possibilities for up to 16
monophonic synthesisers
played in real time from
one keyboard.

Since the introduction of the
first voltage controlled syn-
thesiser in the mid -Sixties

two major aspects have con-
cerned designers. The first being
a polyphonic capability which was
realised about ten years later and
has since proliferated, although
many have a restricted voicing
capability. Secondly, and equally
important, the ability to achieve
real time control over such a
versatile instrument without de-
tracting from its capabilities.
Recent reviews in E&MM reveal
the cost range of such instru-
ments. 'Alphadac 16' is a micro-
processor based system which
achieves both of these aims with
extensive provision for extending
the real time control features.
Particular advantages are the
ease of fitting to most existing
synthesisers coupled with the
ability of the current control pro-
gram to greatly enhance the play-
ing capabilities of equipment
which only have one or two voices.

General
Description

'Alphadac 16' is a multi -option
system providing computer man-
agement of synthesisers having
exponential voltage control
response, that is most synthe-
sisers, over a five octave range
and up to sixteen voices. It is the
versatility of the project which
gives it an air of complexity but in
reality getting the unit up and
running only requires an ability
for fine soldering and the use of a
voltmeter to calibrate the control
voltages. There is only one con-
straint, namely, that the unit

works in conjunction with a digi-
tally encoded keyboard but a
suitable encoder is readily avail-
able which can be retro-fitted to
the majority of popular key-
boards. The digital encoder is low
in cost and takes the place of the
conventional keyboard interface
with its resistive divider, sample
and hold circuits and gate/trigger
generators.

Let us look at two main
options. Firstly we recognise that
many keyboard players will not
wish to get involved in computer
programming and also a full com-
puter option will be bulkier and
more expensive. So 'Al phadac 16'
will operate from a built and
tested Controller Card produced
by Tangerine Computer Systems
and which simply goes into Slot 1
of Alphadac's motherboard. Pro-
grams for synthesiser control are
provided in EPROMs (permanent
memory which may be repro-
grammed to incorporate future
additions) and the selection of a
particular effect is achieved using
a sixteen key control pad which
may be incorporated into the
keyboard case or housed in a
separate box adjacent to the key-
board. A single LED provides the
necessary communication be-
tween the computer and the user.
That is all there is to it - in this
configuration one does not need
to know anything about the opera-
tion or programming of com-
puters but at the same time it

allows those who so desire to
become familiar with micro -pro-
cessors and could act as a step-
ping stone to bigger things.
'Alphadac 16' will also operate
from a minimum configuration
Microtan 65 and Tanex, also pro-
duced by Tangerine Computer
Systems. Again the keyboard con-
trol can be in EPROM and pro-
gram selection uses the same
control pad mentioned above.
There are, however, two impor-
tant differences. First the com-
munication for the latter will be
via a video display and, secondly,
the Microtan and Tanex may be
expanded to give the user the
opportunity to write other syn-
thesiser control programs. We
can already hear some of you
saying 'can Alphadac be used
with my present computer'? Well,
first the good news, none of the
programs for Alphadac use
TANBUG (Tangerine's monitor)
and so it would be relatively easy
to convert the programs to any
6502 based computer such as
Apple, Pet, Superboard, Atari and
so on. Difficulty may arise, how-
ever, in configuring the input/
output port to accept the control
pad and keyboard signals.

Each control voltage output
from Alphadac uses a separate
Digital to Analogue converter. At
first sight this may seem rather
extravagant but it greatly simpli-
fies user programming. More im-
portant though is that it allows

RECORDED ON
CASSETTE NO. 3

woo j

more compact programs so that
several keyboard routines can
operate simultaneously and this
makes the additional cost well
worth while. Six slots are pro-
vided on the motherboard and
four of these are designated for
the D to A converters. Each PCB
for the latter contains four D to A
converters, portamento selected
by computer control on each
channel, and four gate generators
with LED drivers to indicate which
gates are on. The actual number
of D to A converters installed will
be equal to the number of voices
(VCOs, etc.) available, for
example if you have three voices
then only one PCB need be in-
stalled together with three Digital
to Analogue converters on this
PCB. Others may be added later, if
required, up to a maximum of
sixteen. We also realise that
perhaps only a few users will want
to fully expand the system to
sixteen voices but the design of
the motherboard and the front
panel is such that we can install
other types of controller into any
spare slots. This approach keeps
expansion costs low. The control'
voltage and gate signal for each
voice is available from a minia-
ture jack socket on the front panel
and also from DIL sockets on the
motherboard. We have aimed at
giving the user as much flexibility
as possible without significantly
adding to the cost. For example,
as already indicated, each control
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External Computer version

From Tangerine
---4.motherboard to

Tangerine Computer X1 and X2 sockets
min. requirements: on 'ALPHADAC 16'
Microtan 65 i

Min.
...,.. motherboard via

-_-yTanex
configuration conn.'s 1 and 2

Hex keypad Synthesiser
keyboard

Reset

Computer Controller Card version

0 'ALPHADAC 16'

Cassette

Hex
keypad

0
Monitor

16 individual
controls for
portamento
adjust.

16 LED gate indicators
16 gate voltages plus
16 Control voltages

_ J

Synthesiser
keyboard

E&MM

16 gate and
control voltages
available from
motherboard via
sockets X3 and X4

Figure 1. Basic arrangement of 'ALPHADAC 16' with internal computer controller or with external computer.

voltage has its own manual porta-
mento adjustment. Typically,
however, we would expect the
controller to operate with up to
four voices which can be user
patched so as to take full ad-
vantage of the sound capabilities
of the synthesiser and for addi-
tional voices to use pre -patched
voices. The system will therefore
be extended later with an inter-
mediate controller having facility
for master control over porta-
mento and all of the other features
normally found in polyphonic
synthesisers.

Another option is packaging.
The block diagram of Figure 1
represents 'Alphadac 16' mount-

ed behind a 9 x 9 inch panel so as
to fit in with a range of modular
synthesisers. The motherboard
and other PCBs could equally
well be incorporated into a stan-
dard racking system or housed in
some other type of portable case.

At the time of publication
Alphadac comes complete with
a set of keyboard routines in
EPROM, called DIGI-1. First of all
it is a polyphonic keyboard con-
troller. DIGI-1 can assign control
voltages and gates with intelli-
gence, that is, it remembers the
keys pressed down on the
previous scan and will assign the
key to the same voice and avoid
note jumping. The memory of

D1

R1 120R
R2: 1k
D1 LED IGreenl

TR1: BC548
C1: 220nF
C2 220nF
C3: 10uF

S1 -S6° 64 Way
connector

1r: Digital ground

To conn.2 on front panel

OV RST

R1

0

0

2

0 0

TR1

S1 Controller card

X2 C X1 C

S2 Interface card

S3 D- A Converters 1 to 4

S4 D A Converters 5 to 8

E&MM

S5 D A Converters 9 to 12

S6 D A Converters 13 to 16

X4 C X3 C

OV +5V +15V -15V

Figure 2. 'ALPHADAC 16' Motherboard.

keys pressed remains up to the
time when the output channel has
to be used for another key
because you have run out of
voices, But polyphonic control is
a trivial application for a micro-
processor and one can get a
better feel for the available power
from the short summary below of
other programs incorporated into
DIGI-1.
a. Tune. Sends the same control
voltage plus gate signal to all
channels to allow tuning of oscil-
lators and other setting up.
b. Keyboard Split. If selected will
split the keyboard at any point
determined by the first key you
press on the keyboard after selec-
tion. Choice of whether top or
bottom portion of synthesiser is to
be the polyphonic section. The
monophonic side may even be
used to control a separate syn-
thesiser or a voltage controlled
module such as a VCO to obtain
special effects.
c. Select Portamento. If the key-
board has been split then porta-
mento may be independently
selected for the monophonic and
polyphonic sections. The degree
of portamento on each voice is
manually adjusted.
d. Transpose. Notes may be trans-
posed up or down and at pre-
selected intervals; tones, octaves
or any semitone interval up to
fifteen semitones. Again indepen-
dent transpose on either side of a
split keyboard is possible.
5. Arpeggiation. Arpeggiation in
up or down or hold modes. Stac-
cato and legato modes. Speed up
and slow down. These routines
are, of course, for the mono-
phonic section but are very effec-
tive even with one or two voices
and can act as a simple
sequencer.

Remember that these facilities
are brought into effect by use of
the control pad which becomes a
supplementary keyboard to bring
the effects into play at any time.
Furthermore all of the effects (not

TUNE obviously) can be in use
simultaneously.

Some of the above routines
could be achieved by a skilled
player using multi -track record-
ing techniques but others are
impossible to play manually. So
what the micro -processor does is
to give a new power to the syn-
thesiser, even one with limited
voices, and it begins to combine
the voice capabilities of a synthe-
siser with the playability asso-
ciated with modern electronic
organs.

DIGI-1 occupies just an eighth
(or a sixteenth by using larger
EPROMs) of the EPROM storage
area on the Tangerine Controller
Card and so ample room for
expansion exists. For a four voice
controller the cost is about £50
per voice but thereafter each
additional voice will be around
£15 and a whole new set of pro-
grammes put into the existing
EPROM somewhat less than the
latter figure. The relatively high
initial cost is therefore recovered
later by savings in expensive add-
ons such as sequencers and other
hardware needed to simulate the
software capabilities of the
'Alphadac 16'.

Circuit
No wiring is required between

individual PCBs since they are
connected together via a mother-
board, illustrated in Figure 2,
using 64 -way DIN plug and
sockets. Slot 1 is for the Tangerine
Controller Card, Slot 2 for the
interface card, and Slots 3, 4, 5
and 6 are identical, accepting a
quad D to A converter PCB. DIL
sockets X1 and X2 allow the
Controller Card to be replaced by
the Microtan 65/Tanex combina-
tion which connect to these
sockets via the 15 -way sockets
mounted on the front panel. DIL
sockets X3 and X4 are connected
to the sixteen available control
voltages and sixteen gate signals
to facilitate connection of the
Alphadac to future extensions.
The only other components on
the motherboard are inputs for
the power supplies, which are
±15V and +5V; the decoupling
capacitors Cl, C2 and C3; and the
common emitter driver for the
monitor LED, D1, which is built
around TR1, R1 and R2.

A simplified block diagram of
the Controller Card is shown in
Figure 3. This unit is supplied
ready built and tested and fully
socketed for easy expansion. The
only component that may have to
be soldered in later is a crystal for
the serial input. The Controller
Card has the following facilities:
6502 CPU (supplied); 8K RAM
area using 2114's (1K supplied);
8 EPROM area using 2716's al-
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though this may be expanded to
16K by using 2732's and chang-
ing a link on the PCB (2K EPROM
supplied as DIGIT); two 6522 VIA
I/O ports (one required and sup-
plied); a cassette interface; and a
6551 serial input.

Slot 2 accommodates the
Interface Card whose circuit is
illustrated in Figure 4. In reality
this is only part of the inter -facing
required, the remainder is on the
quad D to A converter PCBs. The
part on the latter will, however, be
required with any computer and
splitting the interface up in this
way keeps the motherboard bus
versatile so that it may be used to
accommodate other types of con-
trol card in Slots 3 to 6. The nine
inputs (don't worry since two have
been ANDed together) to the 8 -
input NAND gate, IC2, are the
most important since they are the
six address bits (A4 to A9); the
R/W; the Input/Output (I/O) line;
and 02 from the microprocessor.
The combination of these inputs
provides a valid WRITE (actually
inverted to suit subsequent hard-
ware) signal to allow the keyboard
information data bits, DO to D6 to
be converted to analogue outputs
for controlling the synthesiser. DO
to D5 are the code bits represent-
ing the keys while D6 is a KEY -
DOWN signal for the gate in-
formation. Bit D7 is a user gen-
erated signal to signify that porta-
mento is required. Address bits
A2 and A3 determine which of the
four possible quad DAC cards are
to be addressed while AO and Al
determine which of the four
DAC's, gates and porta mentos are
selected on the card determined
by A2 and A3. These four address
bits are simply buffered on the
interface card. Likewise the data
bits DO to D7 are buffered. It
should be observed that D7 is
inverted and the reason for this
will be apparent later.

Turning now to the circuit for
the quad DAC board, as shown in
Figure 5. From the interface card
A2, A3 and W go to one half of a
dual 1 of 4 decoder (ICla,
74LS139). With the microproces-
sor program the first address is
the highest, that is, A2 and A3
both at logic Ts' and so naturally
the last address will be a '0' + '0'..
When ICla is enabled by the W
signal going low it will respond to
the A2 and A3 address bits and if
both are high then pin 7 will go
low. Notice that pin 7, and the
other three outputs are con-
nected to a DIL switch marked S1
to S4. With S1 closed the remain-
ing logic on the quad DAC board is
enabled whenever A2 and A3 are
both high. The switch is not en-
tirely necessary since we could
have inserted a wire link in place
of S1 forthe quad DAC which goes
into Slot 3 and provides the out -

10

A5 C A4 C A3

B3 6522 VIA C

Cassette
Interface

RAM

16 x 2114

E&MM

A2 C Al C

B1 6522 VIA

Serial
Interface

EPROM

4 x 2716
or

4 x 2732

M1 6502 CPU

64 way connector

Figure 3. Simplified arrangement of controller card produced by Tangerine Computer
Systems.
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Figure 4. 'ALPHADAC 16' Interface Card.

puts for the first four voices. The
switch is nevertheless useful for
calibration and enables any quad
DAC to go into Slots 3 to 6 by
closing S1 to S4 respectively.

The ENABLE from ICla (the
exit side of S1 to S4) goes to both
IC1b and IC2. IC1b operates in a
similar manner to ICla, namely
with AO and Al high pin 9 goes
low and this connects with IC3
which is the D to A converter for
Channel 1. The four D to A con-
verters are ZN428E-8's which are
microprocessor compatible such
that when their ENABLE line (pin
4) goes low the converter is trans-
parent to the data bits (DO to D5 in
our case) at the appropriate in-
puts. Conversely when the
ENABLE goes high the data bits
are latched into the converter.
Thus apart from converting the
data bits into an analogue voltage
the ZN428E-8 also acts as a
perfect sample and hold - the
output voltage will remain con-
stant for an unlimited period until
either the ENABLE goes low again
and new data is presented or until
the power is switched off! The
ZN428E-8 also has an internal
voltage reference from pin 7 and
for IC3 this is connected to the
voltage reference input at pin 6.
R1 connected to the +5V supply
produces the necessary refer-
ence current while C12 is a stabi-
lising and decoupling capacitor.
The same reference voltage used
for IC3 is also connected to pin 6
of the other D to A converters, IC7,
9 and 11, which saves power as
well as providing excellent gain
tracking between the four con-
verters. Apart from this voltage
reference aspect all four D to A
converters are the same and so
we will just describe the first
which is built around IC3, IC4,
IC5a and IC6a. The ZN428E-8 is
an 8 -bit (256 increments) device
although we are only using the
lowest six bits (64 increments)
and thus the nominal maximum
output from pin 5 of IC3 will be
OV64, or 10mV for each bit incre-
ment. Now to achieve a 1V/oc-
tave relationship we require each
step to increase by 1V712 (semi-
tones) = 83.33mV and so pin 5 of
IC3 is connected to IC4- arranged
as a non -inverting amplifier
whose gain is precisely adjust-
able around the nominal gain of
8.3 by the use of the multiturn
trimmer RV1. Trimmer RV2 is
used to cancel out the small
amount of offset in IC4 while C13
acts as a low pass filter sufficient
to remove glitches arising from
the D to A converter. It will be
apparent that by altering the
values of R2, R3 and perhaps RV1
the gain may be altered to suit
relationships other than 1V/oc-
tave. RV3, C14 and voltage fol-
lower IC6a provide a portamento
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Figure 5. 'ALPHADAC 16' Quad DAC board.

E&MM JULY 1981 11



6502
Controller board

The 6502 Controller board has been designed to
meet the needs of the O.E.M., but may also be considered
by the serious enthusiast and laboratory
engineers/technicians.

TANGERINE
COMPUTER SYSTEMS LIMITED

Forehill Works
Forehill, Ely, Cambs., England

Telephone: (0353) 3633

12 JULY 1981 E&MM
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Fully expanded, the 6502 Controller board can
provide 16K RAM, 32 I/O lines with handshake, serial I/O port
and a cassette interface.

The architecture is identical to the Microtan/TANEX
combination, enabling TANBUG V2.3, X Bug and Microsoft
BASIC to be used. Furthermore, the O.E.M. can
develop software on a Microtan System and transfer
the firmwave to the controller board with confidence.

SPECIFICATION
CPU 6502 (1, 2 or 3 MHz versions)
Clock crystal controlled
RAM 1K to 8K Bytes Static
ROM 2716 or 2732 up to 16K
Parallel I/O One or Two VIA type 6522 providing up to 32

I/O lines with handshake and 4 sixteen bit
counter timers

Serial I/O RS232 Software selectable baud rates
Cassette I/O Software controlled
Expansion 32K ROM BOARD, TAN RAM, PARALLEL

I/O CARD, SERIAL I/O CARD, HI-RES
GRAPHICS

Price: from f60.00 to f120 (includes TANBUG)
ex VAT

For further information
call PAUL KA UFMA N on
(0353) 3633, 5326, 61460
or simply clip coupon
and return.

Please send me full information on the
NEW 6502 CONTROLLER BOARD.

Name:

Address

E&MM7

Please enclose 12p stamp - Thank You

L
E&MM JULY 1981 13
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Endscan
pulse

Keydown pu ses
Endscan
pulse

E&MM

One keyboard scan approx. 0 .5msecs.

Figure 6. Example of outputs from digitally encoded keyboard.

circuit, i.e., by increasing the
resistance of RV3 then C14 will
take longer to reach the full
voltage and so the rate of glide
between notes will increase. A
computer controlled facility is
provided by IC5a, a voltage con-
trolled switch. When the switch is
closed then RV3 is by-passed and
no glide will occur since C14 will
charge up rapidly. When the
switch is opened by the computer
then the note will glide at a rate
determined by the manual setting
of RV3. The control voltage from
channel 1 of the Alphadac which
connects to the VCO, VCF, etc. is
available from the output of IC6a.

Back to the logic circuitry. The
ENABLE from ICla also connects
to IC2 (74LS256) which is a dual
4 -bit addressable latch. When its
ENABLE (pin 14) goes low the
outputs will change to the logic
status on the data inputs, D6
(gate control) at pin 3 and 77 at
pin 13. The outputs that change
are, however, governed by the
same address lines, AO and Al,
used for the D to A converters.
When the ENABLE goes high the
data is latched within the IC in
much the same way as discussed
for the ZN428E-8. You will recall
that we inverted D7 on the inter-
face card and the reason is simply

that the computer outputs a logic
'1' when portamento is selected.
If this T were to passthrough IC2
to IC5 then it would put the switch
in the ON state and cancel the
glide. Since this is the opposite to
what we require then we simply
invert D7. Resistors R10 to R13 on
the portamento lines are pull-ups
to ensure correct interfacing be-
tween the TTL IC2 and CMOS IC5.
Gates are also set by a logic '1' on
data bit D6. The gate outputs from
IC2 go to a comparator (IC13 and
IC14) which will go high on receipt
of the logic '1' signal from IC2.
The comparator reference voltage
is set by R14 and R15. A gate
output of about 4V5 comes direct
from IC13 and IC14 and is fully
short-circuit protected. Provision
is made on the PCB board for
operating ICs 13 and 14 from the
+15V supply so as to give gate
voltages of about +13V which
suits many other synthesisers.
Each gate output is connected to
an LED, D1 to D4, via transistor
drivers TR1 to TR4 so as to
provide a visual indication of the
channels which are in use.

Well, that is the hardware side

of 'Alphadac 16' but its operation
primarily depends on the key-
board electronics, a control pad
made up of sixteen keys arranged
as a 4 X 4 matrix, and above all on
the software called DIGI-1 con-
tained in an EPROM. The key-
board controller, whose electron-
ics cost about £10, consists of two
clock driven 8 -bit scanners
(CD4724's) which examine the
keyboard, arranged as an 8x8
matrix, in a sequential manner.
Each key up to a practical maxi-
mum of 63 therefore has a pre-
cisely defined 6 -bit code, which is
our data bits DO to D5 discussed
above. The scanners are driven
by a clock which may be stopped
(inhibited) under computer con-
trol. Each time a key is found
down by the scanner other logic
elements output a KEYDOWN
pulse which tells the computer to
store the value for the key and
then carry on doing something
else until it receives another in-
struction. When the scanner com-
pletes one scan of 64 steps an
ENDSCAN pulse is produced. The
computer recognises this pulse
as ENDSCAN since the data lines

CDWRD

KEYDATA_
6 Bits

SPLIT
point

(example)

KEYDOWN

Read
and
plit

ENDSCAN

Inhibit clock

7 Bits

7 Bits

KLIST 2

Up to
16 keys
deep

KLIST

CDWRD

'Hex' control
Keypad

f
KEPTR POLYTR

Up to
16 Keys
deep

CDWRD

CDWRD

TLIST

Up to
16 keys
deep

NLIST

Up to
16

notes
deep

A

7 Bits

KEPTR

E&MM

7 bits x 16

1 Bit x 16

Gate

Control voltage

( Reset )

Gates

Up to 16 control
voltages (15 with
split)

Clears buffers, NLIST
TLIST, KLIST, KLIST 2
and KEPTR

Set up
I/O configurations
and interrupts

KOUTS
CDWRD
POLYTR
KEPTR

Keyboard
interrupt

Figure 7. Block diagram of DIGI-1 program.
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are at zero when it occurs (this is
what limits us to 63 keys since
zero is an invalid key response). It
is a very short pulse but the
computer now goes into a routine
to decode all of the KEYDOWN
pulses it received during the scan
and during this time the keyboard
scanning stops - but only for
such a very short time that it has
no aural effect. If we were to hold
down, say, five keys then the
various strobe pulses going to the
computer would look like
Figure 6.

Figure 7 is a block diagram to
assist in understanding the
operation of the computer pro-
gram. Since the keyboard is
counting upwards the data for
keys found pressed are entered
into a key list (KLIST) in ascend-
ing order. We do, however, have an
option to split (SPLIT) the key-
board at any point into a mono-
phonic portion and a polyphonic
portion and in these circumstan-
ces the computer enters data
from the mono section into
KLIST2 while the poly side goes to
KLIST. This housekeeping task is
taken care of by CODEWORD
(CDWRD). ENDSCAN initiates a
SORT routine to put current valid
data into NLIST. At the end of
each scan data in NLIST is com-
pared with that in KLIST to deter-
mine if a note (or notes) stored in

without gates set,
has re -appeared in KLIST. If this is
the case then it sets on the gate
flag and rubs out the key code
from KLIST. If a note present on a
previous scan is no longer in
KLIST the gate flag is removed.
This routine assures that notes do
not jump about from output to
output as they do with simpler
algorithms, or many hardware
designs, and that they are all re-
assigned to the same channel
until such times as limited
resources, namely, synthesiser
voices, causes the channel to be
used for another key. The routine
also allows correct operation of
ADSR's since once the gate flag is
removed from NLIST the note will
go into its release cycle. NLIST is
filled up in sequence so that all
notes played, assuming they are
all different, find a slot in NLIST
until it becomes full. It will be
obvious, however, that the maxi-
mum number of notes in NLIST
should not exceed the number of
synthesiser voices otherwise
missed notes will occur. Once
keys are allocated to NLIST they
are erased from KLIST so that the
latter only contains information
on keys that have just been
pressed or were not able to find a
home last time due to insufficient
space. When a new note does
appear in KLIST the routine looks
at NLIST to find a space and it
does so by choosing the first non -

allocated space, for example, one
where the gate flag is removed. All
of this action: comparing KLIST
with NLIST; updating NLIST; re-
moving data from KLIST; and
outputting data from NLIST to the
hardware takes a matter of micro-
seconds and so the scanner is
soon running again looking for
new keyboard information.

KLIST and N LIST relate to the
16 channel polyphonic keyboard
and additional facilities in the
program allow us to transpose
notes up or down in real time by
pressing keys on the control pad.
The transpose interval is pre-
selected at start up (it can be
altered in under two seconds by
resetting and entering a new
transpose value) and may be any
interval from one to fifteen semi-
tones per press of the control key.
The transpose value is held in
TLIST and is added to the N LIST
value prior to outputting the data
to the digital to analogue con-
verter. Remember though, the
keyboard is restricted to six data
bits or a little over five octaves and
so if we add an octave transpose
to the five octave data bit then
some funny things will begin to
happen and you will likely have a
low note and the data bits will spill
over and set the glide (porta-
mento) on and perhaps take the
gate off. Similar strange things
are likely to happen when trans-
posing down from a low note. It is
relatively simple to alter the soft-
ware to prevent this but in prac-
tice you should know what note
you are on before doing a real time
transpose and so the strange
effects should only happen when
you want them to and we feel sure
that some users will put it to good
use. Lastly, for the polyphonic
mode, another control key allows
selection of portamento as des-
cribed in the section dealing with
the quad DAC card.

If SPLIT is selected then one
less output is available from the
polyphonic side - you only have
fifteen left. Also in this event
channel 1 output is always allo-
cated for the monophonic side of
the keyboard and so the output of
NLIST starts at channel 2. The
monophonic side of the split point
obviously does not require any
sophisticated allocation routines
and so the monophonic data from
the keyboard goes to KLIST2. The
monophonic side does, however,
still retain portamento select, and
transpose, via the data stored in
KEPTR, and these are indepen-
dently controllable, that is, one
may transpose up or down both or
either of the polyphonic channels
and each by different amounts.

DIGI-1 also contains some
SPECIAL EFFECTS for the mono-
phonic channel which may be
initialised on start-up of the

Tangergine Computer Systems Controller Card.

system. These effects are des-
cribed in the section dealing with
the use of the Alphadac 16.

Construction
These construction notes

assume that 'Alphadac 16' is
panel mounted, as illustrated,
although alterations to suit other
methods should be obvious. Like-

wise to avoid confusion on con-
nection listings only those relating
to the installation of the Controller
Card version are given. For those
wishing to use the recommended
external computer then addi-
tional construction information is
available from Digisound Limited.
All PCBs for this project have
component overlays printed on

Motherboard and front panel wiring.
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and so component placement is
not shown here. Special care
should be taken with orientation
of ICs and the DIN connectors but
again these are clearly marked on
the PCBs.

Start by installing the com-
ponents on the quad DAC card
(PCB 80-C3) since the completed
PCB is required for positioning
purposes in the next stage. All
links are marked and normally
can be made with bare solid wire,
such as 1/0.6mm, although insu-
lated wire should be used where
"INS. LINK" appears. IMPOR-
TANT: THERE ARE TWO LINKS
MARKED INSIDE BOXES, ONE IS
MARKED "SP. LINK" AND IS THE
LINK TO BE USED FOR A NOMI-
NAL 5 VOLT GATE OUTPUT. THE
OTHER IS MARKED "HIGH G
LINK" AND IS TO BE MADE ONLY
WHEN A NOMINAL +15 VOLT
GATE IS REQUIRED IN WHICH
CASE "SR LINK" MUST NOT BE
MADE. FAILURE TO OBSERVE
THIS MAY RESULT IN COSTLY
DAMAGE. Carefully check the foil
side of the PCB after construction
for excess solder or solder
splashes which may make un-
wanted connections - this is
normal practice with any project.

Next install the components
on the motherboard PCB (PCB
80-C1) and if you are only going to
be using four voices in the im-
mediate future then install: the
wire links; DIN sockets in Slots 1,
2, 3 and 4 (4 is for ease of
calibrating); the components R1,
R2, Cl to C3 and TR1; the power
connector PCB plug. Next solder
wires to: points marked R7 and
OV near Slot 1 which are long
enough to reach to CONN. 2 on
panel; to points marked LED+ and
LED OV long enough to reach the
monitor LED; and finally to point
marked SKT Al, P11 which has to
reach to socket Al on the Control-
ler Card. After cropping the leads
from the underside of the PCB
and making the usual check on
soldering we are now ready to bolt
the PCB to the mounting bracket
at points adjacent to Slots 1, 4 and
6 and using nuts as spacers.
Plastic nuts and bolts are used at
Slots 4 and 6 on the PCB edge
nearest the panel to remove the
possibility of shorting out a PCB
track. First, however, install 'L'
brackets at either side of Slots 3
and 5 (plastic bolts at PCB panel
edge) with their uprights towards
the power supply input. Their
precise location can be adjusted
later but these brackets will be in
front of the component side of the
80-C3 PCBs when the latter are
installed in their slots. The PCB
can now be put on to the six
mounting bolts and spacers and
the 'L' brackets installed for Slots
1 and 3. For the Controller Card in
Slot 1 the mounting bracket is a

PIN 1 Channel 2 LED
PIN 2 Channel 1 LED
PIN 3 OV line
PIN 4 Channel 1 gate
PIN 5 Channel 3 gate

PIN 6 Channel 4 C.V.
PIN 7 Channel 2 C.V.
PIN 8 Not used
PIN 9 Channel 1 C.V.
PIN 10 Channel 3 C.V.

PIN 11 Channel 4 gate
PIN 12 Channel 2 gate
PIN 13 Channel 3 LED
PIN 14 Channel 4 LED

Table 1

PIN 1
PIN 2
PIN 3
PIN 4

P1, input
P1, output
Not used
P2, input

PIN 5
PIN 6
PIN 7
PIN 8

P2, output
P3, input
P3, output
P4, input

PIN 9 P4, output
PIN 10 Not used

Input and output refer to the side of the voltage controlled switch, /C5

Table 2

KEYPAD 15 -WAY CABLE AND
CONN. 2 15 -WAY SOCKET

TO 14 PIN HEADER TO
PIN NO. CONN, 2 15 -WAY SOCKET A2 ON CONTROLLER CARD

1 N.C. N.C.
2 Cl Cl
3 C2 C2
4 C3 C3
5 C4 C4
6 R1 R1
7 N.C. N.C.
8 N.C. N.C.
9 R2 R2

10 R3 R3
11 R4 R4
12 N.C. N.C.
13 N.C. N.C.
14 OV N.C.
15 ITST N/A

Table 3

14 PIN DIL HEADER
KEYBOARD CONTROLLER AND FROM CONN. 1 TO Al

PIN NO. CONN. 1 15 -WAY ON CONTROLLER CARD
1 DO +5V
2 D1 DO
3 D2 D1
4 D3 D2
5 D4 D3
6 D5 D4
7 N.C. OV
8 N.C. OV
9 N.C. D5

10 OV N.C.
11 N.C. TO R2 ON

MOTHERBOARD
12 INHIBIT INHIBIT
13 STROBE STROBE
14 N.C. +5V
15 +5V N/A

Table 4

shorter type and its upright
should face the non -component
side of the PCB. In this instance
the PCB is secured with a plastic
nut and bolt with another nut as
an insulating spacer between the
bracket and the PCB.

The DIL socket X5 on the quad
DAC board for Slot 3, the first four
voices, now connects with the
first four sets of LEDs and pairs of
jack sockets on the front panel.
The OV line from X5 is used for the
ground connection to the LEDs
(short lead) and the ground con-
nection of the jack sockets. The
jack socket just below the LED
should be assigned to the gate
output voltage. A length of ribbon
cable is used to connect between
the X5 DIL header and the panel
components. This 13 -way cable
should be long enough so that the
quad DAC card can operate from

Slot 3 or Slot 4, but do not make it
excessively long. The length can
be gauged by offering up the
motherboard bracket to the panel
with the quad DAC in place. The
X5 connections are shown in
Table 1.

If more than one DAC card is
fitted then the connections be-
tween X5 and the panel can be
made the exact length for Slots 4
onwards. When all of the connec-
tions to the panel have been
made then thread the DIL
headers through the appropriate
holes in the mounting bracket
and join the latter to the panel
using two or more of the bottom
row of potentiometers. For the
first quad DAC potentiometers P1
to P4 (equivalent to RV3, 6, 9 and
12 respectively on the circuit
diagram) are now wired up to the
Molex socket which connects to

the DAC card as in Table 2.
Again by temporarily installing

the DAC into its slot the wire
lengths can be accurately gauged
but for the DAC in Slot 3 the wires
must be long enough for the DAC
to be used in Slot 4. Viewing the
potentiometers from the rear and
their connections facing upwards
the wiper and right hand connec-
tion are connected to one wire
and the left hand connection to
the other wire.

Now make up the control key-
pad. This may either be installed
in the keyboard case or in a

separate housing as illustrated.
The housing shown allows space
for expansion. The keypad should
be located close to the bottom lip
of this case and by turning the
keypad over the hole positions
can be marked and then drilled. A
slot will have to be cut into the
case to allow connections from
the keypad to pass through and
this is best done by drilling a row
of holes of 5 to 6mms. diameter
and cutting out the excess plastic
between the holes - do this
carefully since it is difficult to play
keyboards with a bandaged hand!
A hole is also required at the rear
of the case to accept a 15 -way
cable. The photographs show the
use of flat cable but most con-
structors will find it more con-
venient to use round cable. The
RESET button is mounted on the
top slope of the case at the rear
about 20mm. in from the left
edge so that it does not interfere
with the internal clips. A 6.5mm
(or 1/4 inch) hole is required for
this push-button switch. Finally
the case should befitted with four
rubber feet at its extreme corners
to prevent it slipping around when
in use. The keypad connects to
the 15 -way socket, CONN. 2, on
the panel and the connections are
listed in Table 3.

The R and C numbers in Table
3 refer to the markings on the
keypad used. Do not cut short any
unused wires on the 15 -way cable
since they will be required at a
later date.

If the keypad is installed into
the keyboard case then the
simplest technique is to also in-
stall a 15 -way socket as well and
to connect up with CONN. 2 using
a length of 15 -way cable termi-
nated at each end with 15 -way
plugs.

Now install CONN. 1 which
goes to the keyboard controller
using 15 -way miniature D con-
nectors as above. The sockets are
installed on the keyboard and the
Alphadac panel and the connec-
tions are made using a short
connecting lead with a plug at
both ends. Behind the panel,
CONN. 1 connects with socket Al
of the Controller Card using a 14 -
pin DIL header. The connections

16 JULY 1981 E&MM
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are shown in Table 4.
Next install the monitor LED

and connect the remaining wires
on the motherboard. The wire at
the end of R2 on PCB goes to pin
11 of the DIL header for the Al
socket of the Controller Card, as
listed above. The wire at the end
of R1 (LED+) goes to the long lead
of the monitor LED and that from
TR1 collector (LED OV) to the
short lead. The OV and RST wires
near Slot 1 go to CONN. 1 con-
nector as listed earlier in order to
connect up with the RESET push
button switch.

Finally, install the components
on the Interface PCB (PCB 80-2).
After inserting the DIGI-1 EPROM
into socket F2 of the Controller
Card we are now ready to go.
Install the Controller Card in Slot
1; the Interface Card in Slot 2; and
one quad DAC Card into Slot 4 for
the calibration step with switch
S2 on and the other switches off.
Join up the Molex connectorfrom
P1 to P4 to the DAC Card and also
the DIL header for channels 1 to 4
to socket X5 on the DAC. Power
supplies required are +15V and
+5V and the OV lines for both
supplies should be commoned
together. Life will be simpler if
both power supplies are turned
on from the same mains switch
but if not then it is good practice
to switch the +5V supply on first
followed by the ±15V supplies.
Likewise the latter should be
switched off first followed by the
+5V supply.

Operating and
Calibrating the
Alphadac 16

After switching on the power
the first step is to press the RESET
button associated with the control
pad. With a computer operated
system the video would ask four
questions and expect the appro-
priate responses. These are:
A. VOICES? That is how many
synthesiser voices are you going
to use? Press key 1 to F which
equals 1 to 15 while pressing key
0 at this time indicates that you
have sixteen voices.
B. CDWRD? At this stage a CDWRD
of 0 or 1 should be entered. Key 1
will indicate that you will require a
top split, that is the top section of
the keyboard will be used for the
monophonic section with a high
note priority and its output always
going to channel 1 with the bot-
tom portion of the keyboard being
polyphonic with up to fifteen more
available channels. Pressing key
0 gives a bottom split, the mono-
phonic channel being at the lower
portion of the keyboard. Note that
the response to this question is
preparing the computer for a
subsequent control pad response.

Complete synthesiser controller with 4 DACs and Tangerine Card.

In other words you are only in-
forming the computer that when
you do select split (see later) it will
be top or bottom and until such
times as this additional com-
mand is given the keyboard will
respond solely in the polyphonic
mode. In fact CDWRD is more
powerful than this and does allow
you to enter into various keyboard
routines immediately from this
start up stage. For simplicity, how-
ever, will we stick with the 0 and 1
response to CDWRD and further
details of the use of this function
are provided with the programme
listing.
C. POLYTR? Enter the transpose
value for the polyphonic chan-
nels. Pressing keys 1 to F equal
transpose values of 1 to 15 semi-
tones, so for example key C will
result in an octave transpose. As
with split described above, the
transpose will only take place in
response to a subsequent control
pad response so as to be able to
effect the transpose in real time,
but you are deciding beforehand
the effect you will obtain.
D. KEPTR? Enter transpose value
that may be required for the
monophonic channel. The key
values are the same as for
POLYTR but note that the mono-
phonic portion of the keyboard (if
required) can have a different.
transpose value.

The computer then expects
you to press any button on the
keypad to start, so do it now.

Starting up with the Controller
Card is just as easy. Press the
RESET button at which time the
monitor LED will be extinguished
and remain off. Then press the

control pad keys as though you
were responding to the four ques-
tions listed above and then press
any other key to start. On com-
pletion the monitor LED will now
flash slowly and it will stay in this
condition except when arpeggia-
tion routines are in use at which
time it will flash on and off at the
arpeggiation rate.

Suppose then we wish to set
up for four voices, top split and
octave transposes on both poly-
phonic and monophonic chan-
nels. Just press RESET follow by
control pad keys 4 -1 -C -C -C (the
last C being the start command).
The whole procedure takes less
than two seconds. If a mistake is
made during setting up, or the
monitor LED stops flashing
(perhaps a short power failure) or
you wish to change the pro-
gram then press RESET fol-
lowed by the required keys on the
control pad.

Calibration is also straight-
forward except that close packing
of the PCBs restricts access to the
quad DACs. In the construction
we have recommended installing
Slot 4 even though no more than
four voices are installed initially.
The first DAC is therefore put into
Slot 4 as described earlier and
using a small screwdriver or trim-
ming tool there is now sufficient
space to access the trimmers on
the DAC Card. Remember switch
S2 should be on and the others
off when it is in this Slot. Turn
power on, press RESET and press
control keys 4 -1 -C -C -C in
sequence. To be sure, now press
key 0 on the control pad and
adjust trimmers RV2, RV5, RV8

and RV11 so that the output from
the respective ICs is exactly zero.
The voltage can be measured at
the Molex plug on the PCB by con-
necting up to the appropriate P
'input' as listed earlier, e.g., P2
input at pin 4 of the Molex con-
nector will allow the offset of IC8
to be trimmed out using RV5. Now
measure the control voltages
from the jack sockets for chan-
nels 1 to 4 and use trimmers RV1,
RV4, RV7 and RV10 respectively
to obtain the required 1V/octave
relationship. The initial voltage
may be a millivolt or two from zero
due to the small offset in IC6 but
this should be ignored - trying to
trim it out with the presets used
above will make matters worse.
Calibrate each channel in turn
using the following procedure.
Press control pad key 4 twice and
adjust the appropriate multiturn
trimmer to give exactly 2 volts.
Press key 4 again and adjust
trimmer, if necessary, to obtain
exactly 3 volts. Next press key 5
which takes you back to 2 volts
and keep pressing keys in the
sequence 4-5-4-5-... until the
values obtained are as close to 2
and 3 volts as you can make
them. Pressing key 0 puts you
back to zero and repeated pres-
sing of key 4 (up to five times)
takes you up in octave steps and
so allows you to obtain the best
linear response by using the
trimmers.

Using the
Alphadac 16'

There are a large number of
effects available in the DIGI-1
program and they should be
treated as an aid to playing and
not taking full command of the
synthesiser. In other words they
increase the scope for experi-
mentation to achieve some novel
effects. This using section there-
fore lists the function of the six-
teen keys on the control pad.
KEY 0. This is the CLEAR key. It
clears all values entered from the
keyboard or control pad and can
be used at any time if you find
yourself in an awkward situation.
It does not affect the original
program values - only pres-
sing RESET and entering new
values can do that.
KEY 1. TUNE. This key outputs
the same key code to all channels
and puts the gate on. It therefore
allows all oscillators to be tuned
exactly to each other. Pressing
key 0 when tuning is complete
puts the keyboard and control
pad back into your control.
KEY 2. PORTAMENTO. Sets glide
on all polyphonic channels. If
glide is off then pressing the key
puts it on while if it is already on
then pressing key 2 will turn it off.
This key will not affect channel 1
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if split is in operation.
KEY 3. PORTAMENTO. Operates
as key 2 but only on channel 1
when split keyboard is in use.
KEY 4. (POLY) TRANSPOSE UP.
Pressing this key will transpose
the polyphonic voices up by the
interval selected at start-up. It
does not affect channel 1 if split is
in operation.
KEY 5. (POLY) TRANSPOSE
DOWN. As key 4 but the poly-
phonic section is transposed
down by the selected interval.
Note that the control pad may be
used like a second keyboard and
the keys may be pressed in time
with the music to give, for
example, instantaneous trans-
position of any part of the music.
Remember the strange effects
that may occur if you transpose
outside of the five octave range of
the control bits. To put the key-
board into some other tune range
still requires the normal octave
shift facility found on most syn-
thesisers.
KEY 6. (MONO) TRANSPOSE UP.
As key 4 but operates on channel
1 if keyboard split is in use.

KEY 7. (MONO) TRANSPOSE
DOWN. As key 5 but operates on
channel 1 in split mode.
KEY 8. SELECT SPLIT POINT.
After key 8 on the control pad has
been pressed then the first key
pressed on the keyboard be-
comes the split point, that is, the
point where the keyboard
changes from monophonic to
polyphonic. Whether the mono-
phonic section is at the top or
bottom portion of the keyboard
depends on the program value
entered at start-up, as discussed
earlier. If you find that the split
point is not quite in the right
position when you come to play
the music then simply press key
0, press key 8 and then press the
new note on the keyboard where
you require the split to occur. You
can, of course, always do a RESET
and split the keyboard the other
way round. Pressing key 8 again
while in the split mode will make
the keyboard revert back to poly-
phonic operation without having
to clear other values you may be
using.

With the split mode plus the

PARTS LIST - MOTHERBOARD (4 VOICES)
Resistors - %W 5% carbon film
R1 120R
R2 1k0

Capacitors
C1,2
C3

220nF polyester (Plessey Minibox) (2 off)
10uF 25V tantalum electrolytic

Semiconductors
TR1 BC548
D1 SEL1710Y (5mm yellow LED)

Miscellaneous
64 -way A/B DIN sockets
PCB 80-C1
Sundry mounting hardware

(4 off)

PARTS LIST - 'ALPHADAC' INTERFACE CARD
Capacitors
C1,2,3 100nF ceramic disc (3 off)

Semiconductors
IC1,4
IC2
IC3
IC5

74LS08
74LS30
74LSO4
74LS365

Miscellaneous
14 pin DIL sockets
16 pin OIL socket
64 -way A/B DIN plug
PCB 80-C2

PARTS LIST - ADDITIONAL ITEMS FOR
`ALPHADAC 16'
TANGERINE 'CONTROLLER CARD' or `MICROTAN 657TANEX'
Hex. Keypad. 4 x 4 matrix
Optional case for above. West Hyde VDU PR4.
Push to make switch
15 -way miniature -D plugs
15 -way miniature -D sockets
3.5mm jack sockets

Panel, mounting bracket, miscellaneous hardware.

(2 off)

(4 off)

(2 off)
(2 off)
(8 off
for four
voices)

ability to independently select
portamento, transpose up and
transpose down on each side in
real time the playing possibilities
become exciting. For example,
with a bottom split (key 0 during
setting up) channel 1 may be set
to a bass guitar sound to
accompany yourself on the poly-
phonic channels. The possibili-
ties are, however, endless since
you could also select top split and
by transposing the top mono-
phonic section down and the
bottom polyphonic section up you
would be able to play the bass line
with your right hand! Much of the
fun comes from experimenting
with the effects yourself and
learning their musical possibili-
ties but, as other examples, the
monophonic channel could be
used to control another 1V/oc-
tave synthesiser or you may use it
to control a separate low fre-
quency VCO (or other voltage
controlled module) to obtain
dynamic control of modulation
and so on.
KEY 9. This key puts you into the
arpeggiation mode in the mono-

phonic section of a split keyboard.
Up to 16 keys may be held down
in this mode and the computer
will play each one in turn.
KEY A. Selects UP or DOWN
arpeggiation. If the computer is
reading up the scale then pres-
sing the key will cause it to read
down or vice versa.
KEY B. Pressing this key causes
the arpeggiation to reverse direc-
tion automatically at the end of
each scan of the keys being held
down.
KEY C. Selects staccato or legato
mode of arpeggiation. Again if you
are in the staccato mode then
pressing the key puts you into
legato or vice versa.
KEY D. Increases the rate of
arpeggiation each time the key is
pressed.
KEY E. Decreases the rate of
arpeggiation each time the key is
pressed. When in the arpeggia-
tion routine the monitor LED
flashes at the arpeggiation rate.
KEY F. This key will turn the
arpeggiation into a sequence
which will continue to play even
when all keys are released and so

PARTS LIST FOR QUAD DIGITAL TO
ANALOGUE CONVERTER BOARD
Resistors - VW 1% metal film
RI 390R
R2,4,6,8 30k
R3,5,7,9 4k7

Resistors - VW 5% carbon film
R10,11,12,13 4k7
R14 100k
R15 47k
R16,18,20,22 1 k0
R17,19,21,23 220R

Capacitors
C1,2,3,4,5,6,7,8,

9,10,11
C12
C13,15,17,19
C14,16,18,20

Potentiometers
RV1,4,7,10
RV2,5,8,11
RV3,6,9,12

Semiconductors
IC1
IC2
IC3,7,9,11
IC4,8,10,12
IC5
IC6
IC13,14
TR1,2,3,4
D1,2,3,4

100nF ceramic disc
luF MKH polyester
22nF polyester (Plessey Minibox)
220nF polyester (Plessey Minibox)

10k, 25 turn cermet (Spectrol 64Y)
10k cermet (Egen 482H20)
2M2 log. potentiometers

74LS139
74LS256
ZN428E-8
LF351N
CD40668
TL084CN
CA3240E
BC548
SEL211OR and clips (3mm red LED)

(4 off)
(4

(4 off)
(4 off)

(11 off)

(4 off)
(4 off)

(4 off)
(4 off)
(4 off)

(4 off)
(4 off)

(2 off)
(4 off)
(4 off)

Miscellaneous
Switch, Si to S4 4 -pole SPST lateral OIL (4 off)
8-pin DIL sockets (4 off)
14 -pin DIL sockets (5 off)
16 -pin DIL sockets (6 off)
14 -pin DIL header
10 -way 0.1 inch Molex connector (plug, cover and pins)
64 -way A/B DIN plug
PCB 80-C3

A complete set of parts for a 4 -voice controller card version of 'Alphadac 16' as
described above, is £193.50 plus VAT. Parts for control of an additional four voices
is £50.44 plus VAT. These are available from Digisound Ltd, 13. The Brooklands,
Wrea Green, Preston, Lancs. PR4 2NQ. Tel: 0772 683138. Both sets exclude single
connecting wire, solder and the four control knobs - the latter being a user choice
to match other equipment. It does include the programs in EPROM, keypad, panel,
nuts and bolts, special wire (15 -way cable and strip type), connectors and DIL
sockets, PCBs and all electronic components.
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Alphadac 16 Quad DAC board.

provide an automatic accompani-
ment. One precaution has to be
observed, namely, that the notes
selected have to be released from
the top of the keyboard down-
wards. This is quite easy to do.
But the effect does not end there
since pressing any other single
key will now take the place of the
lowest note that was originally
pressed and all of the notes could
be replaced by another sequence.
Press key F again to stop this
mode or key 0 to clear. Remem-
ber also that transpose and glide
are still available while in the
arpeggiation routines.

It is routines such as the
arpeggiation techniques which
add playability to the synthesiser
even when only one or two voices
are available. For example, pres-
sing keys 9 and A and holding
down a chord in the monophonic
section will almost sound like a
chord if the scanning rate is fast
enough - press key D succes-
sively to increase the rate.
Another effect could be obtained
by connecting channel 2 output

(on the polyphonic side) to a
second control input on the
arpeggiation oscillator (channel 1
monophonic portion) and with
this patch pressing one key on the
polyphonic side will effect a trans-
pose at various intervals available
on the latter portion. It is all good
fun but it also has many musical
possibilities as well and remem-
ber if you get in a muddle while
learning then just press key 0 and
start again.

Having run out of keys this
seems a suitable stage at present
to conclude the DIGI-1 pro-
gram. In later versions, which
will be exchanged for DIGI-1 at a
small cost, we propose to keep to
one control pad and have an
external switch which will effec-
tively double its capacity. Like-
wise other routines such as
sequencing will be following on.
There is, however, a great deal of
music to be made with DIGI-1 and
it is best to get to know this
program thoroughly now so that
you will be able to make the best
use of later additions. E&MM

'ALPHADAC 16'
FIRST U.K. OFF -THE -SHELF

MICROPROCESSOR CONTROLLER

FOR SYNTHESISERS

- The intelligent method of
achieving polyphonic control

- Up to sixteen voice capability- DIGI-1 program also includes
routines for tune; keyboard split;
portamento select; transpose and
several arpeggiation techniques.- Effects operate in real time and in
any combination- Great when used with one or two
voices and magic with three or more- Major expansion capability which
will give greater value for money than
stand alone sequencers and other
hardware add-ons

- More playing power for skilled and
unskilled keyboardists- Suitable for all synths. having
exponential control. Keyboard
controller easily retro-fitted to most
instruments

* DIGI-1 now occupies full 2k EPROM
with addition of two sequencer
programs

Only available from Digisound Limited

Send 2 x 14p stamps for pricing information
and advice on 'ALPHADAC 16' options;
for DIGISOUND 80 modular synthesiser;
for special ELECTROMUSIC ICs; and for
TANGERINE COMPUTER SYSTEMS parts which
we are proud to add to our range of products
stocked. Fast and personal service with
technical back-up.

DIGISOUND LIMITED,
13 THE BROOKLANDS, WREA GREEN,
PRESTON, LANCS. PR4 2NQ
Tel 0772 683138 (MAIL ORDER ONLY)

(MAIL ORDER - VISITORS BY APPOINTMENT)

A complete 4 -voice synthesiser controlled by Alphadac 16.
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lunwavc
*Sounds from swirling sea to cymbal

and wood block
*Easy to build and play
*Dual trigger operation -

percussive/external trigger
*Touch sensitive

Design - Mike Beecher
Development - Robert Penfold

The Synwave continues our
series of small projects that
produce sounds for use in

electro-music by percussive con-
trol. The minimum number of
controls have been selected to
give a wide range of 'sea -wave'
sounds. In addition, different set-
tings of the controls will produce
wind, cymbal and woodblock
sounds.

Like the 'Syntom' project fea-
tured in our April issue, the unit
can be triggered by tapping the
case or by striking a drum (on
which the Synwave is mounted).
These projects are also ideal for
triggering from an external
source (e.g. a sequencer synthe-
siser or micro) and thus a second
mode of operation can be from an
electronic trigger using a positive -
going edge of about 7 to 15 volts
in amplitude. Interaction of the
two modes of use is possible so
that complex rhythms can be
made from a steady 'external trig-
gered' beat mixed with hand or
drum taps providing syncopation.

The four controls are Volume
(with on/off switch), for setting
output level; Decay - adjusts the
time it takes for the sound to die
away; Pitch - sets the frequency
range of noise from low to high; 'Q'
- a resonance control that nar-
rows and highlights the pitch
range seleCted.

Circuit
The block diagram of Figure 1

shows the general arrangement
used in the Synwave. An envelope
shaper can be operated by either

Trigger

\j---
Limiter

PARTS COST
GUIDE
f12.25

Decay

Envelope
Shaper

Mic.

' E&MM

Noise
Generator

Tune

Bandpass
Filter

Buffer

VCA v

Out

Figure 1. Block diagram of the Synwave.

an internal microphone or an
external trigger signal, or both.
The envelope shaper has a fast
attack and slow decay, with the
latter being adjustable from less
than 100ms to about 5 seconds.
The output of the envelope
shaper is fed to the control input
of a voltage controlled amplifier
(VCA) via buffer stage.

A simple noise generator
feeds a bandpass filter which in
turn feeds the input of the VCA.
The bandpass filter is tunable
from a few hundred hertz to more
than 10kHz, and therefore gives
considerable control over the
sound produced by the unit. The
bandwidth of the filter can be
varied from a very broad response
to a very sharp peaky response by
means of the Q control, and again,
this permits the output sound of
the unit to be varied greatly.

If we now consider the full
circuit diagram of the Synwave
(Figure 2); Cl, R1, D1, D2, and R2
process the trigger signal so that
on its rising (positive) edge a brief
positive pulse of about 7 volts in
amplitude is supplied to the base
of TR1. TR1 and TR2 form a Dar-
lington pair emitter follower
ing the brief input pulse to TR1.
R3 and RV1 provide a discharge
path for C2, and the setting of
RV1 determines the discharge
time of C2 (and therefore the
length of the output signal).

If crystal microphone X1 is sub-
jected to strong vibrations it will
give an output level of several
volts peak to peak, and positive
going output half cycles will result
in C2 being rapidly charged. The
output signal level and hence the
charge produced on C2 depends
on how hard the unit or the drum

RECORDED ON
CASSETTE NO. 3

to which it is attached is struck,
and this gives a degree of touch
sensitivity.

The signal across C2 must be
only lightly loaded or the decay
time will be greatly shortened by
the charge current leaked away
through the loading circuit. TR3 is
therefore used as an emitter fol-
lower buffer stage which couples
the output from C2 to the control
input of the VCA. The VCA uses a
CA3080 transconductance am-
plifier, and it gives a level of gain
that is proportional to the control
voltage. The output signal thus
rises rapidly to its peak level, and
then decays relatively slowly, in
sympathy with the envelope volt-
age across C2. The output of the
VCA is coupled to the output
socket by way of volume control
RV2. Dual balanced supplies are
required by the VCA circuitry and
a central OV rail is effectively
produced by R10, R11 and C5.

TR5 is used as the noise gen-
erator and R18 applies a reverse
bias to its base -emitter junction.
This junction behaves rather like
a Zener diode and like a Zener
diode produces noise spikes. This
arrangement is preferable to us-
ing a Zener diode though, as it
gives a higher output at audio fre-
quencies. The high frequency
output of the noise generator is
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excessive, and so C11 is used to
give high frequency attenuation
to correct this.

A twin T filter is used as the
basis of the bandpass filter, but as
a twin T network gives a notch at
its centre frequency rather than a
peak, the filter network is con-
nected to give negative feedback
over a common emitter amplifier.
This amplifier features TR4 in a
conventional configuration. TR4's
emitter circuitry enables a certain
amount of negative feedback to
be applied to the amplifier and
the amount of feedback is con-
trolled by RV4. With the slider of
RV4 at or near the lower track
connection there is little or no
feedback; giving the circuit a high
Q value and a narrow, peaky
response. Moving the wiper of
RV4 towards the upper end of its
track gives increased feedback
and a consequent reduction in Q
together with a broader, flatter re-
sponse.

RV3 is part of the twin T net-
work, and varying the setting of
this component alters the centre
frequency of the filter. Ideally all
three resistive elements in the
filter should be varied when tun-
ing the filter, but this is not really

Completed circuit board.

practical. This simple system
works quite well though, and the
only minor drawback is that the Q
of the filter varies somewhat with
changes in the setting of the pitch
control. At some settings of RV3 it
may be found that setting RV4 for
a very high Q causes the filter to
oscillate at its centre frequency. If
desired, this can be avoided by
adding a resistor of about 150
ohms in value between the posi-
tive terminal of C9 and the upper
track connection of RV4. How-
ever, as this would limit maxi-
mum Q available, especially at
the highest and lowest pitch con-
trol settings, it would reduce the
effectiveness of the unit and is not
really worth while.

C13 is needed to prevent the
filter becoming unstable due to

Figure 2. The circuit diagram of the Synwave.

stray high frequency feedback.
C4 couples the output of the filter
to the input of the VCA. The
current consumption of the cir-
cuit is only about 1.5mA., or a
little higher than this when it is
triggered.

e

Pin view
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Top view
IC1,CA 3080
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Construction
Details

Except for C9 all the resistors,
capacitors, and semiconductors
are fitted onto a printed circuit
board. Fit the semiconductors
last, and make quite sure that the
electrolytic capacitors and semi-
conductors are connected the
right way round. The printed cir-
cuit board fits into the mount-
ing rails of the specified case, but
this leaves insufficient room for
leads to be taken around the
board to the controls, battery clip,
microphone, and sockets. This
makes it necessary to fit Veropins
to the board at the points where it
connects to these components, or
if preferred, these leads can sim-
ply be soldered direct to the
copper tracks. Details of the
printed circuit board are provided
in Figure 3.

The removable lid of the case
is used as the rear panel in this
application, and the two sockets
are mounted on this panel. The
front panel is drilled to take the
four potentiometers and the mi-
crophone is mounted on the right
side of the case (as viewed from
the front). The microphone is
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Figure 3. PCB track, component layout and wiring details. Figure 4. Case and bracket construction.

Synwave with wiring completed and PCB board inserted in case.

actually a crystal earphone hav-
ing the earpip unscrewed. The
small screw at the rear of the ear-
phone is removed, and this is
then used to fix the earphone to
the case. Figure 4, shows the
drilling of the case, and it is
advisable to follow this as accu-
rately as possible since there is
not a great deal of excess space
inside the case and it might
otherwise be found that all the
parts cannot be fitted into the
case.

Next C9 is connected to RV4
and the other wiring to the off -
board components is completed.
Figure 3 gives details of all this
wiring. The printed circuit board
fits into the upper set of mount-
ing rails in the case with the
component side uppermost. The
battery fits vertically into the case
in the space between the two
sockets and the microphone. A
piece of foam material can be
glued to the rear panel of the case
to keep the battery firmly in place.

If the Synwave is to be fitted
onto a drum it is necessary to fit
the unit with a mounting bracket.
This can consist of a piece of
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25mm aluminium channel sec-
tion which is fixed to the case
using a couple of 6mm M4 bolts.
A large bolt is used to clamp the
Synwave onto the drum, and the
bracket is drilled and threaded on
one side to take this bolt. A
handwheel bolt is ideal for use in
this application, but an ordinary
type can be used of course. It is
advisable to fit a small pad of
rubber on the part of the bracket
opposite the mounting bolt as this
will help to prevent the rim of the
drum from becoming scratched
when the Synwave is fitted in
place.

To complete your project use
our smart brushed aluminium
panel with electric blue legend
and sticky back as shown.

Testing and Use
Connect the Synwave to an

amplifier via SK2 and switch on
with the Volume control set to
midway. Set Decay to maximum,
Pitch to minimum and Q to mid-
way. Give the unit a sharp tap or
use a suitable trigger signal
(applied to SK1) and a 'seawave'
should be heard.

Using short Decay and high
Pitch and Q, the woodblock sound
can be obtained. Cymbal effects
require high Pitch and Q with
slightly longer Decay.

PARTS
Resistors -
R1
R2,16
R3,4,5,6
R7,8
R9
R10, 11,17
R12,13
R14
R15
R18
RV1
RV2
RV3
RV4

Capacitors
Cl
C2
C3,4
C5
C6,7
C8
C9
C10,12

LIST
all Va watt 5% unless specified

12k
1M8 (10%)
10k
270R
18k
6k8
68k
4k7
680R
220k
1M lin. pot.
47k log. pot. with switch
100k lin. pot.
1k lin. pot.

10n ceramic plate
2u2 63V axial electrolytic
4u7 63V axial electrolytic
10u 25V axial electrolytic
4n7 polycarbonate
10n polycarbonate
100u lOy PC electrolytic
100n polyester

(M12K)
2 off (M1M8)
4 off (M1OK)
2 off (M270R)

(M18K)
3 off (M6K8)
2 off (M68K)

(M4K7)
(M680R)
(M220K)
(FWO8J)
(FW65V)
(FWO5F)
(FWOOA)

(WX77J)
(FB15R)

2 off (FB18U)
(FB22Y)

2 off (WW26D)
(WW29G)
(FF1OL)

2 off (BX76H)

C11 150p polystyrene
C13 390p ceramic plate

Semiconductors
ICI CA3080, 8 -pin, DIL
TR1.2,3,4 BC109C
TR5 2N3711
DI BZY88C7V5
D2 1N4148
D3 1N4001

Miscellaneous
X1
SK1,2

B1

(BX29G)
(WX63T)

(YH58N)
4 off (QB33L)

(QR34M)
(QH11M)
(QL8013)
(QL73Q)

Crystal earpiece
Mono jack socket (open type) 2 off
Case MB2
Handwheel bolt
M4 6mm bolts
Printed circuit board
PP3 connector
PP3 battery
lmm Veropins
Knobs
Knob cap blue
Knob cap grey
Knob cap red
Knob cap yellow
Front panel

4 off

(LB25C)
(HF91Y)
(LH21 X)
(YL23A)
(BF33L)
(GA35Q)
(FIF28F)

(FL23A)
(YG40T)
(QY01 B)
(QYO3D)
(QYO4E)
(QYO6G)
(BX99H)

In addition, the Q control
can put the filter into oscillation
and Pitch will then vary the fre-
quency. Of course, this effect may
not be desirable, especially as the
volume increases substantially,
and is simply removed by reduc-
ing the Q control or inserting a
resistor as mentioned earlier.

A little experimentation with
the controls will soon give an idea
of the wide range of useful effects
that can be produced. E&MM Synwave external view with bracket.

3 CHANNEL SOUND/LIGHT
CHASER

LB31000SLC £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

£22.70
All the advantages

of the SLC without chase.
Controls bass /mid 'treble/master sensitivity

2/4/8 CHANNEL CHASER
L881000LC

£28.00
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 I. chase speed and re -cycle delay

LBPA2

£17.20
A four channel mixer
and tone stage for
mics, guitars, etc. Can
be used with any LB
amps. Set of pots
12.74

3 CHANNEL DIMMERS
L83100OLD

1631000LO
£16.20

Power dimmer units for the theatre/stage appli-
cations up to 1,000W per channel. with on board
suppressing The unit is also available without
rotary pots for use with sliders -
LF33100OLD (no pots) f 15.00 Sliders 75p each

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, r/tones/ moo auto fade over
decks/and P F. LX The unit can be used with
either LB100/150/250.

Full set of pots - £8.63

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.

3 -WAY ACTIVE CROSSOVER
LBAC01
£17.90

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)
LBPSUI supply for LBACO1 (1 or 2)

L & B
ELECTRONIC MODULES

PROFESSIONAL ENGINEERING BY PROFESSIONALS
45 Wortley Road. Croydon. Surrey CRO 3EB. Tel: 01-689 4138 DEPT E&MM/7

MINI MODULES
,ngeniously designed ma, pre amplifier building 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 roles, 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 L6MM1 2 3 4 5 LBMMS Treble boost cut for
either LBMM1 2 3 4 5 LBPSU1  15V supply for up
to 12 modules LBPSU 15V regulated for up to 50
nodules MM1 £4 50. MM2 20 MM3 (5 70. MM4
(5 70, MMS 15 70. PSU1 (7 za RPSU f14 50
Discount on MM1 2 3 4 510 to 24 20",.2b' 30"r

POWER AMPLIFIERS
Tough dealing power amps for use in sound
systems. Open/short circuit protection and
fused. Heavy gauge heats irks and rugged o/p
devices all operate down to 4 ohms

25W RMS
20bq to 60K
0 07% THD
96DB

LB25
111.20

100W RMS 150W RMS
5Hz to 25K 5Hz to 25K
0 1% THD 0 1% THD
110DB St N 110DB

LB100 LB150
£19.70 £29.20

250W RMS
5Hz to 25K
0 1% THD
110DB SiiIN

LB250
£43.50

Note all models are avai able with either 500mV
or 775mV sensitivity Please state when
ordering

LB25PS
£11.20

P/P 11 20

POWER AMP
POWER SUPPLIES

LB100PS LB150PS LB250PS
£16.20 £19.00 £26.50
P/P El 40 P/P El 70

ROPE LIGHTS/DRIVER
LB41000LC 5
£24.20 4 colour

Ropes
Red/yellow;
green/blue

6 -metre
length

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

PIEZO
HORNS
f5.75
P P 50p

CELESTION LOUDSPEAKERS
(ALL STANDARD CONE 8 OHMS)

G10-50
(10in 50W)

f14.70
P P El 70

G12-65
(I2in 65W)

£20.70
P /P 70

G12-100
(12in 100W)

£26.45
P 'P El 70

G15-100
(15in 100W)

£3645
P P £200

1. itch inothil Is manufactured trot, 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 in
dividually stated To trait order send cheque P.0 registered cash or Access number
C 0 D service extra For the new Autumn catalogue send 50p (full spec shown)
Please note this company has no connection with LB Electronics of Hillingdon
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PM COMPONENTS LTD
DEPT M, CONINGSBY HOUSE, WROTHAM RD., MEOPHAM, KENT DA13 OHN

PHONE 0474 813225. TELEX 965966 WEST ST G
SEMICONDUCTORS
4C126 0.22 8C1098 0.10
4C127 0.22 BC109C 0.11
4C128 0.28 BC114 0.11
4C 1 28K 0.28 BC116A 0.12
4C141K 0.34 BC 17 0.19
4C142K 0.30 BC119 0.24
4C176 0.22 BC125 0.12
AC176K 0.31 6C140 0.31
AC187 0.26 BC141 0.25
4C187K 0.28 8C142 0.21
AC188 0.22 BC143 0.24
AC188K 0.37 8C147 0.09
AD142 0.90 BC148A 0.09
A0143 0.82 8C14813 0.09
A0149 0.70 BC149 0.09
AD161 0.39 8C157 0.10
AD162 0.39 BC158 0.09
AD161/2 1.04 BC159 0.09
AF124 0.34 8C160 0.28
AF125 0.32 BC161 0.28
AF125 0.32 BC1708 0.10
AF127 0.32 BC171 0.08
AF139 0.42 BC171A 0.10
AF150 0.42 8C1718 0.10
AF239 0.42 8C172 0.09
AU106 2.06 8C1728 0.10
AU107 1.75 BC172C 0.10
AU110 2.00 BC173B 0.10
AU113 1.48 BC174 0.09
BC107 0.10 BC174A 0.09
BC1074 0.10 BC182 0.09
BC1078 0.10 BC182L8 0.10
BC108 0.10 BC183 0.12
BC1084 0.10 BC183L 0.09
BC108B 0.10 BC184LB 0.09
BC108C 0.10 5C204 0.10
BC109 0.10 8C20813 0.13

8C212
BC212L
BC213
BC213L
BC214
BC214L
BC237
BC238
BC251A
BC252A
BC258A
BC300
BC301
BC303
BC307
8C327
BC337
BC338
BC461
BC478
8C547
BC548
8C549A
BC550
BC550B
BC557
BC557B
BC558
BD115
8D116
801248
BD131
BD132
BD133
BD135
BD136
BD137
80138
80139

NEW BRANDED VALVES
A1714 14.00
A1998 11.50
A2087 11.50
A2134 9.00
A2293 7.20
A2521 15.00
A2900 10.90
ACP 3.00
AC/HL/DD 3.00
AC/PEN 3.50
AC/SP3 4.50
ACVPI 3.50
ACVP2 1.50

ARP
0.70

ARP12 0.70
AR P34 2.00
AR P35 1.50
ARP37 1.00
,AU3 1.50
836 1.85
872 1.85
BT589 33.00
BT17A 95.00
CBL31 2.00
CIK 14.00
C3JA 10.00
D3A 30.00
DAC32 1.20
04691 0.45
DAF96 0.65
DC9 1.2
DCX40 /1000 5.00
DD620 1.20
DET10 6.00
DF33 1.20

0.45
DF2 .

DF996 0.65
DF97 1.50
DH63 2.20
DH77 0.90
DK9I .90
DK92 1

0.20

DK96 1.00
DL92 0.60
DL94 1.20
DL96I

0 9.00
1.00

DLS
DLS16 10.00
DM70 1.10
DM160 1.50

DY86DY80 /87 .551 0.20

DY802 0.60
E 1455L .00
E8OCC 4.75

E81
6F .25

E81CC 3.90

0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.12
0.15
0.39
0.30
0.30
0.26
0.09
0.10
0.10
0.09
0.30
0.20
0.10
0.10
0.08
0.07
0.07
0.07
0.07
0.07
0.30
0.52
0.56
0.32
0.35
0.40
0.30
0.30
0.28
0.30
0.32

E82CC 1.50 ECH83 0.78
E83CC 1.50 ECH84 0.93
E83F 2.50 ECL80 0.66
E86C 6.00 ECL82

4.00 ECL83
0.58

E88C 1.13
E88CC 2.60 ECL84 0.74
E I 30L 13.00 ECL85 0.74
E180F 5.25 ECL86 0.74
E 1 82CC 4.50 EF22 2.50
E280F 19.50 EF37A 3.60
E283CC 8.25 EF39 2.00
E810F 8.25 EF40 1.20
EA50 1.00 EF41 1.25
EAA91 0.60 EF42 1.95
EABC80 0.56 EF50 1.50
EAC91 0.90 EF55 2.25
EAF42 1.40 EF71 1.50
EB41 2.30 EF80 0.48

0.52 EF83E891 3.50
EBC33 1.00 EF85 0.48
E8C41 0.85 EF86 0.70

0.85 EF89EBC81 0.75
EBC89 0.85 EF91 1.22
E8C90 0.75 EF92

0.75 EF93
5.00

EBC91 0.65
EBF80 0.55 EF94 0.55
EBF89 0.70 EF95 0.78
EC52 0.70 EF96 0.65
EC86 1.00 EF97 0.95
EC88 1.00 EFI83 0.56
EC90 0.45 EF184 0.56
EC91 3.00 EF731 1.80
EC92 0.80 EH90 0.65
EC93 0.80 EK90 0.65

4.00 EL32ECC33 0.95
ECC40 2.30 EL33 2.50
ECC81 0.55 EL34 1.54
ECC82 0.55 EL34 Mullard
ECC83 0.60 2.45
ECC84 0.60 EL36 1.60
ECC85 0.60 EL37 9.00
ECC88 0.65 EL38 4.50
ECC91 0.65 EL41 1.50
ECC189 0.78 EL81
ECC803S 1.50 EL82

.

0.58
ECC804 0.40 EL84 0.60
ECC807 1.30 EL85 3.85
ECC808 2.00 EL86 0.80

0.65 EL90 0.82
EC682 0.60 EL91 6.00
ECF86 1.50 EL95

1.20 EL360
0.70

ECF802 9.00
ECF804 6.00 EL5O4 1.40
ECF8I 2 1.20 EL509 2.60
ECH3 2.50 EL821 7.00
ECH35 1.50 EL822 8.25

1.00 EM 1ECH42 4.00
ECH81 0.58 EM4 4.00

80140
80159
BD166
8D179
80182
8D201
80202
BD203
BD204
BD222
BD223
BD225
B0233
BD234
BD236
BD237
80238
BD410
BD434
80437
8D438
BD517
60520
BDX32
8F115
EIF127
BFI 58
BF160
BF167
8F173
8F177
BFI 78
8F179
BF180
BF181
BF182
BF183
8F184
86185

DIODES BY179 0.63 N4001
A4119 0.08 payln99s 0.28 N4002

0.17 00..3134 N4003BA102
N4004BA115

BA145 0.17 BY210 800 0.33 N4005
84148
BA154

0.17 BY223 0.90 N4006
0.06 BY298 400 0.22 N4007

BA155 0.13 BY299-800 0.22 N4148
BA156 0.15 BYX10 0.20 N4448
BAX13 0.04 BYX55/600

0.30
N5401N542

BAX16 0.06
BB105B 0.30 BYX71/600 n5403
88105G 0.30 0.60 N5404
8Y126 0.10 0447 0.09 N5406
BY127 0.05 N5407
BY133

0.11 0490

BY164
0.15 0491 0.06 N540R

0.06 TT44
8Y176

0.45 OA 95
0.85 IN914 0.03 TT2002

WIREWOUND
RESISTORS
4 Watt PREFERRED VALUES

4R71KB 0.13
2K2 6KH 0.16
10K 0.22

R47 -4K7 0.14
5K6- 1 2K 0.15
15K -22K 0.18

11 Watt
1R -10K 0.18
15K 0.21

17 Watt
1R -10K 0.24
15K -22K 0.25

7 Watt

0.04
0.04
0.04
0.05
0.05
0.05
0.06
0.02
0.10
0.12
0.14
0.12
0.12
0.13
0.16
0.16
0.04
0.11

BASES
B7G 0.15
870

Skirted 0.30
B8G 0.70
B94 0.15
B9A

Skirted 0.30
8708 0.16
1313B 0.50
8 Pin DIL 0.20
14 Pin DIL 0.22
14 Pin DIL/Q

0.30
16 Pin DIL 0.30

0.30
0.65
0.46
0.72
0.70
0.83
0.65
0.78
0.70
0.45
0.48
0.46
0.35
0.35
0.45
0.30
0.33
0.55
0.55
0.50
0.60
0.60
0.65
1.50
0.35
0.24
0.18
0.27
0.24
0.22
0.38
0.26
0.34
0.29
0.29
0.29
0.29
0.28
0.28

8F194 0.11
86195 0.11
86196 0.11
BF197 0.11
BF198 0.10
BF199 0.14
BF200 0.30
BF241 0.15
BF256 0.28
8F256/LC 0.28
8F257 0.28
BF258 0.25
BF259 0.26
8F271 0.26
BF273 0.13
BF336 0.34
BF337 0.29
BF338 0.32
8F355 0.37
8F362 0.38
BF363 0.31

8F3BF371 94 0.19
8F457 0.23
8F458

0.36BF459
86595 0.23
8F597 0.25
BF639 0.28
BFR39 0.23
BFR40 0.28
BFR41 0.28
BFR79 0.28
BFR80 0.28
BFR81 0.28
13FT42 0.28
BFT43 0.27
BFW92 0.85
BFX29 0.30

EM80 0.70
EM81 0.70
EM84 0.70
EM85 0.85
EM87 1.10
EMM803 2.50
EN32 14.00

EN9 4.
ES152 00 115.0000
EY51 0.5.80
EY83 10
EY84 8.00
EY86/87 0.50
EY88 0.60
EY500A 1.50
EZ41 1.20
EZ80
EZ81 0.56
EZ90 0.96
01/371K 30.00
G55/1K 8.00
G120/18 8.00
0150/2D 4.00
G180/2M 7.00
GC108 9.00
GC1OD 9.00
GC1048 9.00
GN4 4.00
GN1O 15.00
GN24 1.50
GRD7 9.00
GSI OC 12.00
GT1C 13.50
GU50 11.50
GXUI 13.50
GXU50 12.50
GY501 1.20
GZ30 0.85
GZ32 0.85
GZ33 3.25
GZ34 2.00
GZ37 4.00
HL41 1.
HL42DD 2.0050
HL92 1.50
HL133/DD 1.50
HP6 1.50
HY90 1.00
KT61 3.50
KT66 USA 4.95
KT66 UK 9.00
KT77 5.00
KT88 USA 6.00
KT88 UK 11.50
KTW61 1.50
L63 1.
M8079 6.0000
M8083 3.25
M8100 2.85
M8137 2.85
M8162 3.85
M8196 3.25
M8225 1.20
ME1400 4.00
ME1402 4.50
ME1403 10.00
ME1501 14.00
MH4 2.10
MH41 2.10
MS48 5.00
MU12 1.50
MUI 4 1.50
N18 1.00
N78 8.90
NR14 9.00
NR73 3.50
NU3 1.50
NUI 7 1.50
NUI 8 1.50
0A2 0.60

BFX84
BFX85
BFX86
BFX88
BFY50
BFY51
BFY52
BFY56
8FY90
BR 100
8R101
BRC4443
BT106
BT108
BT116
8U105
8U108
BU124

0.26
0.28
0.30
0.25
0.21
0.21
0.25
0.48
0.77
0.19
0.30
0.85
1.00
1.22
1.20
1.22
1.69

U8
BU204 1.55
BU205 1.30
BU208 1.39
BU2084 1.52
80208/02 1.89
BU326A 1.42
BU407 1.24
BU500 1.75
MRF477 10.00
MJ3000 1.98
MJE340 0.40
MJE520 0.48
R20088 1.70
R20108 1.70
R2322 0.58
R2323 0.66
82540 2.48
R25404 2.80
RCA16334 0.90
TIP29 0.40

0A3 3.00 CIGV03-10 2.50
0B2 0.65 00V03-204
0C3 1.05 12.25
OD3 1.15 QQV06 40A
0M4 1.00
0M58 3.60
0M6 2.00
pP4886C80 0.50 QS150/45

PC88
0.80 OS1200

PC92
0.80 QS1209
0.86 QS1212

PC97 0.95 0V03-12
PC900
PCC84

0.85 0V05-25
0.45 QY3-125

PCC88
0.54 ClY4-250
0.80 0Y4-400

PCC85

PCC89 0.60 0Y5-500
PCC189 0.80 RI
pPcCCE88206 0.80 R2

0.80 R3
PCF80 0.70 R10
PCF82 0.60 R12
PCF84 0.66 R16
PCF86 1.20 R17

0.40
PCF200 11..3385 pR2109

PCF201
PCF800 0.40 RG1-125
PCF801 0.92 FIG1 -2404
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ELECTRONICS

Starting Point
by Robert Penfold

Voltage Regulators
As we have already seen in this

series, a 9V battery has an output
voltage that is nominally 9 volts
but which is likely to vary between
about 9.5 volts and 7.5 volts in
practice, as the battery voltage
tends to fall as the battery be-
comes exhausted. In many appli-
cations the fact that the supply
voltage falls by about 2 volts
during the working life of the
battery is of little or no real
consequence but there are occa-
sions when a stable supply volt-
age is essential.

We have also seen how the
voltage provided by a power
source can vary due to variations
in the load current, and the con-
sequent voltage drop due to the
internal resistance of the power
source. Once again, this lack of
voltage stability is often of little or
no significance but sometimes it
can cause malfunctions in cir-
cuits.

This month we shall consider
some simple voltage regulator
circuits and devices and the use

as volt-
age regulators will be considered
first.

Diode Regulators
In last month's article we saw

how the current flowing through a
silicon diode is practically zero
until the forward bias reaches
about 0.6 volts, and how only a
very small increase in the bias
voltage is then sufficient to pro-
duce a very high current flow (see
Figure 3 of Starting Point Part 4).
This characteristic enables a

diode to be used in a simple
voltage regulator circuit of the
type shown in Figure 1.

Here D1 is forward biased
from the input supply via R1, and
a little over 0.6 volts (say nomi-
nally 0.65 volts) is developed
across D1 and fed to the output. If
the input voltage rises for some
reason, the current flowing
through R1 and D1 rises, causing
D1 to conduct more heavily. This
effective reduction in the resist-
ance of D1 prevents the voltage
developed across this component
from more than marginally in-
creasing, and most of the in-
creased input voltage is deve-
loped across Rl. If the input
voltage should decrease for some
reason, less current flows through
R1 and D1, and D1 conducts less
heavily. This effective increase in
the resistance of D1 results in the

output voltage only decreasing
marginally, with most of the de-
crease in the input voltage being
reflected in the voltage drop
across Rl.

This stabilising effect also
operates if the output current
varies. A higher output current
flow tends to tap -off some of the
current that would otherwise have
passed through D1, and its re-
sistance therefore increases. This
rise in resistance largely com-
pensates for the decrease in load
resistance at the output (bearing
in mind that D1 and this load re-
sistance are connected in paral-
lel), and little change in output
voltage results. If the output cur-
rent is reduced, Dl's resistance
decreases and the output voltage
remains virtually constant.

Figure 1. Silicon diode used in a simple
shunt stabiliser circuit.

This type of regulator is known
as a "shunt" regulator, and cer-
tai n conditions must be met if it is
to function effectively. Obviously
the input voltage must be higher
than the required output voltage.
In fact the minimum input voltage
must be high enough to give a
current flow through RI and D1
that is at least as high as the
maximum output current that is
required. If this is not the case, it
is likely that RI and the load will
form a potential divider that takes
the output voltage below the
threshold voltage of D1, render-
ing DI ineffective.

The required value for R1 is
calculated using Ohm's Law, after
first deducting 0.65 volts from the
minimum expected input voltage
to find the minimum expected
voltage across R1. The maximum
acceptable value for RI is then
equal to this voltage divided by
the maximum output current re-
quired. A lower value is accept-
able of course but this would
make the current consumption of
the circuit much higher than is
really necessary if the value used
was to be well below the cal-
culated maximum acceptable
value.

An obvious drawback to using

PARTS COST
GUIDE
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Car Cassette Power Supply.

a voltage regulator of the type
shown in Figure 1 is that only a
single output voltage of 0.65 volts
is available; this is far too low to be
of any use in most applications.
One way of achieving higher and
additional output voltages is to
connect diodes in series, as
shown in the circuit of Figure 2.
This type of circuit operates in the
same way as the basic circuit of
Figure 1 but the threshold voltage
of the series network of diodes is
equal to the sum of the threshold
voltages in the network. Thus in
the circuit of Figure 2 there are
three diodes, and the nominal
output voltage is 3 x 0.65 volts, or
1.95 volts in other words.

Of course, this type of circuit is

Non - stabilised
,nput " D1

D2

D3

Stabilised
output
1-95V

Figure 2. Example of a multiple diode
shunt stabiliser circuit.

still rather limited with regard to
the maximum output voltage that
can be attained, since an imprac-
tically large number of diodes
would be needed in order to
achieve output potentials of more
than about 3 volts.

Amplified Diode
A transistor can be used in a

simple low voltage shunt regula-
tor using the arrangement shown
in Figure 3, which is usually
termed an "amplified diode"
arrangement. The transistor used
must be a silicon type and not
germanium.

As we discovered last month, a
silicon transistor does not con-
duct between its emitter and
collector terminals until a forward

bias of about 0.6 volts is applied
to its base -emitter junction. The
base -emitter bias voltage only
needs to exceed this threshold
level slightly in order to make the
device conduct heavily between
the emitter and collector ter-
minals.

If we assume that R2 and R3
have the same value, then about
1.2 volts will be needed at the
collector of TR1 beforethis device
begins to conduct, since R2 and
R3 provide half the collector
potential to the base of TR1. A
slightly higher collector voltage is
sufficient to bias the device hard
into conduction, giving the "ava-
lanche" effect needed to give
stabilisation of the output voltage.

With R2 and R3 at the same
value the nominal output voltage
is 1.3 volts, but this can be re-
duced by making R2 lower in
value, the minimum voltage avail-
able being 0.65 volts with R2 at
zero. TR1 is then effectively being
used as a silicon diode regula-
tor. Higher voltages can be ob-
tained by making R2 higher in
value so that a higher collector
voltage is needed before the base
terminal is brought to the 0.6 volt

I

111110Non -stabilised
input TR1

Stabilised
output

Figure 3. An 'amplified diode' regulator
circuit using an NPN transistor.

threshold level. However, the
higher the output voltage is made,
the less efficient the circuit be-
comes and this type of circuit is
not normally used if an output
voltage of more than about 3 or 4
volts is required.
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Zener Diodes
Higher output voltages can be

obtained using a special type of
diode known as a "Zener" diode.
This is used in exactly the same
way as a silicon diode or an
amplified diode, as can be seen
from the circuit of Figure 4 (which
also shows the circuit symbol for
a Zener diode).

Note that the Zener diode is
connected with the opposite
polarity to a silicon diode em-
ployed as a shunt regulator. As a
Zener diode is basically just an
ordinary silicon diode, it will give
an output voltage of only about
0.65 volts if it is connected with
the wrong polarity. In the circuit of
Figure 4 the Zener is reverse
biased, but it will still conduct as
the input voltage will exceed the
reverse breakdown voltage of the
component. At this breakdown
voltage the resistance of the de-
vice suddenly drops from a figure
of typically many hundreds of
megohms to just a few tens of
ohms, giving the avalanche effect
and the required stabilisation of
the output voltage.

Normal silicon diodes usually
have quite high reverse break-
down voltages and the exact
breakdown voltage will vary con-
siderably from one device to
another, it will even vary con-
siderably between two devices
of the same type. Zener diodes
are designed to breakdown at
relatively low voltages, and are
marked with a value that indi-
cates the breakdown voltage,
usually with a tolerance of 5% on

Non - stabilised
input

DI
Zener
diodel

Stabilised
output

Figure 4. Zener diode shunt regulator
circuit.

this figure. As the voltage deve-
loped across a Zener diode varies
slightly with changes in the cur-
rent passing through the device,
the Zener voltage is usually spe-
cified at a certain current (5mA
for instance, in the case of the
popular BZY88 series of Zener
diodes). The voltage developed
across lower voltage Zeners (i.e.
5.6 volts and less) tends to vary
significantly with changes in the
current passing through the de-
vice, and these are not really
suitable for use in circuits where a
very high degree of stabilisation is
required.

Zener diodes are available
with operating voltages of be-
tween about 2.7 volts and 60 volts
or so. Due to the lack of Zeners

having operating voltages below
about 2.7 volts there is little
alternative to using an amplified
diode or silicon diodes when such
a voltage is required. Even at
potentials of around 3 volts,
where suitable Zeners are avail-
able, it is more common for
silicon diodes or an amplified
diode to be used as the latter are
more efficient in general.

Series Regulators
A serious drawback of the

shunt regulator in many appli-
cations is the fact that they have a
constant current consumption
that is at least as high as the
maximum output current re-
quired. The regulator thus con-
sumes a high current even if only
a fairly modest output current is
needed for the majority of the
time, a high output current being
required only occasionally and in-
termittently. This can lead to an
unnecessarily short battery life in
battery powered equipment and
can result in the generation of
substantial amounts of heat in
medium and high power circuits.

This problem can be over-
come by the use of a series
regulator. As the name implies,
this is connected in series with
the load rather than in parallel
with it and has a resistance which
is self-adjusting to give a voltage
drop that maintains the output
voltage at the required level. Thus
a perfect series regulator would
not consume any current as the
input current would be the same
as that required by the circuit fed
from the output of the unit. Prac-
tical series regulators do not quite
achieve this, but usually have a
current consumption marginally
above that required by the load.

Figure 5 shows the simplest
series regulator configuration.
R1, D1 form a straightforward
shunt regulator of the type des-
cribed earlier, but the output is
taken via a transistor which is
connected in series with the load.

-TR1 is used in what is generally
called the "emitter follower"
mode but is sometimes given the
alternative name of "common
collector" mode.

TR1 does not provide any volt-
age gain from the input at its base
to the output at its emitter, there
is in fact a small voltage drop of
about 0.6 volts or so from the base
to the emitter (assuming a silicon
device is used); this being the
base to emitter voltage needed to
bias the device into conduction.
The output is therefore stabilised
at about 0.65 volts below the
operating voltage of Dl.

Although TR1 provides no volt-
age amplification, it does of
course give current amplifica-
tion and only a small base

Non- stabilised
input

current will be drawn by the
shunt regulator even if a

substantial output current is
taken from TR1's emitter ter-
minal. For example, if TR1 has a
current gain of one hundred and
the shunt regulator can provide
an output current of 1 mA, an
output current of 100mA could be
drawn from the emitter of TR1
before the lmA output capability

. TR1 .

dt DI

Stabilised
output

Figure 5. Simple series regulator using
an emitter follower stage.

of the shunt regulator became
exceeded and the output voltage
dropped significantly. The circuit
would then consume a current
equal to the output current drawn
from the unit, plus the lmA
required by the shunt regulator
section of the unit. A shunt regu-
latorwith no series element would
need to have a continuous cur-
rent drain of at least 100mA.

Where very high output cur -

Figure 6. Series regulator using a
Darlington pair.

rents are required (a few hun-
dred milliamps or more) it is
quite common for the circuit
configuration of Figure 6 to be
employed. This is basically the
same as the arrangement of Fig-
ure 5, but the output of the
emitter follower stage is fed to the
input of a second emitter fol-
lower. The two transistors form
what is called a "Darlington Pair",
and together they effectively form
a single transistor having a cur-
rent gain equal to the product of
the current gain of the two de-
vices. This enables high output

currents to be obtained with good
regulation and only a low current
through shunt regulator part of
the circuit.

Car Cassette
Power Supply

The construction project for
this month is a simple voltage
regulator circuit that enables a
cassette recorder or radio which
requires a 6V supply to be pow-
ered from a 12V car battery. This
method of powering a radio or
cassette unit that is to be used in a
car or boat eliminates the need to
buy expensive batteries which
tend to be short-lived, especially
in the case of cassette units. The
unit can easily be modified to give
an output potential of 7.5 or 9
volts if required, as will be ex-
plained in detail later.

In this application, where a
well stabilised output is not re-
quired (bearing in mind that the
voltage provided by a battery
varies considerably during its I ife-
span), it may seem that a voltage
dropper resistor in series with the
supply is all that is required. This
is not in fact the case. The voltage
dropped across this series re-
sistor would depend on the sup-
ply current, as we know from
Ohm's Law, but the supply cur-
rent is an unpredictable quan-
tity and may well vary consider-
ably from one instant to the next.
A voltage regulator circuit is
therefore required.

The circuit diagram of the car
cassette power supply unit is
shown in Figure 7. R1, D2 form a
shunt stabiliser circuit having a
nominal output potential of 7.5
volts. Zener diodes tend to give
the output voltage that contains
small, rapid, and random
changes in voltage. This "noise" is
obviously undesirable and is
smoothed out by C2.

TR1 is the emitter follower
buffer stage, and this is a Darling-
ton device (i.e. two transistors
connected as a Darlington pair
and contained in a single
package). The emitter of TR1
connects to the output by way of
R2, which forms part of a simple
current limiting circuit. The pur-

Figure 7. Circuit diagram of the car cassette power supply.
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The range grows bigger &

bigger & bigger.. .BETTER. .

New Profile Amplifiers- Two New Series

MOSFET
CHOOSE AN I.L.P MOSFET POWER AMP when it is
advantageous to have a faster slew rate, lower distortion at
higher frequencies, enhanced thermal stability, the ability

HY120 to work with complex loads without difficulty and
complete absence of cross -over distortion. I.L.P's

exclusive encapsulation technique within fully adequate heatsinks has been taken a stage further with
specially developed computer-venhed 'New Profile' extrusions. These ensure optimum operating
efficiency from our new MOSFETS, and are easier to mount. Connection is via five poison the underside
I.L.P MOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLIFIERS IN THIS
EXCITING NEW CATEGORY BUT ARE ONLY A FRACTION OF PRICES CHARGED ELSE WHERE.

Output Distor Signal/Noise
Model Power lion Typical Slew Rate Rise Time Ratio Price &

RMS at 1KHz DIN AUDIO VAT

MOS120 60W 0.005% 20V/as 322s 100dB [25.88
£3 88into 4-822

MOS200 120W 0.005% 20V/as 3as 100dB
into 4-82/

E33.46
+ E5 02

(Standard O -P Transistors)
CHOOSE AN I.L.P BIPOLAR POWER AMP
where power and price axe first consideration while
maintaining optimum performance with hi-fi quality

HY60 and wide choice of models. From domestic hi-fi to
disco and P.A., for instrument amplification, there is

an I.L.P Bipolar to fill the bill, and as with our new Mosfets, we have encapsulated &polars within our New
Profile extrusions with their computer-venhed thermal efficiency and improved mounting shoulders.
Connections are simple, via five pins on the underside and with our newest pre -amps and power supply
units, it becomes easier than ever to have a system layout housed the way you want it.

Output Distor- Signal/Noise
Model Power tion Typical Slew Rate Rise Time Ratio Price &

RMS at 1KHz DIN AUDIO VAT

HY30 15W into 0.015% 15V/as 5as 100dB [7.29
4-812 E 1 09

HY60 30W into 0.015% 15V/as 51.is 100d8 f8.33
4-812 E1.25

HY120 60W into 0.01% 15V/as 522s 100d8 E17.48
4.812  X2.62

HY200 120W into 0.01% 15V/as 52.2s 100dB E21.21
4-812 X3.18

HY400 240W into 0.01% 15V/as 5as 100dB X31.83
41! [4.77
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THE NEW PROFILE EXTRUSIONS
The introduction of standard heatsink extrusion for all
I.L.P. power amplifiers achieJes many advantages:-
Research shows they provide optimum thermal dissipa-
tion and stability. Slotted shoulders allow easy mounting;
standardisation enables us to keep our prices competitive.
Surfaces are matt black. anodised for higher thermal
conductivity. Extrusions vary in size according to module
number.
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pose of this circuit is to limit the
maximum output current of the
unit to a safe level in the event of a
short circuit or serious overload at
the output.

If the output current is about
0.5 amp or less, the voltage de-
veloped across R2 will only be
about 0.6 volts (1.2 ohms x 0.5
amps = 0.6 volts), and TR2 will
therefore have no significant
effect on the circuit as th is voltage
is insufficient to bias it into con-
duction. There will be a small
voltage drop across R2 that will
reduce the output voltage when
high supply currents are being
drawn, but this voltage drop is not
high enough to be of any con-
sequence; this is something that
happens with batteries as well
due to their internal resistance.

If the current drawn from the
unit should go much above
500mA the voltage developed
across R2 will be sufficient to
switch on TR2. This then tends to
tap off some of the current
through Ri, sending it to the
negative supply rail through the
load connected across the out-
put. This tends to pull the base
terminal of TR1 lower in voltage,
and thus reduces the output volt-
age as well. This gives the re-
quired current limiting action
and, even with a short circuit
across the output, an output cur-
rent of only about 550mA would
flow since TR2 would reduce the
output voltage to practically zero.

FS1 protects the unit against
damage if a short circuit should
occur across the non -stabilised
input for some reason. D1 simply
protects the unit by blocking the
supply if the input should be
inadvertently connected with the
wrong polarity. The 12 volt supply
of a car is often polluted with a fair
amount of electrical noise, these
noise spikes are smoothed out by
Cl, C3 so that they do not appear
at the output.

Output Voltage
The output voltage of the unit

under low -load conditions is
equal to the 7.5 volts across D2
minus about 1.3 volts (0.65 volts
x 2) dropped between the base
and emitter of TR1, i.e. about 6.2
volts. This drops to a little under 6
volts under high -load conditions,
this range of voltages is similar to
those provided by 6 volt dry
batteries under similar condi-
tions.

If an output voltage of 7.5 volts
is needed, this can be accom-
plished by changing D2 for a 9.1
volt component (a BZY88C9V1).
For a 9 volt output D2 can be
changed to a 10 volt Zener (a
BZY88C10V). Although this will
give an output voltage which is
slightly less than that provided by

Input- +

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-a_ _ _
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0
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0

0
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Figure 8. Veroboard layout for the car cassette power supply.

new, 9 volt, dry batteries, the
output potential of about 8.7 volts
is still well within acceptable
limits.

Construction
The suggested component

layout is shown in Figure 8 and is
based on a 0.1in. matrix Vero -
board which has 19 copper strips
by 20 holes. No cutting of the
Verotrack is required. Construc-
tion of the board is carried out in
the usual way but note that FS1 is
mounted in a chassis mounting
fuseholder; the latter is fitted on
the component panel using a

short M3 or 6BA bolt and fixing
nut.

Under some circumstances
TR1 has to dissipate a few watts of
power, and the consequent heat
generated will destroy the device
unless some heatsinking is pro-
vided to enable it to lose this heat
in the surrounding air at a suitably
fast rate. A simple way of provid-
ing the necessary heatsinking is
to build the unit in a metal case,
then bolt TR1 to the case sothat it
acts as the heatsink. The proto-
type is housed in a diecast alu-
minium box (Maplin type
DCM5004) but any metal case
of similar dimensions (120 x 65 x
40mm) should be suitable.

In order to find the correct
position for the mounting hole for
TR1, first mount the completed
component panel on the base
panel of the case using M3 or 6BA
fixings with 6.35mm spacers over
the bolts in order to keep the
connections on the underside of
the board out of contact with the
metal case. The leadout wires of

PARTS LIST
Resistors
RI lk, V3 watt 5%
R2 1R2, 1/2 watt 5%

Capacitors
Cl 470u, 25V, axial
C2 6u8, 63V, axial
C3 100u, 25V, axial

Semiconductors
TR1 TIP122
TR2 BC548
DI 1N4001
D2 BZY88C7V5 (see text)

(MIKO)
(S1R2)

(FB73Q)
(FB21X)
(FB49D)

(WQ73Q)
(Q873Q)
(QL73Q)

(QH11M)

Miscellaneous
Box, type DCM5004 (LH71N)
Veroboard 0.1in. matrix (FLO8J)

FS1 500mA, 20mm, quick -blow (WRO2C)
20mm, chassis -mounting
fuseholder (RX49D)
Connector block (HFO1B)
Insulating set for TR1 (WR23A)
Power plug of appropriate type
Wire (BLO9K)
Bolt 6BA, 1 inch (BFO7H)
Nut 6BA (BF18U)
Spacer 6BA, Vi inch (FW34M)
Grommet small (FW59P)

TR1 are then carefully formed so
that the metal pad on the under-
side of the component fits flat
against the base panel of the
case. The position of the mount-
ing hole is then marked using TR1
as a template. The component
panel is then removed so that the
mounting hole for TR1 can be
drilled safely.

One end of the case is drilled
to take the input lead and the
other end drilled to take the
output lead. The input lead is
taken to the component panel by.
way of a two-way terminal block.
These blocks are normally only
sold in twelve -way strips, it is
therefore necessary to cut a two-
way block from one of these using
a modelling knife. The terminal

block is mounted on the base
panel of the case beside the com-
ponent panel using a 25mm 6BA
or M3 bolt and matching fixing
nut.

The output lead is terminated
in a power plug of the type appro-
priate to the equipment to be
supplied by the unit, be careful to
connect the plug with the correct
polarity. Normally the outer con-
nector is negative and the inner
connector is positive but it would
be advisable to check this point
with the operating manual for the
equipment used with the unit, if
this is possible.

When finally fitting the com-
ponent panel and TR1 into place,
TR1 should be fitted with an
insulation set so that its heat -tab
(which connects internally to its
collector terminal) is electrically
isolated from the case). The in-
sulating set consists of a mica
washer, which is placed between
TR1 and the case, and a plastic
bush which fits over the mounting
bolt and intothe fixing hole of TR1
so that the bolt is insulated from
TR1.

As the case is electrically iso-
lated from the supply circuit, and
assuming that any exposed
metalwork on the equipment sup-
plied by the unit is also elec-
trically isolated (which is invari-
ably the case), the unit is suitable
for use with both negative and
positive earth systems.

The quiescent current con-
sumption of the unit is only a few
milliamps. This is not sufficient to
warrant the fitting of an on/off
switch or disconnecting the unit
when it is not in use. E&MM
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NEW PRE -AMPS
HY6 (mono) and HY66 (stereo) are new to I.L.P's range of
advanced audio modules. Their improved characteristics
and styling ensure their being compatible with all I.L.P
power -amps both MOSFET and BIPOLAR, giving you chance
to get the best possible reproduction from your equipment.
HY6 and HY66 pre -amps are protected against short circuit
and wrong polarity. Full assembly instructions are provided.
Mounting boards are available as below.
Sizes - HY6 - 45 x 20 x 40 mm. HY66 - 90 x 20 x 40 mm.
Active Tone Control circuits provide ±-12dB cut and boost.
Inputs Sensitivity - Mag. PU. -3mV: Mic - selectable
1-12mV: All others 100mV. Tape 0/P - 100mV: Main 0/P -
500mV: Frequency response - D.C. to 100KHz - 3dB.
HY6 mono £6.44 + 97p VAT Connectors included
HY66 stereo E12.19 + £1.83 VAT Connectors included

B6 Mounting Board for one HY6 78p + 12p VAT
B66 Mounting Board for one HY66 99p + 15p VAT NO QUIBBLE

5 YEAR GUARANTEE
7 -DAY DESPATCH
ON ALL ORDERS

BRITISH DESIGN &
MANUFACTURE

FREEPOST SERVICE

Q EP
ELECTRONICS LTD.

APS

TAPE
OLR
AUX

RACY
MAG

OTY VOLUME
TOOP LIE

SOURCE
SW YOY

SCHEMATIC BLOCK DIAGRAM
OF HY6 PflE AMP. WITH
STEREO CONNECTION SHOWN

P POWER
SUPPLY UNIT

 DISTORTION TYPICALLY
0.005%

 S/N RATIO - 90dB (Mag.
P.U. -68 dB)

 38 dB overload margin on
Mag. P.U.

NEW POWER SUPPLY UNITS
Of the eleven power supply units which comprise our current range, nine have toroidal
transformers made in our own factory. Thus these I.L.P power supply units are space -saving, more
efficient and their better overall design helps enormously when assembly building. All models in
the range are compatible with all I.L.P amps and pre -amps with types to match whatever I.L.P
power amps you choose.

PSU30 ± 15V at 100mA to drive up to 12 x HY6 or 6 x HY66 £4.50 +0.68p VAT
 THE FOLLOWING WILL ALSO DRIVE I.L.P PRE -AMPS
PSU36 for use with 1 or 2 HY30's £8.10 + £1.22 VAT
 ALL THE FOLLOWING USE TOROIDAL TRANSFORMERS
PSU50 for use with 1 or 2 HY60's £10.94 + £1.64 VAT
PSU60 for use with 1 HY120 £13.04 + £1.96 VAT
PSU65 for use with 1 MOS120 £13.32 + £2.00 VAT
PS1170 for use with 1 or 2 HY120's £15.92 + £2.39 VAT
PSU75 for use with 1 or 2 MOS120 £16.20 + £2.43 VAT
PSU90 for use with 1 HY200 £16.20 + £2.43 VAT
PSU95 for use with 1 MOS200 £16.32 + £2.45 VAT
PSU180 for use with 1 HY400 or 2 HY200 L21.34 + £3.20 VAT
PSU185 for use with 1 or 2 MOS200 £21.46 + £3.22 VAT

* Fr epost facility
When ordenng or writing about I.L.P products, you do not need to stamp
the envelope. Mark it FREEPOST plus the code shown in the address
below. We pay the postage for you.

* TO ORDER Send cheque or money order payable to I.L.P Electronics
Ltd and crossed. Or pay by ACCESSor BARCLAYCARD. Cash payments must be
in registered envelope; if C.O.D. payment is wanted, please add f1.00 to TOTAL
value of order.

Q ILO 11:1 Electronics Ltd
Free Post 8, Graham Bell House,

I

Roper Close, Canterbury

 LATEST DESIGN HIGH
QUALITY CONNECTORS

 ONLY POTS SWITCHES AND
PLUGS/SOCRETS NEED ADDING

 NEEDS ONLY UNREGULATED
POWER SUPPLY ±-15 to -±60v

1971-1980
TEN YEARS OF PLANNED
PROGRESS
When, in 1971, lan L. Potts founded his now world-famous company.
he saw the need for a different and more rational approach to
exploiting to the full, the potential that lay in modular construction.
New thinking was badly needed. The result was a range of modules
revolutionary in concept. The rightness of this new thinking is shown
by the size of the company today, its new factory, its vast exports, its
acceptance by constructors as the modules to build with. The range
grows bigger and better. Exciting new lines (in no way conflicting
with existing ones) are well past drawing board stage. This is why
I.L.P are simply ahead and staying there.

BRITAIN'S FOREMOST QUALITY MODULE SUPPLIERS
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TbE
A complete electronic
organ to build at low cost

PART 5: Cabinet
construction; lower
manual and rhythm
generator circuits

If you wish to make your own
cabinet, cutting details and re-
quirements are given in Table 6.
Construction details are shown in
Figure 36. Fix the swell pedal to
the baseboard before starting to
put the panels together. The cabi-
net can now be completed except
for the top and the back. The
ready-made cabinet comes com-
plete with a roll-top that runs in
plastic guide slots fitted into
routed out slots in the cabinet
sides. The roll-top and guide slots
are available separately for those
who wish to make their own
cabinet but since few construc-
tors have access to routing mach-
inery, it is not easy to fit and we
have not shown details in the
construction drawing.

If you use the guide slots you
will need to cut off the forked end
465mm from the closed end and
let them into the sides of the
cabinet. Also, the dropped front of
the top will need to be shortened.
Alternatively, another inner side -
piece could be fitted, on whose
edge the roll-top would run and in
this case it will be necessary to
widen the whole cabinet slightly.
However, if you feel the roll-top is
essential, we strongly recom-
mend using the ready-made cabi-
net.

Fixing the Organ in
the Cabinet

Install the trim and housing
around the swell pedal, then fix
the pedal board and bolt the loud-
speaker to the baffle board. If
making your own cabinet, this is a
suitable time to fit the grille cloth.
Remove the transformer fixing
bolts and place the PSU module
in position on the base. Mark the
four holes and drill through the
base using a 4mm or 5/32in. drill.
Note that these are the only four
fixings that are not provided in the
ready-made cabinet due to varia-
tions in the transformer frame
size.

TINfig

Screw down the terminal
block as shown in Figure 12. Fix
the P -clip to the 3 -core mains
cable and screw down near
the terminal block. Fix the reverb
spring -line, using the rubber
couplings, either to T -nuts fitted
in the ready-made cabinet or as
shown in Figure 36.

Place the keyboard roughly in
position. Remove the screws sup-
plied with the keyboard assembly
from where they are fitted in the
top of the keyboard cheek mount-
ing supports. Placing the key-
board cheeks in position now
determines the exact position for
the keyboard. Carefully remove
the cheeks, screw down the key-
board and refit the cheeks screw-
ing down from above. Hinge up
the top keyboard and remove the
screws in the frame. Place the
keyboard separator in position
and screw up.

Push the mains switch into the
pre-cut hole in the side cheek and
carefully reconnect the wires. Fix
the metalwork (supplied with
cabinet kit), as shown in Figure
37. The screws into the sides of
the cabinet should not be tight-
ened to allow for adjustment
when the PCB and front panel are
in position.

Since describing the main
PCB construction in Part 3 we
have discovered that it is much
easier to put the drawbars to-

gether before soldering the slide
pot to the PCB. Put the M3 bolts
through the frame after placing
one of the special 4BA washers
under the head of the bolt through
the slot as shown in Figure 38.
Hold the unit upside-down and
place four of the special washers
on each bolt; then place the slide
pot upside-down over the bolts,
align and screw up. Now solder
the whole assembly to the main
PCB.

Snap the latchbuttons onto
the latchswitches. S16, 24 and 33
are red, S22, 23, 34 and 35 are
grey, S26 and 27 are white and
the remainder are black. Cut the
shafts of the rotary pots to 22mm
long. Bolt the PCB onto the metal-
work, then pull the covers off the
rocker tablets S17 to 21 to enable
the front panel to be fitted.

Fit the LED holders to the front
panel then snap the LEDs into the
clips from behind. The red LED
fits in the 'Downbeat' hole and the
green LED in 'Tempo'. Push the
drawbars fully back, then fit the
front panel and bolt up to the
metalwork. Carefully re -align the
metalwork frame then remove the
front panel and PCB and tighten
up the end screws.

Re -fix the main PCB and re-
connect all the cables. Bolt the
headphone socket to the front

panel, then refit the front panel.
Replace the covers on the rocker
tablets. S17 and 18 are grey, S19
is orange and S20 and 21 are red.
Push the three knobs onto the
shafts of the rotary pots. Double-
check that all plugs and sockets
are correctly connected. If using
the ready-made cabinet kit, fit the
roll-top as described in the in-
structions supplied with the kit.
Fix the top and the back to the
cabinet. The Matinee organ is
now completed.

Lower Manual
Circuits

Figure 39 is the circuit dia-
gram of the lower manual. In Part
4 we described the circuits
around the lower manual M108
and this is now continued. There
are eight signal outputs from the
M108, all connected to quad op -
amps IC5 and 6 that are used to
raise the signal levels. The foot -
ages are connected through
CMOS switches, IC8 and 10 to the
appropriate flute and string fil-
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Figure 36. Cabinet construction details.

Part Name Material Size (mm) Qty
A Topside 15mm Chipboard 595 x 283 4
B Bottomside 15mm Chipboard 650 x 340 2

C Thickening Strip 15mm Chipboard 650 x 50 2
D Base 15mm Chipboard 1122 x 305 1

E Baffle Board 15mm Chipboard 1092 x 650 1

F Front Rail (1) 15mm Chipboard 1098 x 56 1

G Front Rail (2) 15mm Chipboard 1098 x 22 1

H Top 15mm Chipboard 1098 x 220 1

Top Front Runner 15mm Chipboard 1098 x 35 2
K Keyboard Shelf 12mm Chipboard 1098 x 380 1

L Speaker Grille 6mm Plywood 1088 x 370 1

M Pedalboard Spacer 6mm Plywood 150 x 20 2
N Side Joint 12mm Plywood 267 x 100 2
P Side Thickening Strip 12mm Plywood 267 x 50 2

Q Back Rail 15mm Plywood 1098 x 100 1

R Foot Hardwood 405 x 32 x 43 2

S Batten 18mm Square 100 2

Batten 18mm Square 1080 1

U Batten 18mm Square 600 1

Batten 18mm Square 205 1

Batten 18mm Square 244 2
Batten 18mm Square 579 2

Y Batten 18mm Square 626 2
Batten 18mm Square 1050 1

AA Batten 18mm Square 172 2
BB Batten 18mm Square 190 2

CC Batten 18mm Square 1056 1

DD Batten 18mm x 26mm 285 2
EE Backboard 3mm Hardboard 1122 x 814 1

FF Springline Mount 6mm Plywood 260 x 75 1

Table 6. Cabinet Cutting List.

ters. These each have two inputs
mixed together in the manual
mode, except for 8 -foot from IC4
pin 5 which does not require the
CMOS switch. In automatic mode,
the footages from the upper half
of the keyboard (104 pins 16, 17
and 18) are cut off by the CMOS
switches, and IC4 pins 3, 4, 5 and
6 now become four notes of an 8 -

foot chord when one key is
pressed in one of the two lower
octaves of the keyboard.

The 16 -foot and 4 -foot from
the lower half of the keyboard are
disconnected from their filters
and the four notes of the chord
are combined in R84, 85 and 86
and mixed together in 109. The
output of 109 in automatic mode

MISCELLANEOUS PARTS LIST FOR CABINET
Front panel
Metalwork mounting kit
Spring clip 4 off
End cheek set
Keyboard separator
Swell pedal housing and trim
Rubber coupling 2 off
Self -tapper No. 8 x in.

(for fixing metalwork to cabinet) 4 off
Bolt 4BA 1 in. (for PCB mounting) 8 off
Spacer 4BA % in. (for PCB mounting) 8 off
Nut 4BA (for PCB mounting) 8 off
Panel screw 4BA 1/2 in. (for metalwork) 8 off
Bolt 2BA 1 in. (for speaker) 4 off
Nut 2BA (for speaker) 4 off
Bolt M4 25mm (for swell pedal and pedalboard) 8 off
Nut M4 (for swell pedal and pedalboard) 8 off
Self -tapper No. 4 x 3/8 in. (for swell pedal housing) 6 off
Wood screw No. 10 x 1 in. (for fixing frame to shelf)4 off
P -Clip % in.
Velcromount 4 off
Music stand
Roll top
Roll top guides (pair)

(XY94C)
(XY95D)
(BF1 SR)
(XY96E)
(XY97F)
(XY98G)
(FB98G)

(BF69A)
(BF04E)
(FW31J)
(BF17T)
(BF14Q)
(8F0113)
(EfF16S)
(BF50E)
(BF57M)
(BF65V)

(LR45Y)
(HB21X)
(XGO1B)
(XY99H)
(XGOOA)

Note: The above parts are only required if you are constructing your own cabinet.
The cabinet kit (XY93B) supplied by Maplin Electronic Supplies Ltd. is complete
and no other parts are required if this is used.

is connected through a CMOS
switch into the 8 -foot string and 8 -
foot flute filters. The note on the
original 8 -foot line is mixed with
the other three notes at the input
to the 8 -foot string and 8 -foot flute
filters.

In the manual mode the lower
manual circuits are much the
same as for the upper manual.

The 4 -foot flute filter is built
around ICI la, 8 -foot flute around
IC11b, 16 -foot flute around
IC1 ld, 4 -foot string around 1012
and 8 -foot string around 1013. In
the manual mode the outputs of
the flute filters are connected
through the mixer ICI lc to the
flute VCA, IC15. The 8 -foot string
filter is connected to its VCA
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Figure 37. Metalwork.

IC14b and the 4 -foot string filter is
connected to its VCA, IC14a. In
the automatic mode the 4 -foot
string VCA becomes the counter -
melody VCA and the 8 -foot string
VCA becomes the vamp VCA
when the vamp button is pressed.

In the manual mode all three
VCAs are controlled by the flute
envelope shaper (TR5 and 6 and
associated circuitry) which is it-
self controlled by KPS. If memory
is pressed, the KPS signal is over-
ridden by an earth on the cathode
of D53 which pulls TR5 on per-
manently and the last keys
pressed sound indefinitely. When
the vamp button is pressed, all
three VCAs are controlled from
the vamp envelope shaper TR9
and 10. However, the vamp
only plays when keys are pressed
and the rhythm unit is switched
on.

When KPS is high (all keys
released), both the vamp- and
countermelody envelope shapers
are inhibited to prevent pulses
from the rhythm generator trig -

32

FIXINGS

DRAWBAR
GUIDE

9 WASHERS
PER DRAWBAR

DRAWBAR

Figure 38. Drawbar assembly.

gering them. When KPS goes low
or memory button is pressed, the
bias is removed from D55 and 66
and the pulses from the rhythm
generator are now able to trigger
the envelope shapers.

With the "auto" button
pressed, the flute envelope
shaper is still controlled by KPS as
is the 8 -foot string envelope

shaper. However, the 4 -foot string
VCA is now controlled from the
countermelody envelope shaper,
TR7 and 8. The countermelody is
generated from the four notes of
the chord produced by IC4. These
are switched through to the mix-
ing resistors R69 to 72 by IC7
under control individually of four
outputs from the rhythm unit.

From the mixing resistors, the
countermelody is fed to the 4 -foot
string filter and thence to the 4 -
foot string VCA.

If the auto and vamp buttons
are both pressed, the flutes and 8 -
foot string VCAs come under con-
trol of the vamp envelope shaper
whilst the 4 -foot string remains
under the control of the counter -
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TRANSISTORS
AC1 26
AC125 30
AC126 22
AC127 22
AC128 20
AC128K 37
AC132 26
AC141 26
AC141K 40
AC142 26
AC142K 40
AC176 24
AC176K 40
AC187 25
AC187K 40
AC188 25
AC188K 40
ACY17 50
ACY18 50
ACY19 50
ACY20 50
ACY21 50
ACY22 50
AD130 75
AD140 70
AD142 85
AD143 85
AD149 70
AD161 40
AD162 40
AD161/162

M/P 80
AF114 50
AF115 50
AF116 50
AF117 50
AF118 65
AF124 50
AF125 50
AF126 50
AF127 50
AF139 38
AF239 42
AL102 1.90
AL103 1.80
ASY26 50
ASY28 50
ASY29 50
AU104 1.90
AU110 1.90
AU113 1.90
BC107 10
BC107A 11
BC10713 11

DI
AA 119
AA120
AA129
AAY30
AA213
AAZI 7
BA100
BA102
BA144
BA148
BA154
BAI 55
BA156
BA173
BA248

08
08
09
09
15
15
10
20
09
15
12
14
14
15
16

BC107C
BC108
BC108A
BC108B
BC108C
BC109
8C109A
BC109B
BC109C
BC113
BC114
BC115
BC116
BC116A
BC117
BC118
BC119
BC120
BC125
BC126
BC132
BC134
BC135
BC136
BC137
BC138
BC139
8C140
BC141
BC142
BCI43
BCI 44
BCI45
BC147
BC148
BC149
BC 1 50
BC151
BC152
BC153
BC154
BC157
BCI 58
BC159
BC160
BC161
BC167
BC168
BCI69
BCI 69C
BC170
BC171
BC172
BC173

BB104
BAX13
BAXI6
BY100
BY101
BY105
BYI 14
BYI 24
BY126
BY127
BYI 28
BY130
BY133
BY156
BYI 64

12
10
11
11
12
10
11
11
12
16
17
18
19
20
20
17
28
35
25
30
18
18
18
20
20
28
32
25
28
25
25
40
46
09
09
09
20
22
20
25
19
10
10
10
26
38
11
10
10
11
09
09
09
09

30
07
08
22
22
22
22
22
11
12
16
17
21
08
51

BC174
BC175
BC177
BC178
BC179
BC180
BC181
BC182
BC182L
BC183
BC183L
BC184
BC184L
BC186
BC187
BC207
BC208
BC209
BC212
BC212L
BC213
BC213L
BC214
BC214L
BC225
BC226
BC237
BC238
BC239
BC251
BC251A
BC261
BC300
BC301
BC302
BC303
BC304
BC307
BC327
BC328
BC337
BC338
BC 384
BC440
BC441
BC460
BC461
BC477
BC478
8C479
13C546
BC 547
BC 548
BC 549

The Professional approao
15
35
14
14
14
12
10
10
10
10
10
10
10
15
18
11
11
12
10
10
10
10
10
10
26
36
13
14
15
15
16
18
30
28
29
28
28
13
12
13
13
13
14
30
30
32
32
20
20
20
10
10
10
11

BY176 75
BY206 30
BY210,600 09
BYZ10 45
BY211 45
BYZ12 40
BYZ13 40
BYZ16
BYZ17
BYZI 8
BYZI 9
0A5
0A10
0A47
0A70

41
36
36
36
60
35
06
08

BC550 14
BC556 14
BC557 13
BC558 13
BC559 14
13CY30 80
BCY31 80
BCY32 85
BCY33 80
BCY34 80
BCY70 14
BCY71 15
BCY72 15
BC210 70
BC211 70
BCZ12 70
B0106 50
80115 50
BD116 50
80121 65
80123 65
80124 75
BD131 35
BD132 35
BD131/132

MA' 80
80133 40
B0135 35
80136 35
BD137 35
BD138 36
BD139 38
80140 38
B0139,140

M/P 80
BD155 50
80175 60
BD176 60
80177 68
BD178 68
80179
130180
BD185
80186
90187
80188
BD189
BDI90
BD195
80196
BD197
3D198
30199
3D200

0A79
0A81
0A85
0A90
0A91
0A95
0A182
0A200
0A202
N34A
N60
N914
N916
N4148
S44

75
75
68
68
75
75
78
78
90
90
95
95
99
99

10
10
10
07
07
07
13
08
08
07
06
04
05
04
05

74 SERIES TTL
7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433

CD4000
CD4001
CD4002
CD4006
CD4007
CD4008
CD4009
C04010
CD4011
CD4012
CD4013
CD4014
CD4015
CD4016
CD4017
CD4018
CD4019
CD4020

14
12
12
12
13
13
28
28
20
20
13
20
22
30
50
28
28
14
32
24
28
28
30
28
34
14
28
36

18
19
20
92
22
80
40
48
22
22
45
84
84
42
80
85
45
99

7437
7438
7440
7441
7442
7443
7444
7445
7446
7447
7448
7450
7451
7452
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7482
7483
7484

CD4021
CD4022
CD4023
CD4024
CD4025
CD4026
CD4027
CD4028
CD4029
CD4030
CD4031
CD4034
CD4035
CD4036
CD4037
CD4038
CD4040
CD4041

30
30
15
60
60

1.00
1.00

90
90
65
65
15
15
15
15
15
15
32
28
32
30
44
35
48
95
70
68
95

1.05
95
23
70
20

1.50
48
80

1.00
55

2.00
1.95
1.20
3.30

95
1.15

95
78

7485
7486
7489
7490
7491
7492
7493
7494
7495
7496
74100
74104
74105
74107
74110
74111
74118
74119
74121
74122
74123
74124
74136
74141
74144
74145
74150
74151

CD4042
CD4043
CD4044
CD4045
CD4046
CD4047
CD4048
CD4049
CD4050
CD4052
CD4054
CD4055
C04056
CD4068
CD4069
CD4070
CD4071
CD4072

95
28

1.95
36
75
50
36
75
65
65

1.10
50
50
32
46
60
95

1.20
36
46
60
60
65
60

2.50
80

1.00
65

78
88
88
50
10
95
65
45
45
80
25
25
35
25
25
29
25
25

7415
74154
74155
74156
74157
74160
74161
74162
74163
74164
74165
74166
74167
74174
74175
74176
74177
74180
74181
74182
74184
74190
74191
74192
74193
74194
74195
74196

CD4081
CD4082
CD4085
CD4093
CD4501
CD4502
CD4503
CD4506
C04507
CD4508
CD4510
CD4511
CD4516
CD45I 8
CD4520
CD4528
CD4531
CD4561

65
1.00

70
70
70
90
90
90
90

1.00
1.00
1.00
2.30

90
80
85
85
90

2.30
85

1.35
1.00
1.00

95
1.00

90
90
95

26
26
90
70
28

1.20
70
70
60

2.95
99

1.15
1.10
1.00
1.00
1.10
1.50
1.00

=HUTU/fel fel :RIM
MVR7805-MVR7824 all 59p Ea. LM309K 1.25
MVR7905-MVR7924 all 63p Ea. UA79MGHC 2.50
78L05 -78L24 al128p Ea. LM320 I5v 12, 15v
79L05 -79L24 all 55p Ea. 24v 95p Ea.

BD201 80
BD202 80
60201/202

M/P 1.70
80203 80
BD204 80
80203/204

M/P 1.70
EID205 80
80206 80
BD207 80
BD208 80
BD222 47
80225 47
BD232 85
BD233 65
B0234 55
BD235 55
8D236 58
80237 65
BD238 65
802394 50
8D240A 50
80239A/

240A 1.00
BD240 45
BD241 45
80506
BD508
BDX32
BDYI 1
BDY17
BDY20
BDY55
BDY56
BF115
BF117
BF118
BF119
BF121
BF123
BF125
BF 127
BF 152
8E153
BF154
BF 155
BF 156
8F157
BF 158
BF159
13E160
BF 162
BF 163

38
38

2.20
1.30
1.80

80
1.40
1.60

25
50
75
75
50
60
50
60
25
25
22
35
28
28
28
28
28
24
30

8E164
BF165
BF167
BF173
BF176
BF177
BF178
BF 179
BF180
8F181
BF182
8E183
BF184
BF 185
BF186
BF187
BF188
8E194
BF 195
BF196
BF197
BF 198
BF199
BF 200
BF 222
8E224
BF240
BF241
6E244
BF 257
BF 258
8E259
BF 262
8E263
BF270
BF271
BF273
13E274
8E324
8E336
BF337
8F338
13E371
BF 457
BF 458
BF459
8F594
BF 595
BF 596
8FR39
BFR40
BFR41
BFR50
BFR52

50
50
24
24
36
24
25
30
30
30
30
30
22
22
26
26
32
10
10
12
12
15
16
30
90
20
17
18
28
30
30
35
60
60
36
31
36
38
35
34
34
38
26
37
37
38
30
28
28
24
25
25
25
25

BFR62 24
BFR79 28
BFR80 28
BFW10 55
BFX29 25
BFX30 30
BFX84 24
BFX85 26
BFX86 26
BFX87 26
BFX88 26
BFX90 55
BFY50 20
BFY51 20
BFY52 20
BFY53 20
BF Y90 80
BIP19 38
BIP20 38
BIP 19/20

M/P 80
BRY39 39
BSX19 20
BSX20 20
BSX21 21
BSY95 13
BSY95A 13
BU105 1.60
BU105/

02 1.95
BU204 1.40
BU205 1.40
BU208 1.90
8U208:

02 2.25
GP300 40
MJ480 95
MJ481 1.05
MJ490 95
MJ491 1.15
MJ2955 90
MJE340 50
MJE370 55
MJE371 60
MJE520 45
MJE521 65
MJE2955 90
MJE3055 65
MJE3440 52
MP8113 52
MPF 102 60
MPF104 35
MPF 105 35
MPSA05 20

MPSA06 20
MPSA55 20
MPSA56 20
ND120 18
0C19 85
0C20 1.85
0C22 1.50
0C23 1.50
0C24 1.35
0C25 1.00
0C26 1.00
0C28 90
0C29 95
0C35 90
0C36 90
0C41
0C42
OC 44
0C45
0070
OC 71
OC 72
0074
0075
TC 76
0077
0079
0081
00810
0082
0082D
0083
0084
0C139
OC 140
0C169
0C170
0C171
0C200
0C201
0C202
0C203
0C204
0C205
R20086
R20108
TIC44
TIC45
TIP29
TIP29A
TIP298
TIP29C
TIP30
TIP30A

20
22
24
20
24
15
24
26
30
35
50
40
22
24
24
30
26
38
80
80
80
80
80
46
95

1.20
85
90

1.15
2.50
2.60

29
35
30
55
42
44
38
40

74 LS SERIES TTL
74LS00
74LS01
74LS02
74LS03
74LSO4
74LS05
74LS08
74LS09
74LSI 0
74LS11
74LS12
74LS13
74LS14
74LS15
74LS20
74LS21
74LS22
74LS26
74LS27
74LS28
74LS30
74LS32
74LS33
74LS37
74LS38
74LS40
74LS42
74LS47
74LS48
74LS49
74LS51
74LS54
74LS55
74LS63
74LS73
74LS74
74LS75
74LS76

13
13
15
15
15
22
21
21
20
22
26
34
50
34
18
26
32
38
35
35
18
22
34
28
28
25
55
72
80
90
24
28
28

1.40
30
30
38
42

74LS 78 46
74LS83 68
74LS85 75
74LS86 38
74LS90 38
74LS91 1.10
74LS92 68
74LS93 58
74LS95 95
74LS96 1.10
74LS107 40
74LS109 70
74LS112 38
74LS113 68
74LS114 38
74LS122 68
74LS123 60
74LSI 24 1.60
74LS125 45
74LS126 45
74LS132 60
74LSI 36 50
74LS138 60
74LS139 68
74LS145 1.15
74LS147 2.00
74LS148 1.60
74LS151 70
74LS153 68
74LS155 65
74LS156 80
74LS157 60
74LS158 60
74LS160 85
74LS161 75
74LSI62 1.00
74LS163 90
74LS164 90

74LS165 1.20
74LS166 1.70
74LS168 1.80
74LS169 1.80
74LS170 2.50
74LS173 95
74LS174 95
74LS175 95
74LS181 2.70
74LSI 83 2.80
74LS190 95
74LSI 91 95
74LS192 95
74LS193 95
74LS194 95
74LS195 85
74LS196 1.00
74LS197 85
74LS221 1.00
74LS240 1.60
74LS241 1.60
74LS242 1.60
74LS243 1.60
74LS244 1.50
74LS245 2.20
74LS247 1.20
74LS248 1.20
74LS249 1.20
74LS251 1.20
74LS253 90
74LS257 90
74LS258 1.10
74LS260 85
74LS259 1.50
74LS261 4.00
74LS266 72
74LS273 1.65
74LS275 3.50

74LS279 85
74LS280 2.40
74LS283 85
74LS290 90
74LS293 1.00
74LS295 1.90
74LS298 1.50
74LS299 3.50
74LS323 3.50
74LS324 1.90
74LS325 3.00
74LS326 3.20
74LS327 3.10
74LS348 1.80
74LS352 1.50
74LS353 1.50
74LS365 45
74LS366 55
74LS367 62
74LS368 80
74LS373 1.45
74LS374 1.45
74LS375 1.10
74LS378 1.20
74LS386 75
74LS393 1.10
74LS395 2.00
74LS 398 2.70
74LS399 2.00
74LS390 1.40
74LS670 2.50
COMPUTER

LC.s
2114 L-3 2.40
2708 3.50
2516,
2715-5v 4.90
4116 2.25

LINEAR I.C.'s
CA2708E
CA2800
CA3011
CA3014
CA3018
CA3020
CA3028
CA3035
CA3036
CA3042
CA3043
CA3046
CA3052
CA3054
CA3075
CA3080
CA3081
CA3085
CA3089
CA3090
CA3123E
CA3130E
CA3140E
LF351N
LF353N
LF356N
LM301A
LM304
LM308
LM311
LM317H
LM318H

95
95
98

1.75
65

1.75
80

2.30
1.00
1.60
1.85

70
1.60
1.10
1.50

65
1.50

95
2.00
3.60
1.50

90
48
55
88
90
25

1.60,
75
65

2.50
1.95

LM324N
LM337T
LM339N
LM348N
LM380
LM381
LM382N
LM384
LM386
LM387
LM3915
LM3916
LM 1458
LM3900
LM3909N
LM3914N
LM391 1 N
MC1304
MC1310P
MC1312
MC1350
MC1352
MC1469
MC1496
NE555
NE556
NE565
NE566
NE567
72702
UA703C
UA709C

48
1.35

65
90
85

1.45
1.20
1.45

85
1.10
2.20
2.45

42
58
70

2.20
1.20
1.90
1.45
1.70
1.20
1.40
2.70

90
20
55

1.20
1.50
1.70

46
25
25

72709
709P
UA710C
72710
UA711C
72711
UA723C
72723
UA74 1 C
72741
741P
UA747C
72747
UA748
748P
SN76013N
SN 76023N
SN76110
SN76115AN
SN76660N
TAA550B
TAA621
TAA661B
7841208
1BA540

TBA641A
TBA800
TBA810S
TBA820
TBA9200
TCA270S
ZN414

46
35
40
30
32
32
45
45
24
24
17
60
60
35
35

1.60
1.65
1.50
1.90

90
35

2.00
1.50

70
1.40
2.20

85
95
70

2.50
1.40

90

TIP308 42 2N708 14 2N2904 24 2N3823
TIP30C 44 28711 30 282904A 26 (FET)
TIP31 38 28717 30 282905 24 2N3903
TIP31A 40 28718 25 282905A 26 2N3904
TIP31B 42 28718A 50 2N2906 18 2N3905
TIP31C 44 2N726 29 282906A 20 2N3906
TIP32 38 2N727 29 282907 20 2N4058
TIP32A 40 2N743 20 282907A '22 2N4059
TIP32B 42 2N744 20 2N2923 15 284060
TIP32C 44 28914 20 2N2924 15 2N4061
TIP41A 44 2N918 30 2N2925 15 2N4062
TIP41B 46 2N929 20 282926G 10 2N4220
TIP41C 48 2N930 18 282926Y 09 (FET)
TIP42A 44 2N946 40 2N29260 09 2N4284
TIP4213 46 281131 24 282926R 09 2N4285
TIP42C 48 281132 24 2829268 09 2N4286
TIP2955 60 281302 25 283010 20 2N4287
TIP3055 50 2N1303 28 283011 20 2N4288
TIS43 22 281304 28 2N3053 22 2N4289
TIS90 20 2N1305 28 2N3054 45 2N4290
TtS91 22 2N1306 35 2N3055 42 2N4291
TIS92 22 2N1307 35 2N3402 21 2N4292
UT46 20 281308 40 2N3403 21 2N4293
ZTX107 10 2N1309 40 2N3404 29 2N4860
ZTX108 10 281599 35 283405 42 (FET)

ZTX109 10 2N1613 28 2N3414 16 2N4923
ZTX300 12 281711 30 2N3415 16 2N5135
ZTX301 12 2N1889 45 2N3416 29 285138
ZTX302 16 2N1890 45 2N3417 29 2N5172
ZTX303 16 2N1893 40 2N3614 1.00 2N5194
ZTX 304 20 282147 75 2N3615 1.05 2N5245
ZTX 330 15 282148 70 2N3616 1.05 2N5294
ZTX500 13 282192 38 2N3646 09 2N5296
ZTX501 12 282193 38 2N3702 09 2N5448
ZTX502 16 282194 38 2N3703 09 2N5457
ZTX503 12 282217 25 2N3704 09 (FET)

ZTX504 25 2N2218 25 2N3705 09 285458
ZTX531 25 282218A 28 2N3706 10 (FET)

ZTX550 25 2N2219 28 2N3707 10 2N5459
28388 36 282219A 30 2N3708 09 (FET)

28388A 56 282220 20 283708A 09 2N5551
2N404 20 2N2221 20 2N3709 09 2N6027
2N404A 24 28221A 22 283710 10 (P U T.)

2N524 40 2N2222 20 2N3711 10 2N6121
2N527 50 282222A 20 2N3771 1.40 2N6122
2N598 40 2N2368 18 2N3772 1.60 2N6289
2N599 46 2N2369 14 2N3773 2.20 2S301
2N696 24 282369A 14 283819 25302
2N697 24 282411 25 (FET) 18 2S302A
28698 30 282412 25 283820 25303
2N699 32 2N2646 47 (FET) 45 2S304
28706 10 282711 22 2N3821 25305
28706A 12 282712 22 (FET) 60 2S306
2N707 48 282714 22 2S307

SILICON RECTIFIERS
200mA
S920 50v
S921 100v
S922 150v
S923 200v
S924 300v
1 Amp
N4001 50v 041/2
N4002 100v 05
N4003 200v 06
N4004 400v 06
N4005 600v 07
N4006 800v 07
N4007 1000 08

1 5 Amp
S015 50v 09

06
07
08
09
10

S020 100v
S021 200v
S023 400v
S025 600v
S027 800v
5029 1000v
5031 1200v

Amp
N5400 50v
N5401 100v
N5402 200v
N5403 300v
N5404 400v
N5405 500v
N5406 600v
N5407 800v

10
11
13
14
16
20
25

11
12
14
15
16
17
18
22

60
12
12
12
12
12
14
14
12
12

35
28
28
28
28
28
28
28
28
28
28

60
65
10
10
14
56
40
50
50
12

32

32

35
36

34
70
70
70
50
43
43
56
71
80
80
80

11\15408 1000v

6 Amp
BYX38-300 45
BYX38-600 60
BYX38 30OR 45
BYX38 60013 60
10 Amp
510/50 50v 30
510/100 100v 35
S10/200 200v 40
51 0/400 400v 50
S 1 0/600 600v 60
S10/800 800v 70
S10/100 1000v 85
S10/1200 1200v 95

25

THYRISTORS
1 Amp -
T039 CASE
THY1A /50v
THY1A /100v
THY1A /200Y
THYIA/400v
THY1A /600v
THY1A /800v
BT101/500R
BT102/50OR
BT106 1

BT107
87108
283228

34
38
42
50
65
78
80
80
25
93
98
70

3 Amp - T066
THY3A/50v 35
THY3A /100v 37
THY3A/200v 40
THY3A /400v 50
THY3A /600v 60
THY3A/800v 75
5 Amp - T064
THY5A 50v 36

THY5A/100v 45
THY5A/200v 50
THY5A/400v 57
THY5A /600v 60
THY5A/800v 75
5 Amp - TO66
THY5A /50Y 36
THY5A /100Y
THY5A/200Y
THY5A/400v
THY5A /600v
THY5A /800v
2N3525
BTX30 /SOL
BTX30/400L
81116
C106D
BTY79/400R 95
5 Amp -10220
PLASTIC
THY5A 50vP
THY5A/100vP
THY5A 200vP

45
50
57
60
75
77
40
70

1.50
38

35
45
47

TRIACS & DIACS
2 Amp - T039
TR 12A, 100v 30
TR12A, 200v 42
TR12A 400v 50

10 Amp - T048
TRI110A/100v 55
TRI10A/200v 80
TRI10A 400v 90

4 Amp - T0202

TRI 8A/400v 64

THY5A/400vP 50
THY 5A J600vP 60
TH Y5A .1300vP 70
10 Amp -7048
THY10A/50v 45
THYI OA/ 100v 50
THY10A/200v 55
THY10A/400v 60
THY10A/600v 80
THY104/800v 1.10
16 Amp -1048
THY16A/50v 65
THY16A/100v 80
THY16A/200v 90
THY16A/400v 1.20
THY16A/600v 1.50
THY16A/800v 2.00
30 Amp -1049
THY30A/ 50v 1.30
THY30A /100v 1.50
THY30A 200v 2.95
THY30A/400v 4.00
THY30.4;600v 4.20

6 Amp -10220
TR14A /400v 48 TR16A,100v 45

TR16A,200Y 52
8 Amp - T0220 TR16A."400v 60

12 Amp -10220
78112A/400v 70

10 Amp -10220 DIACS
PLASTIC 88100
TRI10A 400P 85 D32

20
20

ZENER DIODES
400W 1 3V 39V
1 3W 1 3V 100y
101A/1 3V 100V

all at 8p
all at 15p
all at 35p

BRIDGE RECTIFIERS
1 Amp RMS
BR 1 50v 20
BR1/1FY:, 22
BR1 /200v 25
BR1 /400v 29

2 Amp RMS
BR2 50v
BR2/100v
882 /200v
BR2 /400v
BR2/1000v

35
40
44
50
65

6 Amp RMS
886,50v
BR6/100v
BR6/200v
886/400v

75
80
88
95
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- new extended 1981 range
AL30A
AUDIO
AMPLIFIER
MODULES

£ 4.16

S450
STEREO
FM TUNER
Fitted with
phase lock -loop

f25.56

1 OW
R.M.S.

AL60
AUDIO
AMPLIFIER
MODULE
25 Watts R MS

£5.15

Stereo 30
COMPLETE
AUDIO
CHASSIS

£21.09 7 + 7w R.M.S.

STABILISEDSPM120 POWER SUPPLIES
SPM120/45
SMP120/55
SMP120/65

£6.38

GE100 Mk2.
10 CHANNEL MONOGRAPHIC
EQUALISER

£23.00

AL80
AUDIO
AMPLIFIER
MODULE

£8.07

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

35w

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

f17.65

PA200
STEREO
PRE -AMPLIFIER

f18.24

STA5. 5 watts per channel Stereo Amplifier. K t consist-
ing of: 2xAL20 amplifiers, 1xPA 12 pre-amplifie ,1xPS12
power supply, 1 x2036 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, 1 x2034 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, lxreservoir 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,
1x2041 transformer, 2xcoupling capacitors 1000mfd 63v,
1xSPM 120/65, 1xreservoir 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.

KIT
f20 + VAT

PS12 POWER SUPPLY MODULE
Power supply for AL20A- 30A.
PA12, 5450 etc.

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

£1.65

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 £7.60
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. £1.60

ACCESSORIES
139. Teak Cabinet. Suit: Stereo 30, 320x235x
81 mm. £7.00
140. Teak Cabinet. Suit: STA15, 425x290x
95mm. £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). £19.95

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

IN
Access and Barclaycards accepted - lust 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.

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 2BA 1/2" Bolt 0.30
844 2BA 1/4" Bolt 0.32
845 4BA 1" Bolt 0.28
846 4BA 1/2" Bolt 0.20
847 48A '4" Bolt 0.18
848 6BA 1" Bolt 0.24
849 6BA 1/2" Bolt 0.18
850 6BA '4" Bolt 0.20
851 OBA Solder Tags 0.20
852 28A 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 08A Washer 0.12
860 28A Washer 0.09
861 48A Washer 0.09
862 68A Washer 0.09
FUSE HOLDERS
506 20mm Chassis Fuse

Holder 0.14
507 11/4" Chassis Fuse

Holder 0.14
508 11/4" Car in line Fuse

Holder 0.12
509 20mm Panel Fuse

Holder 0.26
510 1'/," Panel 1-i.se

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
616 1 5 Amp 0.07
617 2.0 Amp 0.06
618 2 5 Amp 0.06
619 3 0 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 5.0 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

IN-PAK
SEMICONDUCTORS
Dept. EMM 7 P.O. BOX 6, WARE, HERTS.
Tel: Ware (STD 0920) 3442. Telex: 817861.
Giro No. 3887006.
Visit our shop at: 3, Baldock St, Ware, Herts.

STOP! PRESS!
CB ACCESSORIES

105 Adjustable Aerial Gutter Mount £3.00
106 CB Mobile Antenna

1340 Mobile or CB Mike 600 ohms
1341 Mobile or CB Mike 250 ohms £6.00
1715 PL 259 Plug £0.40
1716 50239 Socket 4 hole fixing £0.38
1717 50239 Socket single hole fixing £0.40
1718 PL258 Double Ended Female Coupler
1719 NC555 Reducer for PL259 (Small) £0.16
1720 NC556 Reducer for PL259 (Large)
1721 M359 Right Angle Coupler PL259 50239
1722 M358 T Connector Female -Male -Female £0.85
1 723 NC563 lnline Coupler PL259 x 2
1724 BNC15 50 ohm standard plug £0.64
1 725 BNC1502 Chassis mounting socket £0.75
1726 BNC1503 Chassis mounting socket single

hole fixing
1727 BNC1520 BNC male to S0239 female £0.851728 BNC1521 BNC female to PL259 male £0.85
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Figure 40. Circuit diagram of the rhythm unit.

melody envelope shaper.
The vamp envelope shaper is

triggered by positive -going pulses
from the rhythm unit. These
pulses turn TR9 on and C41
charges through R169. Whilst
C41 is charging, TRIO is turned
on. When the input pulse is not
present, TR9 turns off, C41 dis-
charges through D62 and then
TRIO turns off. Thus we now have
a pulse at the junction of D63 and
64 of the length we require and at
the required level. C42 now deter-
mines the attack and decay of the
envelope in the same way as the
other envelope shapers we have
described previously.

The rhythm unit has four of its

outputs connected via R80 to 83
to TR11 to 14 which act as level
shifters and inverters. When a
negative -going pulse occurs on
one or more of these lines, the
transistor turns on and drives the
appropriate CMOS switch in IC7
which connects one or more of
the notes of the automatic chord
through to the countermelody
VCA.

At the same time, any pulse is
also fed through D15 to 18 and
D74 to trigger the envelope
shaper. The resultant positive -
going pulse turns TR7 on during
the charge time of C38 and the
collector of TR7 going low turns
on TR8 which charges C39. When

the pulse goes off, C39 dis-
charges via R162 which sets the
discharge time. This envelope
shaper is a high speed version of
the others in the organ, designed
to respond to rapid input control
signals, retriggering each time.

As the rhythm generator can
be used in manual mode, the
countermelody must be inhibited
when auto is not selected and this
is achieved by preventing the
cathodes of D15 to 18 from going
high which stops the CMOS
switches in IC7 from turning on.
The 'auto/manual' switch S24
when in auto mode presents a -6V
level to the junction of R91, 139.
In the manual mode, this -6V is

not present and R139 pulls the
junction of R91, 139 to +6V which
turns on the CMOS switches in
IC8 and 10a, b and c. This also
turns on TR4, via R91 which turns
off IC10d and this turns the auto-
matic chord lines off. The collec-
tor TR4 being low provides the
-6V that allows D88 to conduct
and turn off the countermelody
also.

Rhythm Unit
Circuits

The circuit diagram of the
rhythm unit is shown in Figure 40.
All the rhythms consist of two
bars of up to 32 counts total and
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resets latches
IC19&20. Fires
downbeat lam

if EPROM at 0000
IC27/5

C58/R217

IC27/4 &1

set by tempo

7 enable gates
IC21&22

change ROM
address 1c24/8

clocks data
into latches
1C19& 20

IC27/12

C44/R216

advance
counter
IC25

1 step

L

enable gates
IC18

Figure 41. Rhythm unit timing chart.

Rear view of cabinet with parts installed.

at each count, any of the 16
outputs can be enabled. Four of
these outputs provide a continu-
ous level until changed (counter -
melody), whilst the remainder
simply provide a pulse at the
appropriate time. The informa-
tion is stored in a pre-programmed
16K EPROM. As the EPROM has
only 8 output lines, for each count
the EPROM is addressed twice.

IC29 is a dual monostable that
provides the clock pulses from
which the rhythm generator is
timed. The timing consists of a
fixed duration high period set by
C53 and R230 and a variable
duration low period set by C53
and R232 and the tempo control

RV51. The output is from pin 7.
IC27 provides high impedance
points to allow the timing circuit
to function correctly.

Referring to Figure 41, positive
transitions of the clock pulse first
enable all the gates in IC21 and
22 during the charge time of C58,
thus transferring the information
standing on the outputs of the
EPROM to the outputs of the
gates. Second, they reset the four
countermelody latches IC19 and
20 and third, enable IC26b which
we shall describe later.

The leading edges are also in-
verted by IC27c, a Schmitt trig-
ger, and delayed by R224 and
C47 to allow time for the above

operations to take place. After the
delay, IC27b further inverts the
signal and the positive levels are
applied to IC24 pin 8. This is the
least significant address line of
the EPROM and allows the second
set of 8 bits to be made available
at the outputs of the EPROM.

By this time all the gates in
IC21 and 22 have been disabled
and the positive -going transition
at IC27b output has been in-
verted by IC27a. The signal is now
delayed by R225 and C49 and
inverted again by IC27f. This
positive -going transition enables
all the gates in IC18 during the
charge time of C44 and clocks the
four latches in IC19 and 20. This
is also connected to the input of
IC25, a 7 -stage ripple counter.

The positive -going pulse at the
output of IC27f is delayed by
R226 and C50 and inverted by
IC27d. It is turned into a pulse by
R227 and C48 and applied to
IC23 pin 8. When the clock goes
negative, the least significant ad-
dress line of the EPROM returns
low and this negative transition
steps IC25 which moves the
EPROM to its next address ready
for the next positive -going clock
pulse.

IC25 addresses the five next
least significant address lines for
each of the 32 possible counts.
The four next address lines are
directly coded from the rhythm
selection switches via the diode
matrix D19 to 46. These lines are
normally held low by R186 to 189,
but go high via the diodes when
selected. S16 switches the most
significant address line to select
the second set of 15 rhythms.

Two methods are needed to
reset the counter to count one
(count one is the downbeat of the
first bar, bearing in mind that
there are two bars in each rhy-
thm) so that a rhythm can be any
length to generate unusual time
signatures such as 5/4 time. A
reset always occurs if the counter
reaches maximum and for
rhythms requiring fewer steps a
non -valid output option (short
and long cymbals together) is
coded. This corresponds to pins
16 and 17 of the EPROM being
high simultaneously.

Thus the output of IC23a goes
low, is inverted by IC23d and
applied to IC23c, the other input
of which is only high for a short
period after the counter has re-
turned the least significant ad-
dress low and moved the counter
to the next EPROM address. So, if
a reset is required after count 24,
for example, the non -valid output
option must be coded in count 25.
This all happens very quickly,
whilst the delay set by the tempo
control occurs and ensures that
the next beat is the downbeat.

If the output of IC23c goes low
or pin 4 of IC25 goes high, thus
indicating the end of 32 counts,
then after an inversion by IC26d,
the output of IC23b goes high and
resets IC25 via D106 and IC28d is
enabled.

When S22, the rhythm start/
stop switch is pressed, S22B
connects a low level via S23C
normal, to the cathode of D110
which pulls the junction of R236
and C54 low. The pulse produced
by C54 charging pulls pins 5 and
8 of IC28 low, resetting the clock
and causing the start/stop latch
IC28a and b to change over giving
a high on pin 4. This removes the
-6V that has been inhibiting the
output gates and latches via D102
and 104 and allows the rhythms
to sound. It also resets the coun-
ter IC25, so that rhythms always
start on the downbeat of the first
bar.

If S22 is released and S23, the
auto start/stop switch is pressed,
the -6V is removed from IC28
pins 5 and 8 as before. This allows
the clock to run, but as pin 6 of
IC28 is held high by KPS from IC4,
the start/stop latch remains at
stop. When a key on the lower
manual is pressed, KPS goes low
and the start/stop latch changes
over. The pulse produced by C54
in this case, ensures that the
clock starts in the right phase.

When the keys are released,
KPS goes high which allows the
high from R236 via D110 to turn
the start/stop latch off. This en-
sures that the rhythm starts on
the downbeat of the first bar when
a key is pressed, stops when
released, yet allows the tempo
and downbeat lamps to flash even
when the rhythm is not sounding,
so that the tempo may be set prior
to playing.

If S22 and S23 are both
pressed, the rhythm starts when
you press a key, but does not stop
when the keys are released until a
pulse via C55 from IC28d pulses
IC28 pin 1 low and sets the
start/stop latch to stop. This
occurs at the end of the second
bar as previously described.

The downbeat and tempo
LEDs are controlled by the output
from the counter IC25. The down-
beat LED always flashes on the
first count. The second flash
occurs halfway through the count
(except for 5/4 time) which can
be either 24 or 32 counts. For
unusual time signatures the
second flash does not occur in the
right place but we considered this
was relatively unimportant com-
pared with the facility of being
able to generate unusual time
signatures. The second flash
therefore occurs at count 13 or
count 17. This is selected by the
strapping behind the first six
rhythm switches S1 to 6. The unit
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LOWER MANUAL PARTS LIST

Resistors - all 5%1/3W carbon unless specified
R8,52,54,57,59,62,

65,67,76-79,87,88,
98,107,114,119,
124,125,134,135,

149, 151,164,168,
171,179,185,190,
202,283

R39-43,203
R44-51,60,139,148,

152,153,196,602
R53,55,56,58,61,

63,64,66,80-86,
89-91,93,121.123,
128.131,156,159,
167,174,182,183,

10k
5k6

1k

32 off
6off

15 off

(M10K)
(M5K6)

(M1K)

193,194,199,200 100k 36off (M100K)
R69-72,94,96,97,

100,101,103,105,
106,108,110,112,
113,162,165,214 47k 19off (M47K)

R73.75,92 2k2 4off (M2K2)
R95,99 68k 2off (M68K)
R102,115 56k 2off (M56K)
R104,109,111,127,

137,138,173 33k Toff (M33K)
R116-118,160,560,

598 22k 6off (M22K)
R120,213 390k 2off (M390K)
R133,136 220k 2off (M220K)
R140,169 27k 2off (M27K)
R150,180,191 470R 3off (M470R)
RI54,161,172,176,

201 100R 5off (M100R)
R157,166,175 1M 3off (M1M)
R170 470k (M470K)
R181,192,197,198 150R 4off (M150R)
RV3-7 Drawbar white, 22k tin 5 off (BR42V)
RV8 Drawbar blue, 22k 1in (BR98G)
RV14-16 Hor S -min preset 100k 3off (WR61R)

Capacitors
C15 15nF polyester (BX71N)
C16,22,23 33nF polyester 3off (BX73Q)
C17,18,24,29 lOnF polyester 4off (BX70M)
C19 1n5 polycarbonate (WW23A)
C20,32,34,39 2u2 63V axial, elect. 4off (FB15R)
C21 22nF polyester (BX72P)
C25 2n2 polycarbonate (WW24B)
C26 180nF polycarbonate (WW44X)
C27 47nF polyester (BX74R)
C28 68nF polyester (BX75S)
C30 1nF polycarbonate (WW22Y)
C31 39nF polycarbonate (WW36P)
C33 680pF ceramic (WX66W)
C35 2n2 polystyrene (BX3OH)
C36 22uF 10V axial, elect. (FB29G)
C37,40,43 100nF polyester 3off (BX76H)
C38 100nF polycarbonate (WW41U)
C41 390nF polycarbonate (WW48C)
C42 10uF 25V axial, elect. (FB22Y)
C204 6u8 40V axial, elect. (FB2OW)
C219,220 100nF disc, ceramic 2off (BX03D)
C232-236 220pF ceramic 5off (WX60Q)

Semiconductors
015.18,47-55,59,60,

62-64,66-68,72-74.
78,83,84,88 1N4148 28 off (Q1.808)

TR4,6,7,9,11-14 BC548 8 off (QB73Q)
TR5,8,10 BC2121. 3off (QB60Q)
IC4 M108 (YY90X)
IC5,6,11 3403 3off (QH51F)
IC7,8,10 4016BE 3off (QX08J)
IC9,12,13 uA741C 3off (QL22Y)
IC14,15 LM13600 2off (YH64U)

Miscellaneous
Li Choke, 500mH 40R (HX24B)
S25,26 Latchswitch, 2 -pole 2off (FH67X)
PL2 Minicon latch plug, 3 -way (BX96E)
PL3 Minicon plug, 17 -way (BH64U)
SK2 Minicon latch housing, 3 -way (BX97F)
SK3/SKB Jumper cable, 17 -way (BX98G)

Minicon terminal 3 off (YW25C)
DIL socket, 40 -pin (HQ38R)
Veropin 2141 2off (FL21X)

RHYTHM UNIT PARTS LIST
Resistors - all 5%1/3W carbon unless specified
R37,210,240 4k7 3off (M4K7)
R155,216,218,221,
235,237 100k 6off (M100K)
R163,228 330R 2off (M330R)
R186-189,207-209,

212,220,222,223,
229,231,233,234,
236 10k 16off (M10K)

R204-206 220k 3off (M220K)
R217 22k (M22K)
R219,239 1M 2off (M1M)
R224-227 15k 4off (M15K)
R230 33k (M33K)
R232 150K (M150K)
RV51 Pot lin 470k (FWO7H)

Capacitors
C44,45.47-50,54,

55,57,58 100nF polycarbonate lOoff (WW41U)
C46 330n F polycarbonate (WW47B)
C51 220nF polycarbonate (WW45Y)
C52 820nF polycarbonate (WW52G)
C53 680nF polycarbonate (WW51F)
C206 470uF 6.3V axial, elect. (FB70M)
C207 100nF disc, ceramic (BX03D)

Semiconductors
D19.46,56-58,61,

69-71,95.98,
100-112 1N4148 52 off (QL80B)

D87 1N4001 (QL73Q)
D150 LED Red (WL27E)
D151 LED Green (WL28F)
TR15-17,19 BC548 4off (QB73Q)
TR18 BC212L (QB60Q)
IC18,21,22 4081BE 3off (QW48C)
IC19,20 4013BE 2off (QX07H)
IC23,26,28 40116E 3off (QX05F)
IC24 2716/M2 (QY15R)
1C25 4024BE (QX13P)
IC27 40106BE (QW64U)
IC29 4098BE (QX29G)

Miscellaneous
S1-16 Latchswitch, 2 -pole 16off (FH67X)
S22,23 Latchswitch, 4 -pole 2off (FH68Y)
PL4 Minicon latch plug, 3 -way (BX96E)
SK4 Minicon latch housing, 3 -way (8X97F)

Minicon terminal 3off (YW25C)
LED clip, clear 2off (YH54J)
OIL socket, 24 -pin (BL2OW)
Veropin 2141 6off (FL21X)
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is set for 32 counts if no con-
nection is made and for 24 counts
if a connection is made.

The count is decoded by D95
to 98 for the 32 count rhythms
and D56 and 71 for the 24 count
rhythms. The seventeenth count
is pins 6, 9, 11 and 12 of IC25
going low together, which allows
the input of IC26a to go low via
R221. Pin 3 of IC26 now goes
high, thus pulsing the input of
IC26b high. If this corresponds
with a high on pin 6 of IC26, pin 4
goes low thus removing the high
from the input of IC26c which
produces a high that turns on
TR19 via R240 and this turns on
D150 via R228. The length of this
flash is determined by the charge
time of C51 and R239.

The thirteenth count is pins 6
and 9 of IC25 going high simul-
taneously which means that the
cathodes of D56 and 71 are
allowed to go high via R37 and the
24 -count strap. This positive -go-
ing transition is connected via
D69 to C46 as in the previous
case. In this case, however, the
discharge time for C46 exceeds
the maximum length of time pos-
sible between counts 13 and 17
and thus the flash that would have
occurred at count 17 is inhibited.

The tempo LED, D151, is trig-
gered by pins 11 and 12 of IC25
going low together, thus allowing
the cathodes of D27 and 28 to be

pulled low via R210, thus turning
on TR18 which causes the green
LED to flash via R163.

The four latches in IC19 and
20 hold the countermelody infor-
mation for each count of the
rhythm. IC18c provides the vamp
output to the vamp envelope
shaper and IC18a, b and d pro-
vides the outputs to control the
bass codes of the M108. TR15 to
17 act as inverters and level
shifters. The M108 recognises
this negative logic 3 -bit code and
internally latches it and produces
a bass note and bass envelope
trigger pulse TDB. The automatic
bass output from IC4 pin 7 is
amplified by IC6a and fed to IC2
pin 11 (see Figure 34).

Since all the CMOS in the
rhythm unit is designed to run at
+5V relative to -6V it is necessary
to generate a -1V rail (which
effectively becomes +5V). This is
achieved by feeding the OV
through D87 which drops about
1V. This rail is smoothed by C206
and 207.

In the final part, next month,
we shall describe the rhythm
generator voicing, the audio mix-
ing stages, the wah, rotor sound,
reverb and power amp circuits to
conclude the circuit descriptions.
We shall also list any amend-
ments and errors that have occur-
red in the series and give some
playing instructions. E&MM

SPECIAL PARTS FOR PROJECTS
IN THIS MAGAZINE

The following items 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:-

BX96E Minicon latched plug 3 -way 20p
BX97F Minicon latched housing 3 -way 9p
BX98G Jumper cable 17 -way f2.95
BX99H Synwave front panel f1.10
FB98G Rubber coupling 60p
GA35Q Synwave PCB 95p
QY15R 2716/M2 f10.50
XGOOA Roll-top guides (pair) f2.50
XGO1B Music stand f4.00
XH53H Matinee component identification

schedule 40p
XY86T Matinee main PCB f50.00*
XY91Y Matinee organ kit f299.95M
XY93B Matinee cabinet kit f99.50t
XY94C Matinee front panel f17.95*
XY95D Matinee metalwork mounting kit f8.50*
XY96E End cheeks (set of 4) f6.75
XY97F Keyboard separator f1.80*
XY98G Swell pedal housing and trim f3.75
XY99H Roll-top f19.50*

*These items are too large to be sent through the ordinary inland mail and they will
therefore be despatched by carrier. Please add £6 towards the cost of carriage to any
order containing one or more of these items.
f Carriage is charged extra on this item; please add £20 to your order.
Carriage is charged extra on this item; please add £15 to your order.

Send orders to:
Maplin Electronic Supplies Ltd.,
P.O. Box 3, Rayleigh, Essex. mapun

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

BOSS
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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CIRCUIT ItiNKtit
Readers contributions can be an original feature or constructional article describing aid the circuitmaker. All ideas and circuits presented for publication should have been
electronic or electro-musical equipment which is ideally a complete building block that will proved before submission and should include a circuit diagram and explanatory text.

Logic Power -Up
Resets

It is often necessary to ensure that
a logic circuit powers up in some
predetermined state, and simple cir-
cuits can be added to achieve this.
Indeed, on many occasions the reset
circuit can be designed around spare
gates in the main circuit.

The most simple circuit holds any
reset lines high for a period after
power is applied, after which the
resets are taken low (a). The circuit is
based around a Schmitt trigger, which
generates a clean switching signal
from a slowly rising, or noisy, input
signal. In this case a slowly rising
voltage is obtained from an RC net-
work, connected directly to the gate
inputs and the supply rail. As power is
applied the voltage on the capacitor
starts to rise until the threshold of the
trigger is reached, at which point the
gate output goes low. This inversion is
simply due to the fact that most logic
Schmitt triggers are derivations of the
traditional gates, in this case an
inverter.

This circuit may be improved with
the addition of a diode as shown.
Without the diode the capacitor may
not discharge during a short power

+VE

+VE

IMO

POWER
ON

Ial

' E&MM

Ibl

+VE

OUT

330k
OUT

IN

supply break, and thus a reset would
not be generated. The diode allows
the capacitor to discharge to the
power rail as it collapses, and thus a
reset will always be generated if the
power drops long or low enough to
corrupt the logic states.

A reset of the opposite sense (from
low to high as for TTL) can be obtained
by transposing the resistor and capa-
citor (b). In this case however the
diode is essential, preventing the
destruction of the gate at power down,
since without the diode the gate input
would be taken to -5 volts due to
charge stored on the capacitor. The

OUT
0
0

OUT

ALL DIODES 1N 4148 / CAPACITORS 100n

diode also provides response to
momentary power collapses.

Some reset circumstances, parti-
cularly with shift registers, require
that a proper high -low -high clock
sequence is generated, perhaps to
strobe a load input. This can be
obtained by combining the two above
reset circuits (c). In this case the type
(a) RC network should have the lower
time constant. At power up, one gate
input is high, the other low. The NAND
output is thus high. Both capacitors
start to charge, but the integrator
(type (a)) reaches the threshold of its
input first, thus both inputs are high,

and the output drops. As the other
network charges, the other input to
the gate falls, and hence the output
returns to the high state where it
remains.

If a proper Schmitt trigger is un-
available (often no other use will be
found for the rest of the Schmitt gates
in a package), a discrete trigger can
be made from any two inverting gates,
including NAND, NOR or simple in-
verters. These should be connected in
series, with a positive feedback re-
sistor connected as (d). This resistor
provides a current flow to help 'snap'
the trigger over quickly once it starts
to change state referred to as hystere-
sis action. These form of triggers do
have advantages over their single gate
counterparts. Firstly, both polarities
of reset are available without need for
further inverters, and secondly, the
degree of positive feedback, and
hence the threshold voltage, can be
chosen simply by altering the feed-
back resistor.

In the circuits shown the values
are chosen for CMOS logic, making
use of the high gate input im-
pedances. The circuits may be used
for TTL, but it is necessary to reduce
the values of all the resistors 1k and
increase the capacitors accordingly.

Syntom Trigger Input
The Syntom drum synthesiser,

described in the April '81 issue of
E&MM, is a very versatile instrument
capable of producing a wide range of
useful effects. In its original form,
however, the unit can only be trig-
gered by way of the internal micro-
phone, no trigger input for use with a
synthesiser being provided.

Fortunately, it is quite easy to add a
trigger input to the Syntom, and a
simple method for doing this is given
here. The trigger signal must be a
positive pulse between 3 and 15 volts
in amplitude, and have a duration of a
few milliseconds or more.

Figure 1 shows the small addi-
tional circuit required to provide the
trigger input. TR2 has its col lector and
emitter terminals connected across
the input of the main Syntom circuit
and effectively feeds a small, negative
pulse to this input if it is switched on
briefly. Due to the high gain of the
amplifier at the input of the Syntom,
this small input pulse is sufficient to
send the output of IC1 fully positive,
and thus activate the envelope shaper
and other circuits (see Figure 1 of the
original article).

TR2 will in fact be switched on if a
positive input pulse of adequate am-
plitude is applied to JK2. C5 ensures
that TR2 is only pulsed on briefly
regardless how long the input pulse
may happen to be. R30 is a current

limiting resistor which protects the
base -emitter junction of TR2.

Construction
As there is very little excess space

inside the Syntom unit, it is strongly
recommended that the method of
construction described here is fol-
lowed precisely or it may be found
that the additional components can-
not be accommodated inside the
unit.

Start by mounting the input jack
on the rear panel in the position
shown in Figure 2. Note that with the
addition of this socket there is not
enough space for the battery to fit
horizontally across the rear of the unit
so it must be fitted vertically into the
case, as close to the microphone as
possible.

The other components are
mounted on a small piece of 0.1in.
matrix Veroboard which measures 5
strips by 7 holes. The component
layout is shown in Figure 3. There are
no breaks in any of the copper strips
and the leadout wires of TR2 should
be trimmed quite short so that the
component panel is as compact as
possible.

A Veropin or a short piece of thick,
non -insulated wire is soldered to the
board at the point where it must
connect to JK1. When this pin or wire
is soldered to the appropriate tag of
JK1, it should be found that the board
is held firmly in place. Be careful to

JK2
Trigger
Input

Figure 1

CS R30
lOnF

O
22k

E&MM

position the board where it will not
come into contact with the jack plug
when inserted into JK1.

The other two leads from the com-
ponent panel are then wired in place;
these can conveniently connect to the
Syntom printed circuit board at the
two pins which connect to XI but be
careful to connect the leads the right
way round. After connecting the
earthing lead from JK1 to JK2, as
shown in Figure 3, the unit is readyfor
testing and use.

IC1
Pin 2

Ve

Figure 3

E&MM

IC1
pin 2

010

30

'E&MM

JK2 JK1

t$'

All dimensions in millimetres

Figure 2
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0
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Audio Cassette auto -cue
Ray James, Hayes, Middlesex

One of the main disadvantages of
music on cassette instead of record is
the difficulty encountered when try-
ing to find a particular track. It would
therefore be useful to be able to select
a required track and then wind/re-
wind to it, the tape stopping auto-
matically at the required position.

One method of doing this is to code
information onto the tape between
tracks and detect these codes during
winding. This involves complicated
modifications to the cassette mech-
anism and is impractical for the home
constructor.

Another method, which forms the
basis of this design, is to use the tape
counter on the cassette deck as a
reference and index all the tracks on
the tape. A required track can then be
found by setting the counter value of
that track on a set of switches and
comparing this value with the tape
counter during a fast wind, stopping
the wind when the numbers are equal.

12

13

IC1

741_590

-6

The circuit design here was intended
as an add-on for the JVC/Tandberg
cassette mechanism although it
could be employed with any mech-
anism provided that a stop solenoid is
available. Furthermore, the provision
of an electronic counter and display to
replace the mechanical counter
means that construction becomes
much easier because a sloping win-
dow for the original counter is not
required; indeed a very attractive unit
could be made by locating the coun-
ter in the meter area.

The circuit (shown below) works
by counting the pulses derived from
the reed switch on the mechanism.
The number of pulses is divided
by 6 using IC2 and fed to a three -
digit bcd counter (IC3,4,5). The out-
put from this counter is compared
with the settings on a bcd switch
when they are equal, the a=b output of
the comparator goes high and ener-
gises the stop solenoid by means of

+5V

1k0

IC 2
74LS00

9 1 3

14

8 2

Input f om
reed switch on
counter wheel.

a
5

S1

9

10

15

Reset

Pin no.

Power supplies + 5V ground

IC1 5 10
IC2 14 7

IC3.4.5.6,7,8, 16 8
9,10,11.

C1 -10. 10 nF decoupling on
all supply lines.

Si, Push to make
S2. SPST
S3.S4. Supplied with deck

10

15

9

10

15

+5V --fp

14 5
T

the Darlington transistor. A three digit
display is connected to the counter:
this consists of three 74LS47 decoder
drivers and three common anode
displays.

The direction of the counter is
determined by the logic level on the
up/down line, which in turn depends
on the operational key pressed. Ob-
viously an up count is required for
play and fast wind, this corresponds
to a logic low and is achieved by
connecting two reed switches in para-
llel, one on each key. In addition, the
automatic function is disabled simply
by switching off the drive to the stop
solenoid if required.

The accuracy of the system is ade-
quate to cue most album tracks, an
error of 0.4 inch of tape being typical,
this equates to a mere 250ms.
Operation

The tape should be rewound and
the counter reset by pressing the
reset switch which zeros the counter.

Reed switches on
play and fast wind.

S3

S4

0

IC3 6

74LS190
2

Counter
3

11

15
14 13 5

IC4 6 13

74LS190 2 12
Counter

3 10

14

14 13 5
9

IC5 6
74LS190
Counter 2

3
5

11
13

12

10

BCD 4
14

switch 2
11

9

5BCD 4

switch
13

12

10

BCD
4 14

2 11switch
9

12x
1k

S2_c)
auto/normal

106

74LS85

Comparator

IC7

74LS85

Comparator

IC8

74LS85

Comparator

1k0

47nF

The tape is wound onto any required
points and the counter reading noted
for future use. When this is done any
number may be set on the bcd
switches and wind or rewind pressed
accordingly. Naturally if the direction
chosen is wrong the tape will wind to
the end without automatically stop-
ping.
NOTE: Some readers may not be fami-
liar with the 'bus' type of drawing used
in the diagram. Diagrams for logic
circuits such as this generally have
large numbers of wires all following
the same path, and to simplify the
drawing they are all drawn as a single
line, with an accompanying label to
state how many wires are in the line. It
is convention to mark all pins with the
wire name or number at both ends,
though in many circumstances the
bus structure is quite clear in itself.
For example in the diagram IC4 pin 2
is indicated as going to IC7 pin 12 by
virtue of their relative positions.

2
IC 9

74LS47

Decoder
driver

+5V

Solenoid

To normal stop

TR 1
MJ 3001

(Darlington)

All 330R

_112 1_13
11 10--f
'10 8

LED
Display

Common
anode

+5V

2

1

7

3

IC10

74LS47

Decoder
driver

2 IC11

74LS47

Decoder
driver

10

LED
Display

Common
anode
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Display

Common
anode
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EXPANDABLEPOLYPHONICSYNTHESISER
COMPLETE

KIT

ONLY

£320.0o,
VAT!

(single
voice)

Plug in extra
Voices - Kit price f52 + VAT

(f48 - + VAT if ordered
with I

Cabinet
size

31.1"
x 19.6"

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

ofsounds
is matched

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

issupplied
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
andwoodwork

ofwhich
is designed

for
side by

sidematching
with the

Kit also
available

as separate
packs

Pack
POLY

15

POLY
16

POLY
17

POLY
18

POLY
19

POLY
20

POLY
21

POLY
22

POLY
23

POLY
24

POLY
25

Tot al cost

Price

Pots,
switches,

diodes,
Cs for

VOICE
PCB

£4.80

PCB
for plug

in voice

£8.20

Rs, Cs, presets,
connectors

for one
voice

£16.30

IC's,
IC skts,

diodes
for one voice

£27.50

Transformer

0-120-240,

17-0-17,
0-7.7

£6.30

Pitch
bend

control

£3.90

Misc
parts

e.g. jack
sockets,

knobs,

mains
switch

etc.

£13.00

Ribbon
cable,

ribbon
cable

connectors,

mains
cable

£8.45

Fully
finished

metalwork
and fixing

parts
£25.60

Solid
teak

cabinet

£25.80

Construction

manual

£1.50

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 August
31 1981

if this
month's

advertisement

in Electronics

& Music
Maker

is quoted
with

your
order.

Errors

and VAT
rate

changes
excluded.

EXPORT
ORDERS:

No VAT.
Postage

charged
atactual

cost
plus£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.

OUR
CATALOGUE

IS FREE!
WRITE

OR PHONE
NOW!

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

(for plug-in
voices)

£18.90

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.

£11.80

POLY
14 PCB

for VOICE
controls

£6.80

main
instrument.

Each
voice

is a complete
synthesiser

in itself
with 2 VC0s,

2

ADSRS,
aVCA

and aVCF
(requiring

onlycontrol
voltages

and a power
supply,

the

voice
boards

are also
suitable

for modular
systems).

One
of these

voices
is

automatically

allocated
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.

Allcontrols
are

PCB
mounted

and the voice
boards

fitwith PCB
mounted

plugs
andsockets.

The

kit includes
fully finished

metalwork,

solid
teak

cabinet,
professional

quality

components

(resistors
2%,

metal
oxide

or metal
film of0.5%

and
0.1%),

nuts,

bolts,
etc. Price

Pairof 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

ICs and details
of all

packs
in our

FREE

CATALOGUE

ALL
PRICES

VAT
EXCLUSIVE

Quote
E&MM

on all enquiries

SECURICOR

DELIVERY:

For this optional
service

(U.K.
mainland

only)
add

£2.50
(VAT

inclusive)
per kit.

SALES
COUNTER:

If you
prefer

to collect
your

kit from
the factory

call at Sales

Counter
Open

9 a.m.
- 12 noon,

1-4.30
p.m.

Monday
-Thursday.

MANY
MORE

KITS
ON PAGES

2 & 3

IIIINIERTR
AN

ANDOVER

(0264)
64455

POWERTRAN

ELECTRONICS,

Portway
Industrial

Estate,
Andover,

Hants
SP10

3WW

Please
send

me the following
kits

I enclose
cheque/postal

orders
for

Name Address
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CAR DIGITAL
PETROL GAUG
by Michael Kennedy
Get an accurate indication
of petrol in your tank down
to the last drops

'The needle's in the red again.
Not to worry, it's not right anyway
- at least a gallon left.' Two miles
later, 'Blast! Out of petrol. The
gauge says empty too!' Famous
quotes of the average motorist.
From these two comments it is
apparent that the only relevant
part of the average petrol gauge is
the low zone. So to satisfy this
requirement we feature a useful
fuel indicator with digital readout
and critical level indication.

The unit, in fact, gives a digital
display of the percentage amount
of fuel remaining, a full tank
representing 100% and produc-
ing a readout of 9 until 10% of the
fuel has been used at which point

PARTS COST 7 DIGITAL

GUIDE \
f14.50

the display changes to 8. Thus
there is a 10% safety factor built
into the gauge. When the indica-
tor goes to 0 (i.e. you're down to
10% fuel), two red LEDs start to
flash warning you it is time to buy
more fuel. When both the display
and the LEDs extinguish, the tank
is virtually empty and you've got
your last chance to get to a

garage!

Circuit
The circuit diagram for the

petrol gauge is shown in Figure 1.
The input voltage for the circuit is

E

derived from the car's petrol tank
sensor which, in conjunction with
R4, forms a potential divider
producing virtually 0 volts with a
full tank and about 5 volts when
the tank is empty. To divide this
input range into the ten divisions
required, the National LM3914N
bargraph IC is used. This IC
contains a buffer input stage, a
potential divider chain, compara-
tors, and a precise 1.2 volt
reference source.

The outputs of the LM3914N
are capable of sinking the current
and voltage applied to them and
thus act as zero voltage switches.

PETROL GAi..r6:

To encode the outputs of ICI into
signals capable of being dis-
played on a common anode,
seven segment display they are
passed through a diode matrix
(D1 to D47).

Each segment of a seven seg-
ment display is given a code
letter, as shown in Figure 2, which
also contains a table detailing
which segments must be lit to
produce each of the ten digits.
Where a tick is shown in this table,
a diode must be connected be-
tween the appropriate IC output
and the segment required. Each
segment is therefore given a bus

+12V

Sensor
device.

OV

O

R1

390R

D48 2,

IC1

R2
1k0

RV1
10k

R3
680R

RV2
47k

3 1

5 18

17

16

15

14

13

12

10

9

a

D1 D8

d e

016 D35 041

f. f f. Di. f.

D47

E&MM D7 015 D24 D30
441

IC

R4
100R

D34 D40

2 1 9 10

Display LED 3

8

4

5 2

8
C1

33uF

5-
D49

050

Figure 1. Circuit diagram for digital petrol gauge.
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18

9 10
Top view

IC1

LM3914N
1 8

4 5
Top view

IC2
LM3909N

' E&MM

a

D1-47
1N 4148

D48
BZV88C6V8

RR

Pin view
D49-50

LED

bar to which the diode anodes are
connected, the diode cathodes
going to the appropriate output
pin bus -bars.

The output from IC1 pin 10
also goes to the 0 volt pin of IC2.
IC2 is the National LM3909N LED
flasher device which, when
enabled, flashes the two LEDs to
give the low level warning.

The input level from the
sensor can be adjusted by means
of RV1, while RV2 sets the internal
voltage reference of IC1. Adjust-
ment of these two components is
dealt with later. R3 and D48
stabilise the supply to the sensor
circuits so that variations in the
supply voltage do not cause
changes in the number displayed
by the unit. It is not necessary to
stabilise the supply to IC1 as its
internal circuits provide any
necessary stabilisation.

Construction
Most of the components are

fitted onto a 0.1in. pitch Vero -
board panel measuring 24 strips
by 50 holes. This is a standard size
in which the board is sold. Figure
3 shows the component layout of
this board. The two mounting
holes are 3.3mm in diameter.

The seven segment display
and the two LED indicators are

     Tb-          
 Component leads
 Holes [ref

ID491
a k

ED 
Cut track

E&MM

D49

.
D50

0
Display

e d c

Display I Segments
number A B C D E F G

0 ,,, ...- ./- --- ..-- s, X

1 X ,. ,. X X X X

2 ..., .r. X %," ..,- X v.
3 ..- ..., ...a .../ X X ../
4 X -a" v X X v. v
5 -a X .....- -a X V. v
6 X X -' v s/ sc -P
7 .., ,t- sc X X X X

8 ..," ../- ./- , sa sa. v
9 -a -a -/- X X ,a -'"

Display
layout

101 1 1 1 16

a

tl lb

eld lc
dr

11 I I I 5

Front view
Display

LED

Figure 2. Display segment connection.

Component board and display board mounting.

mounted on a separate, smaller
board, shown in Figure 4. Vero -
pins are fitted to this board at the
points where it connects to the
main panel. A couple of extra pins
are fitted to the board and these
are soldered to two matching pins
fitted on the main board, so that
the display panel is mounted at
right angles to the main board.
The diagrams and interior photo-
graph of the unit should clarify
the method of mounting and
eliminate any problems that may
arise.

Ribbon cable can be used to
wire the two boards together and
will give a neat finish. However,
ordinary connecting wire can be
used if preferred.

The specified Veroca se makes
a convenient housing for the
project since the main com-
ponent board will fit onto the front
pair of mounting pillars of this
case, using the mounting screws
provided with the case. The front
panel of the case requires a

rectangular display window to be
cut out at the appropriate place.
This cut-out can be made by

+12V

ID491 a

Sensor
OV

H

J

K
L

M
N
0
P

0
R

S

T
u
V

C1

X

V

U
T

S

R

0
P

w

M

L

K

J

H

G

F

E

D

C
B

N

1+

D
48

1111

R1

2 IC
1

RV1

S

E&MM

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 501.1
l I

1-1 1r   
.1.1   

 ..1.1 I[   11   11 1.1 1.1  
5 11.1  11   

1L11  loiI1.I 1.111 1.1
1.1. jI
1.1 1.1
I  I I  1
I I I 1

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

0 Fixing holes
035mm

 Component
leads

. Holes Cut =Jr.=
Iref.onlyl track

a

b

Figure 4. Display board details.

44

Figure 3. Wiring details and main board layout.
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Interior layout.

drilling a hole about 10 or 12mm
in diameter and then filing it out
to the required size and shape. A
piece of red display filter is then
glued in place behind the cut-out.
The rear panel of the case needs a
single hole to be drilled in it to
take the supply and input leads. It
is advisable to fit this hole with a

grommet to protect these leads.

Setting Up
Connecting the unit to the car

is fairly straightforward. After
consulting the car workshop
manual, carefully remove the
existing petrol gauge; connected
to it should be three cables. With

the ignition switched on identify
these three leads using a volt-
meter. One should indicate 12
volts, one 0 volts, and one be-
tween 0 and 5 volts. Connect the
12 volt lead to the 12 volt supply
lead of the replacement unit, the
0 volt lead to the 0 volt supply
lead, and the remaining lead to
the input/sensor lead. The origi-
nal petrol gauge must be discon-
nected or the digital petrol gauge
will not work properly. Next fill the
petrol tank (which will probably
cost you more than the gauge has
cost to construct), and switch on
the ignition.

Adjust RV2 until the voltage at
pin 8 of IC1 is between 0 and 0.5
volts and adjust RV1 until the
display reads 9. Alternatively the
unit can be set up with the tank
almost empty, as long as the
sensor lead measures approxi-
mately 5 volts.

PARTS LIST Semiconductors
01-47 IN4148 47 off (QL80B)

Resistors - all 5% ',)W carbon. D48 (3ZY88C6V8 (QH1OL)
RI (MIK2) ICI LM3914 (WQ41U)
R2 10OR (M100R) 1C2 LM3909 (WQ39N)
R3 390R (M390R) LED1-2 LED red. (wL27E)
R4 1k (MIK) )(1 Display Type 1 (FR39N)
RV1 10k Hor. S -min. preset. (WR58N) Miscellaneous
RV2 47k Hor. S -min. preset. (WR6OQ) Filter red. (FR34M)

ABS Box MB1 (LH2OW)
DIL socket 8 pin (BL17T)Capacitors

Cl 33uF 16V Axial (F(335Q)
DIL socket 18 pin
Ribbon cable 10 way 1 metre

(HQ76H)
(XR06G)

RV2 should be adjusted as
before, but RV1 should be ad-
justed until the display reads 0
and the two LEDs are flashing.
Ultimately, however, setting up
RV1 is a matter of trial and error,
to set the zero display at your
desired level.

Keep an eye on the unit as the
petrol level falls, and adjust the
unit when the desired critical
level is reached. Remember, as
the petrol level falls, the sensor
voltage rises.

Mounting
The unit, once completed and

set up, can be mounted in one of
two ways: as a complete unit,
when it should be mounted where
the display will be shielded from
sunlight (otherwise it could be-
come illegible), or with the dis-
play board mounted away from
the main unit.

The display board is then
connected to the main board
using a suitable length of ribbon
cable. The use of a case for the
main component board is still
recommended but the display
window is obviously replaced by a
slot for the ribbon cable. The case
is then mounted in any con-
venient position that is dry, oil
free, and away from the heater.

E&M M

LINEAR - THE LOWEST PRIME CMOS/TTL/74C IN THE UK TRANSISTORS

TBA1206 1.00 SL 1610P 1.60
L200 1.95 SL1611P 1.60
U2378 1.28 SL1612P 1.60
U2478 1.28 SL1613P 1.89
U2576 1.28 SL1620P 2.17
U26713 1 28 SL1621P 2.17
L M301 H 0.67 SL1623P 2.44
LM301N 0.30 SL624C 3.28
LM308TC 0.65 SL1625P 2.17
LM324 0.64 SL1626P 2.44
LN1339N 0.66 SL 1630P 1.62
L51348N 1.86 SL1640P 1.89
LF351N 0.49 SL1641P 1 89
L F353N 0.76 TD A2002 1.25
LA1374N 3.75 LN2242A 3.05
LM11380N-14 1.00 ULN22838 1.00

1513805-8 1.00 CA3080E 0.70
LM381N 1.81 CA3089 E 1.84
ZN419CE 1.98 CA3090AQ 3.35
NE544N 1.80 CA3123E 1.40
NE555N 0.30 CA3130E 0.80
NE556 0.50 CA3130 T 0.90
N E 560N 3.50 CA3140E 0.46
NE 562N 4.05 CA3189E 2.20
NE 564N 4.29 CA3240 1.27
NE565N 1.00 MC3357P 2.85
NE566N 1.60 LM3900N 0.60
NE 570N 3.85 LM3909N 0.68
SL624 3.28 LM3914N 2.80
TBA651 1.81 LM3915N 2.80
A709HC 0.64 KB4400 0.80

uA709PC 0.46 K 54406 0.60
uA71QHC 0.65 KB4412 1.95
uA710PC 0.59 KB4413 1.95
uA741CH 0.66 KB4417 1.80
uA741CN 0.27 KB4420B 1.09
uA747CN 0.70 TDA4420 2.65
uA748CN 0.36 KB4423 2.30
uA753 2.44 KB4424 1.65
uA758 2.35 X84431 1.95
TBA820M 0.78 K 84432 1.95
TCA940E 1.80 K 84433 1.52
TDA1028 2.11 K 64436 2.53
TDA1029 2.11 K 84437 1.75
TDA1054 1.45 K 64438 2.22
TDA1062 1.95 K 84441 1.35
TDA1072 2.69 K 84445 1.29
TDA1074A 5.04 K B4446 2.75
7D A 1083 1.95 K 84448 1.65
TDA1090 3.05 NE5044N 2.26
HA1137 1.20 NE5532N 1.85
HA1196 2.00 SD6000 3.75
HA1197 1.00 SL6270 2.03
TO A1220 1.40 SL6310 2.03
LM1303 0.99 SL6600 3.75
LM1307 1.55 SL6640 2.75
MC1310P 1.90 SL6440 POA
MC1330 1.20 SL6690 3.20
MC1350 1.20 SL6700 2.35
HA1370 1.90 ICL8038CC 4.50
HA1388 2.75 MSL9362 1.75
TD A1490 1.86 MSL9363 1.75
MC1496P 1.25 HA11211 1.95

HA11223
HA11225
HA12002
HA12017
HA12402
HAI 2411
HA12412
LF13741
SN76660N

2.15
1.45
1.45
0.80
1.95
1.20
1.55
0.33
0.80

FREQ. DISPLAY
AND SYNTH.
DEVICES
SAA1056
SAA1058
SAA1059
11 C9ODC
LN1232
LN1242
MSL2318
MSM5523
MSM5524
MSM5525
MSM5526 7.85
MSM5527 9.75
MSM55271 9.75
MSL2312 3.94
SP8629 3.85
SP8647 6.00
95H9OPC 7.80
HD10551 2.45
HD44015 4.45
H012009 6.00
HD44752 8.00
MC145151 12.45
MC145156 8.75
MISC
ICM7106CP 9.55
ICM7107CP 9.55
ICM7216BP 19.50
ICM7555 0.94

3.75
3.35
3.35

14.00
19.00
19.00
3.84

11.30
11.30
7.85

CRYSTALS

4000 series
4000
4001
4002
4007
4008
4009
4010
4011
4011
4012
4013
4015
4016
4017
4019
4020
4021
4022
4023
4024
4025
4026
4028
4029
4030
4035
4040
4042
4043
4043
4044
4946
4047
4049
4050
4051
4052
4053
4054
4055
4056

0.13
0.13
0.14
0.19
0.70
0.30
0.30
0.24
0.15
0.20
0.35
0.70
0.30
0.65
0.38
0.68
0.75
0.68
0.19
0.45
0.18
1.05
0.60
0.75
0.35
0.75
0.68
0.65
0.68
0.93
0.68
0.69
0.69
0.30
0.30
0.65
0.69
0.69
1.30
1.30
1.35

2.768kHz 2.70
100kHz 3.85
455kHz 5.00
1.000MHz 2.95
3.2768 2.70
4.000 2.00
4.1934 2.00
4.096 2.00
4.032 2.00
4.433619 2.00
4.800 2.00
5.000 2.00
6,5536 2.00
7.000 2.00
7.68 2.00
8.000 2.00
9.000 2.00
10.000 2.00
10.240 2.00

4060
4063
4066
4067
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4082
4093
4099
4175
4502
4503
4506
4507
4508
4510
4511
4512
4514
4515
4516
4518
4520
4521
4522
4527
4528
4529
4539
4549
4554
4555
4556
4560

0.95
1.15
0.38
4.30
0.18
0.18
0.25
0.22
0.22
0.22
0.18
0.60
0.23
0.25
0.25
0.45
0.99
1.15
0.90
0.55
0.75
0.45
1.99
0.70
0.85
0.70
2.20
2.50
0.75
0.75
0.80
2.36
1.49
0.95
0.95
1.40
1.10
3.50
1.73
0.72
0.58
2.1:

CRYSTALS
10.245
10.6985
10.700
10.7015
11.00
11.115
11.520
8.9985
9.0015
21.000

2.00
2.50
2.00
2.50
2.00
2.00
2.00
2.00
2.00
2.00

25.000 2.00
26.000 2.00
18.000 2.50

XTAL FILTERS
10M4B1; 10.7Mhz, 15Khz BVV,
8 pole. 14.50
10M2213: 10.7Mhz, 2.4K hz
SSB, 8 pole. 17.20

4566 1.59
4568 2.18
4569 1.95
4572 0.30
4582 0.99
4584 0.49
4585 1.00
4702 4.50
4703 4.48
4704 4.24
4705 4.24
4706 4.50
4720 4.00
4723 0.95
4724 0.95
4725 2.24
40014 0.54
40085 0.99
40098 0.54
40106 0,54
40160 0.69
40161 0.69
40162 0.69
40163 0.69
40174 0.69
40175 0.69
40192 0.75
40193 0.75
40194 0.69
40195 0.69

TT L 'N'

7400
7401
7402
7403
7404
7405
7406
7407

0.10
0.10
0.10
0.11
0.12
0.12
0.22
0.22

RADIO CONTROL
RC XTALS
AM TX/R X
FM R X
3rd ot/30p F
HC25U 1.65
FMT X: Fund
20p F HC25U

freq 1.85
PAIRS...AM 3.10
PAIRS...FM 3.25
CHANNELLING:
27MHz. 50kHz
35MHz: 20kHz

AMBIT international;

77440845
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7482
7483
7485
7486
7489
7490
7491
7492
7493
7494
7495
7496'
7497
74100
74104
74105
74107
74109
74110
74111
74112
74166
74118
74116
74120
74121
74122
74123

0.56 74125 0.40 74190 0.55 7405 3.14 7496 1.20
0.14 74126 0.40 74191 0.55 7408 0.14 74107 0.25
0.14 74128 0.65 74192 0.55 7409 0.14 74109 0.25
0.14 74132 0.50 74193 0.55 7410 0.13 74112 0.25
0.14 74136 0.65 74194 0.55 7411 0.14 74113 0.25
0.14 74141 0.45 74195 0.55 7412 0.15 74114 0.25
0.28 74142 1.85 74196 0.55 7413 0.28 74122 0.40
0.27 74143 2.50 74197 0.55 7414 0.49 74123 0.55
0.28 74144 2.50 74198 0.85 7415 0.14 74124 1.80
0.28 74145 0.75 74199 1.00 7420 0.13 74125 0.29
0.35 74147 1.50 74221 1.00 7421 0.15 74126 0.29
0.30 74148 1.09 74246 1.50 7422 0.15 74132 0.45
0.26 74150 0.79 74247 1.51 7426 0.18 74133 0.30
0.20 74151 0.55 74248 1.89 7427 0.14
0.75
0.60
0.75

74153
74154
74155

0.55
0.55
0.55

74249
74251
74265

1.89
1.05
0.66

7428
7430
7432

0.35
0.13
0.14

74138
74139

0.40
0.40

0.24 74156 0.55 74273 2.67 7433 0.16 74147 2.10
1.05 74157 0.55 74278 2.49 7437 0.17 74148 1.60
0.30
0.55

74159
74160

1.90
0.55

74279
74283

0.89
1.30

7438
7440

0.16
0.13

7744115531 00..3355

0.35 74161 0.55 74284 3.50 7442 0.40
0.35 74162 0.55 47285 3.50 7447 0.42
0.70
0.60

74163
74164

0.55
0.55

74290
74293

1.00
1.05

7448
7449

0.65
0.61

0.45 74165 0.55 74297 2.36 7451 0.14 0.40
1.40 74166 0.70 74298 1.85 7454 0.15
1.10 74167 1.25 74365 0.85 7455 0.15
0.62
0.62

74170
74173

1.25
1.10

74366
74367

0.85
0.85

7463
7473

1.50
0.21

0.26 74174 0.75 74368 0.85 7474 0.18 0.50
0.35 74175 0.75 74390 1.85 7475 0.28 74165 1.20
0.54 74176 0.75 74393 1.85 7476 0.22 74166 1.75
0.68 74177 0.75 74490 1.85 7478 0.24 74168 0.85
1.70 74178 0.90 7483 0.50 74169 0.85

'LPSN'1.98 74179 1.35 7485 0.70 74170 1.85
0.85 74180 0.75 7486 0.18 74173 0.75
1.20 74181 1.22 7400 0.11 7490 0.32 74174 0.55
0.95 74182 0.70 7401 0.11 7491 1.25 74175 0.55
0.35 74184 1.20 7402 0.12 7492 0.39 74181 1.35
0.34 74185 1.20 7403 0.12 7493 0.38 74183 2.96
0.40 74188 3.00 7404 0.13 74 74189 .

ALL PRICES EXCLUDE VAT - CURRENTLY AT 15%
POSTAGE 50p ORDERS UNDER £12 - FREE OVER £12

The lowest prices for prime, repeatable devices ? We think
to, and wait to hear to the contrary. Ambit's new bigger,
cheaper and complete range of parts is covered in our new
12 page A4 format short -form and price list: available free
with an SAE, and supplied with all orders. You can order
by ACCESS/BARCLAYCARD, cheque, PO with order ' or
come into our refurbished retail shop and use'real' money!
Our 3 catalogues 1E1.85 inc. or 75p ea incl cover the
BIGGEST RANGE OF RF components in Europe as well
as standard parts, so invest a set today. The saving you
make on your first couple orders will soon repay th cost.

74190 0.60
74191 0.60
74192 0.68
74193 0.68
74194 0.42
74195 0.42
74196 0.65
74197 0.65
74200 3.45
74202 3.45
74221 0.60
74240 0.99
74241 0.99
74242 1.65
74243 1.65
74244 0.83
74245 1.50
74247 1.35
74248 1.35
74249 1.35
74251 0.46
74253 0.46
74257 0.55
74258 0.39
74259 0.39
74260 0.70
7.176S 0.24
74273 0.90
74275 3.20
74279 0.35
74280 2.50
74283 0.44
74290
74293
74295
74298
74365
74366
74367
74368
74373
74374
74375

1.30
1.50
1.50
0.35
0.35
0.35
0.35
0.78
0.78
1.15

74377 1.99
74378 1.40
74379 2.15
74384 2.50
74385 4.20
74386 0.29
74390 0.68
74393 0.61
74395 2.10
74396 1.99
74398 2.75
74399 2.30
74445 1.40
74447 1.95
74490 1.10
74668 1.05
74669 1.05
74670 1.70

74C CMOS

7400 0.20
7402 0.20
7404 0.20
7408 0.20
7410 0.20
7414 0.55
7420 0.20
7430 0.20
7432 0.20
7442 0.80
7448 1.03
7473 0.50
7474 0.50
7476 0.48
7483 0.98
7485 0.98
7486 0.26
7489 2.68
7490 0.80
7493 0.80
7495 0.94
74107 0.48
74151 1.52
74154 2.26
7415; 1.52
74160 0.80
74161 0.80
74162 0.80
74163 0.80
74164 0.80
74165 0.84
74173 0.72
74174 0.72
74175 0.72
74192 0.80
74193 0.80
74195 0.80
74200 4.52
74221 1.06
74901 0.38
74902 0.38
74903 0.38

Subject to
availability

75p
70p

CBBBCC222333987 888:9

80307 89
BC308 8p
BC309 8p
BC413 10p
BC414 1199
BC415 10p
BC416 llp
BC546 12p
BC556 12p

BBCC55650 8 112299

BC639 22p
74904 0.38 BC640 22p
74905 5.64 2SC1775 18P

74908 0.84

74906 0.38
74907 0.38 2SD666A 30p

74909 1.52 225S013664608A 40p
74910 3.62 401'
74914 0.86 2SD760 45p

2513720 45p
74925 4.32 225SAC21504075 109::

322...331044

2SJ49 3.10
2SK 135 4.25
2SJ50 4.25
2SK227 3.55
25.193 3.55

BF194 18p
139195 18P
BF224 22P
8E241 113p
6E274 18p
13E440 21p
8E441 21p
BF362 49p
BF395 18p
8E479 66p
BF6795 55p
BFR91 1.33
B FVV92 60p
6E795 99p
BEY 90 90p
40238 85i:
6E256 38p
2SK55 28P
2SK 168 35p
J310 69p
J176 65p
40823 65p
40673 3SK51
3SK 45 49p
3SK51 54p
3SK60 58p
3SK 88 1.24
ME M680
BF961

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

200 north Service Rood, Brentwood, Essen
E&MM JULY 1981 45



COMPUTING

Micromusic
A series that focuses on using the popular microcomputers for making music.

Notate Your Nascom

How to play tunes without
any extra hardware except
an audio amplifier and
speaker

by Don Finlay

Programming in machine code is
difficult, so they say. But why do
I find it so addictive? Once I start

to work out a problem, it occupies my
mind in every spare moment. It is like
the challenge of a good puzzle, but
much more satisfying because the
solution is useful and leads on to other
things. After building a Nascom 1, I

spent a great deal of time in devising
programs for playing tunes with
controllable waveforms, using a little
extra hardward. Even on Christmas
Day, I was sitting down with a pencil
and paper in a few odd moments!

This Nascom is being developed to
control equipment in the Electronic
Music Studio of The City University,
where music students are given ex-
perience in recording and composi-
tional techniques. It has 32K memory;
a 16 -channel analogue output board
to 12 -bit precision; 2K Tiny BASIC
(surprisingly useful for controlling the
analogue output board); ZEAP
assembler; V&T Electronics cassette
deck, about to be installed; and a PIO
board on order. One of the things we
hope to do soon is 'place' sounds
accurately in a multi -speaker environ-
ment, using the analogue board to
control a bank of VCA's. There are
many other ways we could use the
equipment, the main difficulty being
to find enough time and manpower to
build and develop hardware, and
write software.

Although some personal com-
puters have an optional tune -playing
routine using a squarewave signal
from just one line of an output port, I

have never seen one for the Nascom.
When the Scamp was launched,
several years ago, I collected some
information on a music program
for a hand-held 'toy' which was
demonstrated. It completely flum-
moxed me at the time, as there was far
too much jargon for a beginner to take
in at the meeting (what were these
'flags' they kept talking about?) and
the music program wasn't explained.
Yet it is the only simple tune program I
have managed to acquire.

Probably this will cause a flood of
letters from readers saying I haven't
done a proper search, and these
routines are available all over the
place, for any system. If so, I'm sure
E&MM will be pleased to publicise
them!

Here, then, is my method of play-
ing tunes on a Nascom 1, devised in
some more spare moments (over
Easter!) before assembly. It goes with-
out saying that machine code is
essential, for both speed and timing.
There is plenty of room even in the 4K
version, as the playing routine
occupies only 54 (hex) bytes, and
tunes can be fitted into the remaining
RAM taking only 2 bytes per note.

The playing routine, as shown in
the listing, starts at 0E00. It may be
better to move it to OF00, making
room for a longer tune sequence from
0050; I didn't use this because the
ZEAP assembler uses OF00 onwards,
making the task a little easierthan my
earlier efforts, which were all hand -
assembled. If this move is made, the
two CALL instruction bytes at OF1D
and OF30 must be changed from OE to
OF. All other jumps are relative, so
need no alteration. The £ sign in the
listing indicates that the number
which follows is hex, as required by
ZEAP. Most assemblers use a follow-
ing H, but one soon gets used to this
alternative. I have omitted the line
numbers which ZEAP incorporates,
and typed the listing by hand as I

wasn't able to get the use of a printer
at the time of writing this article.

Anyone who wants just to use the
routine can type in the second column
of the listing at the addresses
indicated in the first column. Then a
'tune table' needs entering at 0050. A
sample tune is shown in Table 1; this
has slight relevance to an event due to
take place in July. The tune table
consists of pairs of bytes, the first in
each pair being a duration code and
the second one a note frequency
code.

Also needed, of course, is connec-
tion to an audio amplifier, earpiece or
headphones. The program produces
identical squarewaves on all lines of
Port 4, so any one of these may be
connected through a volume control
(a 5 -volt squarewave is a very large
signal) to the amplifier or high -
impedance 'phones.

Finally, the program will run
when executed from 0E00, and return
to the Nascom monitor afterwards.

Usually people like to write their
own tunes, so the codes for notes and
their durations have to be looked up
from Table 2. The duration is entered

0E00 3EOF LD A,£OF EXECUTION ADDRESS
0E02 D306 OUT (06),A SET PIO FOR OUTPUT
0E04 21500C LD HL,£0C50 START OF TUNE TABLE
0E07 1E00 DURATN LD E,00
0E09 56 LD D,(HL) DURATION INTO DE
OEOA 7A LD A,D
OEOB FEFF CP EH TEST FOR END CODE
OEOD CA8602 JP Z,£0286 IF SO, GO TO MONITOR
0E10 23 INC HL
0E11 4E LD C,(HL) HALF -PERIOD INTO C
0E12 7E LD A,(HL) ALSO INTO A
0E13 FE00 CP 00 TEST FOR PAUSE CODE
0E15 282E JR Z,PAUSE IF SO, JUMP
0E17 3EFF CYCLE LD A,EFF ; 7
0E19 D304 OUT (04),A ;11 SET OUTPUT HIGH
OE1B CD3COE CALL DELAY ;17
OE1E 00 NOP ; 4 START OF 47 -CYCLE
OE1F 00 NOP ; 4 BALANCING DELAY
0E20 00 NOP ; 4
0E21 00 NOP ; 4
0E22 00 NOP ; 4
0E23 00 NOP ; 4
0E24 00 NOP ; 4
0E25 00 NOP ; 4
0E26 00 NOP ; 4
0E27 00 NOP ; 4
0E28 3E00 LD A,00

; 7 END OF DELAY
OE2A 3E00 LD A,00 ; 7
OE2C D304 OUT (04),A ;11 SET OUTPUT LOW
OE2E CD3COE CALL DELAY ;17
0E31 EB TEST EX DE,HL ; 4 DURATION INTO HL
0E32 ED42 SBC HL,BC ;15 SUBTRACT HALF -PERIOD
0E34 EB EX DE,HL ; 4 STORE DURATION
0E35 3802 JR C,NXTNTE ;12(7) NEW NOTE
0E37 18DE JR CYCLE ;12 TEST TAKES 47 CYCLES
0E39 23 NXTNTE INC HL POINT TO NEXT DURATION
OE3A 18CB JR DURATN
OE3C 7E DELAY LD A,(HL) ; 7

OE3D 0601 LOOP2 LD B,1 ; 7 OUTER LOOP
OE3F 10FE LOOP1 DJNZ LOOP1 ; 8(13) INNER LOOP
0E41 3D DEC A ; 4
0E42 20F9 JR NZ LOOP2 ;12(7) LOOP OF 31
0E44 C9 RET ;10
0E45 18 PAUSE DEC DE ; 6
0E46 7B LD A,E ; 4
0E47 B2 OR D ; 4
0E48 00 NOP ; 4 START OF 36 -CYCLE DELAY
0E49 00 NOP ; 4
OE4A 00 NOP ; 4
OE4B 00 NOP ; 4
OE4C 00 NOP ; 4
OE4D 00 NOP ; 4
OE4E 00 NOP ; 4
OE4F 00 NOP ; 4
0E50 00 NOP ; 4 END OF DELAY
0E51 20F2 JR NZ,PAUSE ;12(7) TOTAL 62
0E53 18E4 JR NXTNTE

Listing of tune -playing routine for a Nascom 1. Figures in the remarks column show the
number of cycles taken by the instructions.

first. Values given are approximate,
since the duration varies with the note
for unavoidable reasons explained
later. I have shown the values I used in

the sample tune; those at the left form
a basis for notes formed of minim,
crotchet, quaver, semiquaver and
demi-semiquaver, for instance, with
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their dotted versions at the right. The
first note in the sample tune has 30,
indicating a duration of about %
second, and 59, indicating the note F
above middle C.

0050 30 59 10 5F 30 6A 10 5F
0058 20 59 20 4F 20 46 10 59
0060 10 00 20 42 20 46 20 4F
0068 20 59 20 5F 20 6A 20 5F
0070 20 78 30 59 10 5F 30 6A
0078 10 5F 20 59 20 4F 20 46
0080 20 34 10 3A 30 46 30 4F
0088 10 46 80 59 FF

Table 1. Coding of a sample tune. Each note
is coded by one byte for duration, followed
by one for frequency. The end is signalled
by FF.

There's Method In It
For those who would like to know

how the program was devised, here is
my approach.

We start by assuming that a
squarewave signal is required, i.e. the
line is set high and low for equal times
alternately. This uses the OUT instruc-
tion in a Nascom system. To get the
required frequency, we must arrange
to have a controlled time delay be-
tween the OUT's. In the absence of an
external timer chip and interrupt
system, this has to be done by soft-
ware loops, requiring knowledge of
how long each instruction takes. The
OUT instruction itself takes 11 cycles
of clock frequency, or 51/2 micro-
seconds.

At this stage, where we start to look
at Z80 instructions, it is necessary to
be aware of the range of instructions,
what they will do, and the timing. I

have found a Zilog booklet, giving the
instructions in condensed form, im-
mensely helpful here, but the manu-
facturers' programming manual gives
more detail, as do several books on
Z80 programming. One strange -look-
ing instruction which is very useful is
seen at address OE3F of the listing:
DJNZ LOOP1. This decrements the B
register and gives a jump if not zero.
The mnemonic doesn't obviously
relate to the B register - you just have
to know this. The jump would take 13
cycles, but no jump, i.e. program
continues, takes only 8.

To get a variable delay, we enter a
number into a register and subtract 1
at regular intervals. When the result is
zero, the delay is ended. So the B
register is often used for this purpose.
As it turns out in this case, it is better
to use it as an inner timing loop with
the main count -down in an outer loop,
because if we increment the number
initially loaded into B we get an extra
13 cycles of delay, whereas using any
other register would take longer. The
outer loop here counts down using the
accumulator, which is loaded first
with the frequency code.

Since the delay is proportional to
this code, good resolution and
accurate frequency generation
require it to be as large a number as
possible. Hence we try to use FF hex,
or 255 decimal, or near to it, for the
longest half -cycle period, which is at
the lowest frequency we are to use.
(256 is possible, but we reserve the
maximum code of 00 to indicate a
pause. Why does 00 give a maximum
delay? I leave the reader to spot this.)
My note table was chosen to span
three octaves up from C at 130.8Hz,
which has a corresponding periodic
time of 7645 microseconds. If we now

divide 7645 by 255 we get the length
of time to be occupied by the count-
ing loop. A greater length means the
divisor is reduced, spoiling the resolu-
tion; but a smaller length means we
can't get the full period at the lowest
frequency. So 7645/255 is in fact a
minimum, and it comes to almost
exactly 30. We should aim, then, at
getting a counting loop as near as
possible to 30 microseconds per
cycle; but since these will be used
twice in every cycle in the countdown,
we need 30 'T cycles' (Z80 clock
cycles) in each half -period, with the
Nascom l's 2 -MHz clock.

The loop shown between addres-
ses OE3D and 0E42 takes 31 cycles,
as can be seen by adding the four
cycle lengths for these instructions.
The DJNZ line is a little luxury which
enables a single change in the pre-
vious line to slow down the tune,
although it also reduces the pitch. I

found this very useful in checking my
sample tune, which I loaded with one
or two errors; changing 0E3E from 1 to
3 made it play more slowly, and I was
able to spot the errors more easily.
This change added 26 cycles to the
delay loop.

Loading A at the beginning of
DELAY, and returning from the sub-
routine, take an extra 7 and 10 cycles
respectively, so the total delay is
17 + 31*n cycles, where n is the note
frequency code.

Having got the note sounding, we
need a method of deciding when to
end it. One possible method is to
decrement a counter by 1 after each
cycle, but this would mean a different
delay code for each note frequency,
and would be very trying to enter. The
Scamp system I mentioned earlier did
this, in order to shorten and simplify a
ROM program in a device not
intended for flexibility.

There is a simple alternative. Each
cycle lastS for 31*n microseconds,
ignoring a small (we hope) extra time
for loads and tests which we will
check later. So let us subtract n from
the duration code after every cycle;
we have then subtracted effectively
the length of the cycle from the code,
measured in 31 -microsecond units.
The duration code must then be
simply the number of 31 -micro-
second periods required. Since we
need a large number, to get notes of
about a second in length, the duration
code is made the high -order byte 'd' in
a 16 -bit number with low -order byte
zero. Then d*256*31 is the duration
in microseconds. For example, 30 hex
gives 380928, or 0.38 second. Dura-
tion is loaded into the Z80's register
pair DE at programme steps 0E07 to
0E09.

The subtraction routine is done at
TEST. To do a 16 -bit subtraction, we
must use the HL pair - but this is also
used as a pointer to the tune table and
we have to save its previous contents.
What a beautiful instruction EX DE, HL
turns out to be! It not only gets DE into
HL but saves the pointer in DE until we
are ready to swap back. It couldn't be
more tailor-made for the job. All this
takes 47 cycles, however, so we waste
47 cycles in the first half -cycle to
preserve our squarewave, although
we needn't really do so as square -
waves aren't all that interesting.

The true half -cycle time can be
calculated now, allowing for 35 cycles

Nascom 1 microprocessor board.

NOTE

b

C

B

F

E

D

C

B

G

F

E

G

A

PAUSE

CODE

NAT #

1B
1F 1D
23 21 1F
28 26 23

2B 28
31 2E
37 34 31

3A 37
42 3E
4A 46 42
54 4F 4A

59 54
64 5F
71 6A 64

78 71
87 7F
98 8F 87
AB Al 98

B5 AB
CB CO

E5 D8 CB
F3 E5
00

DURATIONS (APPROXIMATE)
80 1 sec CO 11/2 sec
40 V2 60 3/4

20 '/4 30 113

10 % 18 3/16
08 1/16 OC 3/32
FF 'END OF TUNE' CODE

Table 2. Composer's aid: note codes are
shown against standard musical notation,
and a possible set of duration codes is
given. Pause is signalled by 00 in the note
code position, and end of tune by FF in the
duration code position, in the tune table.
to output high or low and call delay; 47
for test or balance; and delay itself,
17 + 31*n. The total is 99 + 31*n,
giving a full -period time of 99 + 31*n
microseconds. The required values of
n for the different frequencies are
calculated from equating this formula
to the period time. The result is about
3 less than the number of 31 -micro-
seconds loops in the period, and leads
to the values in Table 2.

Pauses are as important in music
as sounds. To simplify coding, it is
best to use the same duration code for
a pause as for a note. Since every
subtraction in the note routine cor-
responds to n*31 microseconds, we
need a 31 -microsecond loop in
PAUSE, i.e. 62 T -cycles, and count
this down by ordinary decrements
instead of subtractions. Note another
quirk of the Z80: decrementing DE

doesn't set any flags, so we have to
test for zero by ORing D and E.

We can now check the inaccurac-
ies caused by the load and test parts
of the cycle. At the top of the musical
scale, we have a large number of
cycles in a given duration, so the
duration is extended more than at the
bottom by the fixed 99 microseconds
per cycle. Taking extremes: top C,
with duration 30 hex for example, will
have INT (48*256/27) cycles, i.e.
455 cycles, each of which takes
99 + 27*31 = 936 microseconds,
giving a total duration of 425880
microseconds. Bottom C, on the other
hand, with the same duration, will
have only 50 cycles of 7632 micro-
seconds, giving a total of 381600
microseconds, which is about 10%
less. The error is not noticeable for
most purposes; if it proves to be, it is
still easier to make a small adjust-
ment to a duration code than to have a
different one for every note.

For convenience in a first
approach, I have classified code 30 as
giving % second in the duration table.
This is slightly low compared with the
figures I have just shown, but is within
about 2% at the bottom end of the
range.

Next?
Finally, we may be stimulated into

thinking how to alter and improve
things. Can we alter speed without
altering pitch? At step 0E32, the
duration code is decremented. We
could decrement faster by repeating
this instruction, more than once if
wanted, and this would speed the
playing. I haven't tried it because it
means reassembling the following
program. And inserting a counting
loop round this instruction slows the
basic program. We could also write a
program to multiply or divide all the
duration codes in the tune table. We
could experiment with pulse wave-
forms. We could have a sequence
table, which plays several tunes or
parts of tunes in the order specified.
We could interact with BASIC to make
loading even easier, generate random
sequences, or compose. And so it
goes on. Is anyone else hooked?

E&M M
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Micromusic
Atari Music
Composer Cartridge

The Atari Music Composer is a
plug-in ROM for use with Atari
computer systems. The cart-

ridge can be used with either the 400
or the 800 personal computer, and in
both cases it replaces the BASIC
cartridge. Facilities for saving your
compositions enable both disk -based
and cassette -based systems to be
used, and obviously the amount of
memory the system has governs the
length of your composition.

Our cartridge was tested on the
Atari 800 with 48K of memory, pro-
viding the facility to store up to 13,880
notes. The number of notes available
for composing, with a given memory
capacity, is as follows:
48K:13,880 These figures were obtained
32K: 9,784 after the disk operating
16K: 1,592 system had been loaded

The 21 -page manual provided is in
four parts: a general description, a
sample session, a description of the
music file structure and a quick
reference guide. The manual
assumes you have some musical
knowledge, but not that you are used
to using a keyboard. Each keyboard
entry is explained step by step. This,
combined with printed examples of
computer responses and screen dis-
plays, means that anyone unfamiliar
with keyboards should have very little
problem. Although a difficult item to
write a manual for, we felt that the
description of the various functions
and commands left much to be de-
sired.

Choosing the Menu
The programs contained in the

ROM are menu driven. In other words,
you are given a list of options to
choose from. This, in most cases,
leads to a further sub -menu, from
which parameters can be set. When
the cartridge is inserted into the
machine you immediately enter the
main menu. This lists the sub -menus
(Figure 1). The options available are
outlined below:
EDIT MUSIC. This leads to a sub -
menu (Figure 2), the first item of

which is PHRASE. This resembles a
phrase in music, in that it groups
notes into sections. However, unlike a
musical phrase, it does not denote
accents or context, but rather enables
you to move sections of music around
in your arrangement. There are 9 dif-
ferent phrases available.
METER. This sets the time signature,
which defaults to 4/4 unless told
otherwise. Since there are no accents
available this is of limited use, but
combined with another function,
CHECK MEASURES, it becomes im-
possible to exit from a bar that does
not contain the correct number of
notes.
KEY SIG. You can write in any key by
simply typing the number of Ws or b's
needed. Accidentals may also be
written in as they occur.
TEMPO. This is programmable be-
tween 1 and 9, 1 being the fastest.

Having set these parameters it is
now possible to proceed and write the
first phrase. Two musical staves are
displayed on the screen - the treble
and bass clefs. This is because there
is a choice of pitch which ranges over
3 octaves.

For the purposes of writing you are
provided with a cursor, which may be
moved horizontally back and forth.
Thus enabling you to delete or insert

ATARI MUSIC
DIT MUSIC

,RRANGE MUSIC
AVE
ETRIEVE
OS
ISTEN

COPYRIGHT ATARI 19743
WHICH?

notes in the required position. Also
displayed are: an indication of the
phrase you are in, the bar number, the
number of notes free, and an entry
prompt. An example of how easy it is
to enter notes is given in Figure 3.

After setting the measure of bar
number, the notes are entered as
follows: the first letter is the note
required N, F or S will denote natural
flat or sharp respectively. Then you
need the octave numbers. 3 to 6 are
valid, and after one note has been
entered you stay in that octave unless
you specify otherwise. Next is the
length of note required, which ranges
from W for a 'whole' note or breve,
down to T for a 32nd note or demi-
semi quaver. Lastly, if the note is tied
or dotted you must type in T or '.'
respectively. Rests are entered as R,
plus desired length.

As each note is entered the notes
of that measure are played, which is a
help if you are composing, but can be
a hindrance if you are simply entering
notes from sheet music. Once com-
position of the phrases is complete,
you can proceed to the ARRANGE
MENU.

ARRANGE MENU. The first thing
asked for is which of the 4 voices you
wish to arrange. After entering the
relevant number you are presented

EDIT MUSIC
HRASE
ETER*EY SIG .

TEMPO
HECK MEASURES
TOP

WHICH?

with the heading ARRANGE VOICE
(plus the number you entered) and a
list of line numbers from 1 to 20 on the
left hand side of the screen (Figure 4).
One of these numbers is a different
colour from the rest. This represents
the cursor and can be moved verti-
cally using normal cursor controls,
thus allowing deletion or insertion of
lines. At the bottom of the screen you
are presented with a row of 8 letters:
C,D,G,M,P,S,T,V. If M is selected the
full ARRANGE MENU is displayed
(Figure 5). The functions provided
are: COUNT. This enables you to set
up a loop and is used in conjunc-
tion with GOTO; DISPLAY can be used
to show the notes on the screen as
they are played; GOTO enables you to
jump back and forth in your arrange-
ment and can be used with COUNT for
repeating passages a specified num-
ber of times; PLAY PHRASE is self
explanatory, and is accompanied bya
number from 1 to 9 denoting the
phrase you wish to be played; STOP,
as in all other menus, exits to the next
menu; TRANSPOSE allows you to
transpose a phrase up or down, in
semitone steps. Numbers from -36 to
+36 are valid, but have to be used with
some caution, as it is possible to
transpose music out of the 3 octave
range. If this happens the machine

Figure 1. Main MENU.
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Figure 2. EDIT MUSIC. Bass Clef music.
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ELECTRONIC GAMES
rCOLOUR CARTRIDGE`

T.V. GAME

SEMI -PROGRAMMABLE T.V.GAME
+ 4 Cartridges + Mains

NOW REDUCED TO: VAT
Normal Price £73 £39.5Adaptor

DA BA T.V. GAME1

FULLY PROGRAMMABLE
CARTRIDGE T.V. GAME
14 Cartridges available
Normal Price /87.86
NOW REDUCED TO:

£59
inc VAT

CHESS COMPUTERS

MANY UNIT
ARE COVERED BY
THE EXCLUSIVE
SILICA SHOP 2 YEAR GUARANTEE

SPEAK & SPELL'
Normal Price /49.95
NOW REDUCED TO:

£ 3 9 . so VAT

Teach your child to
spell properly with
this unique learning
aid. Fully automatic
features and scoring.
Additional word
modules available to
extend the range of

words

r HAND HELD GAMES

EARTH INVADERS

These invaders are a breed of creature hitherto
unknown to man. They cannot be killed by
traditional methods - they must be buried. The
battle is conducted in a maze where squads of
aliens chase home Troops The only ova,' of
elimi[inatingtm £23 95-i99 hole

Lpurying them VAJA

r HAND HELD GAMES

GALAXY
1000

The 2nd generation Galaxy Invader The invaders
have re,grouped and have a seemingly endless
supply of spacecraft whilst the player's arsenal is
limited to lust 250 missiles to be launched from 3
missile stations You have to prevent the invaders
ldestroying

you
anding

r

from 19 95L defences .
IIIC
V Ai..

We carry a range of over 15
different Chess computers:
Electronic Chess £29.95
Chess Traveller £39.95
Chess Challenger 7 £79.00
Sensory 8 £119.00
Sensory Voice £259.00
SPECIAL OFFERS. -
VOICE CHESS CHALLENGER
Normal Price £245 NOW £135.00
SARGON 2.5/BORIS 2.5
Normal Price £273.70 NOW £199.95
All prices include V AT

ADDING MACHINE
OLYMPIA HHP 1010

Normal Price E57 21
NOW REDUCED TO:

inc
VAT

Uses ordinary paper,
No need to buy expensive
thermal paper,
Fast add listing PRINTER
CALCULATOR 2 lines per
second, 10 digit capacity
Uses normal adding
machine rolls Battery or

mains operated
Size 91/4 e"x4"x2,,y"
'Mains adaptor extra,

ATARI'
T.V.

GAME

The most popular T Game on
the market with a range of over

INVADERS with over 112 £95.4540 cartridges including SPACE

'ernes on one cartridge. me VAT ,44

r SPACE INVADERS"

Hand-held Invaders Games available £19.95
Invaders Cartridges available to fit

ATARI RAOOFIN ACETRONIC PHILIPS G7000
*Cartridges also available for

MATTEL TELENG ROWTRON,'
DATABASE/INTERTON

TELETEXT ADD-ON £199
ADAPTOR in,AT

mEkla NSACILISIb 101.16 11.1 010111. tale- i tt
OEM PIA. lb
Orb IMO. lb
.10bILI. II*

yea., .011. Io 140
SSW, POCIlf_ la l ISM

.1301, WIPE.InC

C FYN CAT:,

1V10 171
CHOICE II,

nonovaw

Cu,. IMES
1.12

"strAaselliar IbleAIL ":11-.SCyail

THE RADOFIN TELETEXT ADD-ON
ADAPTOR

Plug the adaptor into the aerial socket of your
colour T.V.and receive the CEEFAX and
ORACLE television information services
THIS NEW MODEL INCORPORATES

Double height character fwd./
True PAL Colour
Meets latest BBC & IBA broadcast specifications
Push button channel change
Unnecessary to remove the unit to watch normal
TV programmes
Gold-plated circuit board for reliability
New SUPERIMPOSE News Flash facility

r 24 TUNE
ELECTRONIC DOOR

BELL

L

Normal Price £19.70
NOW REDUCED TO:

£12.70 inc VAT

Plays 24 different tunes
with separate speed
control and volume
control Select the most
appropriate tune for your
visitor, with appropriate
tunes for different times of I

the year!

THE OLYMPIA - POST OFFICE APPROVED

TELEPHONE ANSWERING MACHINE
WITH REMOTE CALL -IN BLEEPER

This telephone answering machine is manufactured by Olympia Business Machines, one of the
largest Office Equipment manufacturers in the U.K. It is fully POST OFFICE APPROVED and will
answer and record messages for 24 hours a day. With your remote call -in bleeper you can receive
these messages by telephone wherever you are in the world. The remote call -in bleeper activates the
Answer/Record Unit, which will at your command repeat messages, keep or erase them. and is
activated from anywhere in the world, or on your return to your home or office. The machine can also
be used for message referral, if you have an urgent appointment, but are expecting an important call.
simply record the 'phone number' and location where you can be reached. With optional extra

bleepers 1E13 each) this facility can be
extended to colleagues and members of
the family. Using a C90 standard cassette
you can record as many as 45 messages
The announcement can be up to 16
seconds long and the incoming message
up to 30 seconds long.
The machine is easy to install and comes
with full instructions It is easily wired to
your Junction box with the spade connec-
tors provided or alternatively a Jack plug
can be provided to plug into a tack socket
Most important. of course, is the fact that
it is fully POST OFFICE APPROVED
The price of f 1 35 Inc VATI includes the
machine, an extra -light remote call -in
Bleeper, the microphone message tape.
A C mains adaptor. The unit is
9-1,"x6"x2' 2" and is fully guaranteed for
12 months The telephone cart be placed
directly on the unit - no additional desk
space is required

£135 Inc VAT

rMATTEL T.V. GAME1

The most advanced T V game In iho voc,lid 20
cartridges available Add
on KEYBOARD coming £199.95v'nok

Isoon to convert the
MATTEL to a home computer with I6K RAM fully
expandable and programmable in Microsoft Basic

Lather accessories will be available later in the yearA

PRESTEL
VIEWDATA

***** EL
)111.011011Wil:114 w "gnaw..

* * rMiNT, 14C011L  bp,OM Ibv. TROVSL  TROOMPOOTOl/12..  STORM*1110. ItItibINCO
OtO I CSC, KCAL  COmbliblsS.O I NC.  000Ib OOP MI..06,4
111Vb .1. NO S INFORM., Comp., SlopoS too ks  awar es. rte ,o0.1  

Prestel
The ACE TELCOM VDX1000 Prestel View-
data adaptor simply plugs into the aerial
socket of your television and enables you to
receive the Prestel Viewdata service in
colour or black & white.
Features -
- Simplified controls for quick. easy operator'
- Special graphics feature for high resolution

State-of-the-art microprocessor controller
- Standard remote telephone keypad with Prestel

keys 
- Auto dialler incorporated for easy Prestel

acquisition
- True PAL colour encoder using reliable IC

chrome filter and dela line incorporated for
minimum picture interference maximum
fidelity

- Includes convenient TV - Prestel switchbox
Easily connected to standard home or office
telephone lines

- Fully Post Office approved

SPECIAL
£2288PRICE5 11,P

VAT

FOR FREE BROCHURES -TEL: 01-301 1111

NOTE The rep of Iletherley Road
Is env way only Please rom
Splcup High S..'

nr f ree illustrated brochure and reviews on our range of electronic games. please telephone
)1111111 Free delivery service avaolable To order by telephone pleased.te your name address
.red ACCESSSBARCLAYCARD number and leave the rest to us Post and packing Free of Charge
f voress 48hr delivery service available
' CALLERS WELCOME Demonstrations daily at our Sidcup shop open from Sam 6pm

Monday Saturday I Early Closing Thursday rem Late Opening Friday Elpml
' 2 YEAR GUARANTEE All goods are covered bye lull year s guarantee and many are further

covered by our exclusive SM. Shop 2 year Guarantee
MONEY BACK UNDERTAKING If you are unsatisfied with vote purchase and return it within
7 days we will give you a full refund
AFTER SALES SERVICE Available on all machines out of guarantee

' COMPETITIVE PRICES We are never knowingly undersold
HELPFUL ADVICE Available on the suitability of each machine
CREDIT FACILITIES Dull credit facilities available over 12 24 or 26 months at compel.,
rates of interest
PART EXCHANGE SCHEME available on second hand machines

' CREDIT CARDS WELCOME Access Barclaycard Diners Club American E yoress

SILICA SHOP LIMITED
1-4 The Mews. Hatherley Road. Sidcup, Kent DA14 4DX

Telephone: 01-301 1111 or 01-309 1111

IIII 11111 'III
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III"

1111111111
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will do the best it can; VOLUME. This
is adjustable between PP and FF.

This set of instructions provides a
very powerful, high level music pro-
gramming language. A sample
arrangement for one voice is shown
below.

1 DISPLAY
2 VOLUME MF
3 COUNT 3
4 PLAY PHRASE 1
5 GOTO 4
6 TRANSPOSE 12
7 COUNT 12
8 PLAY PHRASE 2
9 GOTO 8

The next items on the main menu
are SAVE and RETRIEVE. Upon enter-
ing the SAVE menu (Figure 6), the first
thing to do is enter a file name. Having
done this you will be asked WHICH? At
this point the following options are
open to you: save EVERYTHING, ALL
PHRASES, ALL VOICES, PHRASE X (a
particular phrase), VX (a particular
voice). RETRIEVE offers you the same
facilities.

Files saved using the Music Com-
poser can be used from BASIC and a
comprehensive breakdown of the file
structure is given in the manual
provided. The details are too complex
to describe in a review, but basically
each file is made up of four sections.
Each record starts with a header byte
enabling you to locate the starting
point. A phrase record contains pitch
and duration values for a given
phrase. The voice record is the actual
program for playing one of the four
voices. There is also a miscellaneous
information record in which the time
signature, tempo and key signature
are stored.

The DOS instruction in the main
menu is for use with disk -based
systems and when selected, returns
control of the machine to the disk
operating system, thus enabling use
of all usual DOS commands. This
command is non-destructive and on
exiting the disk operating system,
using option B which is RUN CART-
RIDGE, you will find your composition
intact.

LISTEN enables you to hear every-
thing from the arranged programs.

Making Music
Having explained the functions

provided we shall now relate our
experiences of using the cartridge.
We decided to approach this review in
two ways. From the point of view of
users with little or no musical know-
ledge we thought a good test would be.

Typ

F.n41

cr. cr.=
4 4

in as: Ml, G4W M2, RW M3, RQ RE C5E CQ CE FET M4, FE FQ EET EE

e

Figure 3. Entering Music.

to enter sheet music and for those of
you who are musically adept or more
adventurous, we composed a 24 -bar
piece of original work.

In order to enter sheet music it is
obviously necessary to identify the
notes their duration, and symbols
such as rests and sharps, flats, etc.
With a little patience and a prompt
table, those with no musical know-
ledge should be able to master this in
a short period of time. The manual is
also very useful here as it lists note
durations, octave spacings and sym-
bols.

After a quick trip to a local music
shop we had our eager hands on some
popular music for piano. We found the
best approach was to initially number
the bars and then write the code for
each note immediately beneath it. At
this point we assigned each of the four
voices in the music to a phrase. We
then typed each phrase in turn, only to
realise that many sections of each
phrase (the verses and choruses)
were repeated and we should have

split the phrases up further and then
used the ARRANGE facility to play
them in the correct order. This entails
more time spent on planning, but
much time is saved at the keyboard
and the possibility of typing errors
is reduced.

Upon listening to the result it was
obvious that we had made a number
of errors. Some of these, such as a
note in the wrong octave, were quickly
located and we found the cursor
controls very effective for correcting
these errors. Other errors were harder
to find. The answer is to take your time
and get it right in the first place.
Although most sheet music can be
entered, the machine has difficulty in
coping with some aspects, not least of
which is the lack of emphasis on
individual notes. This can make some
music sound noticeably different.
Triplets, some turns and some trills
are not possible and obviously rallen-
tando, crescendo, diminuendo and
glides etc. are out.

For our second test we entered a

AAA AN tam VO X C

48

9
ix1 2
/1 8
1 81 71 81 92 @

8 X. 8 PL 441b
IP. IL.- elk .4e IP. 1.41 A AS NEE /
IC; IM 11-C# I-- 7C I4 IEE: X
8 ..7C. SP IL- deb .b.
IP. IL_ /DOI 140 PH RCA 8 IF4-r MAt AO IA 8 PO SE -12

431 11.1 ONO -117
P IL- A N. PH MP! Alb 8 ME: 2G 21' IL_ @ME 7

C by NP 3T464.

Figure 4. ARRANGE VOICE.

50

ARRANGE MENU
OUNT
'SPLAY
0 TO LINE
FOR THIS MENU
LAY PHRASE
TOP
RANSPOSE
OLUME
SPACE BAR TO GO ON

Figure 5. ARRANGE MENU.

four-part composition having phrase
one as the melody line, phrase two as
the first harmony, phrase three as an
arpeggio rhythm and phrase four as
bass. We changed things as we went
along, replacing a triplet with a single
note, for example, and altering notes
which though musically correct,
sounded slightly wrong on the com-
puter when the four phrases were
played together. This, we suspect, is
because all the voices have the same
timbre. CHECK MEASURES proved to
be invaluable as it is easy to forget the
step to the next bar when concen-
trating on writing the notes, and when
you try to exit the error message
MEASURE TOO LONG is displayed so
the error may be corrected almost as
soon as it is made.

Conclusions
Considering that this is the

cheapest way of generating computer
music, we feel the 'Music Composer'
represents outstanding value for
money. The emphasis is more on fun
than on serious music making though
for anyone who has always wished to
know something about music, but has
been put off by text books and ter-
minology, this could be a fun way to
learn. As a classroom teaching aid it
would definitely hold a student's at-
tention, without too much teacher
involvement. For the professional
musician it promises much, but you
may soon find yourself restricted by
this particular composer's limita-
tions. However it is, after all, written
for a home computer system. And no
doubt more sophisticated programs
and peripherals will become avail-
able in due course.

We wish to thank Ingersoll Ltd. for
the loan of a cartridge, and a pre-
production Atari 800.
Tony Search
Graham Daubney E&MM

SAVE MUSIC
EVERYTHING
ALL PHRASES
ALL VOICES

X PHRASE X
X VOICE X
STOP

FN?

Figure 6. SAVE MUSIC.
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[Immo for ATARI
The World-beating
ATARI PERSONAL

COMPUTERS
3 consoles available
Atari 400 with 16k RAM (AF36P) f340
Atari 400 with 32k RAM (AF37S) f395
Atari 800 with 16K RAM (AFO2C) f625

(expandable to 48K)

All consoles when connected to a standard UK colour (or
black and white) TV set can generate the most amazing
graphics you've ever seen.

Look at what you get:
* Background colour, plotting colour, text

colour and border colour settable to any
one of 16 colours with 8 levels of
illuminance!

* Video display has upper and lower case
characters with true descenders, double
and quad size text and inverse video.

* 57 -Key keyboard (touch type on Atari 4001
and four function keys.

* Full screen editing and four-way cursor
control.

* 29 keystroke graphics and plottable points
up to 320 x 192 (160 x 96 only with 8K
RAM).

* 40 character by 24 line display.
* Extended graphics control and high speed

action using a DMA chip with its own
character set.

* Player missile graphics.
* Four programmable sound generators can

be played individually or together and each
has 1785 possible sounds playable at any

one of eight volume settings, for game
sounds or music.

* Full software control of pitch, timbre and
duration of notes in 4 -octave range.

* Four joystick or paddle ports, sounds
output to TV.

* BASIC cartridge and 10K ROM operating
system and full documentation.

minpun
Maplin Electronic Supplies Ltd
P.O. Box 3, Rayleigh, Essex.
Tel: Southend (0702) 552911/554155

MORE HARDWARE
Atari 410 Cassette Recorder (AF28F) £45

Atari 810 Disk Drive (AFO6G) £325

Atari 822 40 -column Thermal

Printer (AF04E) £240

Atari 850 Interface (AF29G) £120

Joystick Controllers lAC37S) £13.95

Paddle Controllers IAC29G) £13.95

16K RAM Memory Module (AFO8J) £65

MUCH MORE FOR ATARI COMING SOON

SOFTWARE
Lots and lots of amazing software for

Atari available during June 1981.

* Word Processor * VISI-CALC

* ADVENTURE GAMES * Arcade Games

* Trek Games * ASSEMBLER Er

DISASSEMBLER * FORTH * Teaching

* 3D GRAPHICS * Character Set

Generator

SEND S.A.E. NOW FOR OUR LEAFLET

XH52G available JUNE

LE STICK
For Atari Computer or Video Game
Replaces standard joystick, but much
easier to use. Internal motion detectors
sense hand movements. Large pushbutton

on top of Stick. Squeeze Stick to freeze
motion. A MUST for SPACE INVADERS,
STAR RAIDERS & ASTEROIDS.

ONLY f24.95 (AC45Y)

Note: Order codes shown in brackets.
Prices firm until August 30th 1981 and
include VAT and Postage and Packing.
(Errors excluded. )

1,1041,5-0T-TEtifie)metiffsel!Mil_'=,
o*qcolwitsiRaIr;0.!.917)(001'

ntwiPr.4,40N.1 ^.(D,

Atari 400 Console

ATARI'

Atari 800 Console (with cover removed)

SPECIAL PACKAGE OFFER
Disk -based system for f725!
With Le Stick
The Atari 400 Console
Special 32K RAM Module
Atari 810 Disk Drive
Disk Operating System
Documentation

Interconnecting Leads
Everything in -Look at what you get" list
Can any other computer on the market
offer all this at anything like this price?

VERSAWRITER
121/2 x Bin. drawing board. Drawing on
board is reproduced on TV via Atari with
32K RAM and Disk Drive. Closed areas
may be filled in with one of 3 colours. Text
may be added in any one of 4 fonts. Paint
brush mode: select size of brush and paint
away. Air brush mode: shade in your
drawing - colour and density is up to you.
Plus many more features. S.a.e. for price
and further details.

Demonstrations
at

1981.
our

sops from June 9th

Seeh Atari at 284
London Road,

Westcliff
-on-Sea,

Essex.

Tel: (0702)554000
and at

/59-161 King
S., Hammersmith

W6.

Tel: 017480926
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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.

The IF Statement
So far in this series the IF statement has been used to compare a variable

with a constant to test for equality. Different actions can then be taken
depending on the result of the comparison. For example, the statement:

20 IF C=10 THEN GOTO 50

Compares the contents of the variable C with the constant 10. If C contains a
value of 10, program execution branches to line 50; otherwise it continues with
the statement immediately following line 20. Thus a conditional branch has
been made according to the value of C.

The '=' symbol in the above statement is being used as a 'relational operator'
(the 'comparison relational operator'). It is one of six relational operators in
BASIC. Table 1 shows the six symbols used to represent relational operations.
Using these symbols with the IF THEN statement makes it possible to
determine relationships such as relative size. For example, the statement:

20 IF C> 10 THEN 50

Compares the contents of the variable C with the constant 10. The branch to
line 50 occurs when C contains a value which is greater than 10.

The IF statement can also be used to compare two variables or two
expressions. For example, the following statement compares the result of two
expressions:

50 IF E312> 4*A*C THEN GOTO 10

(NOTE: the IF statement can send program execution back to a previous line as
well as ahead.)

Some versions of BASIC allow the GOTO part of the statement to be omitted
so that only the line number branched to is specified. For example:

10 IF C=A THEN GOTO 90 is the same as:
10 IF C=A THEN 90
for some versions of BASIC.

IF statements can contain executable statements other than the GOTO
statement. For example:

10 IF 1312> 4*A*C THEN PRINT "ROOTS ARE REAL"

(This statement could be used as part of a program dealing with 'quadratic
equations'.)

RELATIONAL OPERATOR -a symbol used in the BASIC language
to determine a relationship of relative size between:

i) two variables,
ii) a variable and a constant,

iii) a variable and an expression,
iv) an expression and a constant,
v) two expressions.

For example, the relational operator less than' (<) can be used
as follows:

10 IF A- 0 THEN PRINT "NEGATIVE"

Multiple Statements on a Line
Each numbered line of a BASIC program requires a minimum amount of

space in computer memory. Most versions of BASIC allow you to have more
than one statement on a single program line, thus saving memory space
because the total number of program lines is reduced. In a line containing more
than one statement, a special character called a 'separator' is used between the
statements. The separator enables the computer to distinguish each new
operation. The symbol used as a separator varies according to which version of
BASIC is used. The most commonly used symbols are a backslash N or a colon
(:). You should consult the relevant operator user manual to check for the
correct separator.

The following program uses colons as separators:

10 LET X=4 : LET Y=5 : LET Z=6
20 PRINT : PRINT X*Y+Z
30 END

Three numbered statement lines have been saved by using more than one
statement on a line. Line 10 assigns a constant to each of three variables. Line
20 outputs a blank line and then the result of an arithmetic expression involving
the three variables. To make the program more readable it is a good idea to put a
space each side of the colon, although space often becomes vital when fitting
statements on a line and may not allow this. The computer ignores the space
when it 'reads' the program.

Multi -statement lines are especially useful when used with IF statements.
Earlier we saw that if the condition specified in an IF statement is not fulfilled,
the program ignores that statement line and continues execution at the next
numbered line. Thus, using an IF THEN multi -statement line the execution of
more than one statement can depend on the result of a comparison. For
example:

10 IF F> 0 THEN PRINT "F IS POSITIVE" : GOTO 50

The computer will print the message and branch to line 50 if the condition
'F>0' is true, but neither will be executed if the condition is false.

As you write more BASIC programs you will find that multi -statement lines
help to organise a program and increase the usefulness of the IF statement.
Also the memory space saved will enable larger programs to be written using
the same amount of memory. This is important when memory space is limited.

The INPUT Statement
Already we have examined how an assignment can be made to a variable by

using a LET statement. The 'data' which is to be assigned to a variable is
specified when the program is typed into the computer. There are several other
methods for informing the computer of the value of variables. One of them is the
INPUT statement. The INPUT statement allows the computer user to assign
values to variables while the program is running and to change that data each
time the program is run.

Consider the following program:
10 LET A=3
20 LET B=4
30 PRINT A*B
40 END

Lines 10 and 20 use the LET statement to assign constants to the variables
A and B. The variables are then operated on, and the result printed by line 30.

Now let us use the INPUT statement to assign this data when the program
executes:

10 INPUT A,B
20 PRINT A*B
30 END
RUN

When the program is run it asks you to input to the terminal the values to be
assigned to A and B. Your input is requested by a question mark (?) prompt.
For example, when you type the RUN command the program prints: ? Program
execution then stops and waits for you to type values for A and B. When more
than one number is to be input each number is separated by a comma. So, to
assign 3 to A and 4 to B type after the question mark prompt: 3, 4

After you type the values and the RETURN key the program will continue to
run automatically, and in this example will print the result of A multiplied by B
which is 12. When the program is run again different values for A and B can be
specified.

If you do not type enough values for the number of variables in the program
another prompt is output and so on, until a value has been typed for each vacant
variable. If you type the RETURN key instead of a value in response to the
prompt, BASIC assumes the value to be zero. If the input character is non -
numeric it will be rejected by the computer and an error message will be output
to the terminal. (The actual message displayed will depend on the version of
BASIC you are using.) The computer will then output the prompt again to allow
you to type in the correct input. Later in this series we will show how BASIC
enables strings of characters to be input to a program.

It is good programming practice to output a message using the PRINT
statement before an INPUT statement requests data. This message will remind
the program user of what the INPUT is to be used for. For example, the previous
program can be modified as follows:

10 PRINT "INSERT VALUES FOR A AND B"
20 INPUT A,B
30 PRINT A;"*";13;"=";A*B
40 END
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Some versions of BASIC allow the INPUT statement itself to contain the
reminder, if the reminder is enclosed in quotation marks. For example:

10 INPUT "INSERT VALUES FOR A AND B";A,B
20 PRINT A;"*";B;"=";A*B
30 END

The semicolon between the reminder message and the two variables causes
the program to print the message and the question mark prompt on one line as
follows:
INSERT VALUES FOR A AND B?
Your input should follow after the string and prompt. After you type the RETURN
key, the answer appears on the terminal.

Statement Review
The following BASIC program contains examples of BASIC statements and

techniques discussed so far in this series:

10 REM-NUMBER GUESSING GAME
20 LET X=37 : REM-NUMBER TO BE GUESSED
30 PRINT "I'M THINKING OF A NUMBER FROM 1 TO 100"
40 PRINT "GUESS MY NUMBER"
50 INPUT "YOUR GUESS";G
60 IF G< X THEN PRINT "TRY A BIGGER NUMBER" : GOTO 50
70 IF G> X THEN PRINT "TRY A SMALLER NUMBER" : GOTO 50
80 PRINT "THAT'S RIGHT! YOU GUESSED MY NUMBER"
90 END

The program is composed of the following lines:

line 10 - The REM statement allows you to insert comments into your program.
All the characters following the REM statement on the same line as shown are
ignored by the computer.
line 20 - The LET statement declares the variable 'X' and assigns to it the
constant 37. The colon is a 'separator' symbol which enables more than one
statement to be written on a single numbered line.
lines 30 and 40 - The two PRINT statements issue a message on the terminal.
line 50 - The INPUT statement outputs a reminder message followed by a
question mark prompt. In answer to the prompt you type a single numeric value
followed by the RETURN key. This value is stored in the variable 'G' and is used
later in the program.
lines 60 and 70 - These are multi -statement comparison lines. If the
comparison succeeds, a message is printed and a conditional branch is made
to line 50
line 80 - The PRINT statement outputs the message in quotation marks to the
terminal. The only way program execution can reach line 80 is if the value you
type in for G is the same as the value assigned to X (because line 60 or 70 re-
directs program execution back to line 50 if G is less than or greater than X
respectively).
line 90 - The END statement signifies program completion.

Later in this series we will examine automatic features of BASIC called
'functions'. Functions are built into the BASIC language in order to perform
frequently needed operations. Two BASIC functions can be combined and used
in the above program so that each time the program is run the program itself
generates a number between 1 and 100 for the user to guess. The two functions
needed are the 'RND' and 'INT' functions.

If line 20 is replaced with the new line:

20 LET X=INT(100*RND(1))+1
the value assigned to X will be different each time the program is run.

You may wish to try and modify the program so that it prints out how many
guesses the user tried in order to get the correct number. Also it would be a good
idea if the program repeated automatically until it receives a special
'terminator', instead of typing 'RUN' each time a number is to be guessed. For
example, if you type a negative number as yourguess the program will stop. The
modified program will be given in next month's BASICALLY BASIC.

Mathematical BASIC Example Meaning
Symbol Symbol

= = X=Y X is equal to Y< < X cY X is less than Y
-<- < =or= < X<=Y X is less than or

equal to Y
> > X> Y X is greater than Y
->- >=or=> X>=Y X is greater than or

equal to Y
# <> or>< X<> Y X is not equal to Y

Table 1. BASIC Relational Operators and examples of their use.

THE
POWERFET AMPLIFIER

*ttiwt-

PFA 80
1100W plus
into 13$21
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 designs. 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.

Some day all
power amps will
be made this way

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.

We sell electronic
components toci,
at unbeatable prices.
Send SAE for lists.

PFA80/120
The PFA is perhaps the perfect realisation of the classic powerfet amp design. The superb PCB

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 chosen against the more usual 120V to give improved safety margins.

Specification PFA80 PFA120
Bandwith 10hz - 100K Hz± 1dB
Output Power 80W (Vs=± 50V) 120W (Vs=± 55V)

R.M.S. into 8,SL
THD *0.008% X0.005%

(KHz at rated 0.004% typ. 0.002% typ.
output)

SNR 120dB
Slew Rate >20V41.5
Gain X22
R in 30K
Vs max ±70V

PFA 120
1150W plus
into 80.
300W INTO 401

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

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 con-
trol (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
THD
at rated o/p
SNR

Vs
Output
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 HA1397. Easily modified for bridge operation,

providing high powers from low supply voltages.
Specification
Output power RMS

THD
SNR
Input
Cost (Built)

20Hz-30KHz ± 1d8
0.003% typ.

85dB (ref. 5mV RIAA)
105dB (ref. 100mV flat)
± 20V
1V (clips at 20dB)

20W into 851 at ± 22V
20W into 451 at ± 19V
0.02% at 1KHz 1W to 12W
90dB
100mV into 50K
f5.80

THE POWERFET SPECIALISTS

J. W. RIMMER
Mail order only to:

148 Quarry Street, Liverpool L25 6HQ. Tel: 051 428 2651
Technical enquiries:

367 Green Lanes, London N4 1DY. Tel: 01-800 6667
E&MNI 7
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MICROPROCESSORS
Peter S. Kershaw B.Sc (Eng.)

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.

Part 5 A Design Example
This month we present a hardware design example. A simple car computer
has been chosen, as it has most of the standard requirements of dedicated
processor applications. ROM, RAM, interrupts and analogue and digital

I/O. This is not intended to be a constructional project - there are many better
ways of achieving the same result. The Z80 has been used only because the
previous articles have been based upon it. At each stage of the design, the
options available are discussed in detail.

Specification
The first stage in any design is the specification of the required performance

characteristics. These should include the facilities offered, input and output
tolerances, power supplies available, etc. All facilities which may be required
should be included - it is much easier to remove some than to add them later.
Similarly with tolerances, it is better to err on the side of accuracy. The following
is a provisional specification for the car computer:

Facilities and tolerances:
Instantaneous speed
Instantaneous mpg
Average speed
Average mpg
Total distance
Total fuel used

(0-99 mph ±2)
(0-99 mpg ±5%)
(0-99 mph ±2)
(0-99 mpg ±5%)
(0-99 miles ±1)
(0-9.9 gallons ±0.2)

Inputs:
Magnetic induction transducer (magnet mounted on front wheel)
Fuel flow rate transducer (proportional d.c. voltage output)
Pushbuttons: mode set (6), system reset

Output:
Seven -segment LED displays

Power:
12v DC @ 500 mA

CLR

0

Speed, distanc
generator

Clock

Reset

2MHz

MREO
RFSH

INT A13
Al2
All

AO

A10

DO I

D7

Z80
CPU

RESET

RD WR

E 05 04 oi
E Address -
C decoder 02
B

S

RAM

WR A0 -A6 DO D7

Address bus

Data bus

E&MM

00- -07

Ck Latches

DO -D7

A0 -A7 C/S D0 -D7

ROM

DO -D7

C/S ADC

WR RD Vin
VREF

Fuel data
generator

00-07

E Buffers

DO 05

Switches

Displays

Decoder 'drivers

Figure 1. Car computer: block diagram.
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IC1 Z8OCPU
IC2 74LS14
IC3 74LS74
IC4 74LS138
IC5 ADC0804

IC6 74LS273
IC7,8 74LS247
IC9 2716
IC10 6810
IC11 74LS244

°The values of C4, R5 and R6 depend on the characteristics
of the transducers.
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Figure 2. Car computer: complete circuit diagram.

In addition, for a real application size, weight and cost would be specified.
Note that during a substantial design project these specifications may change
several times as new requirements and new problems arise.

Hardware Design
It is usual to design the hardware of a microprocessor -based project first.

However, the software requirements should be borne in mind even at this stage.
(In fact, it is often software requirements which determine the choice of
processor).

System Timing
One of the first things to notice is that some form of real-time reference is

required to measure speed. We could use a Counter -Timer Circuit (Z80-CTC)
which contains counters which may be clocked externally or from the system
clock. We would then count, say, the number of wheel revolutions in one
second. However, this reduces the accuracy at low speeds. For example, at 10
mph there are only 2.51 revs/second (assuming a wheel diameter of 56 cm).
Alternatively, we could count the number of clock cycles between wheel
revolutions. The time for one revolution varies from 39.8 ms at 99 mph to
infinity at 0 mph. When stationary, in fact, the count will never be terminated,
and this must be taken into account in the software.

Instead of using a CTC, we could set up a software counting loop, using the
system clock as our reference. Provided the time spent computing is very small
compared with the time spent counting, or the computing time is somehow
compensated for, this method can be quite accurate enough. Even at maximum
speed, the time per revolution (39.8 ms) is very long compared with the time
required for computation (probably less than 1 ms). This timing method saves
the cost of the CTC and its associated wiring.

A block diagram of the car computer is shown in Figure 1. The output from
the induction coil is amplified by an op amp. This signal is then used to set a D -
type flip-flop. This causes a maskable interrupt to the CPU. When the interrupt
has been serviced, an address is read (or written to) which causes Q to go low.
This then clears the flip-flop, removing the interrupt.
Memory

The amount of ROM required can only be estimated at this stage, but the
smallest standard EPROM available is the 2708 (lk x 8). However, this requires
+12v and -5v supplies. Thus, the 2716 (2k x 8) which runs from a single +5v
supply is used. In assessing the amount of RAM required, we must remember
that a stack will be required for interrupt servicing and subroutines. But the

software will be quite simple and the intermediate data storage requirement is
small, so a 6810 (128 x 8) should be adequate.
Input and Output

There are as many ways of implementing I/O as there are applications. In
this instance we may choose between octal latches and buffers and LSI I/O
chips. Devices like the Z80 -P10 (Peripheral Input/Output) orthe Intel 8255 PPI
(Programmable Peripheral Interface) offer flexibility and facilities such as
interrupt generation, bidirectional ports and 'handshaking'. These devices may
be more expensive than TTL chips but they offer a considerable saving in space
and wiring. In this application, however, we only need six input lines. These can
be provided with an octal buffer (74LS244).

It is worth mentioning here that whereas most microprocessors have special
support chips for I/O, displays, etc many of these devices are usable with
almost any processor. Thus, even though the range of Z80 support chips is quite
small there are many devices which can be used from families such as 8080
and 6800. The designer should always try to keep abreast of new developments
in microprocessor support.
Address Decoding and Control

Address lines A. , A., and A.. are decoded to select particular devices. As
with most microprocessor components, inputs and outputs are active low.
Thus, when A,B & C are low, Q goes low (active) and the ROM is selected. Two
other signals are applied to the address decoder: MREQ and RFSH. MREQ goes
low when a valid memory address is on the address bus. With the Z80, there are
two circumstances where this occurs. One is where a memory location is being
read or written to. The other is where a dynamic memory refresh address is
being supplied. This is done automatically each time an opcode is being
decoded. When a valid refresh address is present, both MREQ and RFSH go low.
As we are not using dynamic RAMs, we can gate out these addresses by
applying RT-SR to the decoder, as shown in Figure 1.

Note that the I/O is addressed as if it were memory (i.e. it is memory -
mapped). This has been done simply because the address decoding is there so
no further circuitry is needed to derive the appropriate chip select signals. The
Z80 does, however, generate IORQ which is similar to MREQ, but can only
address 256 I/O port addresses. It can be seen that, whilst A ,-A are applied to
the ROM, the RAM sees only A -A.. This means that any address given to the
RAM is independent of A -A . Thus, the block of RAM may be addressed
starting at 0800, 0900, 0A00 Similarly, since A & A_ are ignored
entirely, the whole of memory space is repeated 4 times. A memory map
(showing only the first occurrence of each device) is given in Figure 3.
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For the analog -to -digital (A/D) conversion, a device has been chosen which
interfaces directly to the processor bus. A fairly common and cheap alternative
is to use a D/A converter and a comparator. This and other conversion
techniques will be discussed in more depth in a later article.

The 7 -segment displays are driven by decoder/drivers from a single 8 -bit
port. It would have been possible to drive each segment directly using two
seven -bit ports and performing the encoding of the segments in software.
However, standard 74LS273 latches cannot provide the necessary current to
light the LEDs and high current devices are more expensive and impose a
greater load on the data bus. The switch outputs are applied to a tri-state buffer.
These will be read regularly to check for a switch closure.
Bus Loading

The Z80 data and address bus outputs can each drive several LSTTL inputs.
The loading imposed by the devices on the bus can be found from manufac-
turers' data sheets. If the buses are too heavily loaded, or if they are taken off the
main circuit board, they should be buffered using unidirectional or bidirec-
tional tristate octal buffers, as required.
Clock

A clock frequency of 2 MHz has been chosen as it is suitable for the standard
2.5 MHz Z80 and does not place severe demands on any of the other devices. In
general, the timing of memory devices and peripherals should be checked to
see that they will operate correctly under the design conditions. For memory
devices, the access time is particularly important. This is the time taken for
valid data to be available on the output pins after the chip select becomes
active, assuming a stable address.

Timing charts in the Mostek Z80 technical manual show that 11/2 clock
cycles are available for an opcode fetch (OCF) cycle (i.e. when reading an
opcode from the ROM), and 2 clock cycles are available for a normal data read
or write. These times are reduced slightly by internal delays, but clearly the
standard memories with access times of 450 ns or less will be adequate with a 2
MHz clock. Ways of using fast CPUs with slow memories will be discussed at
another time. An I/O cycle is half a clock cycle longer than a memory
read/write. This enables MOS I/O devices (such as the Z80 -P10) to operate at
full speed. Thus, when working near full speed, these devices should be
configured as I/O ports rather than memory -mapped.

System Reset
Finally, the combination of C, and Ri causes the RESET pin of the CPU to be

held low until the 5v supply has settled. This is called 'power on reset'. The
manual reset button can be pressed at any time, causing a restart to location
0000H. If dynamic RAMs are used, the reset has to be synchronised to the
clock, for which additional circuitry is required.

A complete, detailed circuit diagram is shown in Figure 2.

Better Hardware Solutions
For small applications such as this, single -chip microcomputers are often

used. These contain a microprocessor and combinations of ROM, RAM, I/O
ports and timers. The ROM is normally mask programmed by the manufac-
turers. This is only economically feasible for very large quantities.

If the car computer is to be left on when the car is stationary, a low power
CMOS processor and liquid crystal displays would drain far less current from
the car battery. For example, the Motorola MC146805E2 is a CMOS processor
with:

* 112 bytes of on -chip RAM
* 16 bidirectional I/O lines
* Programmable timer
*Automatic power -on -reset
*On -chip oscillator

It consumes 20 mW at the full
clock speed of 5 MHz (compared with
750 mW for the Z80 at 2 MHz), and
less than 1 mW in its special standby
mode. This device would therefore be
far more suitable for an application
such as this.

Some multifunctional devices are
also very useful for reducing the chip
count. For example, the new Mostek
MK3886 'Combo Chip' contains a
serial I/O port, two timers, three
interrupt channels and 256 bytes of
RAM. Thus, the complete processing
requirement for many applications
could be met simply by a Z80 CPU, a
Combo Chip and a ROM.

Next month we will look at the
design of hardware and software for a
digital music keyboard. E&MM
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Figure 3. Memory map (not to scale).

iTwo New
Additions
to the successful Studio
Series from McKENZIE

Both capable of a massive power handling of 200 watts are a useful
addition to any decerning DJ or Musicians Sound System.
The Studio 15-200 Bass is a 15 -inch driver which can be selected with
confidence for any high performance Bass application.
The Studio 12-200GP is a high power general purpose 12 -inch unit
developed from the already successful 125 Series which received
reviews worthy of note earlier this year.
Both units are built on a new pressure die-cast aluminium chassis and
have the same massive magnet system fitted with a finned aluminium
heat -sink.
The power is handled by our new 75mm high temperature voice coil
which is cooled by venting immediately over the winding and through
the rear of the magnet assembly.
All the Studio Series have the same durable high quality stoved gold
epoxy finish and have a recommended retail price of £74.00 for
the Studio 15-200 Bass and £69.00 for the Studio 12-200GP.

OINE OR I SE
Acoustics Limited

r

ROCKLEY AVENUE
BIRDWELL, BARNSLEY, YORKSHIRE S70 5QY
Telephone (0226) 43894

Please send me your free literature

Name

Address
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Series/parallel is an alternative
feature to coil tap that is in-
cluded in quite a few production

guitars using humbuckers, and a use-
ful item it is too. The difference
between the two is simple. Both will
give the normal series coil hum -
bucker sound in one position, but
where the coil tap cuts out one of the
coils, probably by one of the methods
I've shown so far, the parallel setting
alters the coil wiring so that effec-
tively, instead of a humbucker, you
have two single coils operating in
parallel. Each coil has its own output
and earth, though the pair still use the
same magnetic field, and remain out
of phase, so are still humcancelling.
This gives a thinner, more toppy
sound than series, but is still not
absolutely the sound of a single coil
pick-up or a tapped humbucker.

The most common set-up requires
a three or four conductor and shield
humbucker, and an on/on DPDT
switch. Where the overall phase of the
pick-up is not going to be reversed
after the series/parallel switch, a

three conductor and shield type will
do. But where phase reverse is re-
quired, then the in -phase earth end of
the coils has to run via the series/
parallel DPDT to an on/on DPDT
cross -wired so that in reverse phase,
this earth -end of the coils will become
the output end. Figure 1 shows a four
conductor pick-up linked to a series/
parallel DPDT, and on from there to a
phase reverse DPDT. This set-up can
easily be extended to include a coil

tap, either partial or complete, by
running a wire from terminal 6 of the
series/parallel DPDT to any of the
earth type taps I've shown so far.

Obviously, the most sensible one
to go for in a control situation begin-
ning to get complicated would be the
tone control spare leg tap. Where
phase reverse is not required, the
wiring would be as in Figure 2. I use
here for convenience the colour
codes as used on Dimarzio and Vel-
vet Hammer four -conductor pick-
ups. The extra tap here would operate
when the DPDT was set to series.
Parallel would be unaffected. This
gives you an interesting A -B com-

Adrian Legg

Series/parallel and
pick-up phase reverse

parison facility on the DPDT between
parallel and tap, and the opportunity
to draw your own conclusions about
the relative values of the two.

The interesting point about phase
reverse in conjunction with an earth -
type tap, either via the series/parallel
DPDT, or direct tapped from the coils
link, is that phase selection deter-
mines which coil is tapped. Figure 3
shows phase reverse in conjunction
with a tone control earth -type tap. In
normal phase, coil 2 will be turned off,
and in reverse phase, coil 1 will be
turned off. In my experience, this
extra range of tone is of most use on
the bridge pick-up. There are taps

where this does not apply but they're
for another time. Note that in Figure 3,
both the black and the white wire run
to the tone control, the series link is
achieved from 0-9, when there is
sufficient resistance to prevent the
link between the coils shorting to
earth. As before, from 9-10 the tap
operates.

Beware when dealing with multi -
conductor and shield production
"custom" pick-ups. Schecter and
Lawrence humbuckers for example,
are normally wired for phase reverse
and tap as in Figure 4, so series/
parallel switching is not possible with-
out rewiring the conductors. Others,
like the earlier Dimarzio Dual Sound,
were wired as in Figure 5 for series/
parallel and/or tap, but not for overall
phase reverse. In the latter case
though, one could always tap out coil
2, and reverse phase on coil 1 only to
get an out -of -phase mix with another
pick-up. More about coil phase re-
verse later on. The reason that you
cannot reverse overall pick-up phase
on the latter type of three conductor
and shield is simply that in reverse
phase, the shield would become the
output, and if that didn't simply earth
out somewhere along the line, it would
be horribly noisy. These Dual Sounds
are wired four conductor nowadays,
and the simplest way to get all the
options is to rewire a humbucker with
less than four conductors up to four,
using a single separate shield to earth
the pick-up base and hardware.

E&MM
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An insight into the
background and musical
equipment that brought
about Duncan Mackay's
Electronic Music
LP 'Visa'

There is no lack of musical ex-
perience in the life of Duncan
Mackay, for he learnt the violin

from the age of three and through the
encouragement of his late father, who
was a Professor of Music, continued
playing until he was fifteen. His father
then started lecturing at the Univer-
sity in Port Elizabeth, South Africa and
here Duncan took the LTCL and LRSM
examinations on the violin.

His keyboard experience began
with the church organ whilst at uni-
versity and it also gave him the
opportunity to play jazz three times a
week (Jimmy Smith style) on an old
Hammond M100 organ. He started
teaching music for six months but this
was something he couldn't cope with
at all, so by chance he got a job as
keyboard player with a jazz group
from Brazil. Having worked for some
time in Rio in his early twenties he
then came back to work in Rhodesia
and finally returned to England seven
years ago, planning to join up with
Ginger Baker. This association didn't
work at all and he started working with
John Hiseman with what was to be-
come Collisseum II.

Duncan's music making in these
days brought little income until Steve
Harley came along from Cockney
Rebel and offered him £50 a week. He
remained with Cockney Rebel until
four years ago and when Rebel split
up he stayed with Steve for another
year as musical director. Then came
the move to 10cc during which three
albums were made, including 'Bloody
Tourists' and 'Look Now'. During that
time he still worked with Steve Harley
and nearly a year ago they completed

RECORDED ON
CASSETTE NO. 3

[Ouil

an LP entitled 'Score'. This was quite
different from his 'Visa' record, with
its 'thousand -notes -a -minute', very
orchestral, dramatic music and un-
usual time signatures.

'Score' came from Duncan want-
ing to do something outside of Cock-
ney Rebel, with the title coming from
the music holding all the elements of
a good film sound track. It was re-
corded at Scorpio Studios and cer-
tainly couldn't have been recorded in
his present studio, for it used num-
erous live percussion and keyboards.
Coming just before the advent of
polyphonic keyboards, the music re-
quired an enormous amount of time
spent multi -tracking monophonic
synthesiser tracks layer by layer and
turned out to be an expensive album
to produce. The album was not as big
a success as it should have been, for it
contained plenty of interesting ideas.
Shortly after 'Score', Duncan left EMI
to join a new record company, Edge
Records.

How Visa Started
Duncan took all the music he had

recorded on two -track Revox to Edge
management who recognised it had
good potential for an album. When
discussing the cost of going into an
eight -track studio to make the re-
cording, Duncan suggested that the
company loaned him a mixing desk
and an eight -track recorder as down
payment on the album. "This enabled
me to record the entire album in the
studio at home using my own equip-
ment in addition. But having spent
years in recording studios where
there was usually an engineer to help

Duncan Mackay.

The main mixing desk.

out, it was quite a daunting ex-
perience to begin the LP entirely on
my own knowing that it had to be
completed in six weeks!"

Although the mixing desk (an
Allen & Heath Modular 3, 16 into 8)
had limited EQ facilities, it was suffi-
cient since most synthesisers had
their sounds shaped before being
direct injected into the desk. Because
it had only three 'sends', extra junc-
tion boxes were made to switch these
outputs to various effects boxes, with-
out having to change jacks around.

Duncan dislikes untidy wiring in
studios, and, needless to say, spent a
lot of time moving the equipment
around until he was satisfied. Part of
the solution has been to use several

patch boxes around the room to
minimise the amount of extra wiring
needed. To hold the keyboards, he
uses a Roland rack which although
quite expensive at around £100 is
ideal for angling each piece of equip-
ment exactly as required.

He prefers to use reverberation
and other effects on individual tracks,
rather than at the final mix -down
stage and feels that this adds greater
depth and spatial effect to the stereo
field. He added, 'You have to be
careful not to add too much rever-
beration, otherwise the sound can
become swamped - but it does allow
you to listen carefully to your monitor
mix and get a good impression of what
you are building up'. We reminisced.
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The main keyboard rack with echo and drum units above.

The Hammond Leslie unit (centre).

Stereo recorders and various effects units.

on the difficulties of ma king an 8 -track
demo and then going into a 24 -track
studio to try and recreate the original
version. It was obviously easier and
cheaper to put the whole album
together in his own purpose-built
studio. "With more time available,
making electronic music often brings
situations when you might be chang-
ing the controls slightly and getting an
effect you couldn't possibly have
thought up". He remembers setting
up a drum pattern on the Compu-
Rhythm which by chance had some
echo added and sounded so good that
it was kept for the final track.

Recording Equipment
and Effects

The multi -track tape machine
used was a Brenell Mini -8 with Vari-
speed and remote control. The amps
in the studio are Quad 405's fed into a
pair of JBL speakers (Decade 36 3 -
way speakers set for flat response),
although he has tucked away a pair of
Auratones which he likes as addi-
tional reference speakers (even
though the bass needs boosting!).

The mixing desk sits in front of
what used to be an old fire -place,
conveniently positioning it suffi-
ciently away from the monitor
speakers. The sound of the room is
already fairly dry from the carpeting
and curtains, so no special equalis-
ing was needed even at the mastering
stage. Noise reduction is not used -
instead the Brenell recorder receives
fairly high signals that can peak into
the 'red' frequently without producing
distortion, thus eliminating one addi-
tional step in the chain that could
affect the final sound. "The only time I
like using dbx is when I am recording
piano and I like to play it back without
it to get a really bright penetrating
'honky-tonk' effect".

Although Duncan's Hammond is
capable of giving him a great organ
sound through its tone cabinet on the
album, he used a Roland VK1 through
a 'Sound Dimension' unit that really
spreads out the sound. There are two
Revox tape recorders (both A77's)
and one is used for the mix -down and
the other for tape echo and back-up
copies. There is also a Technics M04
cassette tape machine that is useful
for recording any make of tape with
correct bias and equalisation and its
'search facility' helps to locate tracks
quickly. For more complex echo
effects there is a Yamaha E1010,
Roland Space Echo RE150 and also
the DC30. Each of these produces a
different kind of echo along with an
early solid-state Roland unit, the Digi-
tal Chorus. Other effects come from
the Roland 'Sound Dimension D', a
Phase Shifter - the SPH323, and a Bell
Flanger - the BF20 stereo version. The
Eventide Clockworks Harmoniser has
pride of place next to an old Yamaha
tuning scope which is very useful for
tuning the Clavinet.

Echo and other effects are con-
trolled occasionally from foot pedals
and the former especially is operated
from a 'push -to -make' rather than an
'on/off' switch to give more accurate
echo timing. We mustn't forget Dave
Simmons' Clap -Trap too which adds
extra percussive sounds.

In the photographs you might also
spot an instrument that excited both
of us - the Roland Auto Harp, which is
simply the traditional auto harp with
piezo pick-ups under each string. We
both agreed the sound it produces
was unobtainable even from guitars
and added interesting chordal and
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arpeggio effects.
Duncan points out, 'It is impor-

tant to listen to recordings in various
environments - even the car stereo is
useful for evaluating if there is too
much bass and so on'. Next to his
Leslie unit there is a rack of equip-
ment from his old 10cc days and
space for some Kepex noise gates
which help to keep the background
noise of the Clavinet down in
recording.

Onto Keyboards
Looking at the impressive array of

keyboards, we started with the Ham-
mond B3 and its accompanying Les-
lie unit which has a 200W Gauss bass
speaker and JBL horns, 'Rarely used
these days', comments Duncan 'and
certainly never played as loud as it
could be'. The Hammond was bought
in Cape Town for £400 brand new
from an old lady who had been left it in
a relative's will and was first dis-
covered ornating her living room with
a table cloth over it and pictures on
top!

Under the main rack is the
Yamaha CS80 which provides most of
the harmony and polyphonic textures
on 'Visa'. This has been modified to
take two extra memories and the
string sounds have also been im-
proved. A firm favourite is the Hohner
Clavinet, which is sent through the
Digital Chorus, helping to add a great
deal of clarity to the sound. "I use the
Multi -Moog quite a lot for sequencing
- its touch -sensitive action helps
to accent notes - and operates with
the Roland system 100 sequencer.
The latter's Channel A is used for note
control and Channel B for filter con-
trol and rests are inserted by simply
closing the filter."

On the top part of the rack is a
Roland TR78 Compu-Rhythm which
has its bass drum sound beefed up by
a Moog Equaliser. 'I find the pad for
entering rhythms impracticable, so I
use the writing switch which is much
more accurate, although you have to
keep removing jacks for normal ope-
ration'. The drum sounds go through
the Space Echo which gives further
syncopation to the rhythms and these
are very evident on the 'Visa' album!
Throughout the LP the percussion is
always intended to sound electronic -
listen to the nice phased cymbal on
the second track. Duncan only occa-
sionally uses his Moog Taurus pedal
for penetrating synthesiser bass:
"This really comes from my time with
10cc and playing jazz in Africa when I
gigged with just a drummer". His
church organ experience obviously
gives him an interest in playing pedals
and he plans to reinstate a two -
octave pedalboard with his Ham-
mond shortly. The Yamaha CS15D
shown on the top of the Hammond will
have been donated since as a prize in
a competition promoting 'Visa'.

Writing the Music
During composing, the music was

often written down in traditional nota-
tion, without detailing all the syn-
thesiser and mixer settings. No phy-
sical tape editing is done as Dun-
can prefers to collect on a Revox
numerous sounds that he experi-
ments with, from which he will ex-
tract parts afterwards that he likes

The original Hammond B3!

Just a few of Duncan's gold, silver and platinum disc awards.

The Brenell 8 -track recorder How to keep your cables tidy!

- in fact, that is how all of the
'Visa' pieces were written. Talking
about the reasons for writing 'Visa',
Duncan mentioned his initial dislike
for drum machines had recently
changed and prompted him to do a
lot of experimenting with them. "I'm
still continuing to write music in the
vein of 'Score', but it's just not com-
mercially viable at the moment. It
was challenging to produce 'Visa',
for everything was created in my
studio from beginning to end. The
excitement of composing electronic
music for me came from the mani-
pulation and interfacing of controls
as well as the composing of the
music and the record was intended
to be pleasing and enjoyable to listen
too, rather than contain exciting inno-
vative ideas."

Its directness and catchy melo-
dies should appeal to the whole family
and points to the important develop-
ments that are taking place in pro-
viding cheaper synthesisers for every-
one to play easily and have fun with.

What this album will prove to
many people is that acceptable
music can now be written in a good
home studio set-up and should in-
spire the many hundreds of people
who now enjoy,recording their own
music to continue their experiments.
Surprisingly, the whole of the 'Visa'
LP was recorded by simply filling the
eight tracks of the recorder and mix-
ing these down into stereo. When
'Visa' is performed at a concert, Dun-
can uses one other keyboard player
and backing tapes.

Certainly 'Visa' is a big step for
Duncan and it contains the person-
ality of the composer through its
warmth and directness, its neat and
precisely organised rhythmic and
melodic counterpoints. Like many
electronic music composers, his next
album promises to be different again.
His latest release is a single which is
not on the album, titled 'Sirius 3 Mark
II'. It's more in the dance vein and
shows yet another side of his com-
posing. Meanwhile, he continues to
compose film sound tracks, jingles,
play most of the music for Kate Bush
and looks forward to plenty of solo
dates this year.
Mike Beecher E&MM

You can listen to Duncan playing
his studio keyboards on our E&MM
Demo Cassette No. 3.

We are also offering his 'Visa' LP to
E&MM readers for only £3.49 inc.
post, packing and VAT. Send your
cheque to 'Maplin Publications', 282,
London Road, Westcliff-on-Sea, Essex,
SSO 7JG.
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TTLs by Texas
7400 11p
74S00 60p
7401
7402 1212pp
7403 14p
7404 14p
7405 18p
7406 30p
7407 30p
7408 17p
7409 19p
7410 15p
7411 24p
7412 20p
7413 30P
7414 40p
74C14 90p
7416 27p
7417 27p
7420 17p
7421 40p
7422 22o
7423 34p
7425 30p
7426 40p
7427 34p
7428 38p
7430 17p
7432 30p
7433 40p
7437 35p
7438 35n
7440 -709
7441 rUp
7442A 60p
7443 112p
7444 112p
7445 100p
7446A 93p
7447A 75p
7448 80p
7450 17p
7451 17p
7453 17p
7454 17p
7460 17p
7470 36p
7472 30p
7473 34p
7474 30p
7475 38p
7476 32p
7480 50p
7481 100p
7482 84p
7483A 70p
7484 100p
7485 110p
7485 110p
7486 34p
7489 210p
7490A 30p
7491 80p
7492A 46p
7493A 30p
7494 84p
7495A 70p
7496 65p
7497 180p
74100 100p
74107 34p
74109 55p
74116 200p
74118 130p
74119 210p
74120 110p
74121 34p
74122 48p
74123 80p
74125 75p
74126 60p
74128 75p
74132 60p
74136 60p
74137 50p
74141 50p
74142 200p
74145 90p
74147 120p
74148 100p
74150 130p
74151A 70p
74153 70p
74154 90p
75155 90p
74156 90p
74157 50p
74159 120p
74160 70p
74161 70p
74162 70p
74163 70p
74164 90p
74165 90p
74166 90p
74167 200p
74170 240p
74172 450p
74173 120p
74174 90p
74175 85p
74176 90p
74177 90p
74178 160p
74180 93p
74181 80p
74182 90p
741844 1509
74185 . aOp
74186 500p
74188 325p
74190 120p
74191 120P
74192 100p
74193 100p
74194 120p
74295 95p
74196 95p
74197 80p
74198 150p
74199 150p
74221 160p
74251 140p
74259 250p
74278 290p
74279 110p
74283 140p
74284 380p
74285 380p
74290 150p
74293 150p
74298 200p
74365 100P

74367
74368
74390
74393
74490

100p
100p
200p
200p
225p

J4LS SERIES
74LS00 14p
74LSO2 14p
74LS03 18p
74LSO4 16p
74LS05 22p
74LS08 22p
74LS09 21p
74LS10 20p
74LS11 40p
74LS13 40p
74L514 50p
74LS20 20p
74LS21 40p
74LS27 38p
74LS30 20p
74LS32 27p
74LS37 30p
74LS38 38p
74LS42 70p
74LS47 60p
74L551 24p
74LS55 30p
74LS73 50p
74LS74 27p
74L575 369
74LS76 45p
74LS83 70p
74LS85 80p
74LS86 40p
74LS90 40p
74L592 70p
74LS93 50p
74LS96 110p
74LS107 45p
74LS109 80p
74L5112 40p
74L5113 90p
74LS114 45p
74LSI 22 80p
74LS123 60p
74LS124 180p
74LS125 50p
74LS126 50p
74LS132 60p
74L5133 30p
74LS136 55p
74LS138 55p
74LS139 75p
74L5145 120p
74LS147 220p
74LS148 175p
74L5151 80p
74LS153 60p
74LS154 200p
74L5155 80p
74LS156 90p
74L5157 60p
74LS158 60p
74LS160 90p
74LS161 75p
74LS162 140p
74LSI 63 100p
74LS164 90p
74LS165 140p
74LS166 180p
74LS173 1109
74LS174 100p
74LS175 100p
74LS181 320p
74L5190 80p
74L5191 80P
74LS192 80p
74LS193 80p
74LS195 140p
74LS196 120p
74LS197 90p
74LS221 120p
74L5240 140p
74L5241 120p
74LS242 120p
74LS243 120p
74LS244 120p
74LS245 1509
74LS247 140p
74LS251 140p
74LS253 90p
74LS257 90p
74LS258 160p
74LS259 160p
74LS266 100p
74L5273 170p
74LS279 90p
74LS283 90p
74LS298 160p
74LS323 250p
74LS324 200p
74LS348 200p
74LS365 48p
74LS367 70p
74LS368 100p
74LS373 120p
74L5374 120p
74LS375 120p
74LS377 1609
74LS378 140p
74L5390 120p
74LS393 120p
74LS399 2009
74LS445 140p
74L5670 200p

4000 SERIES
4000 15p
4001 22p
4002 20p
4006 95p
4007 20p
4008 80p
4009 40p
4010 50p
4011 20
4012 25p
4013 40p
4014 84p
4015 84p
4016 45p
4017 60p
4018 89p
4019 45p
4020 90p

4024
4025
4026
4027
4028
4029
4030
4031
4034
4035
4036
4039
4040
4041
4042
4043
4044
4046
4047
4048
4049
4050
4051
4052
4053
4054
4055
4056
4059
4060
4063
4066
4067
4068
4069
4070
4071
4072
4073
4075
4076
4081
4082
4086
4089
4093
4094
4095
4096
4097
4098
4099
40100
40101
40102
40103
40104
40105
40106
40107
40108
40109
40110
40114
4502
4503
4507
4508
4510
4511
4512
4514
4515
4516
4518
4520
4521
4526
4527
4528
4532
4534
4536
4538
4543
4553
4556
4560
4569
4572
4583

50p
20p

130p
50p
84p

100p
55p

200p
200p
110p
295p
295p
100p

80p
80p
90p
90p

110p
100p

55p
45p
45p
80p
80p
80p

150p
125p
135p
600p
115p
120p

50p
450p

27p
20p
30p
25p
25p
25p
25p

107p
27p
27p
72p

150p
70p

250p
95p
95p

340p
120p
200p
220p
132p
180p
180p
89p

120p
75p
60p

470p
100p
300p
250p
120p
70p
55

290p
90p
80p
80p

250p
300p
110p
90p

100p
250p
108p
150p
100p
140p
550p
375p
120p
180p
320p
72p

200p
250p
40p

110p
4584 /5p
4585 1509
4724 250p
40097 90o
14411 700p
14412 1100p
14433 1100p
14500 700p
14599 290p

INTERFACE ICs
405364 £13
AD561J 1100p
AD7524 800p
DM8123 175p
DM8131 375p
DP8301 450p
DS8835 250p
DS8836 150p
DS8838 225p
MC1488 75p
MC1489 75p
MC3446 300p
MC3480 850p
25510 350p
75107 160p
75110 325p
75150 175p
75154 175p
75182 200p
75324 375p
75361 300p
75363 400p
75365 200p
75451 2 72p
75491 2 70p
8126 160p
8728 250p
8795 180p
8797 160p
811_595 120p
81LS96 140p
811_597 120p
81LS98 140p
9602 220p

4021 110p
4022 p
4023

100
20p Please

93 SERIES 74S SERIES 745114 120p
9301 160p 74S00 609 74S124 300p
9302 175p 74504 60p 74S132 160p
9308 316p 74S05 75p 745133 75p
9310 275p 74506 75p 745138 225p
9311 275P 74S10 60p 74S139 225p
9312 1609 74520 60p 745157 250p
9314 165p 74530 60p 745163 300p
9316 225p 74S32 90p 745174 250p
9321 225p 74S37 90p 745175 320p
9322 150p 74564 60p 75S194 350p
9334 380P 74574 90p 74S241 450p
9368 250p 74585 3009 745260 70p
9370 300p 74S86 180p 74S373 500p
9374 200p 745112 120p 74S374 500p

SPEECH SYNTHESISER
(Wordmaker)

E&MIVI's superb constructional project on
pages 6-17 of the June issue.

A complete set of components including circuit
board for only f99.95 inc. VAT and packing.

fifryiexis
of

Approved
t?

TEXAS
INSTRUMENT

HOBBYIST DEALER

LINEAR ICs
AY1-0212
451-1313
AYI -1320
AY1-5050
AY3-1270
AY3-8910
AY3-89I 2
AY5-1224A
AY5-4007D
CA3019
CA 3046
CA3048
CA3080E
CA3086
CA3089E
CA3090AQ
CA3130E
CA3140E
CA3160E
CA3161E
CA3162E
CA3189E
CA 3280
DAC14088
FX209
HA1388
ICL7106
ICL8038
1CM7555
LF351
LF356P
LM1OC
LM301A
LM311
LM318
LM31 9
LM324
LM339
LM348
LM358P
LM377
LM380
LM381AN
LM386
LM393
LM709
LM710
LM725
LM733
LM741
LM747
LM748
LM2917
LM3302
LM3900
LM3909
LM39I1
LM3914
LM3915
LM3916
LMI 3600

600p
668p
320p
140p
840p
700p
650p
240p
520p

80p
709

225p
72p
48p

225p
375p

90p
50p

100p
140p
450p
300P
160p
200p
750p
250p
850p
300p

80p
48p
95p

425p
27p
70p

200p
225p
45p
75p
95p
50p

175p
75p

180p
95p

100p
36p
50p

350p
1009

18p
70p
35p

250p
140p

70p
70p

1309
225p
225p
225p
125p

MB3712
MCI 310P
MC1458
MCI 495L
MC1496
MC3340P
MK50398
ML920
MM57160
NE531
NE555
NE556
NE564
NE565
NE566
NE567
NE571
NE5534A
RC4I 36
5566B
SAD1024A
SFF96364
SL490
SN76477
SP8515
TA7120
TA7204
TA7205
TA7222
TAA621
TBA641B1 I
TBA651
TBA800
TBA810
TBA820
TBA950
TCA220
TCA940
TDA1004
TDA1008
TDA1010
TDA1022
TDAI024
TDA10346
TDA I 170
TDA2002V
TDA2020
TL071/81
TL072/82
TL074
TL084
TLI 70
UAA170
ULN2003
UPC1 1 56H
XR2206
25414
ZN419C
ZN424E
25425E
ZN427E
ZN1034

150p
150p
49p

350p
70p

120p
7509
775p
620p
150p

20p
70p

420p
130p
155p
140p
425p
250p
80p

270p
1250p
1100p
400p
160p
750p
200p
200p
250p
200p
275p
300p
200p
90

100pp
90p

300p
350p
175p
300p
320p
225p
570p
120p
250p
300p
325p
320p

45p
75p

130p
110p
50p

175p
100p
300p
300p

90p
225p
135p
400p
750p
200p

TRANSISTORS
AC126 25p
AC127/8 20p
AC176 25p
AC187/8 25p
AF116 50p
AD149 70p
40161/2 45p
AUI 07 200p
BC107/8 11p
BC109 11p
BC117 20p
BCI 47/8 9p
BC149 10p
BC157/8 10p
BC159 11
BCI69C 12p
BC172 12p
BC177/8 17p
BCI79 18p
BC182/3 10p
BC184 11p
BCI 87 30p
BC212/3 11p
BC214 12p
BC237 15p
BC327 16p
BC337 16p
BC338 16p
BC461 36p
BC477/8 30p
BC516/7 40p
BC5476 16p
BC548C 9p
BC549C 18p
BC55713 16p
BC559C 18p
BCY70 18p
BCY7I /2 22p
BD131/2 50p
BD135/6 54p
BD139 56p
BD140 60p
BD189 60p
BD232 95p
BD233 75p
BD235 85p
BD241 70p
BD242 70p
60556 200p
BF200 32p
BF244B 35p
BF256E1 70p
BF257 /8 32p
BF259 36p
BFR39 25p

BFF140 25p
13FR41 25p
BFR79 25p
BFR80 25p
BFR81 25p
BFX29 40p
BFX30 34p
BFX84/5 40p
BFX86z 7 30p
BFX88 30p
BFW10 90p
BFY50 30p
BP/51 '2 30p
BFY56 33p
BP(90 90p
BRY39 45p
BSXI 9/20 20p
BU104 225p
50105 190p
BU108 250p
BU109 225p
BU126 150p
60180A 120p
BU205 200p
BU208 200p
BU406 145p
E300 50,3
E308 50p
E310 50p
MJ2501 225p
MJ2955 90p
MJ3001 225p
MJE340 50p
MJE2955 100p
MJE3055 70p
MPF102 45p
MPF103 '4 40p
MPF105/6 40p
MPS6531 50p
MPS6534 50p
MPSA06 30p
MPSA12 50p
MSA13 50p
MPSA20 50p
MPSA42 50p
MPSA43 50p
MPSA56 32p
MPSA70 50p
MPSUO6 63p
MPSUO7 60p
MPSU45 90p
MPSU65 78p
0C28 130p
0C35 130p
TIP29A 40p
TIP29C 55p

TIP30A
TIP30C
TIP3 IA
TIP31C
TIP32A
TIP32C
TIP33A
TIP33C
119344
TIP34C
TIP35A
TIP35C
TIP36A
TIP36C
TIP41A
TIP41 C
TIP42A
TIP42C
TIP54
TIPI 20
TIP122
TIPI 42
TIPI 47
TIP2955
TIP4055
71543
TIS93
ZTX108
ZTX300
ZTX500
ZTX502
ZTX504
2N457A
2N696
2N697
2N698
25706A
25708

48p
60p
58p
62p
68p
82p
90p

114p
115p
160p
225p
290p
270p
340p

65p
78p
70p
82p

160p
120p
130p
130p
130p
78p
70p
45p
30p
1

132pp
15p
18p
30p

250p
35p
25p
45p
30p
30p

2N918 459
2N930 18p
2N113/2 36p
2N1613 25p
2N1711 25p
2N2102 70p
2N2160 350p
252219A 30p
2N2222A 30p
2N2369A 25p
2N2484 30p
2N2646 45p
252904/5 30p
252906A 30p
2N2926 9p
2N3053 30p
2N3054 65p
2N3055 48p

253442 140p
2N3553 240p
253565 30p
ZN3584 250p
253643,4 48p
253702/3 12p
2N3704/5 12p
2N3706"7 14p
253708 9 12p
2N3773 300p
253819 25p
253820 50p
2N3823 70p
253866 90p
2N3902 700p
2N3903/4 18p
253905/6 20p
2N4037 65p
254058/9 12p
254060 12p
2N4123/4 27p
254125/6 27p
2N4401/3 27p
2N4427 90p
2N4871 60p

27p
27p
27p
90p
90p
90p
40p
55p
50

2N5457 8 40p
2N5459 40p

44p
2509

48p
160p
160p
300p
325p

65p
190p

2N6254 130p
2N6290 65p
2N6292 85p
2SCI 172 150p
2SC1306 150p
2SC2028 120p
2SC2029 250p
2SC2078 200p
3N120 120p

255089
255172
255179
255191
255194
2N5245
255296
255401

255485
2N5875
2N6027
2N6041
2N6044
256052
2N6059
256107
2N6247

35140 120p
35141 110p
3N201 110p
3N204 120p
40290 250p
40361/2 75p
40408 90p
40409 100p
40410 100p
40411 300p
40594 120p
40595 120p
40673 75p
40871 2 100p

4A 400V 100P
6A 50V 80p
6A 100V 100p
6A 400V 120p
10A400V 200p
25A 400V 400p

ZENERS
2 7V -33V
400mW 9p
1W 15p

DIODES
65127 12n
BYX36 300 209
0A47 9
0A81 15pp
0485 15p
0A90 9p
0.491 9p
0495 9p
04200 9p
0A202 10p
1N914 4p
1N916 7p
154148 4p
1514001/2 5p
1N4003/4 6p
154005 6p
1N4006/7 7p
1515401/3 14p
1N5404/7 199
15920 9p

TRIACS
PLASTIC
3A 400V 60p
6A 400V 70p
6A 500V 88p
8,4 400V 75p
BA 500V 95p
12A 400V 85p
12A 500V 105p
16A 400V 110p
I 6A 500V 130p
128000 130p

HEAT SINKS
For T0220 Volt-
age Regs and
transistors 22p
For TO5 12p

THYRISTORS
1A 50V 70p
1A 400V 90p
3A 400V 100p
8A 600V 140p
I 2A 400V 160p
16A 100V 160p
16A 400V 180p
EIT106 1109
C106D 45p
MCR101 38p
TIC44 27p
2N3525 130p
2N4444 140p
255060 34p
2N5064 40p

BRIDGE
RECTIFIERS
1A 50V 19p
1A 100V 20p
1A 400V 25p
1A 600V 30p
2A 50V 30p
2A 100V 35p
2A 400V 45p
3A 200V 60p
3A 600V 72p
4A 100V 95p

LOUD-
SPEAKERS
Size
2'a" 64R 80p
2':" 8R 80p
2" 89 90p
1'i:" SR 100p

MODULATORS
6MHz UHF 375p
8MHz UHF 450p

VOLTAGE REGULATORS
Fitted Plastic TO.220

roe
5V 7805 60p

12V 7812 60p
15V 7815 60
18V 7818 60Dp
24V 7824 60p
100mA

5V 7BL05 30p
12V 78L12 30p
15V 78L15 30p
OTHER REGULATORS
LM309K 135p
LM317T 200p
LM323K 500p
LM723 37p

ve
7905
7912
7915
7918
7924

79L05
79L12
79L15

78HGKC
78H05KC

78MGT2C
79HGKC

TL497

65p
65p
709
70p
70p

70p
70p
70p

600p
550p
135p
6009
300p

OPTO-ELECTRONICS
2N5777 45p
OCP71 90p
ORP12 120p
OPTO-ISOLATORS
ILD74 130p
MCT26 100p
MCS2400 190p

LEDS
0125"
TIL32
TIL209 Red
TIL211 Gr
TIL212 Ye
TIL216 Red

55p
13p
20p
25p
18p

DISPLAYS
3015F 200p
DL704 140p
DL707 Red 140p
FND357 120p
FND500
FND507 118F,
MAN3640 175p
MAN4640 200p

ORP60
ORP6I
TIL78

TILIII
TIL112
TIL116

TIL220 Red
TIL222 Gr
TIL228 Red
Rectangular
LEDsIR G VI
5585081
TIL311
TIL312/3
TIL321/2
TIL330
7750/60

DRIVERS
9368
9370
UDN6118
UDN6184

120p
120p

55p

90p
90p
90p

16p
18p
22p

30
570pP
6009
110p
130p
140p
2009

250p
300p
320p
320p

NEW RETAIL SHOP
305 EDGWARE Road, W.2

01-723 0233
Mon -Fri 9.30-5.30 We carry a large stock of 74 and 74LS TTLs, CMOS, Linears, Memories, etc. and

Sat 10.30-4.30 can normally offer ex -stock deliveries. We welcome inquiries for volume
Callers only quantities both from local and overseas buyers.

add 40p p&p & 15% VAT. Government, Colleges, etc. Orders accepted. Callers welcome

MEMORIES
2101 4L
2102 2L
21078
2111-2
2112-2
2114
2114-2L
4027-3
4044
4116
4118-4
5101
6514-45
6810
74S201

400p
120p
500p
250p
300p
300p
500p
375p
900p
400p
750p
4009

I5
325p
400p

ROM/PROMs
71301 700P
745188 225p
745287 350p
745471 650p
745571 650p
CPUs
1600 1200p
1802CE 750p
2650A 116
6502 550p
6800 400p
6802 650p
6809 116
80804 450p
8085A 650p
1N58060 1000
TM59980A I20
Z80 550p
Z804 650p
EPROMs
1702A 500p
2708 450p
2716(05V) £7
2532 110
2732 /10
SUPPORT
DEVICES
3242
3245
6522
6532
6820
6821
6845
6850
6852
6875
8154
8155
8205
8212
8216
8224
8226
8228
8251
8253

800P
450p
600p
825p
375p
200p

£15
200p
370p
600p
950p
850p
3209
200p
200p
275p
2509
250p
450p
800p

8255
8257
8259
8279
T5159918
280P10
2130API 0
Z8OCTC
ZBOACTC
280ADART
280ADMA
Z80510 1

4509
800p
800p
950p
POA

500p
600p
500p
600p

£15
£12
f24

UART
AY -3 1015P 450p
AY -5 1013P 400p
IM6402 450p
CHARACTER
GENERATORS
RO-3-2513 U C

600p
RO-3-2513 L C

700p
55745262AN

£10
KEYBOARD
ENCODER
AY -5-2376 700p
74C922 500p

CRYSTALS
32.768KHz 250p
100K Hz 300p
200K Hz 370p
1 OMHz 320p
1 008MHz 350p
1.8432MHz 325p
2.00MHz 325p
2.45760MHz

325p
3.276MHz 300p
3.579MHz 175p
1.00MHz 290p
4.194MHz POA
4.43MHz 125p
5.0MHz 325p
6.0MHz 300p
6144MHz 300p
7.0101Hz 300p
7.168M5z 300p
8.00MHz 300p
8.867MHz 300p
10.00MHz 310p
10.7MHz 300p
12.0MHz 350p
16.00MHz 350p
18.00MHz 300p

350p
19 966MHz 390p
26 690MHz 350p
27 145MHz 325p
38 6667MHz

350p
48 OMHz 300p
55 5MHz 400p
110MHz 350p

LOW PROFILE DIL SOCKETS BY TEXAS
8pin 9p 18pin 16p 24pin 20p

14 pin 10p 20pin 20p 28pin 26p
16pin 11p 22pin 22p 40pin 30p

ZERO
INSERTION
FORCE SKT
24 pin E7

WIRE WRAP SOCKETS BY TEXAS
Spin 25p 18plo 50p 24pm 70p

14pin 35p 20pin 60p 28pin 80p
16pin 40p 22pin 65p 40pin 100p

HEADER
PLUGS
14 oin 50p
16 loin 60p
24 pin 100p
40pin 275p

SOFTY Ideal Software/Hardware Development Tool Using
SOFTY you can develop your Programmes.
Debug/Verify and then commit them to EPROM.
KIT £100. BUILT AND TESTED £125
Also available Expansion Board for Programming
single rail (.5v) EPROMS Ready built f40.

MINI FLOPPY DISC DRIVE MECHANISM Teac. Type FD 50A 40
track 51/4" Double/Single Density drives £140
FLOPPY DISC CONTROLLER
FDI771 £24
FD1791 £36
FDI691 £15, 2143 £5.50

EPROM ERASER Type UVI 40 Will erase up to 14 EPROMS in
approx. 20 mins Has slide -in-tray for sale use. MAINS and ERAS
indicators £61.50

ACORN ATOM. Supplied with full size OWERTY Keyboard 8K
ROM, 2K RAM and can be expanded to 12K ROM. 12K RAM
Included are UHF Modulator for connection to domestic TV and
Free Manual on Programming in BASIC or Machine Code Kit
1120. Built £150. P&P 12.50

VEROBOARDS 0.1
(copper clad)

2.5x3.75" 75p
2.5x5" 85p
3.750.75" 85p
3.75x5" 95p
3.75x17" 340p
4.75x17.9" 420p
Pkt of 100 pins 50P
Spot face cutter 86p
Pin insertion tool

118p
Vero Wiring Pen

ANTEX SOLDERING
IRONS
C- 15W
CX- 17W
CCN-15W
X25
SPARE BITS
C/CX/CCN
X25
SPARE ELEMENTS
C/CX/X25
CCN

415p
425p
425p
440p

50p
50p

AST

COUNTERS
74C925
74C928
CM721613
ICM7217A
251040E

550p
600p
20009
850p
700p

TTL & ECL
MC4024
MC4044
10116
10231

325p
325p

70p
350p

*SPECIAL OFFERS*
1-24 25-99 100

2114L (450ns) 1.40 1.30 1.20
.2708 3.50 3.25 3.00
2716(+5V) 3.00 2.75 2.50
4116 (200ns) 1.40 1.30 1.20

TECHNOMATIC
TECHNOMATIC LTD.
17 BURNLEY ROAD, LONDON NW10
(2 minutes Doll's Hill tube station) (ample street parking)

Tel: 01-452 1500/01-450 6597 Telex: 922800
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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.

PPG Wave 2

8 -Voice Polyphonic
Digital Synthesiser
with 8 -Track Digital
Sequencer RECORDED ON

CASSETTE NO. 3

I,

©IMO[
pPG have been designing and
building synthesisers in
Germany for several years but,

to date, have not made them available
elsewhere. Their range of instruments
covers monophonic models through
to the complex 360 Wave Computer
and the company in particular
specialises in digital synthesiser
technology.

The Wave 2 combines new digital
microprocessor circuits with ac-
cepted analogue control synthesis
and thus aims to overcome the
complexity often inherent in com-
puter based systems through its
analogue settings and realtime key-
board. The result is an instrument
that sounds quite unlike other per-
formance synthesisers, producing
complex digital waveforms that can
be filtered to produce a vast range of
sounds.

System Design
Rather than produce an instru-

ment following the conventional sine,
triangle, sawtooth and squarewave
basic sound sources, PPG designed
the Wave 2 with banks of waveforms
that are digitally produced. They are
contained in 30 'Wavetables' which
are accessible through a numerical
keypad linked to an LCD 80 -character
display.

This innovative idea solves the
problem of many programmable syn-
thesisers - their inability to show the
control settings of memorised
sounds. Hence, information on all
controls can be displayed and
through the keypad can be used to
update and change the preset
sounds.

There are 5 separate displays
available for indicating the main
panel functions, digital routing and
control, oscillator tuning, analogue
control settings (on a scale from 0 to
maximum 63) for both channels A &
B, and Sequencer/Arpeggio func-
tions.

Each of the Wavetables contains

4444 4 044
4 4440 000

00

64 different waveforms. These are
programmed at the factory and stored
in part of the 24K EPROM memory
making a total of 1920 in all available.
The rest of the EPROM space holds
the control information for sending
data to and from the main 6809
microprocessor. Some Wavetables
have a reasonably smooth transition
through their 64 waveforms whilst
others have very dramatic changes
that contain strongly accentuated and
very different harmonic structures -
it is with these latter Wavetables that
the Wave 2 makes some unique
sounds.

Eight oscillators all receive the
waveform control information that
sets the basic waveform structure,
filter and VCA action, which therefore
shapes the required harmonic struc-
ture. The keyboard then takes any
eight notes played and sets each
oscillator's basic pitch. As soon as you
change waveforms all eight voice
synthesisers are reshaped identically
to sound the same. Selection of the
waveforms is made from the Ana-
logue section on the left half of the
front panel either manually, using the
'Partial Wave Numbers' (PWN) con-
trol or automatically, with an ADSR
envelope.

All the digital information is
entered with the numerical keypad
and 'display select' buttons on the
right half of the panel.

There are two other important
design concepts on the Wave 2. First,
the relatively low number of analogue
controls is achieved through a triple -
sharing system that lets you select the
panel mode to allocate a specific
routing for each set of functions.
Second, the notes played on the key-
board can be stored in the 12K RAM
memory of an 8 -track digital recorder
in numerous ways for simultaneous or
individual playback.

Live Performance
On powering the instrument, you

immediately have access to a total of
100 programmable stereo sounds.

Wave 2 opened up.

Thirty of these (and possibly more in
production models) are supplied fac-
tory preset although the user can
reprogram all of them if he wishes.

Dual oscillator, filter, VCA board.
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Memory board.

The Wave 2 might be considered at
this stage just like another program-
mable polyphonic instrument with
program numbers punched in on the
numerical keypad. But it is also like
an analogue synthesiser and if you
want to change any of the settings you
simple move the desired control in
the analogue section. This gives great
potential for continually updating
sounds during performance, with
memory storage at any time.

Analogue Controls
In the 'Multiple Function Analog

Control Panel' from left to right, we
start with a Master Tune for adjusting
the pitch of all oscillators simul-
taneously ± semitone to other instru-
ments and a Master Volume output.

Next there are two ADSR gen-
erators: Envelope 1 and 2. In the first
of the 3 panel modes, indicated by
LEDs in the Panel Function section
and selected from a 'Display Select'

button, Envelope 1 can be used
independently for the Low Pass Filter
and the PWN. Envelope 2 controls the
VCA shape (or loudness). The
maximum Attack time is 14 seconds
with Decay and Release lasting up to
30 seconds.

Switching to second panel mode,
the top controls now determine LFO
parameters for setting a delay before
the LFO operates, Waveform (con-
tinuously variable through triangle,
sawtooth, reverse sawtooth and
square wave), intensity of modula-
tion and LFO speed.

The LFO can be selected by
viewing the LCD display and inserting
a '1' instead of an '0' after two code
letters representing modulation of
pitch, partial wave numbers, filter
frequency and VCA, with LFO trigger-
ing able to give sequential running of
the oscillators. What was Envelope 2
now becomes Envelope 3 and has
Attack, Decay and Depth controls for
EG pitch changes. Although the ad-
justments made in each panel mode
are held whilst you set your sound up,
in order to retain the complete syn-
thesiser 'preset' you must then put it
in a program from 0 to 99, using Data

I1 12 II IR III 1111
Multiple Function Digital control section.

Nm Panel Display showing Analogue control settings.

Transfer, otherwise the sound will be
lost Dn selection of another program.
Data Transfers can be done in 9
different ways allowing update of
certain sections of information.

Analogue panel 3 mode now
assigns the original 8 controls of
Envelope 1 and 2 as volume level
outputs for the eight tracks of the
sequencer/arpeggio digital recorder
in the instrument. The LFO speed
control now adjusts the sequencer
master clock rate.

At first, this jumping around from
one mode to another appears slightly
confusing, but of course, all the
information can be seen as numerical
values for each setting on the LCD
display. In performance, switching
from one panel mode to the next is
simply a touch of a button. I like this
method, because you can focus on
the LCD display rather than peer back
and forward over numerous controls.

The output of the standard Wave 2
instrument is stereo and for each
program there are outputs A and B. It
can also be supplied with 8 individual
outputs from its sequencer. The
'Group' button (in Display Select)
chooses either or both channels and
is indicated on the main display and
on the two Panel Function LEDs. So
you can produce two completely
different sounds (based on the same
Wavetable) from the same program.

Exciting possibilities come from
this truly stereo programming. Selec-
tion of VCA envelopes will simulate
panning from one channel to another
and echo, with individual change of
one channel only giving de -tune,
chorus and complex tonal effects.

Keyboard and Tuning
Using the keyboard select modes

you can specify (counting from the
left) from which note the split point
should be to put channel A and B on
each half.

Besides the full keyboard in 8 -note
polyphonic mode, there are 8 other
modes that give choice of oscillators
on each channel, choice of the
number of oscillators on each note
and keyboard split. This makes
utmost use of the 8 -note system -
you can achieve rich string effects
from 4 oscillators on two monophonic
notes using key split or play top solos
to left hand chords just as easily.

Other uses for the keyboard (high-
est note played) voltage are: 'Key-
board Follow' opening the filter up the
keyboard over 7 increasing amounts,
loudness balance at low and high
ends and particularly interesting, its
control of PWN, being able to select
individual waves on each note or
produce whole sweeps of partials
from note jumps.

Locating and modifying in-
formation on the display is done by
moving a cursor to the data e.g.
SPLIT 10, and then typing a new num-
ber. There's a clear perspex spring -
loaded wheel for pitch -bends (up or
down 4 semitones) on the left of the
keyboard that's usefully angled to-
wards the player. I would have pre-
ferred at least an octave jump here.

Each oscillator can be adjusted in
4 'micro' steps from -1 to +2 for rich
'chorus' and de -tuning effects. A
further instruction (shown on the
display along with micro tuning)
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Multiple Function Analogue control section.

Rear panel sockets.

enables the pitch of individual oscil-
lators to be stated as a number which
is the semitone count from the bottom
note e.g. '12' is 1 octave up, '31' is 2
octaves and a fifth up. All eight
oscillators are therefore capable of
wide parallel interval playing from one
or more notes (Ravel 'Bolero' style!).

Two types of control from finger
touch operate. First, there is the
'electric piano' kind of touch sensi-
tivity that generates a control voltage

dependent on the velocity of a

pressed key. This will open the filteror
increase the volume on faster touch
playing.

The second type is pressure sensi-
tivity, the control voltage being
derived from the action of a firmly
pressed key. A little disappointing, in
terms of mechanics, as the whole
keyboard droops with the key(s)
depressed (memories of the EMS
Polysynthi here!) yet it does its job of

5 -Octave keyboard

Analogue cont ols

External
CV in -
1V/octave

in
Gate

out
Audio
cassette
Interface

2 x 40 char.
display

Digital
controls

12K byte RAM t

24Kbyte EPROM

Microp ocessor

VCA VCF
DAC

Memory

4K byte
wave RAM

D
a

Data & address bus

1 OSC. data &address bus

Dual oscillator
finer VCA

Ch. A iCh. B
Audio out

Block diagram PPG Wave 2.

altering (individually or collectively)
the filter, partial wave numbers, loud-
ness and LFO modulation intensity.

Partials and Extras
If you play big chords on a par-

ticularly dramatic wavetable, the
sound can be very dense and some-
what overpowering. This is where the
ability to select one or more wave-
forms of a Wavetable is very useful.
It's done by adjusting the 'Env. 1 Wave'
control which really sets the number
of waveforms heard in sequence from
1 to 64 at attack, decay, sustain
(holding one waveform) and release
times. Aurally, a sweep at varying
speeds from one waveform to the next
is heard, starting from the point set by
the PWN control (e.g. '1/2 -way is wave-
form 32). If a start is selected from
say, waveform 50, then provided the
ADSR carries on after 64, the table
skips back to 1.

Here's another plus - the effect
will convince you that echo and
reverberation are present on long
releases!

Every wavetable has triangle, saw -
tooth and pulse waveforms available
as the basis of standard analogue
synthesis. These occur usually at the
end of the PWN sweep where wave-
forms are more widely separated on
the control's movement. The Low
Pass filter present can further modify
a partial wave using its Cut -Off and
Emphasis (resonance) controls.

'Test and Cancel' is an unusual
facility that checks oscillators, so that
if a problem should arise, the par-
ticular board can be located and
'cancelled' - ideally a safety feature
to get you out of trouble on stage.

The rear panel has a data in/out
socket for micro connection, control
voltage in, gate in and out, head-
phones, sustain switch, and cassette
5 -pin Din interface socket. All the
program information can be dumped
onto a standard mono cassette (it
takes about one minute). Instruction
1 dumps the program data, 2 dumps
the sequencer tracks, 3 loads from
cassette and 4 will verify a dump.

The Sequencer
The addition of an 8 -track digital

recorder in the Wave 2 must make it a

really attractive proposition and it can
be used to record up to 10 sequences
and/or arpeggio effects. A sequence
can only be recorded by entering each
of the eight possible layers one at a
time in monophonic fashion. The big
advantage here is the possibility of
recording 8 melodies using com-
pletely different synthesiser sounds.
Alternatively, arpeggios that rise, fall
or do both on a chosen chord, have
random selection or continuously
moving groups of notes, and have a
specified number of notes in a loop
taken from your chord are easily done
using a keypad instruction.

A sequence can run from 0 to 99
times (the latter makes it a con-
tinuous repeat). Further layers would
be played whilst hearing previous
tracks. Provided memory is available
(no running indication of this on the
present model), up to 10 'labelled'
sequences on up to eight tracks can
be recorded. Routing can be changed
while the sequence is running as well
as in single step mode.

Needless to say, numerous editing
features and modes of operation are
available, with updating of pitch, filter,
waves and EG filter control at the
mixdown stage possible (Panel mode
3). A total of 2000 events can be
recorded and an optional expansion
card will bring this up to 6000 events
in all.

Conclusion
Because the Wave 2 is micro -

based and software controlled it can
easily be updated. Here lies its main
strength although the purchaser will

the instrument to be versatile
and fully operational when he buys it.

There were one or two 'bugs' in the
system that I am informed will
definitely not be in the production
model and, like any other powerful
control processor, has to be used with
some thought to achieve its full poten-
tial. Jittering can occur if you stop
PWN between two waves although in
practice your ear would make you
move on to a complete wave. Two nice
features are auto -cursor movement
from one data point to the next and
the LCD display has a useful control
that adjusts the 'output angle' to suit
your position during performance.
Wave 2's sequencer would be very
versatile indeed if it could record
realtime polyphonic music as well as
single melodies and the initial click
track needs to be a 'click' and not its
present 'note' which clashes with your
key notes. Another interesting extra
that could be implemented is to have
mixer settings remembered as you
adjust them during your sequence
realtime playback - but of course
you have to stop somewhere! As the
instrument stands it presents a new
concept of sound synthesis in the
studio or on stage. If you don't believe
me, listen to its special sounds on
E&MM's Demo Cassette 3!
Mike Beecher E&M M

The Wave 2 has been competitively
priced at £3232.16 including VAT and
comes in a black metal cabinet with
electric blue front panel (Length
92cm, Depth 55cm, Height 17cm). It
is obtainable in the UK from Desert
Distributors, 6 Erskine Road, London
NW3. Tel: 01-586 0357.
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ENesex Products now available from
PP% Great Britain s leading synthesiser

specialists

CATERPILLAR
POLYPHONIC
KEYBOARD
R.R.P.
f149.00

GNAT SYNTHESISER
R.R.P. f99.00

WASP DELUXE
R.R.P. f345.00

WASP
SYNTHESISER
R.R.P. f199.00

SPIDER
SEQUENCER
R.R.P. f199.00

CATCH US IF YOU CAN!

ELECTRONCO IlgtEXM
FILANT(OXFORD) Limited roro n

fullt
a c pt epaert

ails
)WASP dealer
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Guide to Electronic Music Techniques
Microphone techniques for `Musique Concrete'

Lawrence Casserley
I've already talked about how to
manipulate sounds on tape and
these ideas apply to any sounds

that you might want to use. Now I want
to talk about ways of getting the sound
you want from acoustic sources.

In order to do this it is neces-
sary to convert acoustic energy into
electrical energy by means of some
form of microphone. There are many
different types of microphone and
they can be used in many different
ways.

Microphones can be divided into
two broad classes - air mics and
contact mics. Air mics detect varia-
tions in voltage that can then be
recorded and/or manipulated elec-
tronically. There are various cate-
gories of air microphone and it is
worth knowing a bit about them. First,
they can be divided according to the
method of energy conversion. The two
you are most likely to encounter are
dynamic (or moving coil) and capa-
citor (used to be called condenser). A
dynamic mic is effectively the in-
verse of a speaker - a diaphragm
which is moved by pressure waves in
the air is attached to a coil which
moves with the diaphragm in a mag-
netic field thereby generating current
in the coil. A capacitor microphone,
on the other hand, uses the dia-
phragm as one plate of a capacitor
with a charge on it. As the dia-
phragm is moved by the air, the
distance between the two plates and
therefore the capacitance, changes
causing a change in the volt-
age across the capacitor. As the
capacitor must have a charge on it,
and because, for technical reasons,
most capacitor mics contain a pre -
amp it is necessary for them to have
some form of power supply, which
may make their use more compli-
cated. Apart from that, you mostly
won't need to worry all that much
about the different types. If you don't
understand why these two
approaches work you'd better bone
up on basic electronic theory; there
are a number of good books available
and Robert Penfold's articles in
E&MM will help.

A more important consideration is
the polar diagram, or directional
characteristic, of the microphone:
The two characteristics you are most
likely to encounter are omni-direc-
tional and cardioid. An omni-direc-
tional mic is equally sensitive to
sound from all directions, while a
cardioid mic has a roughly heart -
shaped characteristic with a null at
the rear of the mic and the most
sensitive point at the front (Figure 1).
This is the most commonly used
directional characteristic and this
type of mic will usually be the most
useful to you. Generally we are con-
cerned with recording a particular
sound from a particular source and
we want to direct the most sensi-
tive point of the microphone towards
it.

Fundamental

2nd Harmonic

3rd Harmonic

A

B B

C C C

and so on

Nodes points of no
vibration at that
frequency

Note:A coincides with antinode of fundamental
B coincides with antinode of 2nd harmonic
C coincides with antinode of 3rd harmonic

Figure 2. Modes of vibration of a string.

Figure 1. Microphone Polar diagrams.

Contact mics also come in dif-
ferent types. There are two common
types. The first is not really a contact
mic at all, but a magnetic pickup
which senses the movement of a
metal object within its magnetic field.
This is the type of pickup used on
electric guitars and similar instru-
ments and can be useful for some
applications provided the vibrating
body is metal. Magnetic pickups are
mounted close to the vibrating object
whilst contact mikes detect vibrations
directly. The most common method
for achieving this is to use a piezo-
electric crystal which produces a
small output voltage when stressed.
The vibrations of the sound -produc-
ing object to which the mic is attached
produced stresses in the crystal, thus
generating a waveform analagous to
the vibrations.

The other point to note about
microphones is impedance. Most pro-
fessional microphones are low im-
pedance (200 ohms or less), but
cheaper microphones and most con-
tact microphones are usually of much
higher impedance and some domes-
tic tape recorders only accept high
impedance mics. The most important
point is to get the impedance
matched or else you will get hum,
noise and/or overload problems.
Also, if you are using high impe-

dance mics (particularly contact
mics, which sometimes have a very
high impedance) keep the leads as
short as possible in order to reduce
hum and other interference.

Finally, before talking about what
you can do with your microphones, a
few comments about what micro-
phones to use.

There are a number of mics avail-
able in what is usually called the semi-
professional range. I'll first mention a
couple which I have found useful for
this sort of work. For a dynamic mic
the AKG D190 is hard to beat for price
vs. performance, giving a lot of the
quality of a really professional mic for
about £50. A "cheap" capacitor mic is
the Calrec 652 (which I use quite a lot)
which is a similar price to the D190
but, of course, you'll need a power
supply, which is extra. It's worth trying
some of the electret mics (a cheaper
form of capacitor, usually powered by
a small battery in the mic itself).
There are a number of types available
at various prices.

For contact mics there are various
types ranging from a few pounds up to
hundreds. Many of the very cheap
ones are apt to fall apart unless you
are extremely gentle with them, so
may prove a false economy, but there
are several in the £10-£20 range that
are worth looking at. I use a number of
Schaller mics which are really sold as
acoustic guitar pickups, but can be
attached to all sorts of things and they
are fairly robust. Also Coloursound do
a range of pickups that are worth
looking into. In the more expensive
range there is a new capacitor contact
mic by DI Tapes Ltd. (at 107 Park
Street, London, WIY 3TA) which was
designed as a piano pickup and sells
for about £50. This mic is very sensi-
tive and has a good frequency re-
sponse (often a problem with the
cheaper models). There is also an
extensive range of contact mics by
Barcus Berry at various prices. Lastly,
there are all sorts of odd pickups that
can be bought very cheaply on the
surplus "junk" market and it is worth
getting some of these to experiment
with; and, don't forget, amazing things
can be done with dismembered tele-
phone receivers! (To cover myself I

must advise you not to use Telecom
property!!)
Using microphones

The one really important problem
with mics is where do you put them -
how close to the sound source? -
which part of the source should they
point at? There are no fixed rules for
this - just experiment until you get the
sound you want; but it will help to have
some idea of the principles involved.
The most important thing to realise is
that a vibrating body does not vibrate
in the same way all over and therefore
does not produce the same sound
from all parts.

Let us take a simple example; a
vibrating string will have a number of
modes of vibration (Figure 2) corres-
ponding to the different harmonics;
placing a mic over different parts of
the string will emphasise different
harmonics and, therefore, alter the
timbre. Electric guitars with more
than one set of pickups exploit this
principle to get different tone colours.
But if we have a moveable pickup or
an air mic we can take the idea further
by running it along the vibrating
string. If we are over the middle of the
string (Point A in Figure 2) all the odd
harmonics, and especially the funda-
mental, will be emphasised and all
the even harmonics will be at a nodal
point and, therefore, de-emphasised.
At point B, the second harmonic and
its odd multiples (6, 10, 14, etc.) will
be emphasised; at point C the third
harmonic and its odd multiples (9, 15,
21, etc.) will be emphasised; and so
on, with the fundamental getting pro-
gressively weaker as we move toward
the end of the string. While other
vibrating bodies tend to be more
complex than a string, the same prin-
ciples apply, and the best bet is to
experiment by moving the mic over
the surface - indeed you may want to
use the filtering effect of moving the
mic while you are recording.

Another matter to consider is the
distance of the mic from the point of
excitation (hammer striking object,
bow scraping string, etc.). If the mic is
very close to the point of excitation the
noise made at this point will be
emphasised, while if the mic is further
away the characteristic resonance of
the vibrating body will be empha-
sised.

All these points apply to both air
and contact mics, but remember that
contact mics, because they are actu-
ally attached to the vibrating object,
may affect the way it vibrates and,
therefore, the sound it makes. This
should be taken into account, par-
ticularly on small or light objects, or if
you are trying to get a long resonance
(the extra weight of the contact mic
will tend to damp out resonances
more quickly).

Remember that we can use the
mic as part of the whole process of
making the sound we want to hear; it
is not just a mechanical device, but
can be used as a creative instrument
- all it needs is imagination and a
willingness to experiment. E&MM
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BECOME AN INSTANT MUSICIAN - NO EXPERIENCE NECESSARY

CASIO'S REVOLUTIONARY VL-TONE
As featured on "TOMORROW'S WORLD"

The success story of 1981. Hundreds sold already!

Create your own music with a VL.TONE. You combine the sound, rhythm and tempo
and the VI -TONE plays it back . beautifully!

CASIO VL-TONE (VL-1)
Electronic Musical Instrument
and Calculator

(R.R.P. £39.95)

ONLY £35.95
Thanks to Casio's V.L.S.I. circuit and revolutionary technology you can now compose and play
music with one finger! It's as easy as this: First choose one of the five Preset Instrument Sounds:
Piano, Violin, Flute, Guitar or Fantasy. Now enter the notes of a melody into the memory
(maximum 100 notes) via the numbered keyboard.
Notes entered (or played back) are shown digitally on the liquid crystal display. Memory break-in
allows you to correct any mistakes and add or delete individual notes.
You then simply press the One Key Plan key to have each note played back in sequence. Vary the
tempo and duration of the keystroke to create a melody. Now you're playing the music!
To add the professional touch, select one of the ten Auto Rhythm accompaniments and adjust the
19 -step Tempo Control, with digital readout. Playing in time to the rhythm, record your best
performance back into the memory.
The Auto Play Function lets you re -listen to the melody you have just recorded. A repeat function
can give you four non-stop playbacks. Choose any of the Auto Rhythms to accompany your
recording and vary the tempo and pitch of both. For a change select another instrument voice, or
switch to ADSR and programme in eight digits to create your own unique sound. With over 80
million variations of Attack, Decay, Sustain level and time and Release, as well as tremelo and
vibrato intensities to play around with, the only limit to your creativity is your own imagination.
Manual playing, with Auto Rhythm, can also be recorded and played back. A medley of tunes can
be entered up to a maximum of 100 notes.
VL-1: 29 note monophonic synthesiser with Octave Shift expanding the range to almost 5 octaves.
Calculator 4 basic calculations (+, -, X, ±) with constants and percentage. Non-volatile memory
and square roots. 8 digit display.
Facilities: LC Display of notes, including sharps, tempo and calculations. Battery saving Auto
Power Off with protection of the stored melody and the pre-set ADSR data (or calculator memory
total). Built-in amplifier and loudspeaker. Pitch control for tuning. Output jack for external
amplifier or tape recorder. (0/p 0.5V rms).
Power supply: Four AA size batteries last approx. 12 hours playing or 4,000 hours calculating. AC
adaptor, type AD 4160 costs £5.
Dimensions: 30 x 300 x 75mm (11/4 x 111/4 x 3"). Weight 438g; 15.4oz. Complete with instruction
book, Song book and soft cover.

NEW CASIOTONE CT -202
"Son of success .. . the two harpsichords demonstrate the Casiotone's talent for sparkling, crystal
clear tones ... Even more impressive is the clay ..." (Melody Maker).

CT -202

111 (R.R.p.e325)

ONLY £275.00
Polyphonic playing of 49 instruments over 4 octaves. 3 vibrato settings and sustain switch. 4 voice
memory function with push-button selection. Pitch control (+/- 'A tone). Built-in amplifier and
speaker (10W output). Output jack (5 kilohm, 1.4V max). Power source: AC only.
Dimensions: 90 x 866 x 284mm (3% x 341/4 x 11 3/16) 7.15kgs (15.81b).

OTHER CASIOTONES (Polyphonic)
MT -30. 22 instruments. 3 octaves. Mains/battery (RRP £115) 95.
CT -301. 14 instruments. 4 octaves. 8 x 2 rhythm accompaniments. Vibrato and delayed vibrato.
Pitch control. Output jack. AC only (RRP £285) £245.
CT -401. As CT -301 but with Casio Auto Chord for one finger or auto accompaniment. Major, minor
and 7 chords with bass. Sustain and hold (£345) £295.

Send 20p (postage) for our illustrated catalogue of selected CASIO, CASIOTONE and SEIKO
products.

Delivery normally by return of post, subject to avai lability. Send your order FREEPOST, no stamp
required.

The latest craze sweeping the country
"CUBE MANIA" - FREE OF CHARGE!

You can have this Hungarian Magic Cube (Rubik's Cube)
absolutely free with any purchase from us totalling over
£17.50.

Supplied only on request, at time of ordering. Offer closes
31/8/81. Subject to availability.

Invented by Prof. Rubik of the Budapest Academy of
Design, this 3x3x3 array of 27 cubes starts off with each
external face of 9 unit cubes in one of six colours.
Although it does not come apart, any single layer of 9
cubes can be rotated about its centre, quickly confusing
the colour symmetry.
Since there are 43,252,003,274,489,856,000 permuta-
tions, it may take a while to make just one face all the
same colour again, and just a little longer to return it to its
original pattern!

Sold separately ONLY £3.50

With step-by-step solution

THESE SPACE INVADERS WILL ALARM YOU

CASIO'S MOST AMAZING WATCHES EVER
Display: Hours, minutes, seconds, am/pm, day and date 12 or 24
hour format.
Auto Calendar: Day, date, month, year.
Alarm: 24 hour, with "On" symbol.
Hourly Chimes: Time signal every hour, on the hour. Easily
switched on or off.
Professional Stopwatch: Lap times etc, from 1/100 second to
24 hours.
Dual Time: Second time zone.
Calculator: 8 digits, four functions, with constant and display
symbols.
FINGER -TOUCH KEYBOARD.
DIGITAL SPACE INVADER GAME
with sound effects and scoring.
Water resistant case. Mineral glass.
CA -90: 46 x 36 x 10.55mm. Black resin
(RRP £29.95) ONLY £24.95
CA -901: 40.5 x 35.2 x 10.5mm. Metal
(RRP £34.95) ONLY £29.95
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CASIO ALARM CHRONOGRAPHS

V/150C
Stainless -
steel case
black resin
strap
£25.95

100 -metre water resistant

W150
All stainless
steel
£32.50

W100
All black
moulded

resin
£19.95

All have an easily -read display of full time and calendar, with half-hourly time signals which can
be switched on or off. Easy -to -use functions include: 24 -hour alarm. Professional stopwatch
measuring lap times, etc., to 1/100 second. Countdown alarm timer with repeater memory
function. The time is always visible regardless of the display mode. One -touch selection of 12- or
24 -hour format. Micro light for night viewing. ±15 seconds/month accuracy. Amazing 5 -year
battery life. 9.65mm thick case with mineral glass face.

OTHER CASIO WATCHES
Sports: F5, resin £6.95. Sports Chronograph: F500, resin £9.95.
ALARM CHRONOGRAPHS. F81, resin £15.95. Melody A/C: M12, resin £19.95. M1200 S/S
£29.95. LCD Analogue/digital A/C: AA81, chrome £29.95. AA82, S/S £39.95. AA81G, gold
plated £49.95.
***NEWI***UC5OW, S/S 50 metre water resistant A/C with full month calendar display with
forward and reverse stepping, alarm, chimes, etc £19.95.

CASIO CALCULATORS
***SPECIAL OFFER. FX502P programmable with FREE MASTERPACK software kit (RRP £17.95)
and 3 Rubik's Cubes ONLY £74 95 FA1 cassette adaptor £19.95.
Digital Space Invader game: MG880 £10.95. MG770 £12.95.
With alarm/s, calendar etc: BQ1100 Biolator £16.95.
With melody alarm/s: UC360 £19.95. UC365 £19.95. UC3000 £27.95. ML75 £17.95. ML90
£19.95. MQ1200 £19.95. ML2000 £22.95.
SCIENTIFICS: FX81 £12.95. FX100 £16.95. FX510 £19.95. Programmable: FX2700P £19.95.
FX180P £19.95. FX3500P £22.95.
With clock, alarms, stopwatch, etc: FX6100 £18.95. FX7100 £24.95. FX8100 (also has calendar
function) £24.95.

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/7, FREEPOST,

164-167 East Road
Cambridge CB1 1DB
Tel: 0223 312866
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Power, loudness and power amplification
Regrettably, there is nothing very

tangible in the relationship between
amplifier power, sound level and per-
ceived loudness; this is something
many musicians are painfully aware
of, after having parted with lots of
cash for a casually described 'megga-
wattage' which didn't live up to expec-
tations! Broadly speaking, a tenfold
increase in sound level or amplifier
power corresponds to a mere
doubling of loudness to our ears. Thus
doubling the power of your instru-
ment amps can be expensive yet
disappointing. All other factors being
equal, the increase in loudness will be
very subtle indeed. But variations in
the methods by which amplifier watts
are measured, together with the
effects of loudspeaker impedance,
efficiency and dispersion pattern can
all work together to make, say, a
nominal '100 watts' sound impossibly
loud or puzzingly mute.

These are objective, measurable
effects; others are subjective, but
equally real. Colouration (the empha-
sis of certain frequencies) in the
speakers and distortion can suggest
immense loudness, whilst clean, un-
coloured sound rarely seems loud
enough. The general result is that
amplifier watts should be taken with a
generous pinch of salt; the loudness
your ears perceive is always the final
arbiter! When a good valve amplifier is

overdriven, it produces a distorted
sound that is both immense and
palatable. Apart from their ability to
add ethereal ambience, emotion Snd
warmth to the guitar, valve amplifiers
of any given rating invariably seem
louder than equally powerful transis-
tor counterparts. The reason lies
partially in psychoacoustics - the
characteristic distortion of the valve
amplifier simply sounds loud - but
also in the conservative nature of
valve amplifier power ratings. Addi-
tionally, the output power of any
amplifier is at least doubled by gross
overloading, and in good valve ampli-
fiers, this potential extra power is
musically acceptable and thus
usable, whilst in transistor amplifiers,
it is usually very discordant and 'ear -
ripping'. As a result, a carefully
chosen 30 to 100 watts of valve
amplification is adequate for playing
loud, raunchy music almost any-
where! It's not surprising that valve
amplifiers are the quintessential
sound of Rock . .

In creative hands, a handful of
transistor amplifiers can exhibit
'musical' overload characteristics
similar to good valve amplifiers but in
general, transistor amplifiers produce
tinny, harsh, brittle, metallic effects
when they are overdriven; they sound
either crystal clear or extremely ob-
noxious. This doesn't mean that the

transistor amplifier is useless -
merely that different techniques are
needed to coax music out of it. Or, to
look at it another way, the transistor
amplifier suits some types of music
better than the valve amp. In general,
transistor amplifiers have to be played
clean at levels well below overload to
avoid the generation of unpleasant
sounds. This means that the potential
of full power isn't available, and
adequate power ratings will be at least
three times those indicated above for
valve amplifiers, ie: 100 to 300 watts
for lead guitar.

The transistor amplifier is best
suited to clean styles of playing and is
therefore very acceptable on bass or
guitar work demanding a clinical,
sterile feel, whilst the harsh, ear -
ripping characteristics were well
suited to the punk idiom of '76-'79.
However, acceptable distortion can
be introduced via FX circuits and the
speakers in order to extend the versa-
tility of the instrument and make it
sound louder without discomfort.
Neither type of amplifier is inherently
the best', there are good and bad
examples of each. It's only that one is
better suited to your music, your skill
and your guitar. In short, the best
amplifier is the one you can develop a
relationship with.

As a potential amplifier purchaser,
listen to, or better still, try out as many

models as you can - preferably with
your own guitar or bass, and bear in
mind that the sound of a 'head'
(separate) amp will be profoundly
influenced by the speakers it's tested
with, amongst other factors. It's all too
easy to end up with a bland and un-
sympathetic beast of an amplifier
simply because it was demonstrated
with a particularly good guitar and
speaker cabinet! Find the point(s)
where the amplifier overloads, and
listen to how the sound changes
above and just below the overload
point. Is it a useful and potentially
musical sound? Or does it rip your
ears and shatter windows? If you ever
intend to practise with the amp at low
levels, then listen to the amp at these
levels. The sound may be different,
but again, is it a useful sound? Above
all, talk to other guitarists, and visit
your local group gear shop and try
different types of guitar amps with
different wattage ratings.

Speakers - an
introduction

Two types of speakers are used in
conjunction with electro-musical
instruments. The first, akin to the hi-fi
speaker, is primarily a reproducer,
which aims to convert electrical wave-
forms into facsimile air vibration.
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Frequency range of Rock instruments and vocals.

These 'reproduction' speakers are
most useful for keyboards and are the
foundation of the best PA systems.
We'll look at this type of speaker later
in the series, particularly as it con-
cerns the bass player. Meanwhile,
speakers intended for the guitarist
and for vocals PA provide the anti-
thesis of pure reproduction - again
they are part of the instrument. Like
the amplifier, the speaker can be
driven hard to subtly mould the nature
of a valve amp's distortion, giving a
slight 'edge' to the sound for instance.
In conjunction with a transistor ampli-
fier, the speaker's distortion can be
dominant at average levels, and helps
to give 'roundness', 'punch' or 'bite' to
an otherwise neutral sound. Some
speakers feature metallic centre
domes to enhance the upper har-
monics of the guitar; these are best
avoided with transistor amps, which
tend to emphasise these harmonics
naturally. Whilst the centre dome will
certainly give extra bite, it will also
exaggerate the tinny, metallic sound
generated by the amplifier to a

fatiguing degree. In this case, a

speaker with a conventional paper
tweeter cone is preferable.

The prime requirements for guitar
and vocal speakers are an efficient
mid -range response and a power
capacity that's about twice that of the
amplifier. The second requirement
arises because guitarists invariably
overload their amplifiers, and in this
case, the power output will be well in
excess of the amplifier's nominal
rating. Hence it's a sensible and well
proven rule of the thumb to allow a
100% power margin for guitar
speakers. Although a modern 12 inch
driver will often meet these require-
ments, in the past, high power drivers
weren't readily available, if at all, and
it was necessary to use several 12
inch or 10 inch drivers to achieve a
sensible power capacity, eg: the tradi-
tional 4 x 12 cabinet. At the same
time, guitarists discovered the unique
musical properties of overdriving
these marginally rated speakers with
valve amplifiers. As a result, another
school of thought has arisen - rate
your speakers to match the power
capacity of the amplifier, enjoy the
music and pray that they don't blow
up! Fortunately, this philosophy
works, provided you're using the right
speakers, preferably the ones that the
manufacturer supplied. The secret
here is essentially a case of causing
the cone to produce distortion with-
out burning out the voice coil.

Term
Head
Combo -
Slave

Loudspeaker

Loudspeaker

Direct
radiator

Column
speaker
Horn -
loaded
loudspeaker

Definition
an amplifier discrete from the speaker cabinet.
a combined speaker and amplifier.
a discrete power amplifier without tone controls, usually driven
with the 'line level' signal from the guitar amplifier.
known variously as a driver, a cone driver, a chassis speaker, a
horn -loaded driver, etc, when the essential sound generating
component is referred to.
known variously as a 'cab', cabinet, enclosure, column, direct
radiator speaker, horn -loaded speaker, horn, baffle or reflex -
when a complete loudspeaker system is being discussed.
also known as an infinite baffle, this type of speaker cabinet is
the commonest to be found on stage; the driver is visible and
couples directly with the air.
a specialised form of direct radiator, where several drivers are
arranged in a line to control the sound dispersion.
also known as in various guises a horn, 'bin', 'bullet' or 'lens', the
driver is usually hidden and couples with the outside air via
some form of expanding tube.

Table 1. Glossary of technical terms

The overall result is that no hard
and fast rules can be laid down for
guitar and vocal speakers - the 4 x 12
inch, 2 x 10 inch and even 4 x 8 inch
are all broadly similar and equally
valid approaches. The only definite
proviso is that driver(s) with a dia-
meter greater than 12 inches will
rarely provide sufficient 'top' and
should be avoided; 10 inch and 12
inch speakers are the traditional
choice for guitar and vocals rendition,
and not without good reason! For
bass, the frequency response require-
ments are shifted down by around two
octaves. 'Top' becomes unimportant,
whilst the overriding need for good low
bass response governs the cabinet
size. The traditional sound of the
electric bass puts great emphasis on
the low notes, as if to mimic its cousin,
the double bass. Because the ear is
insensitive to low bass, high sound
levels are essential for them to be-
come audible. In the double bass, this
is achieved by the sheer size of the
vibrating panels. Likewise, for the
electric bass, to make the bottom
notes audible, a large area of speaker
cone is called for, together with a high -
power amplifier. Thus the traditional
60's bass sound was usually achieved
with 24, 18 or 15 inch drivers, singly,
in multiples, or by horn loading, which
can achieve the same results with a
smaller driver, together with a number
of other advantages, though at greater
cost.

However, the bass has few inter-
esting sounds to offer when the har-
monics are suppressed in this
manner. The bass becomes much
more expressive when the harmonics

are emphasised; something that the
funky bass players of the '70's ex-
tolled. To make these harmonics
audible, one can simply use a mid-
range speaker in conjunction with the
large diameter bass speakers to boost
the upper octaves, or, alternatively,
use 12 inch drivers. These have a
natural response which extends into
the upper register of the bass but to
achieve audible bass (simultaneous-
ly), a large cone area is also required
- hence 4 x 12 inch drivers again,
which elegantly combines good 'top
end' response with an area (and
hence bass response) more than
equal to two 15 inch drivers. Finally,
unlike the guitar, a heavily thumbed
bass readily causes speaker cones to
bang against their end stops. Asthis is
potentially much more disastrous
than the voice coil overheating that
can occur in guitar speakers, it's good
practice to rate speakers intended for
electric bass at four times the ampli-
fier's nominal power capacity.

For vocals, the power and fre-
quency response requirements are
much the same as the guitar
speaker's. Hence 8, 10 or 12 inch
speakers, used in multiples to provide
adequate power handling capacity.
Although a peaky, coloured response
will give a useful 'pokey' vocals sound
that is just about capable of cutting
through wailing guitars, it may aggra-
vate tendencies to feedback, 'howling
round' before you can raise the
volume control to the sound level you
require. Unfortunately, this problem
can only be totally avoided by using
microphones and speaker systems
with a flat, uncoloured response.

Nonetheless, it's wise to steer clear of
exceptionally coloured vocals
speakers unless you can be sure they
can be wound up to workable levels in
practice. Vocals speakers also profit
from special enclosure techniques,
again to avoid premature feedback.
The traditional column speaker, al-
though much maligned, is excellent
from this point of view. Containing
between four and eight 12, 10 or 8
inch speakers in a vertical array, the
typical column provides a well
defined and 'forward' dispersion pat-
tern, the idea being to keep the sound
away from the microphone and the
ceiling, from where it's likely to be
reflected back to the stage. In many
respects, a well designed column
speaker is the ideal vocals speaker,
short of a very expensive tri-amplified,
horn -loaded system. In comparison
with the currently trendy scaled down
(and therefore compromised) models
of large scale PA rigs, a pair of good
columns exhibit the fine balance of
delicacy and incisive 'punchiness'
that is the hallmark of good mid -range
and hence a good vocals speaker.
Best of all, secondhand columns are
available cheaply, being ostensibly
'out of fashion'.

When choosing a speaker cabinet,
remember that you will have to carry it
around! Today, there is rarely any
intrinsic merit in owning a huge
speaker stack, unless as a heavy
metallist you demand an impressive
and machismo stage set up; a well
designed and sensibly small speaker
enclosure can be just as loud and
efficient as the monsters of the '60's.
Again, listen to the sound of the
speaker; a good cabinet will tend to
produce a useful and acceptable
sound without requiring much
prompting from the amplifier's tone
controls. Then stand back from the
cabinet and try to judge how well the
sound will project from a stage. Pro-
jection is all-important - don't forget
that your audience also has to hear
you! In particular, the low notes have a
habit of disappearing as you move
away from vented (reflex loaded) bass
cabinets.

For many people, loudspeakers
are as much a journey of self-discov-
ery as the music they convey. You will
only find the perfect speaker when
you cease to be creative. Since the
speaker is a part of your instrument, it
deserves to be changed and toyed
with as much as your guitar and your
own ideas and feelings about music.

E&MM
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Andy Emmerson
This month we look atvideo discs,
what they do, what they don't do,
how they do it if they do it and

how they will affect you.
It is easy to draw parallels be-

tween video discs and video tapes on
the one hand and audio discs and
tapes on the other. Some of these
comparisons are valid, others are
misleading. Audio discs are simpler
to manufacture than tapes because
the process is a relatively straight-
forward moulding/stamping opera-
tion as opposed to the long-winded
business of recording a piece of tape,
cutting it to length and assembling it
inside a complex housing. The action
of making a video disc is a far more
expensive and precise activity than
making an audio disc but it is still
more straightforward than making a
tape. It is also a faster process than
making a tape: tapes are still made in
'real time'. In other words, if you are
producing a two hour film it will take
you two hours to.copy the film from
the master recording and additional
time to finish the assembly. This time
factor alone restricts the number of
video cassettes that can be produced.
Video discs can be produced as fast
as the machine can turn them out and
this should therefore make them a
cheaper item to make, all other fac-
tors being equal.

Continuing our comparison, audio
discs are replay -only devices,
whereas with cassettes you can make
your own recordings. Exactly the
same applies in video - but video
discs have not yet appeared in this
country - we only have tapes.
Whereas records outsell musicasset-
tes this is not yet the case in video and
it may never turn out that way. How-
ever, given the choice of video tape
or disc, which would you choose?

The first point to appreciate is that
the quality of reproduction offered by
video discs and tape is not the same.
Many people find the quality of re-
production of a home video recorder
perfectly adequate but most would
admit that broadcast TV is better.
Video discs on the other hand pro-
mise pictures and sound every bit as
good as broadcast TV, with the pro-
mise of full hi-fi sound (even stereo in
some cases) or a selectable foreign
language soundtrack. The price of
video discs and their players should
be less than that of tapes and video
recorders, say a third or a half.
cheaper. All sorts of 'trick' features
will be standard such as slow motion,
perfect freeze frame, reverse, fast
scan and random access. The con-
tents of the disc can even be still

The Philips LaserVision (formerly VLP) video disc system, which will be
launched in the UK in mid -1981. Designed for the modern home, LaserVision
produces high -quality pictures and sound on any domestic colour television
set. The player can simultaneously be connected to a hi-fi system for full
stereo sound.
LaserVision (formerly VLP) is capable of a multitude of functions, all at the
touch of a button and with no wear to the disc. These include freeze frame,
varying slow motion speeds in both forward and reverse and rapid forward and
reverse search, enabling any section of the disc to be found in seconds.
An exciting range of disc albums will be available when LaserVision is launched,
including top feature films such as Alien, Star Trek - The Motion Picture and
Saturday Night Fever.

pictures, up to 54,000 on one side!
You could put an encyclopedia on a
disc and access any individual page
at random in less than 15 seconds.

With all these marvellous features
there must be a couple of snags. Ex-
perience in the USA has shown pic-
ture quality to be variable due to poor
disc pressings, though this can ob-
viously be cured by better quality
control. One side of a disc cannot
contain a complete film, so you will
have to interrupt your viewing to turn
over, but this is not really a problem.
No, the only real drawback with these
devices is that they cannot record!!
This is a serious disadvantage for the
majority of video enthusiasts who use
their video machines to 'timeshift',
that is to record a favourite pro-
gramme while they are away from
home or even while watching another
programme. Hopefully, some of the
people who read this column are
interested in things more creative
such as shooting their own material,
but once again this is something you
cannot do with videodiscs. Even if

films on video disc turn out to be as
cheap as, say, £10, the cost of the
special player (say £250 to £400) is
likely -to outweigh the attractions of
the pre-recorded programmes. Some
people will of course be able to afford
both tape and disc machines, and
market research indicates that
people who are already into video (i.e.
existing VCR owners) have a greater
interest in owning both systems than
people who don't have a VCR. On the
other hand, three out of five VCR
owners expressed no interest in video
discs.

Later this year video disc equip-
ment will come on to the UK market
and it will be interesting to see if these
predictions are fulfilled. In any case,
the increased competition and aware-
ness in video will benefit all video
enthusiasts. It is extremely likely that
the arrival of video discs will force
down the cost of video tapes, both
blank and pre-recorded, and
machines may well become cheaper.
The VCR manufacturers may even
retaliate with a low-cost replay -only

machine!
Finally, we ought to take a quick

look at how video discs work. There is
(predictably) more than one format
and the three formats are (also pre-
dictably) totally incompatible. So
discs made for one system will not be
playable on machines of other types
and considering the deals which
manufacturers will make to sign up
exclusive material for their own sy-
stem this will probably reduce your
choice of programmes, more so than
with tape.

The three systems are known as
VHD, Laservision and Selectavision.
VHD is promoted by JVC and in this
country by Thorn -EMI, so it seems set
to enjoy the same success as their
VHS system. The records are groove -
less and the actual information is re-
corded by laser in minute pits. These
are played back by a capacitance -
sensing stylus which glides over the
recorded surface. The stylus is guided
not by grooves but by rows of even
smaller pits on either side of the
programme track. The disc itself is
10.2 inches in diameter and made of
high -quality, conventional PVC, like
an audio disc. To prevent contami-
nation, the record must be handled in
a protective sleeve.

System two was invented by
Philips and is known as the Philips/
MCA/Pioneer Laservision system. In
this system the recorded information
exists in the form of microscopic pits
on the surface of a silvered disc,
twelve inches in diameter. The sil-
vered layer has its own built-in pro-
tective plastic surface - this avoids
contamination from dust and all but
the deepest of scratches. The pits are
scanned optically, using a miniature
laser. Again, there are no grooves.

The third system, Selectavision, is
the property of the American RCA
organisation and unlike the other two
systems will not be available
in Europe for some time. It lacks
several of the impressive features
offered by the other two systems
because it has opted for a simpler but
more restrictive method of operation.
Like VHD it also senses capacitance
variations as an electrode passes over
microscopic pits in the disc surface.
But, unlike VHD, the pickup travels in
a physical groove which simplifies
player technology but prevents freeze
framing. The disc is also 12 inches in
diameter and must be protected in a
special sleeve.

Over the next few months you will
hear a lot of claims and counter
claims about discs and their merits -
use this guide to form your own
opinions. E&MM
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FREEOUR CURRENT BARGAIN
BE ENCLOSED WITH ALL ORDERS.LISTWILL

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 spririg 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 (70d8) 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 4%v 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.

NEW KIT THIS MONTH!
CB RADIO - Listen in with our 40 -channel monitor.
Unique design ensures that you do not miss sender or
caller.
Complete kit with case and instructions only £5.99.

8 POWERFUL BATTERY MOTORS
For models, Meccanos, drills, remote control planes, boats etc. £2.50.

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.

COMPONENT BOARD Ref. W0998
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 BC107 and 2 type BFY-51 electrolytic condensers.
SCR ref 2N 5062, 25Ouf 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.

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.
4 -CORE FLEX CABLE
White pvc for telephone extensions, disco lights, etc. 10 metres £2,
100 metres £15. Other multicore cable in stock.
MUGGER DETERRENT
A high -note bleeper, push latching switch, plastic case and battery
connector. Will scare away any villain and bring help. £2.50 com-
plete kit.

EXTRACTOR FANS - Mains Voltage
Ex -computer, made by Woods of Colchester
ideal as blower; central heating
systems, fume extraction etc. Easy fixing
through panel, very powerful 2,500 rpm
but quiet running. Choice of 2 sizes,
5" £5.50. 6" £6.50. post £1 per fan.

KEYBOARD BARGAIN
50 computer type keys, together with 5 miniature toggle switches,
all mounted on a p.c.b. together with 12 i.c.'s and many tran-
sistors and other parts, in a case
but the case may be cracked or
otherwise damaged.
£11.50 + £2 post. This is far
less than the value of the
switches alone. Diagram of
this keyboard is included if

- you request it, or it is available
separately. Price: £1.L

OOOOOOO =IRMO
OOOOOOO 1111041.OOOOOO 100OOOOO 1411.

*(Not licenceable in the U.K.)

SUPER HI -Fl SPEAKER
CABINETS
Made for an expensive Hi-Fi outfit
- will suit any decor. Resonance
free cut-outs for 8" woofer and
4" tweeter. The front material is
carved Dacron, which is thick and
does not need to be stuck in and
the completed unit is most pleas-
ing. Colour black. Supplied in pairs,
price £6.90 per pair (this is prob-
ably less than the original cost of
one cabinet) carriage £3.50 the pair.

Vu METER SNIP.
Approximately 1 5/8" square, suitable for use
as a recording level meter power output in-
dicator or many similar applications. Full vision
front, cover easily removable if you wish to
alter the scale. Special snip price £1.00, or 10
for £9.00.

MOTORISED DISCO SWITCH
With 10 amp changeover switches. Multi -

this would provide a magnificent display.
For mains operated 8 switch model

£6.25. 10 switch model £6.75, 12 switch
model £7.25.

adjustable switches all rated at 10 amps,

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 '4"
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.

FLUORESCENT TUBE INVERTER
For camping - car repairing - emergency lighting
from a 12v battery you can't beat fluorescent
lighting. It will offer plenty of well
distributed light and is econ-
omical. We offer
Phillips inverter for
12" 8 watt miniature
tube for only £5.25.
(With tube and tube
holders as well.

THIS MONTH'S SNIP
1A PRICE CABLES! Flat P.V.C. covered
mains cables - for lighting and power
instalations.
SIZE TYPE 100 Mtres
1.5mm Single £ 3.95
1.5mm Flat twin £ 6.50
1.5mm Flat three core & E £ 9.85
6mm Single £ 7.50
4mm Flat twim £11.50
6mm Flat three core £34.50
16mm Twin & E £65 + £9.75

12v MOTOR BY SMITHS
Made for use in cars, these are series
wound and they become more power-
ful as load increases - they will
in fact burn themselves out if
overloaded to stopping point. Size
3%" long by 3" dia. These have a good
length of 1," spindle - price £3.45.
Ditto, but double ended £4.25.

CARRIAGE
£2.00
£2.50
£3.00
£2.50
£3.50
£4.50
£10.00

SOLENOID WITH
PLUNGER
Mains operated £1.99
10 - 12 volts DC
operated £1.50.

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.

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. Price of
adaptor kit is £2.30.

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

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

STEREO HEADPHONES
Japanese made so very good quality.
8 ohm impedance. padded, term-
inating with standard '/.." jack,
plug. £2.99 Post 60p.

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

BURGLAR ALARM CONTROL PANEL
Contains labelled connection block, latching relay, test switch and
removable key control switch. Simplifies the whole installation,
all you have to do is to take wires to pressure pads and to alarm
bell. Price £7.95, with complete diagram.

PRECISION MAINS OPERATED CLOCK
For only £1.99. Sounds unbelievable but that's what you can
have if you send your order right away. The clocks which have
large clear dials were made by the famous Smiths Company for
use with domestic cooker/switch, brand new and guaranteed.

12V SUBMERSIBLE PUMP
Just join it to your car battery, drop it into the liquid to be moved
and up it comes, no messing about, no priming, etc. and you get a
very good head. Suitable for water, paraffin and any non -explosive
non -corrosive liquid. One use if you are a camper, make yourself
a shower. Price: £8.50.

POPULAR 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; %" stack f2.50; 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.

MINI MONO AMP on p.c.b., size 4"x 2"
approx. Fitted volume control and a hole
for a tone control should you require
it. The amplifier has three
transistors and we estimate
the output to be 1 W rms.
More technical data will be
included with the amplifier.
Brand new, perfect condition,
offered at the very low price of
£1.15 each, or 10 for £10.00.

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

HAYWARDS HEATH, SUSSEX RH16 3QU.

rJ. BULL (Electrical) Ltd - Established 25 years. MAIL ORDER TERMS:
Cash with order -- please add 60p to all orders under £10, to offset packing,
etc. ACCESS & BARCLAYCARD WELCOMED. Our shop is open to callers.
OULK ENQUIRIES INVITED. Telephone: Haywards Heath (0444) 54563.
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ELECTRO-MUSIC

THE WERSI
PIANOSTAR

The Pianostar will come as quite a
surprise to the many people who
have built Wersi organ kits over

the years. Having established a high
reputation in the organ world, it is an
ambitious new direction for the com-
pany to take and in many respects
they have succeeded in producing an
upright piano that looks and more
importantly feels like the traditional
acoustic piano. But what is equally
important is its innovative extras that
take conventional piano principles
and stretch the tonal and control
possibilities to make the Pianostar
suitable for many modern styles as
well as classical music.

All this is a lot to expect from one
instrument that has refined its elec-
tronics (without the use of micro-
processors) to fit a remarkably small
space. From the photographs, vir-
tually all the electronics can be seen
installed on one main rack. Ribbon
cables and prewired connectors have
done away with all tedious wiring and,
apart from the two main dual speaker
systems, foot pedals and main ampli-
fier in the base, the whole piano has
little to put together.

Except for the keyboard frame, of
course, which forms the heaviest and
undoubtedly the most critical item for
the advanced pianist. A lot of atten-
tion has gone into the correct weight-
ing of each key and its smoothness of
action. The keys are pleasing to play,
although Wersi are planning to update
the existing keyboard with a further
improved action developed in Italy for
production kits. Keys have a firm feel
and at first, seem to bounce back too
much and prove difficult to mani-
pulate trills. A good playing techni-
que can produce acceptable classical
music. It is easy to move from
acoustic grand piano to Pianostar and
say, "I told you so - not a bit like areal'
piano". But so much of your decision
probably comes from the evaluation
of whether or not it's a typical piano
'sound' and Wersi have certainly tried
to get this and more. For the player,
other factors are important and key-
board sensitivity, harmonic modula-
tion and dynamics should be as
critical as tonal excellence.

Dynamic range is certainly as
good, if not better (lacking mechani-
cal noise except on very low output
volume setting) than an acoustic
instrument. Control of keys at pp
levels is adequate, although equal
sensitivity from one note to the next
relies on careful mechanical contact
setting -up. This is much improved on
the usual 'velocity sensitive' configu-
ration by the use of two 'rest' and
'operate' bus -bars for the key con-
tact instead of two further contacts
that often move out of line after a time,
producing erratic note volumes.

Pianostar S2000

Circuit Design
The Pianostar sounds are derived

from a voltage controllable high fre-
quency oscillator operating at about
1MHz. A correction frequency is fed
via a top octave synthesiser IC and 16
to 1 line multiplexer. This frequency
is differentiated and rectified, with the
resulting DC voltage controlling the
final HF pitch output. The multiplexer
selects one of the 12 TOS frequencies
from the BCD 4 -bit code of the
Transposer, enabling the whole piano
to be tuned instantly to any interval. A
Pitch control matches tuning over
several semitones to other instru-
ments and Vibrato, Hawaii and Slalom
all function by sending appropriate
control voltages to the HF oscillator.

The HF signal is then passed to a
pre -scaler section that divides the
basic frequencies for the 12 notes of
each octave on Channel 2. It also goes
via a programmable fractional divider
before another frequency divider pro-
duces the notes for Channel 1. This
enables Channel 1 to be de -tuned
against Channel 2 at calculated inter-
vals up to a perfect 5th. Electronic
keying of the fully polyphonic key-
board ensures clean production of all
the pitches.

Dynamic volume and envelope
shaping are set at this stage, with the
latter dependent upon Banjo and
Sustain switches and the speed of
transition of the key contact from the
'rest' bus -bar to the 'operate' bus -bar.

Back removed showing the electronics.

The critical resistor for sustain time is
chosen for each key to match the
'decay of equivalent piano strings. At
this point, too, comes the control logic
(through CMOS gates) for switches,
sustain and pedals.

Both channels then go through
their individual filter sections con-
taining two types of circuitry. The first
filter accepts the 'raw' signals pro-
duced by the keying circuits and

shapes the preset voices. The second
filter produces a sine wave from
keyed frequencies to make the 'Stage
Piano' voice. One active filter is used
on octaves 1, 2 and 3 with separate
filters on the rest.

The channel outputs are finally
treated by separate VCFs before going
to pre -amps containing volume and
tone controls (also noise gates). The
S2000 takes these signals to two
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Left hand controls.

Envelope shape board taken from mounting rack.

hybrid amplifier modules and a relay
is used to effect switching to head-
phones.

Performance
Features

Playing the Pianostar for the first
time at Wersi's superb showrooms in
Germany, I was immediately im-
pressed by its stereo image received.
The wide spacing of the speakers that
are powered by 2 x 100 Watt ampli-
fiers gave a surround sound stereo
piano that was truly exciting. The
maximum power output seemed
overrated but did give enough bass to
shake the ceiling at home and would
be plenty for regular gigging in restau-
rants and hotels.

Like the best electric pianos, it
uses two -oscillator tuning to achieve
its harmonic modulation similar to a
piano's vibrating strings. But it uni-
quely provides de -tuning at set de-
grees from a single control. Besides

A giving the very slight pitch differences
required for de -tuning to produce the
superb stereo 'chorus -like' effect,
without which the notes sound dull, it
also enables automatic tuning for
each preset as well as interval sepa-
ration of the third, fourth and fifth
between the left and right channels.
The potential of these larger intervals
is great with solo monophonic play-
ing, especially jazz, but its use in
polyphonic music is restricted to bell -
like effects and complex note clusters
for the more avant-garde experimen-
talist.

Coupled with instant pitch trans-
position for putting a piece into any
key - ideal for accompanying trum-
pets, clarinets and saxophones with
music all in the same pitch - the

Right hand controls.

'Slalom' slider gives polyphonic glide
down an octave and 'Hawaii', at the
touch of the left foot pedal, gives that
well-known semitone glide up to the
note. In addition, this pedal can
operate Vibrato (slow/fast, heavy or
light) while the right pedal gives the
expected sustain.

An interesting feature, situated
with these controls at the left end of
the keyboard, is filter control. A low
pass filter can be modulated using its
Speed control to give a continuously
changing tonal effect set by Reson-
ance, Frequency Cut-off and Ampli-
tude (depth of modulation) controls.
At slow speeds this creates deep
swirling qualities associated with
polyphonic synthesisers and at higher
speeds produces tremolo and wah-
wah, that can be made to 'bubble' at
maximum Resonance and Speed. A
button also selects 'Keyboard follow'
for the filter, opening it up on pro-
gressively higher notes and interest-
ing on a sequence of low to high
chords for its sudden tonal changes. A
combination of vibrato and filter
modulation on piano tones gives
some pleasant vibraphone effects.

There are eight presets that pro-
duce distinctive percussive tones: the
Rock Piano is bright on top but thinner
on bass; the Stage Piano is the most
mellow and nearest to classical piano
except in the lowest registers which
tend to be lacking in bright har-
moncis; the Kinura has boosted high
harmonics to give a great punchy and
penetrating sound; Banjo is really
banjo - even the action of the piano
seems different (through envelope
keying) - but you'll have to do strum-
ming yourself by rapid reiteration
(hard work!); Harpsichord and Cem-

balo (the latter couples two octaves of
Harpsichord) are very authentic;
Honky-Tonk puts the de -tuning to
maximum use (incidentally, all de -
tuning is set appropriately for each
preset on normal 'automatic' setting)
for all pub piano enthusiasts; and
Piano gives a brighter overall sound
compared with Stage Piano.

During playing, it's better to stick
to one preset for classical music
choosing Stage Piano or Harpsichord
more frequently than the rest, but for
modern music the choice of tones
(including mixed combinations of
presets) make the instrument very
satisfying to play.

Each preset button has an LED
indicator built in and a similar set of
buttons control Octave coupling as
well as Hawaii, Vibrato and VCF.

Finally, the right hand controls
provide total Volume setting for the
built-in amp/speaker system or
stereo headphones, Bass boost and
Tape playback level, with on/off
switch, 5 -pin Din record/playback for
stereo tape and headphone jack
socket close by. The tape facility is
ideal for electronic music recording
and also allows you to play along with
any accompaniment.

The cabinet is factory made with a
well polished wood veneer finish and
tasteful speaker cloth. No castors
though - you have to slide its quite
heavy weight on glide buttons. You'll
never open the lid to see inside, for the

Pianostar T2000

whole of the back's thick hardboard
panel unscrews instead. The elec-
tronics construction has been well
thought out, with the main rack sec-
tion and the keyboard sliding out for
easy access. Circuit boards with clear
legends take components supplied in
labelled packs and the assembly
manuals have enough information for
all but the most inexperienced con-
structor.

A portable version, the Pianostar
T2000, is also available without amps
and speakers. The keyboard range is
reduced from seven octaves to six and
the cabinet is finished in black rexine
and a heavy moulded plastic material.
This version measures 26 x 52 x 112
cms and comes with stand and sepa-
rate pedal unit, whilst the upright
model is 102 x 58 x 145 cms.

Conclusion
Probably the best way to make a

final assessment is to try the Piano -
star yourself at one of Wersi's show-
rooms or listen to it being played by
their expert German demonstrator,
Hady Wolff on E&MM's Demo Cas-
sette No. 3.

My criticisms are few - low notes
tend to be a little woolly on Stage
Piano, which is generally a very us-
able rich sound; the lowest octave
with non -piano presets like Cembalo
(using added low octave) is best
avoided and, in any case, would not be
part of the range of its original instru-
ment. Slight transformer buzz was
completely solved by reseating it in its
case and the only playing problem
was in avoiding transient clicks from
preset buttons by switching them
when keys are released (and sustain
off).

The upright piano model S2000 kit
represents best value at £1,273.00
(inc. VAT) with complete cabinet and
built-in amplification. The portable
T2000 is £1,225.00 (inc. VAT) with 5
Watt stereo monitor, headphone, and
preamp outputs. Ready made prices
are £2,102.00 and £2,038.00 respec-
tively.

The instrument gives a lot of
pleasure by virtue of its variety of
sounds and will be an ideal compli-
ment for any lounge, be it a family
living room or hotel, and a versatile
electronic instrument for professional
or home recording studios.
Mike Beecher E&MM
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Organ iralk Ken Lenton-Smith

The virtuoso performer and Wersi
demonstrator Franz Lambert
toured the U.K. some weeks ago

and I was among a party from E&MM
that attended his first concert here -
at the Fairfield Halls, Croydon.

Programmes were not available so
I surmise that Franz changes his
programme according to location and
as the mood suits him. After the show
at Croydon he was to perform at eight
other centres and, as the Franz Lam-
bert Fan Club tends to follow him in
his travels, he may well like to leave
his choice of programme wide open.
Certainly, he gave his Croydon aud-
ience a very wide range of music -
possibly with the accent on serious
music. The audience in the Fairfield
Halls appeared to be a mixture of his
fans and organ lovers generally, not
forgetting representatives of the
Press!

The tour had been organised by
Aura Sounds of Purley and the con-
cert we attended was - with one minor
criticism - a well -staged, interesting
and exciting occasion. Sitting ready
on stage were the Galaxy and Helios
organs with the new Pianostar elec-
tric piano between them. On each
side of the stage were percussion kits:
timpani, gong, bells, bongos, glock
and other traps occupied one side,
the other having a full rhythmic kit
including synth drums.

Rather unusually, the two Wersi
organs were back -on to the audi-
torium but a large, angled mirror
behind the instruments allowed the
concert -goers a back view of the or-
ganist. Additionally, a remote -con-
trolled colour TV camera was directed
on the keyboard and its signal shown
on eight monitors at the sides of the
stage. These viewing aids gave the
audience the opportunity to see the
rapid changes in registration con-
tinuously taking place.

Six 100W speaker cabinets were
ranged along the back of the stage
and this gave more than ample
volume on the louder passages and
appeared to be set to accentuate the
lower frequencies. It certainly did
justice to the Galaxy, though the
Helios lacked the same level of rever-
beration. I appreciate that each hall
has its own acoustic characteristic,
which alters with an audience in
place: this was, of course, the first of a
series of concerts and subsequent
performances may well have seen
alterations to the PA arrangements.

Franz Lambert and his percus-
sionist, Kurt Bong, arrived on stage
and the Galaxy was used to open the
show with a Fanfare - of Trumpet.
Voluntary flavour, with timpani. It was
not possible, because of the oblique
view afforded by the CCTV, to be
precise about the registrations used:
in any case, Wersidata was no doubt
in constant use (a random access
preset system fitted to these organs).
Thus I can only give a general indi-
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cation of the tones the organist used.
An ABBA number in rock tempo

followed, mainly usingthird harmonic
percussion, after which the tempo
slowed for a 'cascading strings'
melody. The Galaxy is a three -
manual instrument with just about all
the facilities one could wish for and,
from the moment the concert began,
the organist was demonstrating not
only his own prowess but also the
capabilities of the organ itself.

After the applause for the first
session had died down, a German
compere addressed the audience -
and here I must make a criticism.
Broken English through a rather
bassy, reverberated amplification
system is extremely difficult to follow.
He also addressed Franz Lambert in
German across the stage and even a
smattering of that language was no
help at all. Bearing in mind that Franz
plays in the USA, I would respectfully
suggest that this brilliant organist
speaks at least one English phrase -
and possibly changes his compere
when away from home! I was re-
minded of the occasion when I first
tried out an early Wersi organ and was
completely at sea because every con-
trol was labelled in German.

Returning to the performance it-
self, Dvorak's 'Ninth Symphony' be-
gan with synthesised strings and the
well-known theme became a cor ang-
lais solo (well-known, that is, to lovers
of Hovis!). The reprise was in poly-
phonic brass with string accompani-
ment. Today's organ having become
orchestral rather than solely imitative
of its pipe counterpart, instruments
like the Galaxy offer great scope to
the more seriously -inclined musician.

in re -arranging the classics. This
appears to be Franz Lambert's strong
point, the Ninth Symphony being exe-
cuted with exquisite expression.

'Japanese Lantern' was evocative
of Geisha Girls and cherry blossom.
Phased strings with 5i/3' tone added
set the theme in rubato tempo, chang-
ing into heavy swing in organ tone for
the final choruses. The location was
then changed by Tchaikowsky's
'Capriccio Italien', heralded by a

mournful trumpet with strings as
backing against a slow bolero rhythm.

To prove to the many organists in
the hall just how it should be played,
'Tico Tico' was the next offering. Franz
chose to register in straight 'elec-
tronic organ tone', no doubt because
from the era of Ethel Smith this is how
we have always been used to hearing
this famous samba. Kurt Bong also
capitalised on this number with a very
lively solo in the percussion depart-
ment. I guess that 'Tico Tico' elated
the non -players in the audience, but
left the practical musicians some-
what downhearted! Despite a raging
tempo, the organist's keyboard tech-
nique was faultless and breathtaking.

Cat Stevens'Morning Has Broken'
began with chimes, which appeared
to be a percussed flute mixture with
odd harmonics, the tune being played
by a most realistic oboe. The theme
was repeated by the 'string orches-
tra' in a grand and expressive manner.
'Elizabethan Serenade' was regis-
tered in woody flute harmony with
white noise for the accompaniment,
the melody in synthesised strings.

Moving over to the Helios organ, a
selection from the European Hit
Parade was played with rock backing
by Kurt who had also moved over to
his rhythmic kit. This medley allowed
liberal use of the synth drums but for
the most part Franz kept his regis-
tration in organ tone.

'Flight of the Bumble Bee' was
another of the organists special ar-
rangements, combining a brilliant
demonstration of the man and his
instrument. Franz managed to regis-
ter his organ so that an incisive and
insistent bee gyrated round the hall.

A swing medley, mainly based on
'C Jam Blues' was to follow and was
much in the style of Jimmy Smith -
with percussed third harmonic pro-
minent. This part of the performance
modulated into 'Sweet Georgia Brown'
with the solo taken on a very windy
jazz flute: although there was prob-
ably too much white noise added, the
effect was interesting nevertheless.

Returning to the Galaxy, Franz
and his percussionist prepared to
play 'If I Could Be a King', making
great play of the fact that they were
turning to sheet music - to the amuse-
ment of the audience. This arrange.
ment employed brass, horn, string
and harp arpeggios: the latter, and
indeed many of the solo voices, are a
great credit to Wersi's engineers.

"Germutlichkeit" was how the
corn pere introduced Franz Lambert's
'Nutties Selection' (I translate this as
giving a feeling of satisfaction or well-
being). This part of the programme
was a rock and roll romp for both
performers - mostly Country &
Western numbers that are well-worn
but allowed the use of banjo, train
whistles and plenty of corn!

Lennon and McCartney compo-
sitions, surely among the best to
emerge in the last couple of decades
of popular music, were used in the
penultimate medley. A boisterous
version of 'She Loves You' gave way to
a plaintive oboe solo of 'Yesterday':
that particular sound, which must be
synthesiser based, is total realism on
the Wersi organ. 'Michelle' was also in
haunting vein, the solo being taken by
trombone with a string backing. A
rollicking version of 'Yellow Sub-
marine' was followed by the breathy
flute being used again for 'Hey Jude'.
This selection ended as it began with
'She Loves You' - but not before Kurt
had taken a drum solo lasting several
minutes, lambasting everything
within reach including the synth
drums!

The final part of the show was
another of the organist's special ar-
rangements - 'Sabre Dance' by Kha-
chaturian, expertly played on the
Galaxy. This began with a lament
played on rolling strings, then turned
to Baroque organ style in counter-
point. The theme was prestissimo in
organ tone with a fair amount of dis-
sonant harmonics: the full dynamic
range of the organ was brought into
play and the performance can only be
described as scintillating.

The audience would not let the
artists leave the stage until two en-
cores had been heard - a fast gallop,
followed by a slow number on the
electric piano. No doubt Franz finds it
advisable to wind his audience down
before it emerges into the world of
reality again.

This concert was highly enjoyable,
combining first class musicianship
and instruments. It was also proof of
the change in character of the enter-
tainment organ in recent years into an
orchestra at the fingertips.

Few organists ever achieve the
expertise shown at this concert, but
anyone interested in electronic music
can build a Wersi organ.

Some readers may not be aware of the
existence of a club that consists of organ
builders, working both to their own designs
and on kits. The Electronic Organ Construc-
tor's Society is a non profit -making or-
ganisation which was founded twenty years
ago. The Society holds regular meetings in
London, Manchester and elsewhere and
publishes The Electronic Organ Magazine
which it circulates to a world-wide member-
ship.

Details of membership may be obtained
by sending a stamped, addressed envelope
to Ralph Purdy (Membership Secretary), 11
The Avenue, Station Road, Billericay, Essex
CM12 9HH. E&MM
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Create One Yourself !

ILLUSTRATED HERE - PART OF
THE ELECTRONIC "INSIDES" OF A WERSI

Aura and WERSI
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: 01.668 9733
17 Upper Charter Arcade, Barnsley, Yorkshire, Tel: (0226) 5248
1729 Coventry Road, Sheldon, Birmingham. Tel: 021-707 8244F-------- ,anti MN NMI In MN ININ

I Please send me the full colour WERSI Catalogue.
I enclose cheque/P.O. for £1.
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NAME

ADDRESS

Send to Aura Sounds Ltd., 14/15 Royal Oak
Centre, Brighton Road, Purley, Surrey.

11111013111 AND AURA SOUNDS THE WINNING COMBINATION
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ELECTRO-MUSIC

Something Old?
Something New?

Sony have taken out a patent on a
speaker system. Nothing new in that
you may think but there you'd be
wrong! This speaker is the first of a
new generation of 'digital' speakers.

To understand how it works
though, we have to understand how
audio signals can be digitally
encoded.

Sound consists of a pressure wave
that travels in air. If a suitable
transducer, a microphone, picks
these signals up, its output will
consist of an electrical voltage whose
amplitude will rise and fall in sym-
pathy with the pressure wave (the
sound) that impinges on it. If this
signal is examined on an oscilloscope,
a complex ever-changing voltage level
will be seen. Conventional audio
equipment operates with amplified
levels of this original voltage.

There is, however, another way in
which this signal can be encoded.
Before describing this in detail it will
be as well to define just what we are
trying to encode. Sound levels in a live
concert can vary by a ratio of 10,000:1
in amplitude. This is known as the
signal's dynamic range.

The frequency range that must be
covered extends from 20Hz to 20k Hz,
a thousand to one ratio. Digital
recording works by sampling the
waveform at a very high frequency
and encoding its instantaneous
amplitude.

Now computers cannot count in
tens like us, they only know two
numbers, 0 and 1. 1 represents a high
voltage level and 0 an absence of
voltage.

At first sight this seems extremely
limiting but in fact a computer can
count quite easily with just these two
levels. In our conventional number
system (decimal) large numbers are
represented by thousands, hundreds,
tens and units, i.e. powers of ten. The
computer equivalent uses powers of
two (binary). For example, consider
the computer number 1001100. Note
that only 0 and 1 appear. The key to
translating this back to a decimal
number is shown below:

26 2' 24 2' 22
21 2°

64 32 16 8 4 2 1

1 0 0 1 1 0 0

Note that the number is read from
left to right and contains 1-64, no 32's
or 16's, one 8, one 4, no twos and no
l's. By adding up what we have we
find that the number is 64+8+4=76.
Notice that instead of tens, hundreds,
etc. (i.e. powers of ten) each column
advances by a power of two.

Our music signal has a dynamic
range of 10,000:1 and to encode
any of the possible levels between
these limits we must be able to
count up to 2'4, 16,384. Now each
of our columns contains a bit of
information which is either 0 or 1, so

Jeff Macaulay

Bi-Pak FM main board and tuning panel.

we can say that each of our samples
requires 16,384 bits of information.
Having settled this, all that has to be
established is the sampling rate.

Luckily this can be readily deter-
mined because of the work of a

gentleman named Nyquist who
showed that the maximum frequency
that can be completely recovered
when modulated on a carrier is
exactly half that of the carrier. So to
encode our highest frequency audio
signal we need a carrier of 40kHz
minimum.

Our digitally encoded signal then
consists of a 14 -bit binary code that
changes 40,000 times per second.
The most successful commercial
digital recording equipment, the
Soundstream, uses a 16 -bit code and
a sampling rate of 50kHz.

Once in digital form, the program
has to be translated back to analogue
in order for it to be heard, which raises
the natural question 'Why bother in
the first place?' The answer is simple.
For a start, once the signal has been
recorded in digital form, it won't
deteriorate in any way. No compres-
sion is required since the full dynamic
range can be accommodated; and
last, but by no means least, the S/N
ratio is greatly improved.

Unfortunately the problem of con-
verting the digital code back to
analogue form remains. At present
this is done with D/A converter chips
and the resulting signal is then
recorded on a conventional analogue
disc. All this brings us back to where
we started with Sony's new speaker.

The innovative idea behind this
system is to dispense with moving coil
speakers and conventional amplifiers
and replace them by compressed air
drivers. Basically a tank of com-
pressed air is fed via electro-
mechanical valves to 'Horns' which
vent into the listening room. There are
14 of these horns and the control for
the air flow valves is obtained directly
from the incoming digital 'word'.

When a logical one is applied to the
valve it opens for the duration of the
pulse allowing air to enter the horn. If
things are arranged so that the air
pressure pulse produced at the horn

connected to the most significant
digit is 2'4 times stronger than that at
the least significant digit, then the
combined pressure valve produced
by the horns will be an exact replica of
the input before it was digitally con-
verted. In other words, the whole
system operates as a powerful digital
to analogue converter without the
need for a separate amplifier.

A fascinating idea and one which
we will all no doubt hear more of in
years to come. It is not altogether new
though.

At the turn of the century, a

mechanical amplifier using com-
pressed air was invented, which
worked on similar principles. The
'drive unit' consisted of a slotted, fixed
plate with a comb which was free to
slide across it. Compressed air was
blown through the plate and the comb
was mechanically linked to the record
stylus. As the stylus moved the comb
across the fixed plate, the air pressure
varied in sympathy with the groove
modulations producing sound. The
device was coupled to an acoustic
horn to provide amplification.

Commercial versions of this
equipment were on sale in 1906 and
for reasons that are somewhat ob-
scure, it was named the 'Autexa-
phone'.

A commentator of the time re-
ported that the sound could be heard
for two or three miles in calm weather
which must have meant a hefty SPL
was being generated.

The analogy to an electronic
amplifier can be more readily
appreciated if one remembers just
how these work. A conventional
amplifying device modulates an ex-
ternal power source, a DC supply. This
modulation is controlled by the input
signal. Thus an amplifier functions as
a copying device. In the air driven
speaker, the pressurised air is ana-
logous to the DC supply. The input
signal is the mechanical movement of
the comb and the output is modu-
lated air pressure changes (sound).

Hi-Fi, Lo -Cost
There are several ways one can

acquire a decent hi-fi system. The

most obvious (and expensive) is to
trail around hi-fi stores and, after
listening to various combinations,
part with your well earned cash.
Another way, is to assemble the
projects featured in this and other
magazines, A third, very much under-
estimated method, is to assemble a
stereo system from ready made
modules, many of which are excel-
lent in value and performance.

One such module I have recently
come into contact with is an interest-
ing example of this approach. Bi-Pak
have established an excellent repu-
tation over the years for the reliability
and performance of their amplifier
modules so it was with great interest
that I received the new S453 FM tuner
module.

Like it's predecessor, the S450,
this module consists of two PCBs, one
of which holds the guts of the tuner,
and the other the four 100k multiturn
presets which control the varicap
tuning.

Also in common with the S450,
tuning is accomplished by means of
four pushbuttons. Although this
means that only four FM stations can
be selected, this isn't a major draw-
back. For those who wish to experi-
ment it is not too difficult a problem to
add further stations by using a

separate switch bank.
One of the great things about this

tuner is its small size, the large PCB is
only 125 x 80mm. The tuning PCB is
45 x 80mm. Adding the unit to an
existing installation is simple since
the unit requires a supply voltage
between 18-25V and has a current
consumption of 45mA. In many cases
a suitable supply rail will already be
available and the tuner can then be
run via a simple network consisting of
a dropper resistor and decoupling
capacitor.

So much for the mechanics. Now,
how does it sound? To find out I built
the module together with a simple
PSU into a Verocase in which it was
a fairly tight fit. After the usual,
debugging exercise, in my case the
elimination of an earth loop, I was
most impressed with the perfor-
mance. While it is not the most
sensitive tuner that I have ever tested,
adequate stereo reception of all the
major stations with good signal to
noise ratio was obtained. Stereo
separation was extremely good (Bi-
Pak quote 30dB). What is more
important though is a tuner's ability to
produce a good stereo sound stage
with the subtle depth of effects intact.
This the tuner can do. Technically the
unit employs a discrete front end with
an IC limit/demodulator stage. Stereo
decoding is carried out by the
ubiquitous PLL IC. Stereo operation
incidentally can be bypassed by
fitting an external switch.

In conclusion, a fine product which
can be recommended for those who
wish to obtain a good tuner and are
prepared to do some mechanical
work themselves. The price is £19.53
exclusive of VAT and should be
available during August from Bi-Pak
Limited. E&MM
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WILMSLOW
The firm for Speakers

HI-FI
DRIVE
UNITS

AUDAX HD12.9D25 £8.75
AUDAX 1-1011P25EBC £7.50
AUDAX HD201325H4 £14.95
AUDAX HD13D34H £12.95
AUDAX HD24545C £21.95
AUDAX WFR15S £23.95

CHARTVVELL CEA205 pair £61.25

COLES 4001 £7.65
COLES 3000 £7.65
COLES 3100 £7.95
COLES CE20000 8" £14.95

CELESTION HF1300 II £12.50
CELESTION HF2000 £13.60

DALESFORD D10 tweeter £8.45
DALESFORD D10 ferrofluid £8.95
DALESFORD D30/110 £11.95
DALESFORD D50/153 £12.95
DALESFORD 050/200 £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 £25.95
JORDAN WATTS Module Mk III £28.50
JORDAN WATTS HF kit £10.50

JORDAN 50mm unit £31.50
JORDAN crossover pair £31.90

KEF T27 £9.45
KEF 13110 £12.25
KEF B200 £13.50
KEF 8139 £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 K0100T £10.95
PEERLESS DT1OHFC £10.50
PEERLESS K040MRF £13.60

RICHARD ALLAN CG8T £13.50
RICHARD ALLAN CG12T Super £29.50
RICHARD ALLAN HP88 £20.75
RICHARD ALLAN LP8B £14.50
RICHARD ALLAN HP12B £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 £88.00
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 808/2 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 £115.00
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 0112 £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 HD127 £29.75
RICHARD ALLAN HD15 £52.75
RICHARD ALLAN HD15P £52.75
RICHARDALLAN ATLAS 15" £77.00
RICHARD ALLAN ATLAS 18" £96.00

4,41(fr

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 30p 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 PROS -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 £125.00

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 1/6/81

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.

3136.

Lightning service on telephoned credit card orders!

SPEAKER
K ITS
SPEAKER KITS Prices Per Pair

Carriage £3.95
unless otherwise stated

COLES NIMBUS KIT mounted on baffle £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 £84.00
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
RICHARDALLAN Tango Twin £55.50
RICHARD ALLAN Maramba £77.50
RICHARD ALLAN Charisma £111.00
RICHARD ALLAN Super Triple £102.50
RICHARDALLAN Super Saraband II £159.95
RICHARD ALLAN RA8 kit £62.75
RICHARD ALLAN RA82 kit £98.75
RICHARD ALLAN RA82L kit £108.00
SEAS 223 £42.50
SEAS 253 £67.00
SEAS 403 £79.95
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

£31.45
£40.40
£56.20
£52.50
£72.00
£87.00

£129.00
£160.00
£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

WILMSLOW
1:1

The firm for Speakers

35/39 Church Street.
Wilmslow, Cheshire.
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ELECTRO-MUSIC

Dave Bristow
Whilst it is essential to under-
stand the mechanics and
logic of the instrument you

play, the end product, making music,
should be the prime consideration.
There is only one way of monitoring
progress to this goal, and that is by ear
- so for the short time it takes to read
this article, unplug the mental oscil-
loscopes and warm up the ears and
fingers!

There is more to synthesis than
good programming; the sound has to
be delivered and it is this area which is
often neglected by both players and
manufacturers. It is easy to become
infatuated with the novelty and wide
variety of sounds available from syn-
thesisers without developing their
musical potential and it seems to me
that manufacturers are taking too
long to design and produce good key-
board -actions for otherwise good syn-
thesisers, by which this potential can
be realised.

During the course of my consul-
tancy and demonstration work for
Yamaha, I find myself at many Euro-
pean Trade Fairs where all makes of
synths. are on show and technology
rules supreme! TV displays, computer
interfaces and illuminated panel in-
dicators are surrounded by rows of
faders and buttons, yet, midst all this
sophistication, there will probably be
a 4 (or maybe 5) octave keyboard, F to
F, badly sprung, the action of which is
similar to any department store chord
organ!

Design began to improve with the
Yamaha CS80, and the GSI action is
even better but these are the excep-
tion rather than the rule. However,
despite the manufacturers' slowness
to meet our needs in this area, there
are still techniques which keyboard
players need to develop in order to
utilise fully synthesisers currently on
the market, and to enable them to
deliver carefully programmed sounds
with maximum effect. These are: con-
trol of the various means of expres-
sion and the use of differently tuned
oscillators requiring some harmonic
investigation. These skills are as
much part and parcel of the modern
synthesists' technique, as program-
ming and should not be overlooked,
so I should like to consider them in
more detail.

Playing Technique
Most monophonic or duophonic

synthesisers seem to function in such
a way that any release time set on the
envelope generator controlling the
VCA or VCF has to be allowed to
complete before the successive note
will operate according to the pro-
grammed attack time. As most of

naQcol-
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So it's a good programme?

Dave Bristow and Gary Luenberger at the Yamaha test studio. Japan.

many workable solo synthesiser
sounds in the woodwind, reed, brass
and string area require a very small
release time (this is just as impor-
tant to the musical nature of the
sound as the gentle attack time), a
playing technique needs to be de-
veloped in which each key is released
before the next is depressed, even in
legato playing. This way, each note
will have the full benefit of the en-
velope programming and the front of
the notes will not 'clip'. Pianists do not
normally play legato in this manner
and it takes some practice to develop
this technique, but the rewards in the
form of more authentic imitative and
musical sounds are well worth the
effort. Even grace notes should be
played in this way - set up a brass
sound on a monophonic synth. and
compare normal legato playing with
"every note released" legato. The
difference will be very noticeable, the
careful playing giving more credi-
bility to the programme. Tapping the
fingers on a table, ensuring that each
one is lifted before the next one taps,
will help develop this 'push and re-
lease' finger -style approach to the
synthesiser keyboard and signi-
ficantly broaden its musical potential.

Some polyphonic synthesisers
(the ones I use are the CS80 and the
new GS1) have independent pressure
sensors on each key to con-
trol volume, timbre, LFO modulation
etc. In order to maximise the poten-
tial of this refinement, it is neces-
sary to develop a controlled "after
pressure" in all fingers of both hands,
which for most keyboard players is a
novel requirement. The skill is very
easily developed by resting the
fingers and thumb on a firm surface
(as if on the keys of a piano) and
pressing each one down firmly in turn,
without ever lifting them from the
surface. Although this facility is
only available on a few synths, the
effect is very good, allowing inside or
top single lines to be brought out in a

chordal movement.
Generally, introducing LFO modu-

lation or VCO, VCF and VCO control is
done via mod -wheels, pitch wheels,
levers and ribbons, and foot -pedals.
Competent use of these controls re-
quires practice and thought. The
'click' of self -centring pitch wheels is
not always too apparent and the
fingers need to be sensitive to the
position of the wheels. It is important
to know the pitch span (i.e. 1 tone, 3rd
interval, octave) of any pitch device,
and whether it has a linear or logarith-
mic effect in orderthat musical bends
can be consistent and thus make a
pitch bend of a given interval in-
stantly. The use of LFO modulation is
also very important. For instance, the
introduction of LFO modulation on a
flute sound should have more effect
on the timbre (VCF) and amplitude
(VCA) than on the pitch (VCO),
whereas, with a violin sound, modu-
lation should mainly effect the pitch
(VCO). Choosing the correct speed,
depth and area of influence (VCO, VCF
or VCA) enables LFO modulation to be
carefully incorporated into program-
mes or introduced during playing via
wheels, levers, or pedals, or pres-
sure on the keys and will bring an
instrumental performance to life,
broadening its musical value.

Another area that should be ex-
plored, and is unique to synthesists, is
the possibility of obtaining 2 or more
notes from one key, where more than
one VCO per note is provided with the
instrument. This effect is of course
more interesting where duophonic or
polyphonic instruments are con-
cerned and it can be rewarding to
investigate the harmonic possibilities
through combining specific pitches.
The best interval to begin with is the
fifth, this being the first different
harmonic in the series. For instance,
playing a major third interval with the
two oscillators for each note tuned
apart, will sound a major 7th chord -a
minor 3rd interval will be a minor 7th.

The only note which brings in an
out -of -scale 5th is B. Two note com-
binations of any other notes will sound
interesting and give useful harmonies
directly related to the root key. Play-
ing more than two notes requires
more investigation of course, but if
your instrument has this facility then
it should not be ignored. The relative
volumes of the two oscillators is also
an important factor - if one is signi-
ficantly lower than the other, then
there is an effect of "ghost" har-
monies, not unlike the effect of har-
monics on a Hammond seeming to
change the mood of any given chord.
This is another musical area waiting
to be explored, but don't expect the
instrument to produce it alone
- choose the right notes, and be aware
of the extra combination of notes you
are producing by detuning the oscil-
lators.

I hope that the tone of this article
expresses my belief that the synthe-
sist is more important than the syn-
thesiser and that the correct inter-
pretation of a sound and good play-
ing of the keyboard is every bit as
important as the logical construction
of the programme. Generally, pro-
gramming is considered to be part of
the synthesist's job as a musician but
this need not necessarily be so. Over
the last eighteen months, I have been
involved with the development and
presentation of Yamaha's latest poly-
phonic synthesiser, the GS1, and in
the case of this instrument, program-
ming and playing have become com-
pletely separated. The instrument has
presets (although these can be inter-
changed from a voice -card library
system), all the programming being
done at the factory. In order to present
the instrument with my band at the
Frankfurt Trade Fair last February, I

spent some days programming suit-
able voices at the factory, but after
this, during the shows, no alteration to
the voices was possible. The result
was an enforced freedom from knob
twiddling and button pushing that I

found totally relaxing, and this
coupled with an 88 -note keyboard
and an action like a grand piano,
enabled me to concentrate 100% on
the delivery of the music - and that's
what it is all about.

Programming the GS1 was, I must
admit, quite an experience but one I
would rather relate on another occa-
sion, leaving you to think about your
skills as a synthesiser player and per-
former rather than a synthesiser pro-
grammer. And I would like to ask the
manufacturers generally this ques-
tion: Do your synthesisers as musi-
cal instruments, have the qualities
that these skills will ultimately de-
mand? E&M M
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ELECTRONICS MUSIC
KITS

'AUTOWAH UNIT
Automatically gives wah or swell sounds with each
guitar note played.

Kit order code = M -SET -58 £16.04

GUITAR EFFECTS UNIT
Modulates the attack, decay and filter characteristics
of a signal from most audio sources producing 8 dif-
ferent switchable sounds that can be further modified
by manual controls.

Kit order code = M -SET -42 f14.11

GUITAR FREQUENCY DOUBLER
Produces an output one octave higher than the input.
Inputs and outputs may be mixed to give greater depth.

Kit order code = M -SET -98 f10.55
GUITAR MULTIPROCESSOR
An extremely versatile sound processing unit capable
of producing, for example, flanging, vibrato, reverb,
fuzz and tremolo as well as other fascinating sounds.
May be used with most electronic instruments. Some
SW's not incl. in kit - see list for selection.

Kit order code = M -SET -85 £72.90
GUITAR OVERDRIVE
Sophisticated versatile fuzz unit incl. variable controls
affecting the fuzz quality whilst retaining the attack and
decay, and also providing filtering.

Kit order code = M -SET -56 £19.60

GUITAR PRACTISE AMPLIFIER
A 8 watt mains powered amplifier suitable for instru-
ment practise or as a test gear monitor. Drives 8 or 15
ohm speakers (not incl. in kit).

Kit order code = M -SET -106 £18.72

GUITAR SUSTAIN
Maintains the natural attack whilst extending note
duration.

Kit order code = M -SET -75 f11.77

PHASER
An automatically controlled 6 stage phasing unit with
internal oscillator. Depth can be increased with exten-
sion.

Main kit code = M -SET -88 £18.34
Extension kit = M-ADN-88 £7.31

PHASING & VIBRATO
Includes manual and automatic control over the rate
of phasing and vibrato. Capable of superb full sounds.
A separate power supply is included.

Kit order code = M -SET -70 £42.85

SMOOTH FUZZ
As the name implies!

Order code = M -SET -91 £11.68

SPLIT -PHASE TREMOLO
The output of the internal generator is phase -split
and modulated by an input signal. Output amplitudes,
depth and rate are panel controlled. The effect is simi-
lar to a rotary cabinet.

Kit order code = M -SET-102 £27.55

SWITCHED TONE TREBLE BOOST
Provides switched selection of 4 preset tonal re-
sponses.

Kit order code = M -SET -89 £10.51

AUDIO EFFECTS UNIT
A variable siren generator that can produce British
and American police sirens, Star Trek Red Alert, heart
beat monitor sounds, etc.

Kit order code = M -SET -105 £12.91

FUNNY TALKER
Incorporates a ring modulator, chopper and frequency
modulator to produce fascinating sounds when used
with speech and music.

Kit order code = M -SET -99 £15.43

WIND & RAIN EFFECTS
As the name says!

Order code = M- SET -28 £9.94

DISCOSTROBE
A 4 -channel 200 -watt light controller giving a choice
of sequential, random or full strobe mode of operation.

Kit order code = M -SET -57 £36.52

r LIST
Send stamped addressed envelope with all U.K. re-
quests for free list giving fuller details of PCBs, kits and
other components. Overseas enquiries for list - Europe
send 50p, other countries send £1.00

- All kits include
custom designed

printed circuit boards
KIMBER-ALLEN KEYBOARDS
Claimed by the manufacturers to be the finest moulded
plastic keyboards available. All octaves are c -c, the keys
are plastic, slope fronted, spring loaded, fitted with
actuators and mounted on a robust aluminium frame.
3 -octave £25.50, 4-oct £32.25, 5-oct £39.50. Gold -
clad contacts (1 needed for each note) type GJ (SPCO)
33p each. Type GB (2 -PR N/0) 38p each.
CHOROSYNTH
A standard keyboard version of the published Elektor
30 -note chorus synthesiser with an amazing variety of
sounds ranging from violin to cello and flute to clarinet
amongst many others.
Kit plus keyboard & contacts =M -SET -100 f114.12
FORMANT SYNTHESISER
For the more advanced constructor who puts perfor-
mance first. This is a very sophisticated 3 -octave syn-
thesiser with a wealth of facilities including 6 oscilla-
tors, 3 waveform converters, voltage controlled filter,
2 envelope shapers and voltage controlled amplifier.
Case and hardware not included - see our lists for fur-
ther details.
Kit plus keyboard & contacts = M -SET -66 £323.35
P.E. MINISONIC SYNTHESISER
A very versatile 3 -octave portable mains operated syn-
thesiser with 2 oscillators, voltage controlled filter, 2
envelope shapers, ring modulator, noise generator,
mixer, power supply and sub -min toggle switches to
select the functions. A case is excluded, but the text
gives comprehensive constructional details.
Kit plus keyboard & contacts = M -SET -38 £169.69

Prices include
15% VAT & U.K. P&P

New kit make-up
See below

128 -NOTE SEQUENCER
Enables a voltage controlled synthesiser, such as the
P.E. Minisonic, to automatically play pre-programmed
tunes of up to 32 pitches and 128 notes long. Pro-
grams are initiated from the 4 -octave keyboard and
note length and rhythmic pattern are externally vari-
able.
Kit plus keyboard & contacts = M -SET -76 £114.09
16 -NOTE SEQUENCER
Sequences of up to 16 notes long may be pre-pro-
grammed by the panel controls and fed into most volt-
age -controlled synthesisers. The notes and rhythms
may be changed whilst playing making it more ver-
satile than the name would suggest.

Kit order code = M -SET -86 £60.13
DIGITAL REVERB UNIT
A very advanced unit using sophisticated I.Q. techni-
ques instead of noise -prone mechanical spring lines.
The basic delay range of 24 to 90ms can be extended up
to 450ms using the extension unit. Further delays can
be obtained using more extensions.

Main kit order code = M -SET -78 £67.22
Extension kit = M-ADN-78 £45.94

RING MODULATOR
Compatible with the formant and most other synthe-
sisers.

Kit order code = M -SET -87 £11.69
WAVEFORM CONVERTER
Converts saw -tooth waveform into sinewave, mark -
space sawtooth, regular triangle, or squarewave with
variable mark -space. Ideally one should be used with
each synthesiser oscillator.

Kit order code = M -SET -67 £20.13
Kits originate from projects published in PE, EE and
Elektor.

BARCLAITAID

Terms: C.W.O., MAIL ORDER OR
COLLECTION BY APPOINTMENT

TEL.: 01-302 6184
(MONDAY -FRIDAY)

BASIC COMPONENT SETS 111441

Include specially designed drilled & tinned fibreglass
printed circuit boards, all necessary resistors, capa-
citors, semiconductors, potentiometers and transfor-
mers. They also include basic hardware such as knobs,
sockets, switches, a nominal amount of wire and
solder, a photocopy of the original published text,
and unless otherwise stated, a robust aluminium box.
Most parts may be bought separately. For fuller kit and
component details see our current lists.
RHYTHM GENERATORS
Two different kits - the control units are designed
around the M252 and M253 rhythm-gen chips which
produce pre-programmed switch -selectable rhythms
driving 10 effects instrument generators feeding into a
mixer.
12 -rhythm unit = M -SET -103-258 f64.10
15 -rhythm unit = M -SET -103-252 £57.26
6 -CHANNEL MIXER
A high specification stereo mixer with variable input
impedances. Specs given in our lists. The kit excludes
some SW's - see lists for selection. The extension gives
two extra channels.

Main kit code = M -SET -90 £88.99
Extension kit = M-ADN-90 £11.74

3 -CHANNEL STEREO MIXER
Full level control on left and right of each channel, and
with master output control and headphone monitor.

Kit order code = M -SET -107 £18.68
3 -MICROPHONE STEREO MIXER
Enables stereo live recordings to be made without the
hole in the middle effect. Independent control of each
microphone.

Kit order code = M -SET -108 £12.31
HEADPHONE AMPLIFIER
For use with magnetic, ceramic or crystal pick-ups,
tapedeck or tuner, and for most headphones. Designed
with RIAA equalisation.

Kit order code = M -SET -104 £18.10
VOICE OPERATED FADER
For automatically reducing music volume during disco
talk -over.

Kit order code = M -SET -30 £7.80
DYNAMIC NOISE LIMITER
Very effective stereo circuit for reducing noise found
in most tape recordings.

Kit order code = M -SET -97 £12.67
DYNAMIC RANGE LIMITER
Automatically controls sound output levels.

Kit order code = M -SET -62 £9.51
TUNING FORK
Produces 84 switch -selectable frequency -accurate
tones with LED monitor displaying beat -note adjust-
ments.

Kit order code = M -SET -46 £34.56
TUNING INDICATOR
A simple octave frequency comparitor for use with syn-
thesisers where the full versatility of Kit 46 is not
needed.

Kit order code = M -SET -69 £14.41
PULSE GENERATOR
Produces controllable pulse widths from 100NS to
2 sec. variable frequency range of 0.1 HZ to 100HZ.

Kit order code = M -SET -115 £21.45
SIGNAL TRACER & GENERATOR
Allows audio signals to be injected into circuits under
test, and for tracing their continuity. Includes frequency
& level controls.

Kit order code = M -SET -109 £15.31
WAVEFORM GENERATOR
Provides sine, square and triangular wave outputs vari-
able between 1HZ & 100KHZ up to 10V P -P.

Kit order code = M -SET -112 £21.58
SPEECH PROCESSOR
Improves the intelligibility of noisy or fluctuating
speech signals, and ideal for inserting into P.A. or
C.B. radio systems.

Kit order code = M -SET -110 £9.21
FREQUENCY COUNTER
A 4 -digit counter for 1HZ to 99HZ with 1HZ sampling
rate.

Kit order code = M -SET -79 £43.30
EXPOSURE TIMER
Controls up to 750 watts in 0.5 sec. steps up to 10
minutes, with built-in audio alarm.

Kit order code = M -SET -98 £36.44

More kits and
Components

are in our Lists

( More kits and components are in our lists. Prices correct at time of press. E&OE subject to availability
PHONOSONICS : Dept E&MM7 : 22 HIGH ST. : SIDCUP : KENT : DA14 6EH
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NEWS

Ian Waugh
As promised last month, a few
more goodies for the guitarist
plus more info about the

ultimate drummer ... I didn't realise
Jane Fonda played drums ...

Guitarists first. MXR have an
Effects Loop Selector made from die-
cast aluminium which allows the
guitarist to choose between two
effects systems while running into a
single amplifier. The unit requires no
separate power unit and a circuit is
included to minimise 'pop'. It can also
be used to choose between speaker or
amp arrangements and retails at $25.

A similar unit is available from
Roger Eddy at $24.95. You pays your
money ...

The Think Tank has been working
overtime at Whirlwind Music and
come up with the 'ultimate' guitar
lead. Called the Constrictor - known
in the trade as the 'augmented cord'
- it consists of 20 inches of coiled
lead attached to 10 feet of straight
lead. The 20 inches extends up to 10
feet, too, giving a total lead 20 feet
long which should not get snarled
around your feet. Made from cured
neoprene cable by Belden, the Con-
strictor is designed to pass signals
with the minimum of cable noise.

New from Stars Guitars is their
Star Grinder which is a distortion unit
designed for retrofit in electric
guitars. A pot allows a mix between
straight and distorted guitar and an
optional bypass switch is available. A
single 9 -volt battery is required and
the unit should fit most control
cavities.

The HF-4 Hot Foot Active Gain
Pedal from Polyfusion runs from a
9 -volt battery which is activated by
plugging in a cord. The volume output
level is adjustable from unity (input
and output signal) to 12dB (four times
original power). It has a high im-
pedance input and low impedance
output. The tension on the pedal's
movement is adjustable. The HF-4
sells for $99.95 from BKL.

Fast -Fret from Kenyon is an appli-
cator stick designed to clean and
lubricate guitar strings. It is applied
by rubbing the applicator along the
strings. Excess can be wiped off with
the cloth supplied; the solution does
not harm guitar finishes and it is non-
toxic.

America

Linn LM -1 Drum Computer.

There are literally dozens of 'small'
amps on the market designed either
for use in small rooms or as practice
amps. Most of them will give good
quality output at low levels. The latter
are much more common and the Zeus
model 8401 (has everyone got a com-
puter working on new product
names?) is one of many worth con-
sidering. It provides 1 watt of clean
power and 2.5 watts of overdriven

speaker. Tone
and volume controls are included and
the preamp can add up to 21dB of
boost to the guitar's signal. The entire
unit is only 71/2" x 3" x 11/4", is housed
in an aluminium case and is powered
by 8 small batteries (an AC adapter
can be used). It costs $64.95.

For those who think nostalgia ain't
what it used to be, Echoplex have re-
introduced their tape echo with tubes.
Their EP -6T uses the same basic
circuitry as the original EP -2 but has a
PCB. After many years of solid-state
construction the new unit is deemed
to fulfil a long -felt demand. It is avail-
able to special order (6-8 weeks) from
Market Electronics.

The Peavey EQ-27 has, would you
believe, 27 frequency bands each
spanning 1/4 octave. All 27 slide con-
trols have centre dents and provide
for + 15dB boost and cut. All inputs
and outputs have transient, over -
voltage, and short-circuit protection.
The voltage regulator protects against
power variations. The unit has a
bypass switch and is rack -mountable.

...Talking about drummers ...

The PAiA Programmable Drum Set
now has improved memory circuitry
which allows the 'save' mode to hold
rhythm patterns for over a year while
battery life for normal operation has
been extended to several hundred
hours.

Right! This is it! Introducing the
LM -1 from Linn Electronics. This
sophisticated, yet easy to operate
machine, contains actual drum
sounds recorded digitally in its com-
puter memory. It holds up to 100
drumbeats and these are program-
mable in real time. Drums include
snare, bass, hi -hat, cabasa, tambour-
ine, two congas, two tom-toms, cow-
bell, clave and hand claps. Program-
ming features include automatic
error correction, programmable
dynamics, flams, rolls, build-ups,
open and closed hi -hat, etc. Special
timing circuitry is included to give a
'human' feel to the drumming and all
time signatures are possible (includ-
ing the one our drummer plays after a
bottle of rye and a Pepsi). The LM -1
has versatile editing facilities and
rhythm patterns can be linked
together into complete songjormats.
All programmed parts can be retained
in the memory when power is
switched off and programmed data
can be stored on cassette. Other
features include a 13 output stereo
mixer with volume, pan and separate
outputs for each drum. The pitch of
each drum can be individually ad-
justed and the unit can be used to
overdub on tape and sync to almost
anything. The bad news is the price -

$5,500. Not too expensive, really,
when you consider the flexibility of the
unit but possibly other manufacturers
will see a market here and introduce
their own models. It doesn't look quite
as pretty as Jane Fonda but then if
looks were important our drummer
would be peeling potatoes. This is
certainly a unit to look at, especially
for electronic music composers and
enthusiasts. Warren Cann of Ultravox
is reviewing this for us.

Next month we'll give guitarists'
pockets a rest and see what else is
going on in America.

Companies and manufacturers
mentioned:
MXR Innovations, 740 Driving Park
Ave., Rochester, NY 14613, also
Atlantex Music Ltd, 34 Bancroft,
Hitchin, Herts SG5 1LA;
Roger Eddy, 1330 Miles Ave., Pacific
Grove, CA 93950;
Whirlwind Music Inc., P.O. Box 1075,
Rochester, NY 14603;
Stars Guitars, 818 Folsom St., San
Francisco, CA 94107;
BKL International Distributing, Box
248, Neptune, NJ 07753;
Kenyon International, Box 10185, El
Paso, TX 79992;
Zeus Audio, 511 S. Palm Ave.,
Alhambra, CA 91803;
Market Electronics, 38367 B Apollo
Parkway, Willoughby, OH 44094;
Peavey Electronics, 711 A St.,
Meridian, MS 39301;
PAiA Electronics, 1020 W. Wilshire
Blvd., Oklahoma City, OK 73116;
Linn Electronics Inc., 3249 Tareco
Drive, Hollywood, CA 90068. E&MM
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ImamsTIUCSUPPLccorpmY Everything You need from
Start to Finish

TEUE'5
LECTROMS

LFPLY

To our Customers ..
We have pleasure in presenting our new 1981 Catalogue. This contains many new
stock lines and additional technical information.
In addition to standard stock lines we also specialise in obtaining non -list items. Please
phone us at the Sales Desk or call at our Trade/Retail Counter if you have any queries
concerning prices, non -list items or technical information.

Page Items
1. 74 Series TTL.
2. 74LS Series Low Power TTL.
3. 74C Series CMOS.
4. 4000 Series CMOS.
5. Linear Devices.
6. Memories, EPROMS (MM2114N),

(MM4116N), (MM2708Q), (MM2716Q)
7. Opto Devices -LED's, 7 Segment Displays,

LDR's.

8. Opto lsolators/Neons/Bulbs & Holders.
9. Transistors.

10. FETs/UJTs.
11. Transistor Case Styles/

Transistor Pin Outs

TOOLS leo

Antex Precision Irons

Pliers &
Cutters

Electric Drills

Reliant
A subminiature 12V electric drill
suitable for general applications
including drilling printed circuit
boards. Full load current 1.5A.
Torque 100gm cm. Speed approx.
9000rpm. Chuck has a 3/32in.
capacity and drill is supplied with
a collet which accepts tools with
a 2.35mm shank.

COMPLETE RANGE OF
TOOLS AVAILABLE ON
REQUEST - EX -STOCK

Orders to:

65p including p&p

VEROBOARDS
for circuit construction

Laying Out

Fitting
Components

Track Cutting

The World famous Veroboard is still considered the fastest and
easiest permanent method of assembling electronic circuits.
Laying Out: If you are constructing your circuit from a
published design you will, of course, follow that layout. But if
you are designing your own layout, time spent at this stage will
be rewarded with a neat link -less circuit board. Lay out the
circuit plan on 0.1" graph paper, being sure to allow proper
spacing for components and indicating where the copper strips
are to be broken. Try to keep the layout as near to the circuit
diagram as possible. Fitting Components: Lay out the
components on the plain side of theVeroboard at right angles to
the copper strips, inserting the leads into the appropriate holes.
Leads may be soldered directly to the copper strips using a
clean low wattage soldering iron 15-25 watts. Use Vero
terminal pins for taking wires from the board to external
controls (displays, loudspeakers etc) Track Cutting: For cutting
the tracks on Veroboard the Vero Spot Face Cutter is highly
recommended. It is possible to use a small drill - although
unless it has been ground at the right angle, it will remove a
high percentage of the base board with the copper, thus
weakening the board. If the drill is not exactly the right size it is
possible to leave hair lines of copper which can cause shorting
problems.

C1371PAIN

12. VMOS Power FET: Voltage Regulators_;4Ik
13. Thyristors, Triacs, Diacs.

14. Diodes, Bridge Rectifiers,
Zener Diodes.

15. Electrolytic Capacitors.
16. Polystyrene Capacitors,

Disc Ceramic Capacitors,
Polyester Capacitors.

17. Polyester Capacitors: Trimmers,
Variable Capacitors, Capacitor Clips.

18./19. Resistors.
20. Potentiometers, Presets, Wirewound (3.5W).
21. DIL Sockets, Header Plugs, Switches.
22./23. Switches, Plugs and Sockets.
24. Plugs and Sockets, Battery Snaps

BOXES POLYBOX, OCTOBOX,
MINIBOX, CABINBOX,
VISEBOX, TUBOX

FLIP TOP BOXES - CASE -BOX - VERO BOXES - CONTROL BOXES

TRANSFORMERS

All primaries are 240 volts AC.
All secondaries are AC volts directly out of transformer.

TEST EQUIPMENT

MULTIMETERS

AUDIO PRODUCTS

SPEAKERS

DIGITAL
FREQUENCY
METER
PFM200

MICROPHONES

STEVE'S ELECTRONICS SUPPLY COMPANY
15/17 CASTLE ARCADE BALCONY,
CARDIFF CF1 2BU. Tel: 0222 41905

TRADE RETAIL COUNTER OPEN 9.00 a.m. to 5.30 p.m.MONDAY to SATURDAY

HEADPHONES
30-18K HZ

Complete Range of
Construction Publications

by BA BANI PRESS
available. Send Now

for Full Details.
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Computer World
by Kraftwerk
EMC 3370

Earlier this year, EMI Records
(UK) signed Kraftwerk and here
is their first LP release for this

company, which is just in advance of
the group's first UK tour since 1976.

The concept of the album is that it
IS the Computer World, and its titles
range from 'Computer Love' to 'Home
Computer' and 'It's More Fun to
Compute'.

For many people, Kraftwerk create
in their music an impression of robot
composers sitting rigidly at vast
banks of controls. This 'robotic feel'
seems to have been the group's trade
mark since the No. 1 success of
'Autobahn' (single and album) in
1974 on the Vertigo label. The double
album 'Kraftwerk' preceded this al-
though it reallycontained more sound
effects rather than pure electronics.
Other records have been 'Ralf and
Florian' (named after Ralf Nutter and
Florian Schneider who make up the
present group with Wolfgang Flur and
Karl Bartos), 'Radio Activity' (1975),
'Trans -European Express' (1977) and
'The Man Machine' (1978) with the
latter three on the Capitol label. Two
Vertigo compilation albums may also
be of interest 'Exceller 8' (1975) and
the recent 'Elektrokinetik'.

This latest album has been re-
corded at Kraftwerk's Kling Kiang
Studio in Dusseldorf. At the same
time, the Kling Kiang studio was being
modified to be transportable on tour.
Giant video screens have been
specially made for the visuals, but for
now it's the music that remains our
focal point.

The title of the main track 'Com-
puter World' introduces a musical
phrase that dominates the whole LP.
In the Key of E minor here, it has the
notes G\DNB/E (the diagonals indi-
cate an upward or downward move-
ment of pitch).

Kraftwerk don't often name on LPs
the equipment they use, probably
because a lot of it's custom built. No
particular synthesiser sound is evi-
dent, although the sequencer con-
trolled melodies usually have dry
percussive pizzicato string tones at
centre stereo, enabling a repeated
echo of the sequence to be heard in
syncopation at the left hand stereo
position.

The only words sung on the record
are on 'Computer World' and 'Com-
puter Love'. Any other speech either
comes from vocoder treated human
voice as in 'It's More Fun To Compute'
or as computer processed speech.
The rather limited vocabulary of their
speech board is evident on the open-
ing track with the words 'address,
numbers, money, people, time, travel,
pre-ignition and entertainment',
(perhaps they've not seen E&MM's
Wordmaker yet!)

Repetition plays a major part in the
music of Kraftwerk and is very evident
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on 'Computer World'. The use of
simple harmony is another element
that either attracts you through its
simplicity and 'primitive' flavour or,
through its lack of development and
same dynamic level throughout, may
not inspire you. And the question that
most of the 'still inspired' listeners ask
is, 'Did it really take three years to put
this LP together'? Surely not, so
perhaps we should regard the pur-
pose of it is to set an 'image' for the
future. Certainly, computer speech
and musical calculators are here to
stay and the whole feeling of auto-
mated music comes from the open
and simply structured pieces.

The E minor harmony of 'Com-
puter World' has one change to G
minor for the words 'Interpol and
Deutsche Bank' (using the melody
G/A/Bb at\ A F/G\D).

'Pocket Calculator' is amusing to
listen to and utilises interjections
from Casio and Texas calculators in
between 'I'm the operator with my
pocket calculator ...' Placement of
sounds is not important in the music,
but a dominating syncopated re-
peated Ab note catches attention at
stereo centre whilst the bass line
holds on to octave Bb's. Against the
bass comes Ab harmony that often
sounds like a suspended 4th chord
when the melody 'Ab/C/FF\ Ab/C/
EbEb"\ D' appears.

'Numbers' uses one to eight count
speech in various languages over
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repeated random sampled notes and
deep grunting bass riff. Some panning
is noticeable and timed echo too. This
piece runs into 'Computer World'
again using instruments only except
for a fade out on jumbled computer
speech running at fast clock rate.

'Computer Love' has the 'Com-
puter World' theme in G minor. This
piece builds up nicely and has an
interesting electronic drum rhythm.
In fact, the best feature of this record
in terms of electronic music is its
subtle use of electronic drums - the

phased/flanged cymbal is unusual
and the clarity of the 'bubbling
melodies' that occasionally appear
makes them effective. The simple
harmony does pay off as well, with the
G minor chords receiving a strong C
vocal note that holds the listeners'

attention. Only one new melody
appears on notes 'D/G\F \D\C\Bb/
C/D/G-\ D'.

'Home Computer' has the most in
it for me and is cleverly put together
on a 'C/Eb\ Bb/Db' bass that intro-
duces a 'Dr. Who glass harmonica'
solo sound. Despite the one chord
basis (C minor), the sequences are
well thought out and are controlled
from rising ramp waveforms. One
contrasting four -note motiv (Ab/Bb/
Eb \D) leads to ring modulated oscil-
lator sweeps and flanging is promi-
nent on drums which hold the music
together.

'It's more fun to compute' really
shows off Kraftwerk's electronic
cymbal and suitably emphasises that
their music although simply built-up
(using C/Eb \ Bb/Db \C-C \Bb G/
D \C- sustained melodies through-
out C minor harmony) can be
effective.

Their tour commences on June
15th in Manchester with dates all over
the UK ending in London on July 3rd.
We all wait to see whether Kraftwerk in
person will actually appear on stage or
whether as their record implies will be
replaced by the 'Computer World'.
Mike Beecher
Dave Townsend E&MM

SUPERSALE '81
All full spec. 2114 (450ns) £1.85,
8 of £1.65 each. P&P 35p. 2708
£2 p&p 35p. TEXAS INSTRU-
MENTS 2716 single rail, full)
spec. £4.50. 504116 (200NS)
£1.75.
PORTABLE DATA TERMINAL
Transdata 305 Thermal Portable
Printer, built in acoustic Modern
ACS11, V24 Interface, supplied
fully working, £185. Weight 221b.
Carriage at cost. Leaflet SAE.
UA710DC 14 dil 22p, 6 for £1,
P&P 3°P (All Full Spec)
2526 Character Generator (64 x
9 x 9) £2.95 data & p&p 35p.
MM5240 AA/J Character Gener-
ator £3.50 data. p/p 35p.
LEAR SIEGLER dot matrix print -
head. 7 needle. E19.50 p/p 50p.
ZETTLER low profile PCB relay
30mm x 36mm 4.8/6.9v d.c.
2/2.5 amps a.c. contacts. 85p p/p
35p.

D TYPE CONNECTORS
9 Way: sockets (solder) 55p,
15 Way: wirewrap plugs only
75p.
50 Way: skt (wirewrap) £1.65.
50 Way: skt £1.45, p&p 25p.
25 Way Male to Female with
covers plus minimum 1 metre
of cable (12 way) £4 each p/p
35p.
25 Way plug (soldercail), 25
Way socket £1.50 each.

COVERS
37 Way: 90p (plastic), p&p 35p.
9 Way (metal) 60p, 15 Way
(metal) 95p, 25 Way (plastic)
85p, 37 Way reduced from 90p
to 80p. 50 Way (plastic) 90p.

DISPLAYS
HP 5082/7414 4 digit DIL display
full spec E1.50 each, p&p 35p.
Large quantities POA.
LED 3 Digit DIL 55p, p&p 35p.
HP5082/7650 .4' cc, left arid
right decimal point, high bright-
ness (unmarked), only 50p, 12
for £5, p&p 35p.

SUPERSAVER 1
Ribbon Cable Headers 16 DIL
Jermyn, gold-plated, with cover

, 45p, p&p 25p.
'Ansley Header plugs. PCB)
mounting. 14 Way 75p, 16 Way
95p, 24 Way £1.80. (Insulation
piercing type) p/p 35p.
Ansley I/O Header plugs..lin 26
Way 65p, 26 Way (right-angled)
85p. 40 Way £1 p/p 35p.

SUPERSAVER 2
Tantalum Capacitors 25 volt. 4.7
uF, 14 for £1, p&p 35p.

SUPERSAVER 3
PRICE SMASH END500 .5in.
LED displays, full spec 50p
each, p&p 35p, large quantities
POA. SUPERSAVER 5
Battery eliminator 6VDC
200MA 240V AC input ideal for
calculators, radio, etc., give
away price 95p each. Large
quantities P.O.A. p&p 35p.

SUPERSAVER 6
EAO KEY SWITCH oblong fas-
cia, 25mm x 18mm (approx.
18mm hole), fixing supplied,
brand new with 2 keys. E2.95
p&p 35p.

SUPERSAVER 7
SN74116 Dual 4 Bit letch 75p,
p&p 35p.
SN74118 Arithmetic Logic Unit
80p, p&p 35p.
SN74194 4 Bit Reg 50p p&p 35p.
SN74198 8 Bit Shift Register,
75p p&p 35p.

SUPERSAVER 8
ITT 4cx 250b brand new full
spec £7.50 each p&p 35p.

SUPERSAVER 9
5 digit 7 segment DIL LED .11"
displays 5 for £1.50 p/p 35p.

SUPERSAVER 10
9 -way male/female connector,
ELCO 812S, 0.1 inch pitch, gold-
plated PCB mounting, ideal for
bussing two PCBs together.

,Superb value, 35p, p&p 35p.
SUPERSAVER 11

74LS266 50p. 74LS245 £2.40.
74LS240 £1. 74S260 35p. P&P
on all above 35p.

SUPERSAVER 12
TMS 3128NC Static shift register, £1.50, p&p 35p.

SUPERSAVER 14
Recording Designs Ltd digital cassette deck. 50-100 Baud

!RS232 240V input. A professional superb deck. f48,
p&p £2.

SUPERSAVER 15
51( 3/4" multiturn trimpots, PCB mounting, per box of 14
£2.50, p&p 35p.

SUPERSAVER 16
OPTRON OPTO SLOTTED SWITCH (Type OPB-814)E1,
p&p 35p.

SUPERSAVER 17
VU METER 48mm x 50mm approx. overall size. Face size
50mm x 28mm approx. Brand new. f 1 15 p&p 30p. (Sent
at purchaser's risk)

SUPERSAVER 18
PCB AMP (LM380). Unused. 65mm x 95mm approx.
9-12v DC. £1.35 p&p 35p.

SUPERSAVER 19
10 DIGIT (Red) LED display (.122in digit size). With built-
in driver chip and built-in lens magnifier. Data sheet
supplied. Brand new. £2.50 p&p 35p.

SUPERSAVER 20
41/2in. JUMPER LEAD. 16 DIL header to 16 DIL header,
95p p&p 30p.

SUPERSAVER 21
21/2in. JUMPER LEAD. 14 OIL header. 65p p&p 30p

SUPERSAVER 22
N82S126. 1024 bit programmable bipolar ROM open
collector £1.25, 8 for £8, p&p 30p.
A FEW LEFT -ITT 2082 Data Modem £115 each, p&p £3
ISee previous ads for technical details).

Just arrived. ICL Termiprinter terminal with keyboard]
Switchable rates. 4 only f 125 + VAT.

TMS 4030, 4096 x 1 dynamic RAM 200 ns removed from
PCBs. £1 each. 16 for £15, p&p 35p.
GPO LINE MATCHING TRANSFORMER. With 12V
reed relay etc. removed from equipment. £1 = 40p p&p.

ICAPACITOR SCOOP. 1.600uF at 10v, 160uF at 25v
Axial lead. 2 dozen for £1 = 35p p&p.
DON'T KILL YOUR EPROMS. Augat 24 Way low profile,
socket. Solid gold pins. A superb socket. Leave your.
eproms in them for programming or usage to prevent)
breaking off pins. Only 40p each, p&p 35p.

GIVEAWAY
18 pin low profile dil socket, 13p EACH or 8 for £1

p&p 35p.
rAUGAT IC. SOCKETS (the best available) 16 dil 20p, 24 dil
140p, 18 dil 25p, 40 dil 55p, 20 dil 30p, p&p 35p.
WE STOCK a vast range of TTL, CMOS, some 74LS.
MINIATURE TOGGLES etc.
PSUs. We have a large stock of power supplies at very
realistic prices (callers).

RELAYS
Banor resettable double pole changeover 12V f 1. Both p&p
35p.
JUST ARRIVED - PCB 008 containing 1 NPN transis-
tor, 1 resistor, 1 transformer and PP3 battery connector.
30mm x 20mm (approx). 1 5p each. 9 for f 1 . p&p 35p. PCB
009 1 x CD4069, 1 x CD4011, 5 transistors, 7 capacitors,
12 resistors, 1 diode, 45mm x 55mm (approx). 25p each
p&p 35p.
CENTRONICS 101A Dot Matrix printer. Fully over-
hauled. 165 char/sec. £250 inc. VAT. Carriage at cost. A
GIVEAWAY BUY - ONLY 2 LEFT.
PL2 5 9 PLUGS. (State large or small cable entry) 68p.
PL2 5 9 SOCKET CHASSIS MOUNT. 50p p&p 30p.

TTL SALE
7410 9p, 7413 18p, 741 6 18p, 7490 28p, 74155 45p,
74174 60p, 74181 £1, 74284 28p, 742 85 £2.25. p&p 35p.
ICL POWER SUPPLY (exchange units) 240V AC input.
Output = 24V at 2 amps DC, -24V at 2 amps DC
(adjustable to 12V) = 5V at 4 amps DC -100V DC and
6.3V AC. £10.50. (for callers only, carriage at cost)
Terms cash with order (official orders welcomed from
colleges, etc.). All enquiries s.a.e. please. All prices
inclusive of VAT, unless otherwise stated. Postage as
shown per item.
FOR THE PROFESSIONAL USER. CP Clare Keyboard
switches with buttons (blank) 65p each p&p 35p.
'BURROUGHS keyboard, 96 key station. On -board
crystal and TTL. Brand new and boxed. 500mm x
1 90mm. At the time of advert no data. No keytops at all.
Clare pender. Reed switches. Bargain £12 each, p&p

1.50.

LB ELECTRONICS
11 HERCIES ROAD, HILLINGDON, MIDDX, UB10

9LS ENGLAND
All enquiries s.a.e please. Telephone answering machine service out of business hours.
New retail premises, now open Mon, Tues. Thurs, Fri and Sat. 9 30-6 00 Lunch 1-2.15
weekdays Closed all day Wednesday. We are situated lust off the A40 opposite Master

Brewer

1 SURPLUS STOCKS PURCHASED FOR CASH
UXBRIDGE 55399

All componentsfuli spec

PLEASE DO NOT ORDER
GOODS FROM OLD

ADVERTS

PHONE BEFORE
ORDERING

ALL PRICES
INCLUSIVE OF VAT
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D3
Musical Applications
of Microprocessors
by Hal Chamberlin
Published by Hayden Book Co Inc.
Price £14.85

Here's a book that is truly for the
E&MM 'Electro- Musician' of the
future. I haven't stopped read-

ing it since I picked it up (some time
ago I must confess!). Its 600 pages
are packed with the most up-to-date
information on making electronic
music through your micro and it really
does give practical examples that will
give you numerous building blocks for
experiment.

Although many computer music
techniques have been developed
since the 1960's, their widespread
use in electronic music production
and their possibilities of interfacing
with commercial and kit synthesisers
are only just being realised. This is not
to say that we shall have to wait a little
longer for computer music composi-
tion to become feasible for the
'ordinary' musician working with
limited financial resources. In fact,
the hardware is available, as this book
proves, and all the reader needs in
addition is an understanding of
BASIC, machine code and peripheral
interfacing.

The first section of the book covers
background material, analogue and
digital musical synthesis principles
as well as introducing specific micro -
systems from Z-80 to 6502. The
second section deals with computer -
controlled analogue synthesis and the

Hal mamN,rm

1("\\

final part has digital synthesis and
sound modification.

In particular, it teaches the reader
the vital controlling and interfacing
techniques needed to link your Pet,
Sharp or popular micro to input/
output ports and shows practical ADC
and DAC circuits as well as possible
keyboard matrix scanning systems.
(This month's 'Alphadac 16' uses this
type of application.)

The book uses minimal mathe-
matical theory and maximum
circuit examples and/or sample pro-
grams - from organ interfacing to
percussion generation. Finding the
answers to using the electronics is the
stumbling block for many musicians
and this superbly written book with
accurate wave diagrams and circuits
will be a tremendous help.
Mike Beecher

The Joy of Minis and Micros
by Philip Stein and Howard
Shapiro
Published by Hayden Book
Company Inc.
Price £5.95

An odd title but a book full of
constructive advice, easily
digested wit and many a true

word on the faults that can accom-
pany the sort of computer destined for
the consumer market.

The book is typically American in
format using an abundance of
cliches, puns and sheer lunatic head-
ings to introduce each section, but it
is this kind of informal approach that
lends itself so well to a subject that
has become over -rated and over -
publicised.

At last here is a book purposely
written for those who do not own a
micro -computer. A book which aims
to resolve the computer's usefulness
or role and if necessary advise against
purchasing such a unit without even
an inkling of what to do with it when
you have bought it.

The subjects covered are:- Do
you or don't you need a mini -com-
puter? What about main frames or
micro -computers? How to pick the
right mini -computer? (and it is here
that such considerations as which
language do you require or do you
need time sharing, are considered).
Hooking it up with the rest of the world
(I think they mean interfacing). But
what are you going to use it for? And a
very brief chapter on how does it
work?

It is 100 per cent devoid of any
form of illustration which judging by
most American books is another point
in its favour. From a software point of
view, there is very little unexplained,
however, I must underline the fact
that it is only a preliminary guide to
the subject and at no point goes into
deep or gory detail.

The main text is preceded by an
incredible 20 verse poem, the pur-
pose of which is quite obscure - even
having read the book. Nonetheless,
my advice is if you are thinking of
purchasing a home computer some
time in the near future then this is
certainly as good a volume as any to
choose in an effort to start you off in
the right direction.
Nigel Fawcett

Electronics Pocket Book
by E. A. Parr
Published by Newnes
Technical Books
Price £5.60

The fourth edition of this popular
reference book has been com-
pletely rewritten in an attempt to

cope with an electronics technology
that progresses at an astonishingly
rapid rate. Since making its first
appearance eighteen years ago, the
book has seen the simple germanium
transistor technology of those days
grow into the sophisticated micro-
processor chip systems of today. In-
deed, one is reluctant to produce a
reference book these days for fear it
will be outdated before even leaving
the printers' press. I must give full
marks to Mr Parr for achieving con-
siderable success in producing a
book that is up to date yet retains
some of the more 'old fashioned'
techniques upon which the tech-
nology is still based.

In his preface, the author states
the book's unchanged philosophy of
'a non -mathematical presentation of
the many varied topics covered by
electronics'. This I found, generally, to
be so. Although no claims are made
for completeness (and indeed who
would be so bold as to try to write a
complete book of electronics today) I
found the wide range of topics
covered quite surprising.

The various sections dealing with,
for example, basic atomic structure,
electronic components, simple
circuits to more advanced computer
circuits, power supplies etc., are con-
cisely presented but perhaps, a little
too brief in parts.

Nice to see Teletext and Prestel
mentioned but disappointing to find
no reference to glass -fibre optics as a
communication means - currently
being introduced by British Telecom
and undoubtedly the data transmis-
sion medium of the future. The usual
reference data section is included at
the end of the book.

Summarising: A book of use to the
student and enthusiast as well as of
possible use to the designer for quick
reference. However, for detailed
information, reference elsewhere
would be required.
Anthony M. Ball

Practical Electronic
Calculations and Formulae
by F. A. Wilson
Published by Bernard Babani
Price £2.25

Almost invariably the books that
are reviewed in the various elec-
tronic periodicals consist of pro-

ject books, teach yourself books or
theory books. Whether you are a
newcomer to the subject, a budding
amateur or even a fully fledged pro-
fessional, it is virtually impossible to
remember or recall all the mathe-
matical calculations and formulae
required to bring your various elec-
tronic designs to a fruitful conclusion.
There are many publications that
cover this aspect of electronics and

Practical
Electronic
Calculations and
Formulae

make very handsome items of sup-
port documentation to compliment
the other books on your bookshelf but
in my opinion F. A. Wilson's "Practi-
cal Electronic Calculations and For-
mulae" stands out on its own. It is an
excellent book and has been com-
piled to suit all levels of technical
knowledge. If the arithmetic involved
is likely to be too advanced then
maximum use has been made of
tables and graphs.

It is primarily a reference book and
has been divided into six sections:
Units and Constants, Direct Current
Circuits, Passive Components, Alter-
nating Current Circuits, Networks and
Theorems, and Measurements. You
will notice that these sections follow
the format applied to teach -yourself
or elementary theory books on elec-
tronics.

The amateur should never feel
that having to refer to books such as
this is indicative of his not being able
to grasp the subject fully. The fact is
professionals always make good use
of reference books because the more
involved one becomes in electronics,
the more confusing and similar the
methods of calculation become.

It would be impossible for me to
give a brief outline of the contents or
even to precis the subjects covered
within the text - it quite simply covers
the lot. Every symbol, every constant,
every unit of mensuration is there for
those who have never quite been able
to grasp those complicated formulae
involving vectors, time lag and phase
difference, which are so common in
AC theory, this is the book for you as I
have never seen a better approach to
or explanation of this very difficult
area.
Nigel Fawcett
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COMPUPHONE
LAMBDA 738

This is the most advanced com-
puterised telephone on the
market. It has a built in cal-
culator, clock with seven
alarms, a stop watch/timer, 28
memories to store most f re-
quently used telephone num-
bers, automatic dialling of pre-
programmed number, auto-
matic re -dial with repeat dial-
ling at short intervals until the
other party answers, a one way
speaker enables you to monitor
the line. Push button dialling,
built in telephone index and lots
of other features. It is being sold
in Exchange and Mart at
£150.00, but we are offering it
at a very special price.

f99.95 +f2.90 p&p

PUSHBUTTON
CONSO TELEPHONE

This is a superbly styled, one
piece, very compact push but-
Ion telephone, with last num-

vies ber redial facility (on pressing
one button it will redial the last

roetis number you dialled). A special
MUTE Button enables you to
talk at your end without the
other party hearing you. The
electronic buzzer can be
switched on or off.
£25.95 + £1.95 p&p

32 TUNES DOOR CHIME/ FLIP CALLER
PUSHBUTTON

TELEPHONE
This is a very compact beautifully
designed, high technology digital tele-
phone. It has last number re -dial
facility at the touch of a button. The
folding part directs the sound into a
built-in microphone during use, and
protects the keys when not in use.

f23.95 + £1.95 p&p

BURGLAR ALARM
This doorchime is powered
from 9V do. source, and has
battery back-up facility. It has
an automatic tune advance
facility and single or dual play
options at 3 selectable
speeds. A built in burglar
alarm. circuit allows con-
struction of a NORMALLY
CLOSED alarm system. Two
bell pushes can be connec-
fed, each playing different

ALCOM CORDLESS
TELEPHONE

This telephone system gives you
freedom from the desk, the base
station connects to your tele -
phone line, the remote hand set
can be carried in own case with
shoulder strap or clips toyour belt
You can receive calls or make ca Ils
from within a radiusof V. mile from
base station. The hand set has
push button dialling with last
number re -dial facility and has
rechargeable batteries. The bat -
teries are charged when plugged
into base station. It is being sold
elsewhere for £169.00, we are
offering at a very low price

£139.95 + f2.90 p&p

tunes.
£9.95 . 95p p&p GALAXY GAME II

This hand held computerised
game unit has three different
games, and allows one or two
players to play at two skill levels
(slow and fast). A two digit displa
shows the score. The 3 gamer
are
1. CROSS FIRE' Allows you t
shoot the passing space objects.
2 PASS THROUGH: The mov
ins objects.
3 FOLLOW ME: Follow

6.

.

HANDHELD SPACE
INVADERS

A superb game, provides endless fun
for children and adults alike. (WARN-

IING - THIS GAME CAN SERIOUSLY
AFFECT YOUR PASTIME). It gives you
90 seconds to hit enemy. craft. The
elapsing time and 4 digit score is
constantly displayed. Score is decre-
merited if you hit a friendly ship or if
enemy missile penetrates your de-
ence

£10.95 * 75p p&p

suitable mains adap. £1.95

L ly SLIMi PENDANT WATCH
This watch is beautifully designed as a slim
pendant and comes complete with a 26"
long neck chain. The functions include
hours, minutes, seconds, data, month and 4
year auto calendar. Comes in gold colour
and is ideal for day and nightwear.

£6.95 + 50p p&p

the pat
tern initiated by the game. ref . ltd

£10.95 + 75p p&p

j
QUARTZ TRAVEL
ALARM CLOCK

This is a ver y°a alarm clock,
you can use it in the car, in the
kitchen or as a desk top clock.
Large (1cm character size)display
makes it easy to read from a
distance. It has 4 year auto cale n -
dar, backlight, AM/PM indicator
and alarm on indicator.

f7.95 + 75p p&p
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SMOKE DETECTOR
FIRE ALARM

Statistics show that it is not the
fire that kills, it is the toxic fumes
before the flames which are the
killers. This early warning smoke
detector can detect the fire at its
early stages, and give those extra
vital minutes to save life. At our
offer price you could put one in
each room. If you buy four, wewill
give you one free. Each unit comes
complete with a battery. (Please
note that all unitsare testedbefore
despatch in case of malfunction,
our liability is limited to the re-
placement of alarm unit).

£8.95 a 75p p&p
(p&p 0f)or more than one unit is
11 .5

DUAL TIME
MUSICAL ALARM
CHRONOGRAPH ,,,,

Continuously displays hours, mins..
secs., day of the week, AM/PM
indicator and alarm -on indicator -
1/10th sec. chronograph with lap
time facility. Alarm plays "YELLOW

,-..,.....
DUAL -Mi. -

COUNT DOWN ALARM
CHRONOGRAPHSUPER SLIM

PEN WATCH
Beautifully styled super slim stainless steel
ballpoint pen (replaceable refill combined
with precision quartz timepiece normal
display is hours and minutes with flashing
colon, date and month and second, can be
displayed by pressing a button, 4 year auto
calendar. It comes in a very neat presen-
tation case. Our price

£8.95 +50p p&p

This superb watch has all the features
one would ever need. It has selectable
12/24 hr. display count down timer/
alarm, dual time zone, chronograph with
lap time facility. 24 hr. alarm with 5 min.

facility, back light fully
ROSE OF TEXAS." Comes with a
fully adjustable stainless steel
matching bracelet. (Chrome colour)
£12.95 LM101 + 50p p&p

COOKIE MONSTER
ALARM CLOCK RADIO

This is an ideal gift for young
children, it has a top quality
wind up clock movement with
sweep second hand. Wake to
radio or buzzer alarm. Radio
uses 4 penlite batteries and has
rotary tuning and volume con-
ii,,, £10 95 f 1.25 p&p

snooze adjustable
stainless steel bracelet and we are
offering it at our incredibly low price.

f8.95 + 50p p&p

LADY'S SUGAR
COATED WATCH

Lady's 9 function LCD watch. Hours,
minutes, seconds, month, date, backlight,
auto date/time display mode. 4 year auto
calendar. This watch has an optionalauto
date/time display mode. In this mode,
time and date is alternatively displayed
every 2 seconds. (Chrome or Gold)

£5.95 + 50p p&p

6 DIGIT LADY'S
SNOOZE ALARM

This is a very good value for money, it has
large easy to read 6 digit display and
shows hours, minutes and seconds,
pressing a button it shows date, month

......
and day of the week, the 24 hour alarm
has 5 min. snooze y. It has a fully
adjustable bracelet and afacilit backlight. (Gold
colour).

£7.95 + 50p p&p

GUARANTEE
All our products are gua-
ranteed for a period of 1
year. We also offer a 10-
day money back guaran-
tee (if you are not corn-
pletely satisfied with our
product, then return
within 10 days in same
condition as you re -
ceived it). All our pro-
ducts are fully tested be-
fore despatch.

CAR STEREO PLAYER
WITH AM/FM-MPX RADIO
This compact, quality produces
designed to provide you with
exceptional listening pleasure.
The features include: AM/FM
dial- in -door, local. distance at-
tenuator switch for better
stereo reception, AM/FM indi-
cator, FM stereo indicator. Fast
forward and eject button for
cassette, balance, volume and
tone controls. 7 watts per than-
eel output.

(29.95+ £1.90 p&p
Suitable speakers £5.0 0 percharm,

pair + 95p p&p

DUAL MELODY
WORLD TIMER

At a touch of a button it displays time
anywhere in the world, with goo -
graphical position indicated by flash-
ing that zone on the world map. It has
two line display and displays hours,
minutes, month, date and day of the
week, and option to display seconds
instead of date_ It has two alarms, a
home time alarm and a world time

each play different melody for
approx. 30 seconds, it also has song
demonstration facility.

£24.95 4- 75p p&p

CAR ELECTRIC
AERIAL

Add a little luxury to your car by installing this
motorised car aerial. Can be installed in any ca r or
truck with 1 2V supply. It is an excellent value for
money and is an ideal gift.

f8.95 ,- £1.25 p&p

LIGHTWEIGHT HIGH
QUALITY STEREO
HEADPHONES

This is a very high quality
stereo headphone,
to minimise the size and
weight it uses sananum
cobalt magnet and a
sensitive polyester film vibrator
enables very stable Hi-Fi stereo
with minimum distortion. The
range is 20-20,000Hz, impedance
ohms. sensitivity 98 db/mw,
input power 100mw, weight
(excluding cord). An adaptor
supplied to enable use with
and % inch jack sockets.

£7.95 + 75p p&p

unit
sound,

frequency
32

maximum
40 gms
is also

both 3.5mm

,,,-)*,

SOUND -A -R OUND
STEREO PLAYER

You can enjoy a very high
quality perfect stereo wherever
you go or whatever you are
doing. This very high quality
stereo player comes complete
with a carrying case, a set of
super sensitive extremely light
weight headphones and a de-
monstration cassette. A very
special feature is the 'HOT
LINE', this enables you to hear
what is going on around you
through a built in microphone. It
has a socket for add,-
tional headphones.

f44.95 + f1.95 p&pg
Extra headphones £7.95

+ 75p p&p

COMBINATION LOCK
BRIEFCASE

this is a very good quality
simulated leather executive
brief case with combination
lock (1 million combinations)
having three independent digit
combi n ations on each side. YOLI

set your own combination and
you can change the combina-
tion whenever you desire. We
are offering this superb product
at a very special price.

£16.95 a £2.90 p&p

2 -BAND HIGH
QUALITY HEAD-
PHONE RADIO

You can buy this AM/FM
Headphone radio for the
price of just headphones.
Runs off a single PP3 bat-
tery, has a volume control
and a telescopic aerial for FM
waveband. The ideal gift for
youngsters.

£9.95 + 95p p&p

RAPIDS REACTOLITE
SUNGLASSES

These photchrornatic sunglasses
get darker as the su n gets brighter.
and are crystal clear in the shade.
These are available in strong
metal frames in Silver, Gold or
Black colour. These come corn.
plete a
carry

with
ing case

simulated leather
. The suggested re -

tail price is f12.95, but we are
offering them at a very special
price of ( 4.95 + 75p p&p
'Sunsirive' Photochrornatic sun -

glasses (2.95 a 75p p&p

i
FM WIRELESS
MICROPHONE

This high quality Electret microphonecan
be tuned to transmit in the range 85-95
MHz FM. It can be received on any FM
receiver, the range depends on the
sensitivity of the receiver. Uses one
penlight battery which fits inside the
microphone. Ideal for parties, discos and
clubs.

£8.95 + 50p p&p
STAR CODE TO WALKIE TALKIES

These Walkie Talkies made by
GENERAL ELECTRIC COM-
PANY use 49MHz AM (Crystal
controlled - single channel).
The other features include:
STAR CODE signal key for
sending worse code messages
(range approx. Vx mile). Coin-
bination speaker/ mic. (range
approx. Ye mile). Belt clip, flex -
ible antenna, spare battery
compartment, volume control.

Super-regenerattve receiver circuit and operate
on standard PP3 type battery. S.A.E. for details.

£23.95 + £1.95 p&p

NEWTONS
WALKIE TALKIES

These impressively designed Walkie
Talkies are very good value for
money. These have built-in morse
code button, volume control, tele-
scopic antenna, belt clip, transmit
receive indicator, 49 MHz AM cry-
stal controlled transreceiver. The
effective range for morse code is
approx. % mile and for speech
approx. 1/4 mile. Use standard PP3
type battery.

£16.95 + £1.95 p&p

Ladies
Ladies
Ladies 4
Gents 5
Vibration
Door Chain
Gents Ultra

100W Instant

Sugar Coated Dress Watch £5.95-.50p p&p
9 Function Dress Watch ....£4.95.50p p&p

Function Dress Watch £3.95+50p p&p
Function Watch f3.95.50p p&p
sensitive Car Alarm £1.50+50p p&p

Burglar Alarm £1.99.50p p&p
slim 12/24 Hr ieiody Alarm Chrono

£10.95+509 p&p
Soldering Gun (Pistol type)

f6.50+95p p&p

TALKING ALARM
CLOCK /STOPWATCH

This SHARP' Talking Clock is a
'state-of-the-art' product. On
pressing the button it announces
the time. At the preset alarm time
a musical alarm is played and
again the time is announced. It
has 5 mins. snooze facility Also
has a useful timer and speaks
time elapsed every 1 min., 5 mins.
or 30 mins., whichever is selected.
In the stop watch mode it an-
nounces the elapsed time at
preset intervals or on pressing of
a button at any time. It is an ideal

-gift, especially useful for blind
people. Overall size is 11 4x6x2
2cms.

£39.95 + £1.95 p&p

1

r

ELECTRONIC
LIGHTERS

Beautifully styled lighters for gentle-
men and ladies. No need to change
flint or put in new batteries. Battery-
operated models also available if re-
quired (please specify). These lighters
come in attractive presentation cases
and are ideal gifts.

II £4.50 + 50p p&p

FLUORESCENT
PORTABLE LIGHT

A very useful battery -operated
high -power fluorescent light for
use in the car or for camping.
Uses 8'D' size cells and it has a

,% socket for 1 2V DC input for use in
the car. Power consumption is 6
watts. New circuit makes bat-
teries last longer.

£4.95 + 95p p&p

THREE -IN -ONE
FLUORESCENT

This very compact unit is a torch, a
portable fluorescent light and a hazard
flashing amber light, all built intoone neat y
case. It comes complete with a shoulder
strap to allow both hands to be free. Ideal ,
for campers, hikers, and motorists. Runs I
on six 'C' size batteries.

1_

£6.95 + 95p p&p '

AKHTER INSTRUMENTS LTD
A DEPT. E&MM VISA Phone your Barclaycard or

11-15 BUSH HOUSE Access Number for.1. HARLOW, ESSEX CM18 6NS Immediate Despatch
TEL: 0279-414464
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I\DUSTRY
PROFILE
Wersi Electronics

Wersi main showrooms, factory and offices in Halsenbach.

Wersi's large factory 2.

IBM computer system for administration and customers orders.

The story of the German Company
of Wersi Electronics began in
1968 when the priest from St.

Goars on the Rhine asked a well
known young electronics expert in the
town, Reinhard Franz, to repair his
electronic organ. Wilhelm Franz, his
older brother, quickly recognised the
potential of setting up a business in
the field of electronic music. They
both worked intensively on the idea of
developing an electronic organ with
the newest technology down in the
cellar of their parent's house in
Werlau. Soon the first Wersi organ was
made and in 1969, the Company
premises were established in the
small town of Halsenbach near the
Lorelei Rock on the river Rhine.

Here, the team of young engineers
produced electronic organs as do-it-
yourself kits with easy -to -follow
assembly manuals. The idea of build-
ing a home electronic organ not only
appealed to the German public, but
quite unintentionally from the outset
brought the Wersi kits to many people
who initially could not play, as well as

to the enthusiastic hobbyist and
professional musician.

The last ten years have seen the
continued development of the com-
pany, with a second factory built in
1974 for constructing the cabinets
and iarger mechanical parts. A third
factory is now being erected to cope
with the increased production and
marketing of Wersi kits to many parts
of the world.

Wersi now employs over 300
people and has nine retail outlets in
the Federal Republic of Germany,
nine distribution offices in Europe
and the USA as well as ten worldwide
representatives. In the UK, two com-
panies provide the personal service
that is needed for kit sales and after -
sales advice: Aura Sounds Ltd. in
Purley, Barnsley and Birmingham;
Electro-Voice Sales Ltd. in Rickma ns-
worth, Nottingham and Ipswich.
In many respects, their com-
mitment to customers is a long
standing one, for the larger kits are
often built over a considerable period
of time.

Screen printed etch -resist circuit boards.

Computer controlled PCB drilling speeds production.

Legends are screen -printed by Wersi.

Plastics moulding plant with (inset) a finished item

0
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Factory 2 main cabinet construction areas.

Preparing rexine covered cases. Varnishing speaker cabinets.

Factory made wiring harnesses save a lot of construction time.

Putting components into labelled bags.

Component packing department.

For the future, Wersi plan to sell
more of their kits in Africa, South
America and Australia. Reinhard
Franz has only just returned from
promoting his products in Tokyo at
the first German 'Musik Messe' in
Japan, where organ kits seem to be
unheard of.

Today Wersi offers a whole range of
kits for electronic music making, from
the portable 'Entertainer' single -
manual organ at £250 to the huge
'Galaxy' organ costing £7,546. The
concept of the Wersi kit is to provide
modules that are built individually
with little or no electronic knowledge.
All the small component parts come
in separate numbered packs that are
referred to in the step-by-step in-
structions. These modules are then
easily wired together through factory
prepared multi -wire harnesses, thus
eliminating one of the biggest chores
in organ construction. Finally, nearly,
all of the cabinets are hand -made at
their second factory in Halsenbach.

In terms of sound and materials,
the Wersi organ and range of
speakers, mixers and sound proces-

A complex metal part.

NEWS

sors represent high quality although
the proof of this was best shown to me
when I visited their German show-
rooms and factories recently.

The friendly hospitality of the
German company was more than
evident during the whole of our two
day visit (accompanying me was
Arthur Griffiths of Aura Sounds Ltd).
In the main factory we visited the
drawing office, component packing
departments, circuit board manu-
facture and despatch areas. At the
second factory was the huge cabinet
assembly plant and large component
storage including ready-made instru-
ments which have 'laser -assisted'
component board assembly. Here
too, are the research and service
departments. Finally, we returned to
the sales offices and showrooms.

One of the most important cri-
teria for the company's success in
its attention to the supply of best
quality components. All electronic
and mechanical parts are tested
thoroughly. Often, special grade ICs
from Texas, Motorola, Phillips and
others are prepared for Wersi to
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A large organ kit during assembly with wiring harnesses installed.

Easy access to all parts makes servicing quicker.

*4,
.\\.

;,3A414

The new Noise Gate board kit being checked.

Development boards for cymbal and side drum.

The improved keyboard mechanism for the Pianostar.

ensure that the specification of their
kits is maintained.

From the start, integrated circuits
were used in kit designs, one of the
first chips being ITT's SHA110 device.
The full organ range was restructured
from the beginning of 1977, covering
1 to 3 manual concert instruments
that utilise TTL, CMOS and LSI
technology. In all, some 45 patents
exist for the circuitry including the
'Sound Computer' which enables up
to 64 registration switch settings on
the organ to be electrically pro-
grammed with EAROMs (Electrically
Alterable Read Only Memory) for
instant recall at the touch of a button.
Literally every switch and tab on the
organ from sustain, delay, vibrato to
Leslie speaker has a DC control
voltage to enable this. Microproces-
sors will certainly become part of
Wersi organ technology for facili-
tating control of rhythms, voicing and
registration.

The electronic keying circuitry is
also patented and produces clean
sounds from multiple registration and
virtual silence otherwise (better than
65dB over the whole instrument at full
volume) plus variable attack and
sustain - a joint development by
Wersi and Texas Instruments.

Wersi's chief engineer, Wilfried
Dittmar (also a classically trained
organist!) and his team often produce
add-on extras to the standard kits that
immediately up -date the models.
Recent additions include a 'breathy'
flute stop with noise filter control, a
stereo noise gate that shuts down
outputs in between playing, a realistic
metallic cymbal, improved snare -
drum and the Pianostar S2000 (re-
viewed this month).

Features such as 13 harmonic
drawbars, rhythm tempo presets,
drum break emphasis, key click,
arpeggios, glissandos, contracussion,
multi -preset registration, polyphonic
octave slide, transposition, slaloma-
tic, full auto -accompaniment, string
orchestra and electronic rotating
baffle effects all help to make the
Wersi organ as commercial as
possible.

Wersi developments include origi-
nal circuit board mounting stop tabs
with self-cleaning contacts, BBD
chorus and choir effects, power amps,
cabinet construction allowing highest
option kits to be implemented at a
later date, sine (cascaded filtering)
plus square and sawtooth waveforms
simultaneously providing basic

sound sources, sealed pedal con-
tacts, and MOS-LSI tone generators
normally silent until pressed.

As the photographs will show,
most of the organ kit main parts are
produced in the Wersi factories in-
cluding circuit boards, woodwork,
plastics, metalwork, wiring harnes-
ses, panel and tab legendingand even
the manual printing. All this attention
to quality that Wersi provides comes
at a price - the first 2 -manual with
pedals organ kit, the Cosmos, costs
£1,499 and the popular Helios costs
around £3,500. Still, if you buy the
Galaxy ready -assembled it's £20,450!
The Toccata and Classica instru-
ments are for the church organist and
the Combo portable should interest
the gigging musician. Many of the
instruments were ably demonstrated
by Hady Wolff in the immaculate
showroom, extracts of which are on
E&MM's Cassette No. 3.

At the end of our tour I spoke to
Horst Hoppe, the Chief Sales
Manager. He stressed their need for
more manufacturing and storage
space and talked about their planned
400 -seater auditorium for demon-
stration concerts as well as a second-
hand organ shop. Visitors frequently
come to the showrooms and concert
tours in many countries are given by
Franz Lambert, Kurt Prina and Jimmy
Smith, with Klaus Wunderlick also a
frequent Wersi performer. French
assembly manuals are now compli-
menting the German, English, Dutch
versions already available.

Arthur Griffiths, Mike Beecher and Wersi
Managing Director Reinhard Franz
I'll leave the last word to Herr

Hoppe who commented 'Much to my
own personal regret, there are no
magazines similar to E&MM here in
Germany. I think there should be
great interest in this magazine and
like E&MM, we specialise in the field
of electro-music and see a great
opportunity to offer kits for the
layman, giving them many possi-
bilities for enjoying their leisure hours
by building their own musical instru-
ment.'
Mike Beecher E&MM
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WERE!
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

St AuguslIne5 A.5

1.0

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

1!

iii
Name

Address

Tel a
w

0 Please send me the 104 page catalogue. I

enclose f1 to cover postage and handling.

s Send to: Electro Voice, FREEPOST,
a Rickmansworth, Herts RD3 6FP.

E&MM/7 
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EXPONENTIAL VOLTAGE TO
FREQUENCY CONVERTER

Turner Electronics Ltd, have re-
cently developed a voltage to fre-
quency converter for use in appli-
cations where the requirement of a
wide, stable exponential frequency
range is of prime importance. The
Aragorn VF01 encapsulated module
also operates in a linear mode with
minimal change of external compo-
nents.

The proven operational frequency
range lies between 0.1Hz and 200kHz
with a possible maximum of 500kHz
at a slightly degraded spec. Accu-
racy in the linear mode is better than
0.1% central to 6 decades and in the
exponential mode, better than 0.1%
over 5 decades. Power supply re-
quirements are +15 volts. The module
measures L 45 x W 30x H 21mm. with
0.040 inch diameter, gold plated pins
on a 0.1 inch grid pattern.

For further information and prices
contact:
Turner Electronics Ltd., Unit B2, Old
Barn Lane, Kenley, Surrey, CR2 5AT.

Uig
STANDARDS FOR
EDUCATION

The British Standards Institution
has recently released a booklet con-
taining 270 symbols and an Al size
wall -chart showing 160 symbols from
BS3939 for use in schools and col-
leges.

The 20 page, A4 booklet contain-
ing the 270 selected symbols in-
cludes a page of general notes on
symbols and diagrams, two examples
of circuit layout, 28 general, qualify-
ing, supplementary and unclassified
symbols, 28 symbols for conductors
and connecting devices, symbols for
resistors, capacitors, inductors and
transformers, rotating machines,
transducers, measuring instruments,

MINIATURE HANDTOOLS
Tele-Production Tools Ltd., the

Westcliff based manufacturer of
handtools and production aids have
recently released a set of three new
'Easi-Grip' miniature handtools de-
signed for use in electronics and fine
modelling.

The set consists of miniature car-
bon steel side cutters, fine nosed
stainless steel tweezer -pliers and a
serrated stainless steel scissor (shear
for cutting fine wires, boards, foil,
etc).

All are fitted with ergonomically
styled self -opening handles and are
fingertip operated to ensure fine con-
trol and ease of operation.

The tools weigh around 40gms
each and cost £3.75 each including
postage, packing and VAT or
£10.00 for the set of three.
Tele-Production Tools Ltd., Stiron
House, Electric Avenue, Westcliff-on-
Sea, Essex, SSO 9NW.

MOVING CORAL
Coral of Japan have released a new

high output, low impedance, moving
coil cartridge designed as a direct
replacement for moving magnet
types.

Designated the MC88E, the cart-
ridge features: Coral's one -point sus-
pension system, a magnesium -alu-
minium alloy cantilever, a specially
shaped armature and an output imep-
dance of less than one twentieth of
that of a moving magnet design.
MCA88E Specification:

2.5mV (1kHz,
5cm/sec)

Channel balance: 1.2dB
Channel separation: 25dB (1kHz)
Frequency response: 20Hz-60kHz
Tracking force: 2+0.2g
DC resistance: 47k Ohm
Stylus tip: 0.3 x 0.7mm

The cartridge will cost around £30
and is being distributed by:
Videotone Ltd.,
98, Crofton Park Road, London, SE4.
Telephone 01-690 8511

Output voltage:

sz
relays and contact units, valves and
tubes, semiconductors, logic ele-
ments etc.

The wall chart contains 160 of the
more common symbols taken from
the booklet. Copyright subsists in all
BSI publications, but teachers and
lecturers are permitted to duplicate

pages of the booklet for their own and
students use within the one educa-
tional establishment.

The package (designated PD7303)
costs £6.00 + VAT and is available
from:
BSI Sales Department, 101, Penton-
ville Road, London, N1 9ND.

PROFESSIONAL WHARFEDALE
Wharfedale, best known for

domestic hi-fi loudspeakers, have
launched their first purpose-built pro -
sessional speaker, the E90 PRO.

Designed for high power, high
quality PA use, the 300 Watt rating of
the E90 and its hi-fi quality repro-
duction should ensure its welcome to
night clubs, small concert halls, and
discos.

The E90 PRO is suitable for ampli-
fiers from 30 to 300 Watts with a
sensitivity of 95dB per watt at one
metre, and features two, 250mm

-computer-optimised, low - inertia,
moving -coil bass drivers, two 100mm
high -flux moving -coil, mid -range
drivers and a 25mm compression
drive horn -loaded tweeter.

Protection against misuse is pro-
vided by thermal circuit breakers
which make it virtually impossible to
overload the E90 PRO, and with
mobile discotheque use in mind, the
speaker is fitted with castors and
recessed grab handles.

The price for the E90 PRO is
around £495 each and the speakers
will be available at hi-fi shops, music
dealers and sound installation spe-
cialists throughout the UK.

For further information contact the
Marketing Department, "E90 PRO"
Wharfedale, Highfield Road, near
Idle, Bradford, West Yorkshire. Tel.
0274 611131.
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Tit Electronics  COMPONENTS  KITS  PROJECTS

Our new TDR300K Touch Dimmer
Kit will ensure that you are. Based
on our highly successful TD300K
touch controlled dimmer kit, the
TDR300K incorporates an infra red
receiver, enabling the lamp bright-
ness to be varied 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 complete safety.
Even a neon is included to help you
locate the switch in the dark.

In years to come everyone
will be selling remote controi
dimmers. but you can have
your i.e.rii:)K kit now for
ONLY £4.30 iur the dimmer
unit aielf4.20for the trans

- meter

For the more athletic of you
the TD300K Touchdimmer
kit is !' ,,1 6.50
and the TDEVIK Extension kit
for 2 way switching etc is £2
DON T r-ORC,FT i 50p

purchase.
VAT to your tot al

hatever kind of door you have, our New Electronic Combination Lock will enable you to open it
easily but make things very difficult for unwelcome visitors. The unit, which comes complete with
a 10 -way keypad. requires an easily remembered four digit code to be entered before the door can
be opened, while the intruder has over 5,000 combinations to choose from. The code can be easily
changed by means of a pre -wired plug and a momentary or latched output version can be made.
The kit has even more uses in a car where it may be used to disable the ignition. Another useful
feature is the Save Button. This stores the combination number, enabling the car to be used by
authorised persons such as garage personnel without disclosing the code. The complete kit
measures 7x6x3 cms deep and consumes a mere 40uA when not in use and will drive a 5V to 1 5V
1750mA) solenoid or relay coil (not supplied) directly. So why not treat your door to a new lock for
ONLY £10.50 and think about all the keys you can lose or forget without ever locking yourself out
(As featured in PE May '81)

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-direc-
tional sequence, speed of
sequence and frequency
of direction change being
variable by means of po-
tentiometers. Incorporates
meter dimming control.
£14.60
DLZ1000K
A lower cost version of the
above featuring undirec-
tional channel sequence
with speed variable by
means of a preset pot.
Outputs switched only at
mains zero crossing points
to reduce radio interfer-
ence to minimum £8.00.
Optional Opto Input DLA1
60p

These kits form useful subsystems which may
he incorporated into larger designs or used
alone. Kits include PCB short instructions and
all components.
MK1 TEMPERATURE CONTROLLER/
THERMOSTAT
Uses LM3911 IC to sense temperature (80°C
rbax) and triac to switch heater 1kW f4
MK2 SOLID STATE RELAY
Ideal for switching motors. lights, heaters, etc
from logic Opto-isolated with zero voltage
switching. 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 a new zero voltage switch 1 C, this kit
may be wired to form a 'burst' fire' power
controller, enabling the temperature of an
enclosure to be maintained within 0.5°C.
Thermistor failure causes output to switch off.
Temperature range ambient to 90°C. 3KW

£5.55
MK5 MAINS TIMER
Based on the ZN1034E Timer 1C 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

£4.5n

00.
90

U

Switches any appliance up to 1KVV on and off at
preset times once per day. Kit contains: AY 5-
1230 1 C, 0.5" LED display, mains supply, display
drivers, switches, LEDs, triac, PCBs & full
instructions.
CT1000K Basic Kit £14.90
CT1000K 8 with white box (56§131x71rnm)

£17.40
£22.50Ready Built

LD271 1R Emitting diode .36
SFH2O5 Photodiode Detector .90
SL480 1C Pulse Amp 1.70
SL490 32 Command Encoder,' ML926 16 -channel receiver 4

transmitter 2.40 Itched binary outputs 1.40
ML922 10 -channel receiver Clip -on Plastic Reflector for

, 3 analogue outputs 4.20 1R LEDs, increases range .20

ML925. A decoder designed for model/toy control providing a 2 -speed drive motor and three
position latched steering system or a vehicle with momentary action steering and a third motor,
eg. gun turret, winch, etc. Outputs also available for other facilities such as horn, turn indicators,
headlights etc. 2.10

To make things EVEN EASIER, we have designed several new kits:-
MK6 - Simple Infra Red TRANSMITTER. A Pulsed infra red source which comes complete

with a hand held plastic box. Requires a 9V battery. 4.20

MK7 - Infra Red RECEIVER. Single channel, range approximately 20 ft. Mains powered
with a triac output to switch loads up to 500W at 240V ac, but can be modified for use
with 5 to 15V dc supplies and transistor or relay outputs 9.00

"Special Price" MK6 and MK7 together. Order as RC500K. 12.50

MKS - Coded Infra Red TRANSMITTER. Based on the SL490, the kit includes 2 1R LEDs
measures only 8x2x1 3 cms 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 1.90

MK10 - 16 -Way KEYBOARD. For use with the MK8 kit to generate 16 different codes for decod-
ing by the ML928 or ML926 receiver IMK121 Kit. 5.40

MK11 - 10 On -Off Channel 1R RECEIVER with 3 analogue outputs 0-10V) for controlling
such functions as 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 1C. Includes its own mains supply. 12.00

MK12 - 16 Channel 1R RECEIVER. For use with the MK8 kit with 16 on/off outputs which with
further interface circuitry, such as relays or teats, 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. 11.95

MK13 - 11 -Way KEYBOARD. For use with MK8 and MK11 kits. Transmits programme step +
and analogue and (3), mute normalise analogue outputs and on/standby 4.35

70 "THERM
ONLY.2R<

_E13.50\ +VAT

NEW RIDICULOUS LOW PRICE FOR
DVM/THERMOMETER KIT

Based on ICL7106 DVM chip and a 3'/, digit liquid crystal display.
This kit will form the basis of a digital multi -meter - only a few
additional switches and resistors required (deta ils supplied) or make
a sensitive digital thermometer (-50° to 150°C) reading to 0.1°C.
The basic kit has a sensitivity for full scale of 200mV, automatic
polarity and runs from a 9V PP3 battery.
At this price you can use this kit in place of moving coil meters in
virtually any application from bathroom scales to bicycle speedo-
meters - the possibilities are endless.

Clock
Tower

UXBRIDGE ROAD

co

0
Ifl

O

Ealing, North Circular Road -÷

Hartwell LT Garage

BUSES 207, 83 and El

SHOP NOW
TH OPEN

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

(Europe) 14 (elsewhere) for P&P
Send s.a.e. for price list and with all enquiries Callers welcome 9 305 00

(Mon -Fri) 10 00-4 00 (Sat)

MIA vg 11113. j1.1TBoston Road
-579

9d London4
Tk Electronics

S,1 41 It

We also supply a

wide range of compo-
nents including INTE-
GRATED CIRCUITS, MINI
TRANSFORMERS, CM -
OS, LEDs, VOLTAGE RE-
GULATORS, DISPLAYS,
VMOS POWER FETS,
TRIACS, DIL IC SOCKETS
etc etc.
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EVENTS
June 15th -19th

June 18th

June 23rd -26th

June 24th

June 26th
;June 28th

'June 29th

June
26th/27th/28th

June 27th/30th

June 27th -
July 4th

INTERNATIONAL COMMUNICATIONS, ELECT'L &
ELECTRONIC COMPONENTS EXBN., Milner Park,
Johannesburg, South Africa.
Further information from ECL (Exhibition Agencies)
Ltd, 11 Manchester Square, London WIM 5AB.
THE TWENTIETH CENTURY ENSEMBLE - Royal
College of Music Conductors - Edwin Roxburgh,
Lawrence Casserley. The programme includes works
for instruments plus electronics. Cristobal Halffter -
Variaciones sobre la Resonancia Lineas yPuntos/de
un Grito. Heinz Hollifer - Pneuma (all first UK
performances). Tickets on the door.
INTERNATIONAL WORD PROCESSING EXHIBITION
Wembley Conference Centre, London. Tickets from
Business Equipment Trade Assc., 8 Southampton
Place, London.
PERCUSSION & ELECTRONICS, Programme - 1.

Indifferent Affair - Charles Barber. 2. First
performance of new work - Nicholas Wilson. 3. A
film improvision - Mark Limbrick. 4. Study for solo
snare drum - Jeffery Wilson. Venue: Royal College
of Art, Kensington, London. Admission 50p.
Commences 1.00 pm. Also June 26-29 as below.
St Martins School of Art, Charing Cross Road, London.
New Half Moon Theatre, London. Commences
8.00 p.m. Admission £1.00.
Brady Centre, London. Commences 8.00 p.m.
Admission £1.00.
BROMLEY FAMILY & TRADE EXHIBITION, Norman
Park, Orpington, Kent. Tickets available half price
from EXPLAN, Exhibition Promoters, International
House, Cray Avenue, Orpington, Kent.
NANN INTERNATIONAL MUSIC EXHIBITION -
McCormick Place, Chicago, USA. Special travel
arrangements may be made with British Airways
(01-821 4544), Trade Fairs and Exhibition Bureau.
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 WCL. Closing date 20th May 1981.

June 30th

June 30th

FLUTE & ELECTRONICS, British Music Information
Centre, Stratford Wl. To mark Teleman's 300th
Anniversary. Simon Desorgher on Flute, Lawrence
Casserley on Electronics performing Telemann
Canonic Sonata for flute and electronics.
Commences 7.30 p.m.

LEEDS ELECTRONICS EXHIBITION, Dept. of
Electrical & Electronic Engineering, Leeds
University.

July 8th -12th AUDIO VISUAL EQUIPMENT EXHIBITION, World
Trade Centre, Singapore. Further information from
Bob Hackett, European Sales Manager, ITF
International, Ratcliff House, Blenheim East,
Solihull, W. Midlands. Tel. 021-705-6707.

July 15th -18th NATIONAL FESTIVAL OF MUSIC FOR YOUTH,
Fairfield Hall, Croydon. Tickets £1.50 (60p under 19)
at the door.

July 19th SUSSEX MOBILE RALLY, Brighton Race Course -
Trade stands dealing in all forms of electronics,
including amateur radio, microprocessors,
components and C.B. Entrance 50p (with free lucky
draw ticket). Commences 10.30 a.m.-6.00 p.m.

July 29th -31st MICRO COMPUTER SHOW, Wembly Conference
Centre, London. Aimed at both the hobbyist and
trade. Tickets £1.50 on the day or three for E1.00
from Online Conferences Ltd, Argyle House, Joel St,
Northwood Hill, Middx. (cash and S.A.E. required
with order).

Aug. 29th -
Sept. 5th

NATIONAL HOME ELECTRONIC ORGAN FESTIVAL,
Pontins Tower Beach, Prestatyn, North Wales. The
programme for this residential event will include:
daily concerts by "star' organists - teach -in sessions
- sheet music and book sales - exhibitions and
demos by leading manufacturers - synthesisers,
rhythm units and rotary speakers. Accommodation
from £78 for two people. Ring (07456) 2244.

We shall be pleased to publish news of forthcoming electronic and
electro-music exhibitions, clubs - also special electronic music concerts.

THIS MONTH'S
SPECIAL OFFERS

Each month, Electronics & Music
Maker gives special offers to its readers
that represent a substantial saving on
normal retail prices.

FRANZ LAMBERT
POP ORGAN HIT PARADE
If you missed Franz Lambert's concert in
the UK recently, here's a chance to
enjoy the superb modern style of this
top organist playing the Wersi Galaxy
organ.
Polished organ
technique, multi -
tracking and effective
drums, plus numerous
realistic instrumental
sounds make this an
impressive and most
enjoyable record to
listen to in widespread
stereo.

Normally £4.50
Offer Price £3.99

TEST LEAD SET
A set of ten leads:
two each of five
colours, terminated
at both ends with an
insulated crocodile clip
Guaranteed a place
in any workshop!

Normally £1.30
Offer Price 99p

Complete this Order Form for either or both of our Special Offers.
Please allow 28 days for delivery.
Overseas payments including Republic of Eire should be covered by Bankers draft in pounds sterling.

Closing date 31st July 1981 - Subject to availability.

Send this coupon and cheque/P.O. to:
ELECTRONICS & MUSIC MAKER (Special Offers)
282 London Road, Westcliff-on-Sea, Essex SSO 7.1G.

I
I
I
I
I
I

I
I
I
I

Please send me:

Quantity Item Item Price
£

Total
£

Test Lead Set 0.99

Pop Organ Hit Parade LP 3.99

I enclose a cheque/P.O. payable to:
Electronics & Music Maker for: £
PLEASE PRINT

Name: Mr/Mrs/Miss

Address

E&MM7/81

All prices shown include VAT, postage and packing

------------------1
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MODERN

BOOK

COMPANY

Britain's

Largest

Stockist

of

British &
American

Technical

Books

All Prices

incl. postage

. . .

-. 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 £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: f 5.75p
NEWNES BOOK OF VIDEO
by K. G. Jackson Price: £6.50p
HOROWITZ & HILL: THE ART OF
ELECTRONICS Price: £13.50p

THE MODERN BOOK CO.
15-21 PRAED STREET, .

LONDON W2 1NP. TEL: 01-402 9176
(closed Saturday 1 p m.)

****-re*, * to."

RANK KALEE 1742 Wow & Flutter Meter.
AIRMEC 314A Voltmeter. 300mV (FSD)-300V.
AIRMEC Wave Analysers types 853 & 248A.
DERRITRON 1KW Power Amplifier with control equipment for vibration testing, etc.
HEWLETT-PACKARD 85518/8518 Spectrum Analyser. 1OMHz-4OGHz.
HEWLETT-PACKARD tuned amp & null detector.
TF2600 Voltmeter 1mV-300V fsd.
RADIOMETER Distortion Meter BKF6 £125.

LABGEAR T.V. PATTERN GENERATORS 625 -line cross -hatch/
dot/grey scale £45 (£1 post).
RANK SIGNAL STRENGTH METERS UHF Channels 20-60.
Battery operated £30 (£1 post).

TELEVISION TEST EQUIPMENT
TEXSCAN VS -60B Sweep Generator, 0-1000MHz £250.
TEXSCAN DU -88 X -Y Display units £95.
TELONIC 2003 Sweep Generator System £225.
TELONIC 101 X -Y Display units £75.
TELONIC 1204 Sweepers 0-500MHz £150.
TELONIC 121 X -Y Display units £95.

OSCILLOSCOPE SALE
SOLARTRON CD1400. D/Beam 15MHz £150.
HEWLETT-PACKARD 1707A. 75MHz £450.
TELEQUIPMENT D75.
TELEQUIPMENT DM64 Storage scope.
DYNAMCO D7100.
HEWLETT-PACKARD 122A SB. Audio.
AIRMEC 279. 4 Beam Display Scope.
TEKTRONIX 581A, 545A & B, 544, 661, 515A.

RHODE & SCHWARZ
Selective UHF V/Meter. Bands 4 & 5. USVF. XUD Decade Synthesiser & Exciter.
Selectomat Voltmeter USWV £450. POLYSKOPS SWOB I and II.
UHF Sig. Gen. type SDR 0.3-1GHz £750. Modulator/ Demodulator BN17950/2.
UHF Si:nal Generator SCH £175. UHF Sig. Gen. type SCR. 1-1.9GHz.

MARCONI
TF236OR TV Transmitter Sideband Analyser.
TM6936R UHF Converter for above.
TF1101 RC oscillators £65.
6551 SAUNDERS. 1400-1700MHz. FM.
TF1066B/1. 10-470MHz. AM/FM.
TF1152A/1. Power meter. 25W. 500MHz £50.
TF1370A RC Oscillator £135.
TF791D Carrier Deviation Meter.

U.H.F. SIGNAL GENERATORS
TF10668/2 400 555MHz Deviation to 300KHz
TF1060/2 450 1250MHz
TF1058 1 6 4000MHz

BECKMAN TURNS COUNTER DIALS
Miniature type (22mm diam.). Counting up to 15 turn "Helipots".
Brand new with mounting instructions. Only £2.50 each.

PRINTED CIRCUIT MOTORS
'Printed Motors Ltd' type G16M4. 60V DC. 5.5 amps. Continuous torque 140oz, in. 2350
rpm. Diameter 7.5". Depth 2.5". Shaft diam. 1/2 & 3/4". Price from Printed Motors is now over
£150 ea. Supplied in good, used condition, tested & guaranteed £25 each (postage £3).

AUDIO & RF SIGNAL GENERATORS
ADVANCE types HI, H1E, C2, 50628, J4A
TAYLOR 62A (AM/FM). AVO HF134.
AIRMEC 352 Sweep Generator.
MARCONI TF10666/1 (AM/FM 10-470MHz).

LABORATORY OVENS. - Gallenkamp 3 cu. ft. £145. Also Morgan Grundy 1 cu ft. £55.
20 -WAY JACK SOCKET STRIPS. 3 pole type with two normally closed contracts £2.50 each
(+25p pp) Type 316 three pole plugs for above -20p ea. (pp free).

DC POWER SUPPLIES
*APT 10459/8, 12-14V @ 5 Amps £25 (£2 P.P.)
*APT 10459/8, 24V @ 5 Amps £25 (£2 p.p.)
*We can supply the above power supply at any fixed voltage between 5V
and 36V at 5A £25.
*Mullard Dual supplies. Brand new with handbook. Pos & Neg 12V at IA
ind 0.4A respectively. Dimensions 9x4x5ins. £10 + (£1 p.p.)
*FARNELL Current limited. Dimensions 7x5x4ins. Following types
available: 13-17 Volts @ 2A £15. 27-32 Volts @ 1A £15. 5V @ 3A £15.
(pp £1.50).

SPECIAL PURCHASE LAMBDA POWER SUPPLIES
Excellent LXS Series DC power units at less than a tenth of new price.
The snag? - they're all 110V AC input. Prices as follows'
5V at 24A. LXS D5 OV R. £25. (List £350).
15V at 12A. LXS 015 R, £20. (£339).
5V at 14A. LXS CC 5 OV. £20. (£258).
24V at 3.1A. LCS C 24. £15. (£223).

Carriage each £2.50 extra

MODULATION METERS
AIRMEC 210 3-300MHz. AM/FM. £125
RADIOMETER AFM/1 3.5-320MHz. AM/FM. £145
RACAL 409 3-600MHz. AM/FM.

ROTRON INSTRUMENT COOLING FANS
* Supplied in excellent condition, fully tested:
* 115V, 4.5 x 4.5 x 1.5" £4.50. 230V £5. 115V, 3 x 3 x 1.5" £4 + postage ea. 35p. *

CT212 RF Signal Generators. 85KHz-32MHz £55.

BELL & HOWELL MICROFICHE VIEWERS
Type SR5. Screen size 9 x 5" - New condition £75.

**
DIGITAL MULTI -METERS

DE FOREST ELECTRONICS TYPE MM200. DC V 0-1KV. AC V 0-700. DC 9.0-1A. AC 1.0-1A.
Each in 4 ranges. Resistance 0-19.99 Mohms. 5 ranges. LED Display 1999. BRAND NEW.
SPECIAL REDUCED PRICE OF £39, INCLUDING VAT & P.P.

r P. F. RALFE ELECTRONICS ]I DEPT E&MM7, 10 CHAPEL STREET, LONDON NW1
TELEPHONE: 01-723 8753

NOTICE. All the pre -owned equipment shown has been carefully tested in our
workshop and reconditioned where necessary. It is sold in first-class operational
condition and most items carry our three months' guarantee. Calibration and
certificates can be arranged at cost. Overseas enquiries welcome. PLEASE ADD 15%
VAT TO ALL PRICES.
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NEXT MONTH August Issue
on sale at your newsagent from July 12th

SIGNAL PROCESSOR
A professional quality audio control system for theatre and group P.A. use.
Features include audio limiter, LED VU meters, 3 -way active crossover
and balanced line output.

HEXADRUM
A six -tone touch sensitive 'electronic bongo' drum that is an ideal
electro-music instrument for education, home and studio.

POWERCOMP
Purpose-built power supply unit for driving
microprocessor peripherals.

MODEL CAR RACE STARTER
Useful accessory for model car racing enthusiasts.
Creates real race atmosphere!

CAR AERIAL BOOSTER
Basic but functional signal booster for AM/FM reception.
Ideal for fringe areas or poor signal strengths.

IRMIN SCHMIDT ON HIS TOY PLANET
This experienced and creative composer from 'Can' group discusses
his electronic music techniques used on his superb 'Toy Planet' LP.

Plus our regular articles covering Electronic, Computing and Electro-Music.

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 re-
cording studio, these C60 cassettes
will allow you to hear the sound of
instruments and electro-musical
effects in our projects and reviews.

Demo Cassette No. 1 (March/April
issues) contains:
1. The sounds of the Matinee Organ.
2. Musical extracts played on the
Yamaha SK20 Synthesiser reviewed
last month. 3. Examples of the basic
waveforms and effects discussed in
'Guide to Electronic Music Techni-
ques'. 4. Music and sound effects
played on the Sharp MZ-80K Micro-
computer. 5. Warren Cann demon-
strates the Syntom Drum Synthesiser.
6. The PAIA8700 Computer/Control-
ler. 7. Frankfurt Music Fair: the Yama-
ha GS -1, Electro-Harmonix Clock-
works Controller.
Cassette Price: £2.45 inc. VAT and
p&p.

Demo Cassette No. 2 (May/June
issues) contains:
1. Tim Souster 'feature' ex-
amples 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
essential music complement to the
review! 4. Apple Music System -
polyphonic computer music. 5.
E&MM Word Synthesiser - speech
from our friends in Texas. 6. Fair -
light Computer Musical Instrument

ELECTRONICS & MUSIC MAKER
DEMONSTRATION CASSETTES

review - because of its price, very few
have heard this amazing instrument.
7. Sharp 'Composer' and 'Morse' pro-
grams. 8. Yamaha PS20 keyboard -a
complete piece on this portable play
anywhere instrument. 9. Vero pro-
jects: Radio/Metronome/Oscillator
10. Some extraordinary sounds from
the creative David Vorhaus.
Cassette Price: £1.99 inc. VAT and
p&p.

Demo Cassette No. 3 contains from
this issue: 1. The unique sounds of the
new PPG Wave 2 synthesiser. 2.
Synwave sea effects and other sound
possibilities. 3. Wersi Pianostar - the
versatile kit instrument demonstrated
by German demonstrator Hady Wolff,
who also shows some of the special
sounds from the Wersi organ range. 4.
Musical examples of the immense
possibilities from the Alphadac 16
synthesiser controller. 5. Atari's new
Music Cartridge programming 4 -part
compositions. 6. Duncay Mackay
makes creative sounds from his 'Visa'
LP keyboard set-up.
Next month's issue will also list fur-
ther examples for Demo Cassette No.
3.
Cassette Price: £1.99 inc. VAT and
p&p.

cCc
CLitilltat

r;mfr ige.sonoinocs
IT1-1511C-111)101KOR

DEMO
TAPE

IMP

Please allow 28 days for delivery

r-
E&MM Cassettes Dept., Maplin Publications, 282 London Road, Westcliff-on-Sea, Essex SSO 7JG

Please send me the following Demonstration Cassettes:

Cassette No Quantity Price Total

Demo Cassette 1 for (March/April issues) £2.45

Demo Cassette 2 for (May/June issues) £1.99
Demo Cassette 3 for (July/August issues) £1.99

I enclose a cheque/postal order payable to: Electronics & Music Maker
PLEASE PRINT

ml

Name

Address

E&MM7/81

1
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CLASSIFIEDS
APPOINTMENTS - SERVICES - SALES - WANTS

STUDIO HIRE

8 TRACK STUDIO INCLUDING SYN-
THESISERS, FREE TEA and a handy
musician/engineer, £20 per 6 -hour
session. Ideal for composers, synthy
players etc.

For full details catch DAVE on WAT-
FORD 39347.

FOR SALE
Clef "Joana" electronic piano: 5 octave,
polyphonic, touch sensitive. £55. Telephone:
Marlow 3186.

All types of Kits constructed
(Maplin, Wersi, etc.). Competitive
prices.
For quotation Ring Newtown
(0686) 28646.

HAVE YOU SEEN THE GREEN LIST?
1000s of components (electronic, audio, musical) plus electronic items and accessories at
unbelievably low prices. Ideal for the Electronics and Music Hobbyist. Send 25p for list and receive
FREE RECORD SPEED INDICATOR.

MYERS (Dept EMI 14-16 Clifton Grove, Leeds LS9 6EW. M.O. only.

Unique opportunity to acquire an established work -from -home organ
service operation in the S.E. Turnover 15,000 P.A. rising. Full instruction
given. Details: Box No. J1, E&MM, Hillcroft House, 16 The Avenue,
Highams Park, London E4 9LD.

Roland JP -4 Jupiter Synth (new) List £1,889
Roland RS -505 Paraphonic Synth/Strings (new) List £1,229
Roland MP -700 Piano c/w amplifier (used) Last list £1,586
Roland EP -09 Piano, self amplified (new) List £399
Roland Revo 250 watt reverb keyboard amp/tremolo cabinet with
18" Pioneer speaker (new) Last list f995
All in mint condition. Total cost over £5,500. Accept £2,600 the
lot or will split for sensible offers.

KEYBOARDS, The Headrow, Leeds 1
Telephone (0532) 468939

r

L

azononics
cel-tislinnorkerm
TECHNICAL EDITOR

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 EDITOR having
practical experience of electronic project design and
construction, with responsibility for preparation of sub-
mitted projects for publication.

In addition, you will work with our projects team in
researching and developing new designs for E&MM.

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, Westcliff-on-Sea, Essex SSO 7JG.

CLASSIFIED ADVERTISEMENTS
Attach your copy to this form and send to:

ELECTRONICS & MUSIC MAKER, Advertisement Dept., Hillcroft House, 16, The Avenue,
Highams Park, London, E49LD.

Name

Address

Remittance value enclosed

SPECIAL INTRODUCTORY OFFER
Only £4.00 per single column centi-
metre for a Semi -Display. Cheques
payable to Maplin Publications.

This size Adv. 1 cm
single column £4.00

This size Adv.
2 cm single column

f8.00

This size Adv.
3 cm single column

f 12.00

This size Adv.
3 cm x 2 columns

£24.00

This size Adv.
4 cm x 2 columns

£32.00

This Adv.
size

8 cm single
column
£32.00
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CLEF ELECTRONIC MUSIC

KIT: f79

MASTER RHYTHM
As published in Practical Electronics

BUILT: f114

FULLY PROGRAMMABLE
TWENTY-FOUR PATTERNS

EIGHT PARALLEL TRACKS
TWELVE INSTRUMENTS

SEQUENCE OPERATION
Kit includes all components to build
this comprehensive User Program-
mable Rhythm Generator in an
attractive metal case with finished
case, hardware and wire.

PIANOS
Specialists since 1972

Stage and
Domestic Types

The most advanced
form of Touch Sensi-
tive action simulat-
ing piano keyinertia
by patented tech-
nique.
Four mixable voices
for serious tone
variation plus elec-
tronic chorus and
flanger effects.
See lists for Cabi-

Six Octaves £207 nets, P.A. & Manu-
7'/4 Octaves f232 facture.

STRINGS f174
Versatile String Synthesiser with split
keyboard facility and impressive voices,
49 note organ diode keyswitch plus two-
phase Chorus.

ROTOR -CHORUS f89
Two -speed Rotor simulation plus Three
Phase Chorus on a single 8" x 5" PCB.
Mains PSU included.

KEYBOARDS
Square Front with two hole actuator -
easily cut

49 NOTE-E25; 73 NOTE-E41
88 NOTE-f49.50

OUR PRICES INCLUDE VAT, CARRIAGE & INSURANCE
Please send s.a.e. for complete lists or use our telephone BARCLAYCARD service.
Very competitive EXPORT rates - in Australia please contact JAYCAR in Sydney

ALL INSTRUMENTS MAY BE SEEN IN OUR SHOWROOM

CLEF PRODUCTS (Electronics) LTD., Dept. M., E&MM/7
44A BRAMHALL LANE SOUTH, BRAMHALL, STOCKPORT,

CHESHIRE SK7 1AH. - TEL: 061-439 3297

L

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 white on the front, and
come in red or black and S, M, L or XL sizes,
price £2.75 inc. VAT & p&p. Sweatshirts
are also available in the same colours and
sizes, price £5.99 inc. VAT & p&p.
Overseas payments including Republic of Eire should
be made by Bankers Draft in Pounds Sterling.

T -Shirt size guide:
S 28-34; M 34-36; L 36-40; XL 40-44
Sweat Shirt size guide:
S 30-34; M 36-38; L 38-42; XL 40-44
E&MM T-shirts Dept., Maplin Publications,
282 London Road,.Westcliff-on-Sea,
Essex SSO 7JG. Please allow 28 days for delivery
Subject to availability

Please send me:

Red/Black S/M/L/XL Quantity Price Total

T-shirt

Sweatshirt

£2.75

£5.99

I enclose a cheque/postal order payable to: Electronics & Music Maker
PLEASE PRINT

Name

Address

E&MM7/81
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CORRIGENDA

The following errors and omis-
sions have been noted in previous
issues of E&MM and are brought to
your attention:

APRIL ISSUE
Page 30. Figure 2. R6, 7 and 8 should read
R8, 6, 7.

MAY ISSUE

Pages 32 and 34. Test amp and Metronome
pictures transposed.
Page 33 Figure 2. C5 should be connected
to pin 1 of IC1 by wire link from D12 to F12.
Page 45 Figure 6. R3 should go to El not Fl
as shown.

JUNE ISSUE
Page 13. Wire links shown on Wordmaker
PCB have now been replaced by extra
tracks on component side of PCB.
Page 64 Figure 6. C2 is shown reversed, Si
is shown reversed. Col 3, sentence begin-
ning 'When 51 is in its normal position ...'
should read: When S1 is in its normal
position, the gate of TR1 is negative biased
and the device presents a high resistance
across its drain - source terminals.
Page 83. City of Fear and Synergy sleeve
photos transposed.
Page 84 Col 3 Line 9 should be line not fine.
Col 4 Line 36 should be Crotech not
Growtech.

BACK ISSUES
can be obtained
from E&MM at
£1 each (inc. postage)

MARCH Matinee Organ Pt. 1
* Spectrum Synthesiser Pt. 1

Hi-Fi Sub -Bass Woofer *
Balanced line system * Car
battery monitor * Yamaha
SK20 review * BBC Radio -
phonic Workshop

APRIL Syntom Drum Synthe-
siser * Workshop Power Sup-
ply * Car Ignition Timing
Strobe * Direct Inject Box

Ultravox * Paia 8700 review
Matinee Pt. 2 * Spectrum

Pt. 2

MAY Noise Reduction Unit *
6 Vero Projects * Car Digital
Rev Counter * Lowrey MX -1
review * Apple Music System
* Matinee Pt. 3 * Spectrum
Pt. 3.

JUNE Wordmaker * Guitar
Tuner * Hi-Fi/Group Mosfet
amp * Select -a -Match * Fair -
light CMI review * David Vor-
haus * Matinee Pt. 4
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*TEACH -IN FOR THE 80's*
ELECTRONICS CONSTRUCTION KITS

Electronics assembly is fast becoming the most fascinating and educational hobby for beginners of all ages.
Monthly constructional projects, appear in most of the magazines in the hobbiest electronics field, with basic

technical principles and symbols explained in great detail.
The sheer simplicity of these projects are a must for all beginners. Start with a hobby that could become a

worthwhile career.
Our kits come complete with all parts as specified.

*ALL PROJECT KITS ARE SUPPLIED WITH CASES
(except items marked A).

All kits come complete with items; plus Texas IC sockets where required, also Veroboard connecting wire, etc.

Listed below is a selection of the many projects available.
Reprints are available at 40p extra.

Stereo Headphone Amplifier ZB57 March 80 £15.25

E&MM PROJECTS Doorbell Register
Kitchen Timer

ZB58
ZB55

March 80
March 80

£3.60
£12.75

Continuity Tester
Balanced Line System
Car Battery Monitor
The Syntom Drum Synthesiser
Car Ignition Timing Strobe
Direct Inject Box
Power Controller

ZF1
ZF2
ZF3
ZF4
ZF5
ZF6
ZF7

March 81
March 81
March 81
April 81
April 81
April 81
April 81

P.O.A.
P.O.A.
P.O.A.
P.O.A.
P.O.A.
P.O.A.
P.O.A.

Touch Switch
Micro Music Box
Simple Short Wave Receiver
Morse Practice Oscillator
Slide/Tape Synchroniser
Power Supply 3-9V
Burglar Alarm
Baby Alarm

ZB56
Z845
ZB44
ZB43
ZB42
ZB47
Z851
ZB40

March 80
Feb 80
Feb 80
Feb 80
Feb 80
Jan 80
Dec 79
Nov 79

£9.00
£17.00
£18.00

£6.00
£11.50
£4.50
£5.00
£8.50

Noise Reduction Unit ZF8 May 81 P.O.A. Opto Alarm ZB41 Nov 79 £5.00
Car Digital Tachometer
Tone Generator (on Vero)
Test Amplifier (on Vero)
Metronome (on Vero)
Signal Mixer (on Vero)
Scratch Filter (on Vero)

ZF9
ZF10
ZF11
ZF12
ZF13
ZF14

May 81
May 81
May 81
May 81
May 81
May 81

P.O.A.
P.O.A.
P.O.A.
P.O.A.
P.O.A.
P.O.A.

Radio Tuner MW/LW
3 -Function Generator
One Armed Bandit
Lights on Reminder
Signal Level Indicator

ZB108
Z852
ZB33
Z834
ZB36

Nov 79
Nov 79
Oct 79
Oct 79
Oct 79

£14.75
£25.00
£21.00

£4.60
£4.50

MW Radio (on Vero) ZF15 May 81 P.O.A. Chaser Light ZB4 Sept 79 £17.50
Wordmaker Speech Synthesiser ZF16 June 81 P.O.A. Lower Power Audio Amplifier Z83 Sept 79 £3.75
Mosfet Amplifier ZF17 June 81 P.O.A. Simple Transistor Tester ZB2 Sept 79 £5.50
Select -A -Match ZF18 June 81 P.O.A. Varicap MW Radio ZB1 Sept 79 £8.50
Guitar Tuner ZF19 June 81 P.O.A. Trailer Flasher ZB9 Aug 79 13.00

Electronic Tuning Fork ZB7 Aug 79 £8.90
Power Supply 9V ZB6 Aug 79 £3.25

Sound to Light ZB127 Nov. 80 £19.00 Warbling Timer ZB5 Aug 79 £6.40
Audio Effects Unit ZB122 Uct 80 £12.25 Water Level Indicator ZB111 July 79 £4.50
Phone Call Charge Jogger ZB121 Oct 80 £6.90 Darkroom Timer ZB17 July 79 £3.50
Darkroom Controller ZB123 Oct 80 £17.25 Electronic Canary Z819 June 79 £4.50
Bicycle Alarm ZB124 Oct 80 £9.25 Tremolo Unit ZB18 June 79 £10.00
Lights Failure Monitor Z1377 Sept 80 £3.75 Electronic Dice ZB24 May 79 £13.50
TTL Power Supply Unit ZB78 Sept 80 £9.50 Intruder Alarm ZB23 May 79 £23.00
Duo Deci Timer ZB75 Sept 80 £8.50 Touch Bleeper Z827 April 79 £3.25
'TTL Logic Probe ZB76 Sept 80 £3.25 Transistor Tester ZB100 April 79 £4.00
Bedside Radio ZB74 Sept 80 £14.25 One Transistor Radio MW/LW ZB104 March 79 £7.25
Auto Lighting -Up Warning ZB71 Aug 80 £5.65 Time Delay Indicator ZB98 March 79 £4.00
Zener Diode Tester 7879 July 80 £5.00 Micro Chime ZB96 Feb 79 £12.00
Signal Tracer ZB80 July 80 £5.00 Lights Reminder for Car ZB32 Jan 79 £4.50
General Purpose Amplifier ZB81 July 80 £6.00 Headphone Enhancer Z13101 Jan 79 14.00
Voltage Converter Z882 July 80 £4.75 Continuity Tester ZB115 Jan 79 £4.30
Autowaa ZB83 July 80 £19.25 Fuzz Box ZB106 Dec 78 £5.00
A F Signal Generator ZB84 July 80 £20.00 Vehicle Immobiliser ZB110 Dec 78 £5.00
Courtesy Light Delay ZB85 July 80 £5.25 Audio Effects Oscillator ZB109 Nov 78 £3 50
Auto Phase ZB86 July 80 £19.25 Radio MW/LW ZB116 Oct 78 17.00
Battery Voltage Monitor ZB64 May 80 £4.80 Sound to Light Z8112 Sept 78 £7.00
Lights Warning System ZB63 May 80 £3.60 Guitar Tone Booster ZB117 Sept 78 £5.00
Autofade ZB66 May 80 £10.25 A F Signal Generator Z8119 Aug 78 £10.00
Audio Tone Generator ZB67 May 80 £3.50 Weird Sound Effects Generator ZB113 March 78 £3 50
'Pre -tuned 4 -Station Radio ZEW May 80 £14.00 Catch a Light ZB102 March 78 £6.00
Automatic Level Control ZB60 April 80 £8.00 Chaser Light Display ZB97 Feb 78 £22.00
Cable and Pipe Locator ZB54 March 80 £3.75 Car System Alarm ZB92 Feb 78 14.50

PERSONAL CALLERS PLEASE RING TO CHECK AVAILABILITY OF KITS
ALL PRICES INCLUDE POST PACKING AND 15% V.A.T.

IONISER KIT ZD13
This negative ion generator gives you power to saturate your home or
office with millions of refreshing ions. Without fans or moving parts it
puts out a pleasant breeze. A pure liow of ions pours out like water from
a fountain, filling your room. The res6? Your air feels like fresh ocean
air, pure crisp and wonderfully refreshing.

All parts PCB and full instructions £12.50. A suitable case including
front panel, neon switch, etc. Available at £10.50.

CALLERS BY APPOINTMENT ONLY
HOURS Mon Fri 9 00-5 30 p m Sat 9 00 4 30 p m

T. POWELL
ADVANCE WORKS, 44 Wallace Road
London N1. 01-226 1489 HOURS

MON F RI 9 570 PM
SAT 9 4 30 PIA

J

4111., (2, FDI g E 74
POSTrPACKING

ADD 15% VAT TO TOTALn........

Minimum telephone Orders £5.00
Minimum Mail Order £1.00



in our

CATALOGUE

320 big pages packed with 
data and pictures of
over 5,500 items 41,   

Over 100,000 copies sold already!

Don't miss out on your copy.

On sale now in all branches

WH Smith wprice £1.
In case of difficulty check the coupon below.

make it easy...'
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Easy to build,

superb specification.
Comparable with organs selling ;(/,

up to £1,000. Full construction details
in Electronics & Music Maker commencing

March, 1981 issue. Back numbers available.

avimption ELECTRONIC SUPPLIES LTD.
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Hammersmith
London

Tel.

For personal service visit one of our stores.

Our new store at Hammersmith is conveniently situated near the end
of the M4 and the North and South Circular Roads.

There is excellent street parking on meters a few steps away and

Hammersmith Underground Station is nearby. Call in and see us soon.
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* Same day service on in -stock lines

* Very large percentage of our stock lines in stock

* All prices include VAT

* Large range of all the most useful components

* First class reply paid envelope with every order

* Quality components-no rejects-no re -marks

* Competitive prices

* Your money is safe with a reputable company

On price, service, stock, quality and security it makes
sense now more than ever to make 111(19111111 your
first choice for components every time!

=umissimminimmmmiminamoommimii
Post this coupon now.
Please send me a copy of your 320 page catalogue. I enclose £1.25
(incl. 25p p&p). If I am not completely satisfied I may return the
catalogue to you and have my, money refunded. If you live outside the
U.K. send £1.68 or 12 1,4t-rnational Reply Coupons.

Name

Address

LOOM INI Ell MIMI= 1111 MI OM NM I
All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 554155 Sales: (0702) 552911


