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DID YOU MISS THESE ISSUES? 

Copies of issue 1 
are now sold out, but 
a reprint of the projects 
from issue 1 is available 
and contains: 

Universal Timer. A comprehensive programmable controller 
for up to 4 mains appliances. There is storage for up to 18 program 
times, ons or offs and relay outputs. Complete construction 
details. 

Combo Amplifier. Superb 120W MOSFET power amp.with 
low-noise BI-FET pre-amp having built-in flanger, inputs for 
guitars, keyboards or microphones, and five step equaliser. 
Complete construction details. 

Temperature Gauge. Coloured LED indication of 10°C to 100°C. 
Complete construction details. 

Pass The Bomb! Low-cost easy to build electronic version of 
pass-the-parcel — keeps the kids amused for hours! 

Plus six easy to build projects on Veroboard: Car Battery Monitor 
— Colour Snap Game — CMOS Logic Probe — Peak Level 
Indicator — Games Timer — Multi-Colour Pendant. 

All this for just 70p. Order As XAO1B (Maplin Project Book 
Volume 1 No. 1). Price 70p NV 

Copies of issue 3 are now 
sold out, but a reprint of 
the projects from issue 3 
is available and contains: 
ZX81 Keyboard. A full size, full 
travel 43-key keyboard with the 
electronics to make graphic 
symbols, function mode and shift 
lock, single key selections. The 
two-colour legend for the keys 
is the same as the ZX81 keyboard. 
The keyboard plugs directly into 
the sockets in the ZX81 and a 
special adaptor is supplied to  - 
run the keyboard from the ZX81 
power supply, so there's no 
soldering in the ZX81 at all. This full-size keyboard gives you 
fast, reliable entry — use it once and you won't be able to do 
without it again! 

Stereo 25W MOSFET Amp. Supplied as a complete kit including 
wooden cabinet and printed and punched chassis, this superb 
25W rms per channel amplifier has inputs for magnetic pick-up, 
tape deck, tuner and auxilliary. The kit is extremely easy to 
build, all but 5 components mounting directly on the pcb. 
There are only 7 interconnecting wires in all and when completed, 
no setting-up is required. With its superb frequency response, 
low noise, low distortion and the grandeur of MOSFET sound, the 
amplifier is second-to-none at the price. 

Radar Doppler Intruder Detector. Home Office type-approved 
microwave unit gives coverage adjustable from about 2m to 20m. 
May be used on its own, or with our Home Security System. 

Model Train Controller Remote Control Facilities. Full details 
of infra-red, radio or wired remote control units for our Digital 
Multi-Train Controller. 

All this for just 70p. Order As XAO3D (Maplin Project Book 
Volume 1 No. 3). Price 70p NV 
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Copes of issue 2 are now 
sold out, but a reprint of the 
projects from issue 2 is 
available and contains: 

Digital Multi-Train Controller. Our 
superb digital train controller can 
control up to 14 locomotives 
individually on the same track. 
Any four loco's an be controlled 
simultaneously. The unit has 
automatic short-circuit protection 
and because it uses digital control 
a DC supply is present all the time 
for carriage light etc. 
The locomotive modules will fit in most modern 00-scale engines. 
Complete construction details. 

Home Security System. Full construction details of our new 
home security system offering a high degree of protection for 
domestic or commercial premises coupled with excellent long-
term reliability. The unit's features are: six independent 
channels, 2-wire or 4-wire operation, detects open or short 
circuit or just resistance change, tamper-proof main cabinet 
and external cabinet. The external cabinet has its own protection 
as well. There are presettable entry and exit delay timers. With 
the extra peripherals being added each issue, this is a really 
veratile system. 

Digital M.P.G. Meter. An easy to build device that will help you 
to make your motoring more economical. The unit has a large 
easy to read LED display. Complete construction details. 

All this for just 70p. Order As XAO2C (Maplin Project Book 
Volume 1 No. 2). Price 70p NV 
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Copies of issue 4 
are now sold out, but 
a reprint of the projects 
from issue 4 is available 
and contains: 

Telephone Exchange. A complete telephone exchange with up 
to 32 extensions on 2-wire lines. Ideal for the home, office, or 
small factory. Save £££'s on rental charges. Full construction 
details for up to 16 lines in this book. 

Remote Control for Amplifier. Adjust volume, balance, and 
tone whilst you sit back and relax with our infra-red remote 
control. Designed for use with our 25W MOSFET Amp, but can 
be fitted to most amplifiers. 

Frequency Counter. This superb, easy-to-use, low-cost, 8-digit 
frequency counter with superior specification covers the 10Hz 
to 6000MHz band. Incorporates full push-button control, 

' electronic switching, and one input for the whole range. 

Ultrasonic Intruder Detector. This easy-to-build ultrasonic 
receiver covers up to 400 square feet; though more than one 
can be used for larger areas. The unit automatically adjusts itself 
to transmit at the frequency where the transducers give their 
maximum output. Up to three of these units may be connected 
to our home security system. 

All this for just 70p. Order As XAO4E (Maplin Project Book 
Volume 1 No. 4). Price 70p NV 
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The Mapmix Six Channel Auc,o Mixer is 
a versatile battery operated unit which 
will operate in mono or stereo mode. It 
features twin VU meters and full treble 
and bass equalisation. 

Noise Reduction Unit   10 

This enhanced design of our popular 
Noise Reduction Unit is cheaper and 
easier to construct yet just as efficient, 
and it is now available as a stereo or four 
channel unit. 

Xenon Tube Driver   21 

A compact driver module for a xenon 
complete with trigger transformer 

and internal strobe oscillator. 

Enlarger Exposure Meter .24 
This simple and inexpensive, battery 

operated, exposure meter has a wide 
operating range, thus enal ung 
and accurate enlarging. 

Motherboard 
for the BBC Micro  27 

This useful device gives easy access to 
the User-port, iMHz Bus and Analogue 
port - ideal for experimentation and 
development work with the BBC Micro. 

Cautious Ni-Cad Charger.. 36 
A Ni-Cad Battery Charger with many 
advanced features, including multiple 
cell charging, automatic discharging, fast 
charge for scintered cel' -.4 and electronic 
timing. 

Servo and Driver Module. 45 

A complete servo mechanics and small 
driver module kit, ideal for radio control 
systems or robotics experimentation. 

8 Channel Fluid Detector.. 51 
A novel fluid detector which will monitor 
fluid level with an 8 LED display or check 
for fluids in up to 8 separate vessels. 

Another Five Bob's Worth. 58 
Five more interesting, easily constructed 
circuits from Bob Penfold; Door Alarm, 
THD Filter, Cassette Processor, Volume 
Expander and Parametric Equaliser. 

FEA'RIRES 

Measurements 
in Electronics 7 
In part three of this series Graham Dixey 
discusses the Cathode Ray Oscilloscope. 

An Introduction 
to Car Electrics   16 

The final part of this series covers the 
charging, lighting, and auxiliary electrical 
systems. 

First If': 
Part six of a beginners guide to logic 
design covers the '74' range of integrated 
circuits and features a circuit for a 7 
segment LED decoder/driver. 

Machine Code Programming 
with the 6502   48 
In part five of this series we take a look at 
the 6522 Versatile Interface Adaptor 
(VIA). 

Electronic Chronicles   
Part two of Electronic Chronicles takes us 
into the 19th Century and a new era in the 
study of electricity. 

NEWS 

Catalogue Amendments  62 
Classified Advertisements  64 
Heathkit  30 
New BoOks  54 
New Products  63 
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by 
Dave Goodman 

* Twin VU Meters 
* Battery Operation 
* Master Volume Control 

* Switched Mono/Stereo Modes 
* Bass and Treble Equalisation 
* Six Microphone or Instrument Inputs 

Introduction 
The Mapmix is a versatile six input 

mixer, in the stereo mode it has three 
inputs connected to the left channel and 
three inputs connected to the right chan-
nel. For mono use all six inputs are 
connected to both output jacks via the 
mode select switch. Both left and right 
channels have separate post-mix send/ 
receive facilities, for connecting external 
effects units. Tonal balance can be mod-
ified with Bass and Treble controls. The 
twin VU meter gives an indication of final 
output levels although it is unaffected by 
the master volume control, which is con-
nected to the output. All input and output 
connections are made with standard 1/4 
inch mono jack sockets, while send and 
receive connections utilise V4 inch stereo 
jack sockets. The unit is powered by a 9V 
battery — so current consumption has 
been kept at a very low level, to prolong 
battery life. However, external DC power 
supplies can be connected using the 
2.1mm power socket. 

Circuit Description 
Low power ICs are used to keep 

power requirements to a minimum — 
approximately 1.75mA quiescent current 
at 9V. ICla and b are configured as 
virtual earth mixers with inverted outputs 
and can be referred to as 'adders'. For 
the left channel, input signals are applied 
to IC lb via SKI to 3 with signal attenua-
tion, or volume control, being performed 
by RV I to 3. Resistors R1 to 3 and R7 have 
the same value, a signal applied to SKI 
only, will appear at C7 +V in inverted 
form, but at the same amplitude as the 
input. Thus the mixer exhibits a unity gain 
characteristic under this condition. If 
signals are now applied to all three 
inputs, the total current flowing in R7 will 
be equal to the sum of the input current's 
and the output voltage at C7 will be equal 
to the sum of the input voltages. For 
instance, a 100mV signal applied to all 
three inputs, with RV1 to 3 set to max-
imum, will produce the sum product of 
30OrnV at C7; the signals being effectively 

'added' together. 
Blocking capacitors CI to 3 isolate 

IC1b from possible DC level changes 
present at the input jacks; the input 
impedance of each channel is set by the 
volume control resistance at 100k ohms. 
RI 1 carries the mixer output to the send 
terminal, this being the 'tip' connection of 
a stereo jack plug. Without a plug in-
serted into SK4, the switched connections 
direct the signal path to Si and IC2a, 
another inter-stage unity gain mixer, 
which re-inverts the input signal and 
provides a low impedance drive to the 
tone control stages which follow. Si is 
shown operated, which is the mono 
mode, thus IC2b receives the same input 
signal as IC2a. 

When an external device is inserted 
into SK4, both 'tip' and 'ring' are discon-
nected by the internal switching and 
receive inputs are connected to IC2a via 
level preset RVIO. Effects units such as 
echo, phase, reverb or perhaps another 
mixer can be inserted here and mixed 

m oo 1 = 

51 
' 

ihaa 
a% lab jail . 

gale 
- „ •  ,, Ape--; 

*wig  wal  et •  ea • I 'Pe • 1 414  4 

000411 111  IPO • 
le. 01 0111 111  id enilee t  S ee • I  ,••• • I ,I.40  • I 14•4 • 

Maplin Magazine June 1984 



ve, 

Figure 1 Circuit Diagram 
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0. 5o 

4 

Rea.. view of meter 

RH  LH 

Join -V pins 
together 

Figure 3 Meter Wiring 

into the rest of the system. IC la and IC2b 
function in exactly the same way as 
previously described for the left channel. 
Switching Si out of circuit establishes the 
stereo mode, where left and right chan-
nels become independent of each other. 

IC3c and d form the active section of 
the treble control RV8, which is a dual 
potentiometer. Both channels, although 
electrically independent, can be set for 
flat response by J aing the wipers 
central. A boost of up to 10dB at 10kHz 
can be applied by turning the wiper of 
RV8 clockwise and a cut of 10dB by 
turning anti-clockwise. Similarly IC3b 
and IC3a form the active section of bass 
control 'V7, another dual potentiometer. 
This control gives up to 10dB boost or cut 
at 40Hz when rotated clockwise or anti-
clockwise respectively. Separate active 
filters are used to keep interaction to a 
minimum, for improved performanc and 
to lessen the effects of distortion — ch 
can be noticeable in multi-feedback type 
systems. R37 (38) is located in the output 
stage to prevent IC3b from drawil-:g 
excessive supply current if the output 
connecting cable is shorted out, whilst 
RV9 (master volume control) is set at 
maximum. This raises the output impe-
dance slightly, to about lk ohm, or 10k 
ohm at low output volume settings — this 
is, however, adequate for most audio 
amplifier input stages. 

Emitter follower TR I (TR2) charges 
capacitor C27 (C28) to produce a mean 
DC average from the outgoing AC signal, 
this capacitor also dampens the meter 

Break switch 
disconnects 
battery when 
plug inserted 

2.1mm 
Power Skt 

+V 

Insulator 

-v  -V 
Centre  +V Sleeve 

2.1mm 
Plug 

Body 

+13.5V max 

DC Supply 

Figure 4 Power Plug & Socket 

response — otherwise it would be un-
readable, with the needle bouncing 
around on its mountings! Switched poten-
tial dividing stages have not been in-
corporated with the meter, so low level 
input signals applied to the mixer will not 
be registered on the stile. Zero on the 
scale corresponds to approximately OdB 
(+or— ldB) or 775mV at 11r1 applied to 
one input, maximum volume, mono mode 
and tone controls set flat. The maximum 
scale reading corresponds to an output 
level of 1.6V RMS (4V peak to p:11c), 
which is some 2dB down on the absolute 
signal handling capability of the mixer. 
Because the input levels can be con-
tinuously variable it is possible that sig-
nals of a few millivolts to a few dc 
volts can be connected to the system. The 
maximum signal that any one channel can 
handle is 500mV — with the volume set to 
maximum and sufficient margin allowed 
for bass and treble boost. Of course 
higher input signal levels simply require 
the volume control to be turned down. 

Prototype Specifications:— 
Power Requirement: 1.75mA with 9V battery 

(eg PP3). Or fully regul-
ated external PSU — 
max 13.5V DC. 

Frequency Response:25Hz — 301d1z ± ldB 
Bass Control:  ±10dB at 40Hz 
Treble Control:  ±10dB at 10kHz 
Meter Response:  50Hz ±1dB 
LHORHC Tracking: ± ldB 
Signal To Noise:  Better than 65dB 
Distortion  <0,05% at 'kHz — flat 
Input Impedance:  100k ohm each channel 
Output Impedance:  lk ohm at max. setting 

PCB Assembly 
Refer to the parts list for component 

values and Figure 2 (legend/overlay) for 
designations. Begin construction by in-
serting each of the 25 links, using 24SWG 
B.T.C. Next insert the 40 resistors into 
their respective positions, the PCB hole 
spacing is set at 13mm and each resistor 
lead must be bent to rit and then pushed 
firmly onto the board. Mount both 47k 
presets, RVIO & RV11, and diode D1 
making sure of correct polarisation. Now 
fit IC's 1 to 3, these must be fitted 
correctly — pin 1 is usually marked with a 
small hole or indentation, occasionally a 
'D' shaped concave slot is cut into one 
end of the body; if the IC is held with this 
slot facing to the left, with the pins facing 
down, then pin 1 is the first on the bottom 
row. 

Solder the part assembled board at 
this stage and remove all excess wire 
ends. Next the capacitors can be fitted. 
Cl to C6 are polyester types and mount 
u.-line across the centre of the board. C7 
to 10 and C13,14,27,28 are polarised types 
with long +V leads and short —V leads, 
ensure they are mounted correctly to the 
PCB legend. C23 to 26 are PCB mounting 
electrolytics, which are of course pola-
rised, only the —V lead is identified so 
care must be taken to fit these compo-
nents correctly. Now fit TR1 & TR2 and 
power socket (SK11) along with the five 
Vero pins which are inserted from the 
track -  of the PCB, finally solder these 
components. The ten PC mounting jack 
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sockets ccaann  now be inserted and sol-
dered in position, noting that SK4 and SK8 
are stereo jacks with six terminals. Fit 
both latch switches with the sprung ends 
protruding over the PCB edge and solder 
in place. Now fit the single potentio-
meters RV1 to RV6 with the spindles 
protruding over the same edge of the 
PCB and solder in place; finally do 
likewise with the three dual potentio-
meters RV7 to RV9. 

Closely inspect all solder joints, for 
excess solder, shorts, dry joints etc, and 
clean the PCB track with a suitable 
solvent. Re-check all components, values 
etc and when satisified connect the PP3 
type battery clip with the red (+V) to pin 
1 and the black (-V) to pin 2. 

If the dual VU meter is being used 
then it must be wired to the PCB pins 3,4 
& 5 (see Figure 3) using hook-up wire. 
Both -V terminals on the meter move-

Tip 

Insulators 

Ring  t 
Sleeve 

Left & Right Channels 
Send10/PI :Tip ¡Effects IIPI 

ReceiveI IIPI Ring [Effects 011)I 
Common Sleeve  Gnd I 

Ring 

Tip 
Sleeve 

Body 

Figure 5 Stereo Jack Connections 

ments should be joined together and 
connected to -V supply pin 5, as shown. 

Using the Mixer 
Details of connection to an exter-

nal power supply are shown in Figure 4. 

The inner terminal of SKI1 is connected 
to -V and the outer spring contact to +V. 
Do not exceed 13.5V as some component 
working voltages may be exceeded, note 
that when a plug is inserted into SKI 1 the 
battery is disconnected. 

The connections to the send and 
receive jacks are shown in Figure 5, send 
outputs (tip) carry the signal from the 
mixer to external equipment and receive 
inputs (ring) carry processed signals 
from the equipment to the mixer. The 
sleeve terminal is for screen connection 
or earth return. 

It should be borne in mind when 
using the mixer that amplification is low, 
the unit does not act as a pre-amplifier. 
Thus when mixing microphone, musical 
instrument or line output levels, as re-
commended, an amplifier with integral 
pre-amp or a power amp and suitable 
pre-amp should be used. 

MAPMIX PARTS LIST 
RESISTORS:- All 
R1-8,22,23,27,28, 
30,31,38,36 
R9,19 
R10,20,39,40 
R11,12 
R13-18 
R21,24,25,26 
R29,32,33,34 
R37,38 
RV1-6 
RV7,8 
RV9 
RV10,11 

0.4W 1% Metal Film. 

100k 
68k 
10k 
lk 
47k 
18k 
18k 
27011 
47k Log Pot 
100k Lin Pot Dual 
10k Log Pot Dual 
47k Hor Sub-Min Preset 

CAPACITORS 
C1-6  220nF Polyester 
C7-10,13,14,27,28 4,u7F Tantalum 
C11,12  22pF Ceramic 
C15-18  4n7F Polycarbonate 
C19-22  47nF Mylar 
C23,24  10µF I6V Minielect 
C28,26  100µF 10V PC Electrolytic 

16  (M1OOK) 
(4168K) 

4  (M10K) 
2  (M1K) 
6  (M47K) 
4  (M18K) 
4  (M1SK) 
2  (M270R) 
6  (FW24B) 
2  (FW88V) 
1  (FX09K) 
Z  (Virft60(?) 

6  (I3X78K) 
8  (WW64U) 
2  (WX48C) 
4  (WW26D) 
4  (WW2OW) 
2  (YY34M) 
2  (FF1OL) 

SEMICONDUCTORS 
DI  1N4002 
IC1,2  LF442 
IC3  LF444 
TRI,2  8C547 

MISCELLANEOUS 
SK1-3,5-7,9,10  PCB jack Skt Mono 
SK4,8  PCB Jack Skt Stereo 
SKI1  PC Mtg Power Ski 
S1,2  Soft Latchswitch 
MI  Dual VU Meter 

Small Latchbutton Black 
Knob K7A 
Veropin 2141 
Battery Clip 
Maprnix PCB 

OPTIONAL 
Mapmix Case 
Printed Front Panel 

1  (0L74R) 
2  (QY3OH) 

(CrY311) 

2  (QO M) 

8  (FJO0A) 
2  t )SF) 

(1 '/S) 
" '11M) 

2  13P) 
9  1)3) 
1  L 

(I 

1  (XG31. 1) 
1  (}138P) 

A kit of parts (excluding optional items) is available. 
Order As LK49D (Mapmix Kit) Price £29.95 

MAPLIN'S TOP TWENTY BOOKS 
1.  (S)  Remote Control Projects, by Owen 

Bishop (XW39N) cat. P45. 
2.  (3)  Power Supply Projects, by 

RA. Penfold (XWS2G) cat. P41. 
3.  (20) How to Design & Make Your Own 

PCB's, by R.A. Penfold (WK63T) 
cat. P40. 

4.  (7)  Adventures with Micro-Electronics, 
by Tom Duncan (XW63T) cat. P35. 

5.  (4)  De Re Atari (WG56L) cat. P62. 
6.  (12) A Z80 Workshop Manual, by 

EA. Parr (WA54J) cat. P57. 
7.  (8)  Understanding Telephone Electro-

nics, by Geo. Fike and Geo. Friend 
(WK45Y) cat. P42. 

8.  (-) Electronic Security Devices, by 
R.A. Penfold (RL43W) cat. P43. 

9.  (14) How to Build Your Own Solid State 
Oscilloscope, by F.G. Rayer cat. P45. 

10.  (15) IC 555 Projects, by E.A. Parr 
(LY04E) cat. P42. 

11.  (2)  International Transistor Equivalents 
Guide, by Adrian Michaels 
(WG30H) cat. P36. 

6 

Radio and 
Ehectronice 
ersi¡,..- Code 
and Data Chart 

A 
Gui 

Practical Repair 
& Renovation 
ef Colour TV's 

ttari 

Adranoadthert 
Wave Receivisea ' 

t -111 111 
Chart of Radio, 

. Electronic, 
.t Semiconductor 

and Logic Symbols 

12.  (-) Practical Repair and Renovation of 
Colour TVs, by Chas. E. Miller 
(RH27E) cat. P50. 

13.  (19) Radio Control for Beginners, by 
F.G. Rayer (XVV66H) cat. P45. 

14.  (13) How to Use Op-Amps, by E.A. Parr 
(WA29G) cat. P38. 

15.  (1)  The Commodore 64 Programmers 
Reference Manual (WK62S) cat. P65. 

16.  (-) Radio & Electronics Colour Codes 
and Data Chart (RHO5F) cat. P34. 

17.  (-) Chart of Radio Electronic Semi-
Conductor & Logic Symbols 
(RH21X) cat. P34. 

18.  (10) Atari Master Memory Map 
(XH57M) cat. P62. 

19.  (-) How to Build Advanced Shortwave 
Receivers, by R.A. Penfold 
(RB26D) cat. P47. 

20.  (-) Electronic Synthesiser Projects, by 
M.K. Berry (XW68Y) cat. P5I. 

These are our top twenty best selling 
books bated on mail order and shop sales 
during January, February and March 1984. Our 
own publications and magazines are not in-
cluded. We stoc'l. nearly 100 different books, 
covering a wide range of electronics and 
computi ,i'L; the full selection is shown on pages 
33 to 70 u the 1984 catalogue, plus the new 
books section of Electronics' Volume 3 No. 10 
and the new - iks in this issue. 
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by Graham Dixey C.Eng., M.I.E.R.E.  PART 3 

Introduction 
The cathode-ray oscilloscope (or 

simply CRO) is justifiably considered the 
most versatile electronic instrument, both 
for servicing and circuit development. 
The range of measurements possible 
with it are very extensive and many 
books have been written on its use. My 
purpose in just 3000 words, is to illustrate 
the versatility of the CRO by describing 
its use in a variety of tasks. Perhaps other 
ideas will follow from this. 

CRO Controls 
The CRO has more front panel 

controls than most instruments and it is 
this plethora of knobs and scales that 
causes most problems. Many inexperien-
ced users manage to get some form of 
display eventually but not always the 
optimiurn. A common fault is a display 
that 'slips sideways due to lack of 'sync'. 
For convenience the CRO controls can be 
divided into groups:-

(1) Y1 Amplifier controls 
(2) Y2 Amplifier controls 
(3) X Timebase/arnplifier controls 
(4) Triggering facilities 
(5) Miscellaneous controls 

As far as (1) and (2) are concerned, 
since the signal amplitude can vary 
between a few millivolts and many volts, 
provision must be made either to amplify 
or attenuate the signal to a level that gives 
a display of sensible size. The Y amplifier 
gain control is usually stepped and is 
calibrated in mV/cm or V/cm with a 
range from, say, 2mV/cm to 10V/cm in a 
typical case. The relevance of the /̀cm' is 
that the graticule (Figure 1) is squared off 
in cm and sub-divisions along the major 
axes. A Y gain expressed as 0.5V/cm, for 
example, means that every cm of screen 
height corresponds to a deflection of 
0.5V. This allows for measurement of 
voltage by translating the linear dimen-
sion of the waveform (cm) to its electrical 

Figure 1. Graticule of CRO and typical Y 
gain controL 
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equivalent (volts); more of this later. 
Another control associated with the Y 
amplifier is 'Y shift', which allows the 
displayed waveform to be positioned 
vertically where required. For example, 
in a single-beam CRO, vertical adjust-
ment of the display allows the peaks of a 
waveform to be lined up with the X axis, 
perhaps to measure the linear distance 
between the peaks. In a double beam 
CRO a pair of waveforms (e.g. input and 
output of a circuit) can be aligned one 
above the other,  allowing a direct 
comparison to be made. Shift controls 
can sometimes confuse the novice becau-
se they may take the display well off-
screen, especially when combined with 
too high a value of Y gain. 

ction of the beam in the 
horizontal or X direction is accomplished 
by a linear sawtooth of voltage from a 
time base generator applied to the X 
plates of the CRT. Figure 2 shows an 

Figure 2. The sawtooth wave applied to 
the X plates. 

exaggerated form of this sawtooth becau-
se, in practice, the flyback time i.e. the 
time taken for the beam to return to the 
left-hand side of the screen, is negligible 
compared with the sweep time. Without 
any Y input the display is just a horizontal 
line, which can be moved left or right by 
the X shift control. The effect of the X gain 
control is to cause this trace to expand or 
contract in length. This is just another 
way of saying that the time of one sweep 
is being controlled. X gain may be contin-
uously variable but is often just a choice 
of, say x 1 or x 5. Control of timebase 
speed is by two controls, one stepped 
and one continuous, which are course 
and fine  controls respectively.  The 
stepped control is calibrated in time/cm 
e.g. lms/cm, 20us/cm, etc. The contin-
uous control usually has the mystic letters 
CAL at one end. It should always be set to 
this position when making measurements 
of time. Some users try to hold a steady 
trace with this control, which is quite 
wrong. It does not usually work very well 
and ignores the use of the triggering 
facilities which are there for that very 
spose. 

csi 
mV 

Peak-peak voltage  2.8 x 50 

— 140 mV 

Figure 3. Measurement of alternating 
voltage. 

Concerning the triggering facilities, 
these vary somewhat between different 
makes of CRO but there are some 
general principles to note. First, it is 
possible that only one channel of a 
double-beam CRO has a trigger facility - 
in which case this channel has to be used. 
Alternatively a switch may be provided to 
select triggering on either one amplifier 
or the other. In this case ensure that the 
selector switch is in the correct position. 
All of this may sound obvious but 
experience has shown that these are the 
points that newcomers to the CRO 
overlook. A continuously variable control 
usually marked 'trigger  ' should then 
be slowly rotated until, suddenly, the 
display snaps into perfect sync. On very 
fast waveforms it may be ne--- to 
use a further facility to 'freeze' the 
display. This may be the 'l-if" (high 
frequency) position of a three position 
switch marked HF/NORM/TV, for instan-
ce, or a PULI.A.- .:GHTLINE/OFF switch, 
which is ue&'  for catching fast pulses, 
etc. What it comes down to in the end is 
learning one's way around the trigger 
controls of one's own CRO in order to get 
the best out of it. In adC-tion to the 
'internal' trigger facilities, there is usually 
a provision for triggering from some 
external signal source instead. 

Miscellaneous controls and facilities 
›. F'nd a great deal on the model of CRO 
in question but will always include 'focus' 
and 'brightness'. These two controls are 
the subject of much abuse. The general 
feeling seems to be 'the brighter the 
better', which is definitely not what is 
wanted. The brighter the display the 
worse the focus - usually. Check this by 
reducing the brightness until the trace is 
just visible; then re-focus and note that 
not only does the trace become pin-sharp 
but it now appears brighter too. 

Remember that the CRO is not just 
for presenting 'pictures' of waveforr-ri, it 
is for making measurements too Phis it 
cannot do if the trace is th -k and fuzzy. 
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Figure 4. Measurement of d.c. potential. 

There may also be a CAL waveform 
and a sawtooth output. The former might 
be a IV peak—peak square wave which 
can be injected into the Y amplifiers to 
check  and  adjust  their gains.  The 
sawtooth can be used to sweep the 
frequency of a wobbulator when adjust-
ing F.M. discriminators, etc. 

CRO's of recent manufacture seem to 
be adopting 7tew facilities not found on 
instruments a iew years ago. There was a 
time when a double-beam CRO was just a 
double-beam CRO — two independent 
amplified traces with perhaps an X — Y 
position on the timebase range switch, to 
turn the timebase off and use YI as an X 
amplifier (of which more later). Now one 
may find a five position switch selecting 
the following functions. 

X—Y The mode as just defined 
CH1  Displays channel 1 signal only 
DUAL Displays both signals together 
CH2  Displays channel 2 signal only 
ADD Displays the sum of the channel 1 

and channel 2 signals 

This long but necessary preamble 
describes the facilities that one might 
reasonably expect to find on a moderate-
ly priced CRO, e.g. one costing a few 
hundred pounds. There are, of course, 
instruments of incredible sophistication 
and corresponding cost but it would be 
out of place to deal with them here. 
Instead we shall now look at ways in 
which the CRO can be made to earn its 
keep. 

Measuring Voltage 
and Current 

The CRO is not a substitute for a 
multimeter. Rather, it has unique advant-
ages that a multimeter doesn't have. It can 
display the actual waveform; it has a very 
high input impedance; it has a very wide 
bandwidth; it has high gain, so can 
examine very small signals and it can 
measure AC or DC or both together. 

The general principle of voltage 
measurement is: 

amplitude (V) = Display height 
(cm) x Y gain (V/cm). 

The display height referred to may 
be the peak-peak signal amplitude, its 
peak value or any other vertical dimens-
ion of the wave you like. The shift 
controls are used to position the wave-
form on the graticule in order to measure 
the height on the graduated scale — just 
like using a metric rule. Figure 3 shows 
an example of peak-peak measurement 
C71 a sinewave. The display height is 
iound to be 2.8cm and the Y gain setting 

8 

is 50mV/cm. 
Thus, peak-pc  amplitude = 2.8 x 50 

= 140mV 
If req 1.:2d this can be converted to the 
corresponding r.m.s. value by dividing 
by 2V 2, so that:— 

R.M.S. Value = 140/21ri, 
-= 49.5mV 

Obviously this is not as convenient as 
reading the value directly from a meter 
scale but it is more than compensated for 
by the other facilities obtained. 

Figure 4 shows the measurement of a 
DC potential e.g. at the collector of a 
transistor. In this case the position of OV 
must be set first of all. The input leads of 
the CRO are shorted together, the 
appropriate Y amplifier gain selected 
and the input selector switch set to the 
DC position. This will normally be at the 
bottom of the graticule for positive 
supplies. The input leads are now 
connected between OV and the test point 
whereupon the trace will be deflected 
upwards by so many cm. In Figure 4 this 
deflection is 4.2cm which, with a Y gain 
setting of 2V/cm, gives a DC value of:-

4.2 x 2= 8.4V 

Figure 5. Measuring d.c. levels and 
signals together. 

A useful extension of these two 
measurements is to make them both 
together. For example, at the collector of 
a transistor amplifier an alternating 
waveform may exist on a DC level. Thus, 
if the DC input position is used and the OV 
line established, the display will show 
both the deflection due to the DC 
potential, and the signal waveform. This 
is only really satisfactory when the signal 
is not too small compared with the DC 
value; otherwise the Y gain is invariably 
too great for the DC level (display goes 
off-screen) or too small for the AC signal 
(it appears too small to observe accurate-
ly). It is most useful in pulse circuits 
where DC levels may be important and 
the pulses are of significant value. Figure 
5 shows an example of such a measure-
ment. A 3.6 volt pulse 'sits on' a 0.8V DC 
level. 

On the subject of examining square-
waves or pulses, if the display looks like 
that in Figure 6, check whether the input 
selector switch is in the AC or DC 
position — it should be at DC. This 
distortion of the wave shape, known as 
differentiation' may, of course, be pres-

Figure 6. Square-wave distorted by 
differentiation. 

Figure 7. Observing a current waveform. 

ent in the input waveform. However it can 
alternatively be caused by the input 
coupling capacitor of the CRO, which is 
in circuit at the AC position. 

It is possible to observe and measu-
re alternating current with a CRO, even 
though the instrument is voltage operat-
ed. The trick is a simple one and consists 
of putting a low value resistor in series 
with the current (small enough not to 
affect the value of the current significant-
ly). The CRO is then connected across 
this resistor and displays the current 
waveform. Its value can, of course, be 
found using Ohm's law. One particular 
case where this technique can be useful 
is when the current flow is in a non-linear 
device e.g. an iron-cored coil. An 
example that springs to mind is the TV 
scan coil. Since deflection in electro-
magnetic tubes is by a linear sawtooth of 
current, looking at the waveform of 
voltage across the coil is no good as this 
is decidedly non-linear. However by 
wiring a small value resistor in series with 
the coil, as shown in Figure 7, the true 
current waveform can be observed since 
the resistor is a linear device. 

Measuring Frequency, 
Time & Phase Angle 
These measurements are made along 

the X axis, as one would expect, and use 
essentially the same principle as amplitu-
de measurement. In other words, horiz-
ontal distance is measured in cm and 
converted to time using the stepped time 

Figure 8. Measuring periodic tinte of 
a waveform. 

base control calibration. As mentioned 
earlier the timebase fine control must be 
in the CAL position or the measurement 
will be invalid. Figure 8 shows an 
example where the periodic time of a 
sinewave is being measured. The distan-
ce between two successive positive 
peaks is found by using the shift controls 
to position these peaks on the calibrated 
X axis of the graticule. This distance is 
then found to be 6.4 cm. The timebase 
setting is seen to be 1 ms/cm so that the 
periodic time is:— 

t --- 6.4 x 1 = 6.4 ms. 
To ensure a good degree of accura-

cy in any measurement of time, always 
Maplin  June 1984 



X  Y 
9 

fx 

fy 

(unknown frequency) 

180° 13!  90° 
o  o 

45  0 

fx = fy 
—for various phase angles 

EX) 2 DOG 
fx= 2fy  fx fy/2  fx= 3fY 

Figure 9. Lissajous method of measuring frequency. 

select a timebase speed that allows the 
interval to be measured to occupy as 
much of the screen width as possible. 

Once the periodic time t of any 
waveform has been found, frequency is 
obtained by taking the reciprocal of t. 

i.e. frequency f = Vt Hz 
When frequency is measured in this 

way the accuracy is limited by the 
inherent accuracy of the CRO and by 
human errors in estimating the required 
distance. A more accurate method that 
can be used is a good old-fashioned 
standby known as the 'Lissajous method'. 
It requires the use of an accuratley 
calibrated signal generator as a compar-
ison standarc.t  timebase is switched 
off and the calibrated signal source is 
applied to the X amplifier instead. The 
unknown frequency is applied to the Y 
amplifier. The X and Y gain controls are 
adjusted to give a reasonable size of 
display. The method depends upon 
recognising a pattern that relates the two 
frequencies. The calibrated source has 
its frequency adjusted to achieve this. 
The easiest pattern to recognise is the 1:1 
pattern i.e. equal frequencies but; Figure 
9 shows some other readily indentified 
relations. The accuracy of the measure-
ment is quite independent of the CRO 
and human error (almost) and relies on 
signal  generator  calibration,  which 
should be good. 

Measurement of phase angle is 
essentially concerned with measuring the 
linear displacement in the X direction 
between two waveforms and converting 
this to an angle. However, this assumes 
the use of a double-beam CRO, which is 
not necessarily the case. It is worth 
looking, therefore, at the Lissajous meth-
ord first. 

The two voltages, whose relative 
phase angle is required are connected to 
the CRO's X and Y inputs (timebase 
turned off). In this case, since the 
frequencies are obviously equal, the 
display is quite stationary. It will almost 
certainly be an ellipse but can be a 
diagonal straight line or a circle. The 
proportions of the ellipse give the phase 
angle according to the formula:-

0 = SIN-1  a/17 

Figure 10 illustrates this method and 
as an example suppose that:-

a = 3em and b = 6cm. 
Then 0 = SIN-1  3/6 

SEN-' 0.6 or 30°. 
Using a double-;cam CRO the two 

voltages to be compared are displayed, 
one on each channel. By using X 
expansion (if availble) it is possible to 
make the length of one cycle equal a 
convenient distance in cm, say x cm.The 
conversion from distance to angle is 

Phase-shift »Odegrees 

K -1) 
-1 

0  

X  Y 

Typica display (see also Figure 9) 

Figure 10. Measurement of phase angle 
by Lissajous figure. 

Figure 11. Measurement of phase angle 
by double-beam method. 

obtained by remembering that one cycle 
contains 360° and since this is x cm long, 
each cm in the X direction is equivalent to 
360/x°. Thus, by measuring the horizon-
tal displacement between the two voltag-
es (e.g. between positive peaks) and 
calling this, say, W cm, the phase angle is 
found as follows. 
Phase angle 0 = 360/x x W degrees. 

For example if x = 4cm and W = 1.2cm, 
then 0 = 360/4 x 1.2 

= 108' 
This method is illustrated in Figure 11. 

This issue's 'project' is not so much a 
constructional exercise as a demonstrat-
ion of some interesting as well as useful 
patterns. They are based on the use of a 
circular tinkf,-,, - which is shown in 
Figure 12. 

The first pattern is called a 'modulat-
ed ring pattern' and looks like a gear-
wheel if you get: 
(a) the relative amplitudes of fy and fx 

right. 
(b) fx = n.fy where 'n' is a whole number, 

say 10. 
The number of 'teeth' then eĉ3,21s fx/fy. 

The second pa .urn, the 'broken ring 
pattern' r -ds a CRO with a Z-modulation 
input (usually on the back of the CRO). 
What you will get is a ring with gaps in it; 
the number of gaps = fWfy. 

In both cases fy should lie in the 
range 100-200Hz for the timebase corn - 
ponents given in Figure 12. 

I will leave you to experiment with 
thes,-t. In the next issue we will move on to 
the testing of digital circuits. 

1 
•••• • ••• 

(a) 

fyl 

z. 

Y  X 

I—  — —I  
Adjust for best circle 
(also X & Ygains) 

(b) 

Figure 12. The Circular Timebase: (a) Modulated Ring Pattern (b) Broken Ring Pattern 
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Based on an original design, by Dr. David Ellis 

* Simple Calibration 
* LED Peak Indicators 
• Fi Hi-Fi Specification 
* Very Low Distortion Levels 
* Stereo or Four Channel Operation 
* 30dB Improvement in Signal-to-Noise Ratio 

«I ! 

• 

.«/ Mlea 

Introduction 
This improved design for the Maplin/ 

E&MM Noise Reduction Unit utilises 
fewer components and is easier to 
construct, yet still offers the same high 
specification. Calibration has been sim-
plified, no test gear is required, although 
a distortion analyser will enable the 
lowest distortion levels to be achieved. 
(0.06% typical). 

The compander PCB's are fully 
compatible with the original Noise Re-
duction Unit. The Mark II Unit is designed 
for stereo (2 channel) operation but 
power supply outputs via a DIN socket 
enable  two units to be connected 
together, thus giving 4 channel operation. 
If required furthur units could _ utilised 
to give more channels. 

N/R Princie. I 
Noise reduction systems redur,. the 

irritating noise of tape hiss and so on by 
an encode/decode process. Quiet sounds 
especially those at the top end ot the 

.11 1•• 

spectrum, are easily swamped by tape 
hiss, so an encoder is used to artificially 
boost these signals before they are 
recorded. During playback the reverse 
process decodes the recorded sound 
back to its original state and rids the 
music of tape generated noise. Until 
recently, noise reduction systems have 
fallen into three distinct types: Dolby B 
(domestic), Dolby A (professional) and 
DBX (professional). However there is now 
a confusing proliferation of other systems 
offering various derzees of noise supres-
sion, including: Toshiba's Aches system, 
Telefunken's Highcom & Telcom, Sanyo's 
Super D, Dolby's C & HX systems and 
Tandberg's Dyneq. If there's any sense in 
this race to the pinnacle of perfect music 
reproduction, the hopetIlly there will be 
some common standards agreed upon! 
Table 1 gives the signal-to-noise ratios 
obtainable  from  various  recording 
mediums with and without different types 
of noise reduction. 

The various systems available at 

Recording medium  Noise reduction 

Cassette 
(Sony TCK55 II) 

Four-track tape 
(Teac 3440) 

- Dolby B 
+ Dolby B 
+ Dolby C 
+ HighCom 

No noise reduction 
MarklE unit 

Two-track tape  No noise reduction 
(Studer)  + Dolby A 

S/N ratio  Comments 

57dB 
67dB  Above 4 KHz 
75dB  Above 1 KHz 
75dB  Above 1 KHz 

55dB 
85dB  Above 30 Hz 

70dB 
80dB  Above 20 Hz 

m aim 

m1 M••• 
.1•1 . 

.11 M•le 

• •• 

= "".. 
.11•1 .• 

« M M. 

present basically work on the principle of 
compler e  compression of the on-
tape signal and expansion of the off-tape 
system. Compression involves reducing 
the dynamic range of the material that is 
being recorded, thus— with a 2:1 com-
pression ratio,  if the input to the 
compressor increases by 12dB, then the 
output of the compressor (on-tape signal) 
will increase by only 6dB. Conversely, 
expansion involves increasing the dyna-
mic range, so that an increase of 6dB in 
the off-tape level will result in a 12c1B 
increase in the output from the expander, 
thereby restoring the original dynamic 
range of the music. At the same time the 
noise introduced in the recording chain, 
particularly tape hiss, is rendered inaudi-
ble on expansion since this unwanted 
signal was not subject to the initial 
compression treatment and is therefore 
expanded downwards below the lowest 
dynamics of the music signal. This 
process is illustrated in Figure 1. 

Another feature of the compression/ 

0/P 
Coding 

+ 20 

10 

OdBm 

100 db 

-20 

-40 

-80 

Tape 
iip 0/p 

Decoding 

Compressor 

50dB 

Nase generated by 
tape and electronics 

+20 

OdBm 

-20 

-40 

-60 

-80 
Expander 

Table 1. Comparison of Noise Reduction Systems 

10 

Figure 1. Operation of a Compression/Expansion System 
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Figure 2. Circuit Diagram of Compressor/Expander 

expansion process is that it allows the 
recording of signals with a dynamic 
range approaching the limits of audibility, 
ie.100 to 120dB. 

Circuit 
The circuit diagram for the com-

pressor and expander (compander) is 
shown in Figure 2. The power supply 
circuit is given in Figure 3. 

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

pumping effect as the expander attempts 
to adjust the gain accordingly. 

The signal is then applied to the 
NE570 (IC2a) configured as a compressor 
using an internal variable gain cell and 
full-wave rectifier, as well as an external 
output op-amp (IC3a). The variable gain 
cell is similar to a standard operational 
transconductance amplifier (OTA), ex-
cept that, unlike OTA's, it is linearised' 
and therefore insensitive to temperature 
changes as well as offering low noise and 
low distortion performance. The signal at 
the output of IC3a is rectified and the 
resultant control voltage used to adjust 
the variable gain cell. By placing the gain 
cell in a feedback loop with the op-amp, 
the variable current generated in propor-
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signal which is compared with reference 
voltages derived from the potential 
divider network, R21, R22, and R23. The 
fast attack/slow decay operation of the 
comparators is determined by C13 and 
R19. IC5a and b respond to signal levels 
of, respectively, —3dBm and OdBm. 

The expander configures the other 

12 

half of the NE570, IC2b, with a different 
arrar ment of the various blocks. Once 
the oft-tape signal has been routed via 
Sic to C14, the signal is applied to 
comparators, IC5c & d, to provide an 
indication of off-tape levels, and simul-
taneously to the full-wave rectifier and 
variable gain cell. The rectifier prodl ces 

a control voltage that is used to adjust the 
gain cell, with a response time deter-
mined by C51. An RC network (R30, C20) 
is connected in parallel with the op-amp, 
IC3b, to provide a treble cut a 12dB, 
therefore  de-emphasising  the  pre-
emphasised signal emerging from the 
compressor via the tape recorder. When 
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tion to the input signal is used to adjust 
the o-,crall gain of the op-amp. A 6dB 
incrc-,-, in output level produces a 6dB 
increase in the gain of the variable gain 
cell, since this is effectively an  lder 
inserted in the feedback loop, this results 
in a 12dB increase in feedback current to 
the input of the op-amp. Consequently, an 
increase in input level of 12 cLi; results in 
only a 6dB increase at the output of the 
op-amp, thereby yielding the desired 2:1 
dynamic range compression. 

The  current  from the full-wave 
rectifier is averaged by an external filter 
ca-,acitor (C50) with the result that the 
gain control is made proportional to the 
average value of the input signal. The 
speed with which this gain adjustment is 
made determines the transient response 
of the compressor and is a product of the 
value of the filter capacitor and an 
internal 10k resistor. The value of 2.2uF 
for C50 yields good transient response at 
average signal levels. 

Op-Amp Slew Rates 
The RCR network (R8, C8, R9) 

around the op-amp, IC3a, provides DC 
feedc  k to bias the output at DC. C7 is 
an external compensation capacitor to 
provide stable operation over the audio 
bandwith. It may seem curious to use an 
external op-amp when the circuit dia-
gran 3 indicate that the NE570 has its 
own. This is because the op-amps in this 
IC are equivalent to 741 types— with slew 
rate, noise, bandwidth, and output drive 
capability that are not really adequate for 
demanding  audio  applications.  With 
weak signals, the compressor circuit 
operates at high gain and the NE570 
op-amp runs out of loop gain. Furth-
urmore, a slew rate of 600mV per 
micro--:ond means that high frequen-
cies will suffer. By using a J-FET op-amp, 
such as the LF351 with a slew rate of 13V 
per micro-second, these problems are 
eliminated. Additionally, the output swing 
can be larger since  "3a is powered by a 
dual supply rather than from the single-
rail supply required by the NE570. 

The non-inverting input of the NE570 
op-amp is biased by an internal refer-
ence voltage of 1.8V. In the case of the 

external op- amp, IC3a, this is accom-
plished by tying it to pin 8 via an RC 
decoupling network (R7, C5) which filters 
out noise from the NE570 reference 
voltage. Pin 8 also serves another 
important function; providing the means 
for trimming distortion generated by 
IC2a. Even harmonic distortion is pro-
duced by voltage offsets in the variable 
gain cell, and RV1 enables adjustment of 
the offsets for minimum distortion. 

Comparator Functions 
The function of R10 is to isolate the 

output of IC3a from the potential capaci-
tive load of a long length of screened 
cable connected to the compressor 
output which could lead to oscillation. Sib 
selects the 'in' or 'out' mode of operation. 

Comparators IC5a and b provide an 
indication of the signal level at the output 
of the compressor. The inverting inputs 
receive the half-wave rectified output 
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the input signal increases by 6dB, the 
gain cell control current is raised by a 
factor of 2, resulting in an increase in gain 
of 6dB. Since the input of the external 
op-amp, IC3b, is derived from the gain 
cell, the output level increases by 12dB, 
thus giving the required 1:2 dynamic 
range expansion. RV2 enables adjust-
ment of gain cell offsets for minimum 
distortion, as in the compressor. 
R32 isolates the output of IC3b from 
subsequent screened cable, and Sld 
selects the mode of use. 

Construction 
The unit is designed on a modular 

basis so that each PCB provides simul-
taneous compression and expansion for 
one channel. Single sided PCB's are used 

ICi :LF351 
ICILF353 

IC5-3302 1c2 NE570N 
16 

to keep the cost down. In order that 
decoding should be the exact inverse of 
coding, it is important that components 
are well matched. 

PCB designs and component over-
lays for the main board and PSU are 
given, respectively, in figures 4 and 5. 
Remember to fit the LED's to the 
compander and PSU boards with the 
leads at full length — so that they may be 
bent at right angles to allow the LED's to 

—In 

Corn 

protrude through the front panel of the 
unit. The threaded phono sockets sug-
gested for the unit have the advantage of 
small physical size and compatapility 
with the connectors normally encoun 
tered in Teacs, Revoxes and the ike. 
These sockets are mounted on the rear 
panel and connections to the signal pins 
are made via short lengths of unscreened 
wire from the relevant points on the 
PCB's. The phono socket earth connec-
tions are linked together and connected 
to the earth (OV) line on each compander 
PCB — again using short lengths of 
unscreened wire. 

The PSU is utterly standard, though 
it's important to note that mains earth is 
connected directly only to the PSU PCB 
and then indirectly via a 1K resistor (R41) 

Mark II Noise Reduction Unit 
Commander PCB Parts List 
RESISTORS:- All 0.4W 1% Metal Film 
RI 
R2 
R3,4,12,24,30,31 
R5,11,25,29 
R6,7,26 
R8,9,27,28 
R10,32 
R15,17,18,20,35, 
37,38,40 
R16,19,36,39 
R21,71 
R22 
R23 
R50,52 
RV1,2 

CAPACITORS 
C1,2 
C3,5,12,13,15,16, 
18,21,23,24,52  1,uF 50V Minelect 
C4, T)  3n3F Polycarbonate 

39k 
82k 
100k 
22k 
lk 
47k 
5611 

11(8 
1M 
10k 
3k9 
510k 
62k 
22k Vert S-Min Preset 

100nF Polycarbonate 

C6,8,14,19,25,26 
C7,17 
C9 
CIO 

1  (M39I()  C50,51 
1  (M82K) 

(M10010 
4  (1422K) 
3  (M1K) 
4  (M47K) 
2  (M56R) 

8  (IvIIK8) 
4  (1441111) 
2  (Mi n') 

(M3K9) 
1  (M5I0K) 
2  (M62K) 
2  (WR72P) 

101,1 40V Minelect 
10pF Ceramic 

I6V Tantalum 
100nF Mylar 
21.1.2F 35V Tantalum 

SEMICONDUCTORS 
ICI 
1C2 
1C3 
105 
D3,4,7,8 
D13.15 
D14,16 
D50 

LF 351 
NE 570N 
LF 353 
3302 
IN4148 
02m LED Green 
0.2m LED Red 
B2Y88C3V9 

r+r ELLANEOUS 
P.C.Board 
D.I.L. Socket 8 Pin 
D.I.L. Socket 14 Pin 
D.1.L. Socket 16 Pin 

6  (Y7350) 
a  (WX44X) 
1  (WW68Y) 
1  (WW211C) 
2  (WW62S) 

1  (WQ30H) 
1  (QYIOL) 
1  (W0311) 
1  (QH48C) 

(QL80B) 
2  (WL28F) 
2  (WL27E) 
1  (01104E) 

(GA30H) 
2  (BL17T) 
1  (BL18IJ) 
1  (BL 19V) 

2  (WW41U) SI Latohswitch 4-pole  1  (Fli68Y) 
Latchbutton Black  1  (BW13P) 

11  (YY3 II)  SET I-4  Threaded Phono Socket  4  (YWO6G) 
2  ("7"77C)  N.B. Two Compander P.C. Boards are required for t110 Stereo Unit. 
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Power Supply PCB Parts List 
RESISTORS:- All 0.4W 1% Metal Film 
R41,42  lk 

CAPACITORS 
C27,28 
C29,30 
C31,32 

2200 e 25V Axial Electrolytic 
100nF Minidisc Ceramic 
10,F 40V 1V1inelect 

SEMICONDUCTORS 
IC6  p.A781511C 
1C7  pA791SUC 
D9-12  1N4002 
D17  0.2in. LED Red 

MISCELLANEOUS 
P.C.Board 

Miscellaneous Parts List 
52 

2  (MIK)  FS1 

2  (F1190X) 
2  (YR75S) 
2  (YY38()) 

1  (QL33L) 
1  (QL38P) 
4  (QL74R) 
1  (WL27E) 

1  (GA311) 

T1 

DPDT Toggle Sub-Min E 
280mA Fuse 20mm 
Safuseholder 20 
Transformer 15V/15V 
Hook-up Wire 
Mains Cable Black 3Amp 
Grommet Strain Relief 

OPTIONAL ITEMS 
3 Pin DIN Socket 
3 Pin DIN Plug 

RVA,RVB  10k Hor S-Min Preset 
Case 
Printed Front Plate 
Stick-on-feet 

A complete kit of parts (excluding optional items) for a stereo Mark II Nat Unit is available. 
Order As LK38R (Mark U N/R Unit) Price £39.95 

1 
3m 
2m 

(F1104E) 
(MOIR) 
(RX96E) 
(LY03D) 
(BLOOA) 
(X110113) 
(LR48C) 

1  (HH32X) 
1  (HH25C) 
2  (VVR58N) 
1  (XG37S) 
1  TI M) 
1 pkt  (FVV38R) 

to the OV line. This should prevent the 
build up of any hum loop when using the 
noise reduction unit with earthed equip-
ment. Power line buses are connected 
from the PSU to each compander PCB. 

The power supply and two compan-
der PCB's can be mounted in the optional 
case using the bolts and spacers, to form 
a stereo noise reduction unit.The front 
panel can be drilled using the optional, 
sell adhesive, face plate as a template. If 
four channel operation is required power 
supply outputs are connected to a 3 pin 
DIN socket, a second N/R Unit consisting 
only of two compander boards can then 
be connected using a 3 pin DIN plug. 

Setting-up and Use 
The unit requires very little setting-

up apart from adjustment of RV1 and RV2 
which are simply set to mid-travel, thus 
ensuring a low distortion level of well 

within 0.1% typical. Furthur adjustment 
with a distortion analyser will allow 
minimum levels to be reached (0.06% 
typical). 

If the unit is being used with a mixer 
and a tape recorder with variable line 
output, the mixer output is adjusted so 
that the compressor OdBm LED's fire at 
peak sound levels. The record level is set 
to match the optimum for the tape being 
used. Playback levels are then adjusted 
so that the expander OdBm LED's fire at 
approximately the same level as the 
compressor OdBm LED's. When the noise 
reduction unit is used with an amplifier or 
tape recorder where the line output 
levels are not adjustable the OdBm LED's 
should fire at peak sound levels, provid-
ing the equipment is to Hi-Fi specifica-
tion. However, this level isn't critical since 
the level-adaptive response time circuits 
take care of possible mistracking, but it 

does ensure really accurate decoding of 
the encoded signal. 

In order to adjust output levels and 
avoid overloading the input to equipment 
not to Hi-Fi standards,  it may be 
necessary to insert preset potentiometers 
of 10k (RVa & RVb) in the output of the 
expander and compressor circuits (be-
tween R10 &Slb and between R32 &Sid) 

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

NEW ITEMS PRICE LIST 
The following is a list of all 
items introduced since our 
1984 catalogue, excluding new 
items in this issue. 

BOOKS 
WKO5F Mastering Visicalc by Doug-
las Hergert.  Price £10.91INV 

WICO6G Hart's Dictionary of BASIC 
by W A. Hart.  Price £7.25NV 

WROTH The Spectrum Pocketbook 
by Trevor Toms.  Price £7.95NV 

V/K08J The Spectrum Games Com-
panion by Bob Maunder. 

Price £5.95NV 
WKO9K Mastering CP/M by Alan 
Miller.  Price £13.52NV 

WK1OL Adventures with Digital 
Electronics by Tom Duncan. 

Price £4.25NV 
W1111M Assembly Language Prog-
ramming for the BBC Micro by Ian 
Birnbaum.  Price £9.65NV 

V/K12N VIC Innovative Computing 
by Clifford Ramshaw. 

Price £7.101VV 
WK13P Understanding Your Spect-
rum by Dr Ian Logan. 

Price £7.95NV 
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WK14Q Practical Design of Digital 
Circuits by Ian Kampel. 

Price £12.201VV 
WK15R  Programming  the  BBC 
Micro by P. Williams. 

Price £7.55NV 
V/K16S Programming Languages for 
Micros by G. Marshall. 

Price £7.49NV 
WK17T Programming Microcom-
puters with Pascal by M. Beer. 

Price £7.70NV 
VIK18U Over the Spectrum. 

Price £6.951VV 
WK19V  Introducing  Spectrum 
Machine Code by Ian Sinclair. 

Price £8.95NV 
V/K2OW Programming with Graph-
ics by G. Marshall. Price £6.75/VV 

V/I121R Machine Intelligent Prog-
rams for the 16K ZX8 I by Charlton, 
Harrison & Jones.  Price £5.25NV 

W1122Y Games ZX Computers Play 
by Tim Hartnell.  Price £3.25NV 

WN131J Audio Amplifier Construct-
ion by Robert Penfold. 

Price £2.25NV 
WN134NI An Introduction to Pro-
gramming the Dragon 32 by R.A. & 
J.W. Penfold.  Price £1.951VV 

W M38R The Atari Book of Games 
by James, Gee & Ewbank. 

Price £5.95NV 
W1V139N Spectrum Adventures by 
Bridge & Camell.  Price £7.39NV 

W M4OT Master your ZX Microdrive 
by Andrew Pennell. 

Price £8.20NV 
V/M41U Commodore 64 Adventures 
by Mike Grace.  Price £7.53NV 

V/M42V The Commodore 64 Games 
Book by Owen Bishop. 

Price £6.88NV 
W M43W Programming for Educa-
tion on the BBC Computer by 
Scotiden & Hall.  Price £7.491VV 

WN144% Putting Your BBC Micro to 
Work by Chris Callender. 

Price £5.30NV 
W M46A Advanced Programming 
Techniques for the BBC Micro by 
McGregor & Watt. 

Price £10.20NV 
W M47B The Oric 1 Companion by 
Bob Maunder.  Price £7.66NV 

W M411C 40 Educational Games for 
the Spectrum by Vince Apps. 

Price £6.45NV 
W M49D 21 Games for the Electron 
by James, Gee & Ewbank. 

Price £6.35NV 

WW150E The Aquarius and How to 
Get Most From It by Ian Sinclair. 

Price £6.20NV 
W M51F Software 64 (Commodore) 
by Owen Bishop.  Price £6.301VV 

WIVI52G Spectrum Interfacing & 
Projects by Graham Bishop. 

Price £7.63NV 
W M53H DIY Robotics and Sensors 
with the BBC Computer by John 
Billingsley.  Price £6.84NV 

W M54J  Advanced  Sound  and 
Graphics for the Dragon Com-
puter by Keith and Steven Brain. 

Price £7.20NV 
W M55K Writing Strategy Games on 
the Atari Computer by John White. 

Price £6.95NV 
W M56L Advanced Programming 
Techniques on the Commodore 64 
by David Lawrence. 

Price £6.95NV 
W M57NI  Graphic  Art  on  the 
Commodore 64 by Boris Allan. 

Price £6.85NV 
W M59P Linear Electronic Circuits 
and Systems by Graham Bishop. 

Price £8.95NV 
W M60(;) Mastering Electronics by 
John Watson.  Price £4.35NV 

Continued on page 44. 
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This article concludes our look at Car Electrics, although in the next issue we shall be 
discussing a simple and inexpensive method of adjusting dwell angle using a mu: '  e. 

by Graham Bishop 
5. The Battery 

A car battery is a real powerhouse 
and should always be maintained in 
prime condition. It is comprised of a 
series of six lead-acid 2 volt cells which, 
together, constitute 12 volts at capacities 
varying from about 30 to 100 ampere-
hours. A 70 ampere-hour battery delivers 
a constant 70 amps for one hour, or one 
amp for 70 hours, or on a very cold day, 
400 amps for a few seconds to start the 
engine. 

The negative plates are constructed 
from spongy lead plates and the positive 
plates from lead dioxide. Dilute sulphuric 
acid with a specific gravity about 1.2 
starts the chemistry into action, current 
from the battery turning the plates into 
lead sulphate. A battery charger, by way 
of the dynamo or alternator, reverses this 
process by restoring the battery plates to 
their original composition. 

We would like to thank the Ford Photographic Unit for their assistance. 

Figure 5.1. The Battery 

Part II 

Figure 5.2. Dynamo and Control Box  Figure 5.3. Alternator and Control Circuitry 
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Modern batteries are self-maintain-
ing and the electrolyte (acid) ,,?.vels 
remain constant. Older batteries are 
prone to deterioration and last only 3 or 4 
years. The performance of a battery falls 
at low temperatures, giving problems on 
a cold morning and sulphation of the 
terminals which causes leakage currents 
to chas ; this is avoided by smearing 
Vaseline onto the terminals. A more 
common cause of battery trouble, other 
than an old and tired battery itself, is 
damp and dirty wiring, 1.-.,ticularly 
around the starter motor which drains 
most of the battery power. 

Battery charging is carried out in one 
of two ways: 
The Dynamo — a dc generator, like a 
motor in reverse, which delivers current 
to the battery as long as the engine is 
running fast. 
The Alternator — an ac generator which, 
although requiring an ac/dc rectifier 
circuit,  has  greater  efficiency  and 
charges the battery even when idling. 

Figure 5.2 shows a cut away picture 
of the dynamo and the circuit which 
controls the charging of the battery 
called the cut-out or control box. This unit 
senses the dynamo output voltage and, if 
low, cuts the dynamo out of circulation. 
As the voltage rises the cut-out connects 
the dynamo to charge the battery and if it 
ries beyond a preset value, the regulator 
winding reduces the effective dYnamo 
output by adjusting the current in the field 
winding, excessive current going directly 
to the car electrical circuits. 

The alternator is shown in Figure 5.3 
together with its control circuitry and 
rectifier diodes. The three stator wind-
ings are connected internally to the 
diodes and a dc output is obtained. A 
transistorised control circuit maintains a 
constant battery charging current by 
adjusting the current in the rotor winding. 

Both systems have a built-in ignition 
warning light with one side connected to 
the battery +12V terminal, the other to 
the dynamo or alternator output. If the 
generator is not working, when the 
engine is switched off for instance, or 
when the fan-belt is slipping or broken, 
the 12V bulb has 12 volts across it and it 
lights. Normally the lamp has 12 volts on 
either side and it goes 

6. Lighting 
Little needs to be said about the 

normal lighting circuits except to say that 
the headlamp bulbs can consume several 
amperes each and so cable of the correct 
size must be used to prevent heating (or 
melting) of the wiring. Many bulbs, as in 
Figure  6.1,  have two filaments  for 
compactness. Quartz halogen bulbs, with 
a gas surrounding the tungsten filaments, 
give off greater brightness. 

Since the headlamps  .-,E1 them 
consume several amperes, the headlamp 
(or flasher) switch has to be heavy duty 
and high current wires must be sent to 
the dashboard. Consequently a relay is 
often positioned near the headlamps, as 
in Figure 6.2, this being activated via a 
(preferred)  low  current switch and 
June 1984  Maplin Magazine 

Dip filament 

Location 
cut-out 
in mounting 
flange 

Main beam 
filament 

Contacts 

Transparent 
quartz envelope 

Figure 6.1. Dual Filament Bulbs 

wiring. Operating the switch activates the 
relay which connects the headlamps 
directly to the battery terminal. 

One final lighting device in common 
use is the spring steel flasher unit (see 
Figure 6.3) which turns the indicator 
lamps on and off. 
While  cold, the contacts are held 

together  by  the  diaphragm.  When 
current passes through the contacts, by 
indicating to turn left or right, the 
resistance metal heats up, expands and 
pushes the contacts apart. They then cool 
again, close and the sequence repeats 60 
to 120 times a minute. Emergency light 
units are similar except that heavy duty 
contacts are used. 

Cl 

Battery 

To headlamps 

Flasher relay 

I Moving contact 

- 

Figure 6.2. Headlamp Relay 

Resistance 
metal strip 

current from Current to 
indicator switch  I  II,  indicator lamps 

spring steel 
clicker 

—  diaphragm 

L J 

Indicator lamps 'on' 

Contacts 
open 

Expanding stip 
distorts clicker 
diaphram 

L JL 

Indicator lamps off' 

Figure 6.3. Flasher Unit 
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Figure 7.1. Starter Solenoid 

Starter motor 

Flywheel 

Counter-balance 
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Figure 7.2. flywheel 

Battery 
connections 

Commutator 
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Coil 

(above) A pre-engaged starter motor 
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Plunger 
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Engine 
flywheel 
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Engine 
flywheel 

Figure 7.3. Starter Motors 
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Figure 7.5. Electric Fuel Pump Figure 7.4. Mechanical Fuel Pump 

7. Starter Motor and 
Other Accessories 

In a similar way to the headlights 
being operated via a 'remote control' 
relay, a starter solenoid is used as in 
Figure 7.1 to switch the 400 amps to the 
starter motor. This wiring is the thickest 
to be seen under the bonnet and every 
step is taken to minimise any heat 
generated despite the costs of the thick 
copper wire. The starter motor engages 
with the engine via the flywheel to start 
the engine, as seen in Figure 7.2. If the 
ignition circuit is working well, a few 
turns of the engine should cause the 
engine to fire and continue under its own 
steam. The starter motor is then disconn-
ected from the engine. 

Two methods are used, a pre-
engaged motor whose pinion is always 
linked to the  flywheel,  a solenoid 
operating a plunger to engage the starter 
motor with its pinion (like a small clutch), 
and the inertia type whose pinion slides 
along the shaft to engage with the 
flywheel as soon as the starter motor 
operates.These are shown in Figure 7.3. 
Figures 7.4 to 7.8 illustrate a number of 
other electrical accessories which are 
essential, and some legally required, in 
the modern motor car. 

Petrol pumps operate either via a 
mechanical rocker assembly coupled to 
the engine forming a small mechanical 
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Figure 7.6. Fuel Gauge and Float 

Figure 7.7. Horn Diaphragm 
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Safebloc 
A completely safe way of connecting 
Mains to test projects, without fitting a 
plug. The wire ends of the cable fit under 
clips which are exposed when the lid is 
lifted. Once the lid is closed live parts are 
covered and power is connected. Further 
details on page 443 of '84 Maplin 
Catalogue. 
Normally £7.95. 
Special Offer Price Only £5.95. 
Order As SAO3D 

Professional 
Multimeter 
High quality 50,000 ohms per volt multi-
meter with a wide selection of ranges, in-
cluding a 10 Amp AC/DC range. Ideal for 
Electrical and Electronic Engineers. The 
sapphire jewelled meter has fuse and 
diode overload protection, is shockproof, 
and has reversible  )1arity. 
Overall Size: 145 x 100 x 50mm. 
Weight:  375g. 
Sensitivity:  50,000 Ohms per Volt DC. 

10,000 Ohms per Volt AC. 
Ranges: 
DC Volts: 0.25, 1, 2.5, 10, 50, 250, 1000V 
AC Volts: 2.5, 10, 50, 250, 1000V 
DC Current: 25 A, lmA, 25mA, 

500mA, 10A 
AC Current: 10A 
Resistance: 20k, 200k, 2M, 20M Ohms 
Deci.̀, 21s:  -20 to +62dB 

(ref. OdB = lmW in 60011) 

 SPECIAL 
OFFER 
Four Interesting Items 
For Your Testbench 

To ignition switch 
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or 
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Starter 
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 New wiring  Existing 
(alternative)  Existing 
New wiring  ---- To be removed 

Figure 7.8. Ammeter Wiring 

pump (Figure 7.4), or an electrical 
diaphragm pump, rather like a vibrator, 
which pumps the petrol from the tank to 
the engine, as in Figure 7.5. The petrol 
gauge operates using a small float 
coupled to a variable resistance unit. As 
the petrol level rises or falls, the current 
to the gauge rises or falls accordingly. 
This unit, similar to a W.C. ball-cock, is 
sealed for fire reasons, see Figure 7.6. 

Horns come in all shapes and sizes, 

wie 

Supplied  complete  with  operating 
instructions, probes, 2 x HP7 batteries 
and spare fuse. 
Normally £27.95. 
Special Offer Price Only £22.95. 
Order As SA04E (Professional Multi-
meter) 

CMOS Tester/Tutor 
This versatile instrument is ideal for both 
amateur and professional use; when used 
with the fact sheet supplied, the majority 
of currently available CMOS devices can 
be tested. The unit is also an excel''.at 
tutor for those wishing to study the opera-
tion of CMOS devices. Further details on 
page 445 of the '84 Maplin Catalcgue. 
Normally £34.95. 
Special Offer Price Only £24.95. 
Order As SAO5F (CMOS Tester). 

Test Gear Projects 
This informative book contains details of 
over 30 test gear projects including 
power supplies, signal injectors, a ref-
erence oscillator, noise generator, a logic 
probe, multimeter, capacitance bridge, 
transistor tester, oscilloscope calibrator, 
and an oscilloscope dual trace adaptor. 
Full constructional details are given and 
all projects can be made on matrix board. 
Normally £2.19NV. 
Special Offer Price Only £1.00NV. 
Order As SA06G (Book M M396). 
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Figure 7.9. Computerised Dashboard 

Figure 7.7 shows a simple type, working 
like a vibrator whose diaphragm output is 
mechanically amplified to blast ped-
estrians out of the way. 

Ammeters can be fitted in any car: a 
simple means of installation necessitating 
a minor change to the wiring as shown in 
Figure 7.8. By this means the ammeter 
does not record the starter motor current, 
but all other currents taken by the car 
circuitry. 

Finally, a look into the computerised 
dashboard now found in a number of high 
;•-.; "ormance cars. Transducers constant-
ly read rpm, pressures, temperatures and 
so on; these are monitored arid the 
computer checks and warns the driver c - 
impending trouble (see Figure 7.P̀  The 
day of the James Bond supercar or the 
Night Rider's 'Kit' looms nearer everyday. 
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* External Triggering or 
* Internal Strobe Oscillator 

* Driver Module for Xenon Tube 
* Complete with Trigger Transformer 

by Dave Goodman 

Introduction 
The Xenon Tube, along with the 

Trigger Transformer required to operate 
it, are regular subjects of enquiry by 
many of our readers, therefore to put the 
books straight, a tube driver module with 
external triggering and 'on board' strobe 
oscillator is offered. The module can be 
used for photography, roadside hazard 
indication, navigation, distress beacons 
or perhaps underwater communications, 
and is ideal for further experimentation 
Xenon tubes are glass envelopes filled 

with a gas which emits blue/white high 
intensity light when energised. A high 
voltage potential of 210 to 400V must be 
applied across both anodes, Al & A2, 
(see Figure 4g) which will allow the gas to 
'strike' when a 3 to 5kV pulse is applied to 
the trigger electrode strip, located along 
one side of the tube. To generate the EHT 
triggering voltage, a pulse transformer is 
used which is similar in action to the well 
known car ignition coil (see Figure 41), 
stepping up the primary (B,C) voltage to 
the required secondary (B,A) voltage. 

Circuit Description 
To generate the xenon strike voltage 

a simple inverter system is employed. 
Each half of transformer T I secondary is 
connected to a power transistor (TR3 & 
TR4) and the common centre tap is 
connected to +V supply. By alternately 
switching each transistor on and off, one 
half of T I is grounded at a time, and 
maximum current flows through each 
winding in turn. By inductive effect a 50V 
peak pulse develops between TR3 and 
TR4 collectors (across Ti secondary) 
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Figure 1. Circuit Diagram 
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Figures 2 8c 3. PCB Track Legend and Wiring Diagram 

which is stepped up by the primary 
winding approximately 20 times to pro-
duce a lkV peak signal at pins 2 and 3. Ti 
is in fact anorm al 240 to 12V mains 
transformer connected the reverse way 
round; instead of applying 240VAC for 
stepping down to 12VAC, we apply 
12VAC and step it up to 240VAC, or in 
this case lkVAC. 

The alternating signal for switching 
TR3 & TR4 comes from a CMOS 
inverter/oscillator IC la,c and f. IC lc has a 
variable resistance RV2, and R11 con-
nected across it, which maintain the input 
voltage level close to the output level on 
pin 6. If IC la output, pin 2, is assumed to 

22 

be low (OV) capacitor C5 will start to 
charge via RV2 and IC lc pin 7 input will 
be momentarily pulled low. By inverter 
action IC1c pin 6 will go high (+V) 
maintaining IC la pin 2 in the low  ate. As 
C5 charges, the voltage across it in-
creases until a point is reached when 
IC1c input pin 7 is potentially high 
enough to flip the output pin 6 low, IC la 
pin 2 will then c  ge state from low to 
high. At this stage the voltage across C5 
is reversed and a discharge path via RV2 
& RI1 gradually drops the potential at 
IC lc input until the switching level is 
reached and the oscillation cycle repeats. 
RV2 determines both charge and dis-

1 

Link for strobe 
trigger only 



working, and to keep the voltage within 
limits, RI can be connected across Ti 
primary by inserting link 'C' if necessary 
(see Testing). 

Neon lamp NI indicates when the Cl 
charge voltage is high enough to strike 
the xenon tube, but as neons normally 
conduct at around 90V, a high impedance 
potential divider (R2, R3) is required to 
set this threshold. Resistor R4 charges a 
high voltage capacitor, C2 via the pulse 
transformer primary winding (T2, c & b). 
By discharging C4 to ground a fast 
rise-time spike of several hundred volts 
is generated in the primary of T2 which is 
stepped up to some 5kV in the secondary 
winding thus triggering the rbe. C 1 
discharges a high current pulse through 
the tube to ground and is then re-charged 
by the inverter. 

Connecting link'A' allows an exter-
nal make switch to momentarily connect 
D6 to ground, TRI base potential is 
lowered via R7 and R8, TR 1 conducts so 
that a positive gating voltage appears at 
R5, R6. Thyristor TH1, which can be 
viewed as a switched diode, conducts 
and C2 is discharged to groiniu u0m the 
anode to the cathode. Immediately after 
discharging, C2 re-charges via R4 so that 
the anode voltage rises positively, under 
this condition TH I would remain in a 
permanently conducting state, even with-
out further control gate signals! This is 
obviously not what is required and 
somehow the thyristor must be reset to a 
non-conducting high impedance state. 
Fortunately the effect of expanding T2 
primary, by discharginçf C2 throuc,h it, 
results in the coil contracting back aguri, 
thus producing a high, negative voltage, 
spike in the reverse direction. This is 
applied via C2 to TH1 — taking the anode 
more negative than its cathode. The 
conducting state is thus prevented by 
reverse biasing the anode/cathode junc-
tion and TH1 resets to the high impe-
dance state, under gate control. 

A second CMOS oscillator runs at a 
lower frequency than the inverter clock 
and with link I' inserted can be used to 
strobe the xenon tube from approximate-
ly 0.5Hz to 6Hz. If required links A and B 
can both be fitted for repeat and manual 
triggering. 

Construction 
Refer to the parts list and begin by 

bending the resistor leads for fitting into 
the PCB. Do the same with diodes D1 to 
D6 referring to Figure 4a for orier :-.ion. 
Mount both presets (RVI & RV2), ICI, 
TR1 and C 1 to C5. Figure 4c, d and e 
shows lead con - _cions for TR2 and 5, 
TR3 and 4, also TH1 which must be fitted 
correctly to the legend. Next fit pulse 
transformer T2 with the primary  d C 
exiting on the left towards C2. Now fit 
vero-pins PI to 11 from the track side of 
the PCB and push home with a soldering 
iron. All components may • • -7be 
soldered and excess wire ends cut off. 
Clean the tracks with solvent and a brush, 
then inspect for solder splashes, dry 
joints, short circuits etc. Neon NI can be 
fitted either way round, but X1 must be 
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fitted with the double wire end to the 
right of the board. For test purposes 
carefully solder tt• 7'iodes Al and A2 to 
pins 5 and 7 respectively, and the trigger 
electrode directly to the component side 
of the PCB (Figure 3). Mount the min. 
mains transformer Ti with the primary 
(thick wires) to pins 2 and 3 and the 
secondary (three thin wires) to pins 10 
and 11. The centre tap (middle wire) 
connects to pin 1 (+V). Finally re-check 
the construction and when completely 
satisfied, proceed with testing. 

Testing 
Connect a suitable power supply of 

from 4.5V to 12V with +V to pin 1 and OV 
(—V) to pin 4. Adjust RV1 wiper to about 
half-travel and RV2 wiper to  arrow on 
the legend. Turn on the power whereup-
on a slight buzzing sound should be 
heard, after a few seconds the neon 
should start to glow. Now take a length of 
insulated wire, connect one end to OV 
and momentarily touch the other end onto 
pin 12. The xenon tube should flash and a 
loud crack may be heard as the air 
around the tube expands; NI will go out. 
If using a 9 to 12V power supply connect 
link 'C' to prevent excess charge across 
Cl and connect link 'A'. Re-apply power, 
wait for the neon to glow, then touch pins 
8 and 9 together, once again the tube will 

flash. Switch off the power, discharge the 
system by grounding pin 12, remove link 
'A' and connect link 'B'. Re-apply power, 
the tube should flash at app l Dximately 1 
second intervals. Adjusting RV I will vary 
the flash rate slightly, but not a lot. Switch 
off the power, discharge pin 12 to ground 
and remove the +V PSU lead, leave Tl 
centre tap in place. Now connect an 
ammeter between the +V supply lead 
and pin 1 on the PCB, set the range to 0.5 
or lA and switch on. The final current 
reading will be dependant on the supply 
voltage, on average it should be around 
8OrnA for a 6 volt supply. Slowly adjust 
RV2 clockwise or anti-clockwise until the 
lowest reading is found, link 'B' may have 
to be removed before doing this check. If 
a frequency counter or 'scope is avail-
able, monitor the inverter clock on IC1 
pin 15, it should be close to 2kHz at 
minimum current setting. Also an oscillo-
scope connected across C 1 with a 
10M.ohm probe should read below 450V 
DC with a 12V supply and link 'C' 
inserted. Note that link 'C' will not be 
necessary when using a power supply of 
4.5 to 9 volts. 

Strobe Rote 
Adjustment 

Capacitor CI is supplied as 47uF but 
may be reduced in value providing its 
working voltage is kept at 450V or more. 
Because the inverter source is high 
impedance, the charge rate for Cl is 
slower for larger capacitance values 
and faster for smaller values. The final 
value chosc_n will dp i upon the use to 
which the module is to be put. Thus faster 
strobe oscillator times will require C 1 
being lower in value, say 10uF or less, to 
incrr  the oscillator frequency still 
further, C5 can be reduced in value. 

One major effect of reducing C 1 in 
value is a reduction in discharge current 
through the tube, hence a reduction in 
light output, so this must be borne in mind 
when selecting Cl. If it is required to use 
the 47uF value for CI, but light intensity 
needs to be variable, link 'C' can be 
inserted and the value of RI decreased to 

suit.  Continued on page 26. 

23 



* Over Six Stops Range 
* Simple & Inexpensive Design 
* Battery Operated - Low Consumption 

by Robert Penfold 
A common way of determining the 

optimum exposure when making en-
largements is to make a test strip, but it is 
quicker and more convenient to use an 
enlarger exposure meter. With the aid of 
an exposure meter of this type only one 
test strip needs to be produced for each 
box of paper. The correct exposure for 
each negative is then quickly and simply 
obtained using the meter to indicate the 
correct aperture. 

A unit of this type can be very simple 
and inexpensive, and the enlarger expo-
sure meter  featured in this article 
certainly falls into this category. It is 
perhaps a little misleading to refer to it as 
a 'meter' since it does not actually 
incorporate a meter movement of any 
kind. Instead, the unit has a calibrated 
potentiometer and a LED indicator. A 
reading is obtained by adjusting the 
potentiometer to the point where the LED 
switches on and off, and then taking the 
reading from the potentiometer's scale. 
This scale is only in arbitrary units from 0 
to 10, but it is perfectly adequate for this 
application. 

The meter has a usable range of six 
stops or more. It is completely self 
contained with power being obtained 
from an internal 9 volt (PP3 size) battery 
which has a long operating life. A simple 
battery check facility is included so that 
misleading results due to an inadequate 
supply voltage can be avoided. 

Operating Principle 
The circuit is based on an operation-

al amplifier which is used as a voltage 
comparator. Figure I shows the basic 
circuit of the unit. 

An operational amplifier amplifies 
the voltage difference across its two 
inputs, and at DC it has an extremely high 
voltage gain of typically about 200,000 
times. Therefore, only a very small 
voltage difference at the inputs is needed 
in order to send the outputs of the device 
24 

Figure 1. Voltage Comparator 

fully positive or negative. The output goes 
positive if the non-inverting (+) input is 
the one at the higher potential, or 
negative if the inverting (—) input is at the 
higher voltage. 

The input to the non-inverting input 
is provided by RV1, which is the 
calibrated potentiometer. The voltage at 
the inverting input is produced by the 
potential divider which is comprised of 
load resistor RI and photocell PCC1. The 
resistance of PCC1 varies in sympathy 
with the light level to which it is 

subjected. The higher the light level the 
lower the resistance of PCC1, and the 
lower the voltage fed to the inverting 
input of the operational amplifier. If RV1 
is adjusted for maximum slider potential, 
and then gradually backed off, the output 
of the operational amplifier will initially 
be high, but will switch to the low state as 
the slider voltage falls below the potential 
produced by the photocell circuit. In 
other words, by adjusting RV1 to this 
switch over point its scale reading will 
reflect (in arbitrary units) the voltage 
produced by the photocell circuit, and 
therefore the light level received by the 
photocell. Due to the high gain of the 
operational amplifier a high degree of 
precision can be obtained with this 
system, and the accuracy is limited 
largely by the degree of precision with 
which the potentiometer's position can be 
read, rather than by any electrical 
limitations. In fact, in practice the output 
of the operational amplifier will only be 
high or low, and it will not be possible to 
adjust RV1 for an intermediate level. 

LED indicator D1 is used to show the 
output state of the operational amplifier, 
and this switches on when the output is 
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high. In theory the a-lit covers an 
extremely wide light level range, since 
RV1 can be adjusted to match any voltage 
produced by the photocell circuit. In 
pratice the usable light range of the unit is 
far more restricted as a very wide range 
of light levels are covered by a very small 
section at each end of the scale. The 
scale is only usable over the central 
section where a comparatively small light 
range is covered. The range covered 
here is wide enough for this application 
though, and the value of RI is chosen to 
bring the appropriate light level range 
into this usable area. 

Practical Circuit 
Figure 2 shows the full circuit 

diagram of the Enlarger Exposure Meter, 
and this has obvious similarities with the 
basic circuit. However, there are a few 
important differences. 

One of these is the use of a 
photodarlington transistor as the photo-
cell, rather than a photoresistor. 
photodarlington device has the advan-
tage of a relatively fast response at low 
light levels and it is also inexpensive. A 
disadvantage is that is does not provide a 
true resistance, and changes in the 
supply voltage may not cause a prop-
ortional change in the output voltage of 
the photocell circuit, This results in 
changes in supply voltage slightly chang-
ng the reading produced by a given light 
level; a stabilised supply therefore has to 
be used. IC2 is a small monolithic voltage 
regulator which gives a well stabilised 5 
volt supply that ensures good accuracy 
and consistent results. The circuit has to 
operate at very low light levels (far lower 
than an ordinary exposure meter), and 
this is reflected in the high value of load 
resistor R 1. IC1 is a MOS operational 
amplifier which has an extremely high 
input resistance and operates well at a 
supply potential of just 5 volts. Most other 
operational amplifiers will not work in the 
circuit. 

The circuit is very sensitive to stray 
pick-up of mains 'hum' and other electric-
al noise, due to the use of the operational 
amplifier with its full voltage gain. C2 and 
C3 help to minimise this unwanted 
pick-up which could otherwise prevent a 
well defined switch over point from being 
obtained, and could seriously impair the 
accuracy of the unit. 

A simple battery check circuit is 
included, and the only additional compo-
nents used in this are Si and D2. With Si 
in the 'normal' position the LED indicator 
D1 and its current limiting resistor R2 are 
connected across the output of IC1 so that 
the unit functions normally. In the 'check' 
position the LED indicator circuit is 
connected across the non-stabilised 9 
volt battery supply via zener diode D2. 
With about 5.6 volts dropped across D2 
and just under 2 volts needed across D1 
before it will switch on, around 7.5 volts is 
needed across the battery check circuit 
before DI will pass any current at all, and 
about 8 volts is needed before it will light 
up reasonably brightly. Therefore, if D2 
lights up brightly when Si is set to the 
'check' position the battery voltage is 
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satisfactory. If Dl lights up only dimly the 
battery is nearly exhausted, and if DI fails 
to light at all the battery should be 
replaced immediately. Incidentally, the 
battery check facility only functions when 
the unit is switched on. 

The current consumption of the 
circuit is only about 5 or 10 milliamps 
(depending on whether DI is switched on 
or off) and a small (PP3 size) 9 volt battery 
is quite adequate to power the unit. 
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Construction 
The recommended case for this 

project is a plastic type having an 
aluminium front panel and approximate 
outside dimensions of 111 by 71 by 48 
millimetres. As the printed circuit board 
has been specifically designed to fit this 
case it is strongly recomr ,anded that this 
particular type should be used. If all the 
components are to fit into place properly, 
especially TRI and D1, it is essential that 
the mounting holes in the front panel are 
drilled in the correct positions. Figure 3 
gives drilling details for the front panel, 
and once again, it is strongly recom-
mended that this layout should be used. 

Details of the printed circuit board 
and wiring are provided in Figure 4. IC1 
is a MOS input device and it should 
therefore be mounted in an 8 pin DIL 
socket. Do not fit ICI onto the board until 
all the other components have been 
mounted, and leave it in the antistatic 
packaging until then. Handle ICI as little 
as possible. D1 and TRI are mounted at 
right angles to the board, and are made to 
protrude slightly over the edge of the 
board. When the completed board has 
en wired up to the rest of the unit it is 

slotted into the vertical set of guide rails 
on the extreme left hand end of the case, 
with the component side of the board 
facing inwards. With D1 and TR 1 suitably 

positioned they will fit into their mounting 
holes in the front panel when this is 
pushed into place. 

Either RV1 must be fitted with a 
calibrated control knob, or it must be 
fitted with a pointer knob and a scale 
must then be marked around this. The 
former is by far the easier option, and is 
the one adopted for the prototype. An 
indicator line must be marked on the 
front panel next to RV I. 

In Use 
In use the unit is simply placed on its 

back on the enlarger baseboard with the 
photocell facing upwards towards the 
enlarging lens. In order to find the 
correct scale setting for a particular box 
of paper it is necessary to first determine 
the optimum aperture and exposure 
times for an average negative. This is 
done in the usual way by producing a test 
strip. With the negative and the diffuser 
in place and the enlarger adjusted for the 
appropriate aperture, position the expo-
sure meter on the baseboard and adjust 
RV I to the switch over point. Make a note 
of the scale reading and the exposure 
time on the box of paper. 

The procc ure for finding the cor-
rect exposure for a new negative is then 
quite straightforward. Place the exposure 
meter on the ..,,-,?.board and set it at the 
reading marked on the box. With the 

negative and diffuser in position the 
aperture of the lens is adjusted to bring 
the meter to the switch over print. This 
then gives the correct aperture for the 
exposure time marked on the paper's 
box. The same exposure time is always 
used for a given box of paper, and only 
the aperture is varied to suit each 
negative. 

As the photocell has only a very 
small sensitive area it is possible to use 
the unit as a spot meter, reading either a 
highlight or a shadow tone as desired, or 
it cart be utilized as art integrating meter if 
a diffuser is fitted under the enlarging 
lens  while  metering  (as  described 
above). An important point to keep in 
mind is that a different scale reading for a 
given box of paper will be obtained for 
each of these three methods, and if using 
more than one of these you must note the 
correct readings for each method on the 
box (and then be careful to use the right 
one each time). 

The unit should give satisfactory 
results without any modifications being 
made, but it is just possible that the range 
of light intensities that you will use may 
tend to be in a cramped portion at one 
end of the scale or the other. If necessary 
RI can be raised in value to broaden out 
the low light level end of the scale, or it 
can be reduced in value to broaden out 
the opposite end of the scale. 

ENLARGER EXPOSURE METER 
RESISTORS 
RI 
R2 
RVI 

CAPACIORS 
CI,4 
C2 
C3 

1M2 1./3W 5% Çarbón Film 
47011 0,4W 1% Metal Film 
22k Pot Lin 

100nF Disc 
lOnF Polyester 
100nF Polyester 

SEMICONDUCTORS 
D1  Mini LED Red 
D2  BZY88C5V6 
TRI MEL12 

1  (B1M2) 
I  (M470R) 

(FWO3D) 

2  (BX03D) 
1  (13/C70M) 

(BX7611) 

1  (WL32K) 
I  (WOW) 
1  (11061R) 

ICI  CA3140E  I  (QH29G) 
1C2  /./A78L05AWC  I  (QI26D) 

• MISCELLANEOUS 
SI,2  Sub-Min Toggle A 

Printed Circuit Board 
Metal Panel Box M4004 
Knob FIO 
DIL Socket 8-pin 
Wire 
Veropins 2145 
Battery Clip (Pln) 

2  (FHOOA) 
1  (GB641T) 
1  (WYO1B ) 

(RW78K) 
1  (BLI7T) 
lm  (BLOOA) 
1pkt  (FL24B) 
1  (HF25F) 

A Kit of all the above parts, including the case, is available. 
Order As LK44X (Enlarger Exposure Meter) Price £7.95 

XENON TUBE DRIVER Continued from page 23. 

XENON TUBE DRIVER PARTS UST 
RESISTORS: All 
RI 
R2 
R3 
R4 
R5,10,11 
R6 
R7 
ne 
RI2,13 
R14,15 
RVI 
RV2 

CAPACITORS 
Cl (See Text) 
C2 
C3 
C4 
C5 
ce 

0.4W I% Metal 7  unless otherwise stated. 
47k VaW 6% C  o Film  1  (S47K) 
4M7 VaW 5% C  ,et Film 
2M2 ½W5% Co onFilm 
IMO 
10k 
4k7 
47k 
100k 
lkO 
ske 

Hor. Sub-min Preset 
470k }for. Sub-min Pies-et 

I  (B4M7) 
1  (B2M2) 
1  (M IMO) 
3  (M1OK) 
1  (M4K2) 
1  (M471C) 
2  (M1OOK) 
2  (M I KO) 
2  (MUD) 
1  (WR641.7) 
I  (VeR63T) 

4714F 450V Axial Electrolytic  1 
0.1 F Interference Stipp.  1 
lOnF Disc 

Polycarbonate 
liiF Polycarbonate 
470 F 16V PC Electrolytic 

(FB43W) 
(FFS6L) 
(BX00A) 
(WW53H) 
(WW22Y) 
(FF15R) 

SEMICONDUCTORS 
DI  1N4001 
D2-5 
D6 
TRI 
TR2,5 
TR3,4 
THI 
ICI 

1N4007 
1N4146 
BC328 
2N3053 
BD711 
C106D 
40491.18E 

MISCELLANEOUS 
Ti Transformer 6V Sub. Min. 
T2  Trigger Transformer 
NI  Neon Bulb Wire Ended 
X1  Xenon Tube 

Veropin 2141 
Printed Circuit Board 

4 
1 
1 
2 
z 
1 

1 
1 
1 
1 
Ipkt 
1 

(OL730) 
(OL79L) 
(OLSOB) 
(4867x) 
(0R23A) 
(WHI M) 
(0H301.1) 
(0X21X) 

(WBOOA) 
(YQen) 
(RIC70M) 
(YOUS) 
(FL2IX) 
(GB6IR) 

A complete kit of parts is available. 
Order As LK46A (Xenon Tube Driver) Price £11.75 
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* Gives Easy Access to User-port, 1MHz Bus and 
Analogue Input. 
* Provides Standard Edge Connectors for 
Development Purposes. 
* +5V and +12V Switching and Indication. 
* Fused External 12V Input. 

by Robert Kirsch 
The Acorn BBC computer is one of 

the most popular and versatile of the vast 
range of microcomputers at present 
available  and  is ideally suited for 
development work. The one drawback is 
the location of the 1M1-12 Bus and User 
Port underneath the computer. This 
project describes a Motherboard that 
brings both these ports as well as the 
Analogue Input out to 4 parallel double 
sided edge connectors on a board that 
can be located either in front of or behind 
the computer when in its working 
position. Power switching and protection 
are also provided. Figure 1 shows the 
circuit diagram and pin functions of the 
motherboard (only one of the 4 identical-
ly connected edge connectors is shown). 
Note that the pins are configured to keep 
the individual ports from the computer 
grouped together with power supplies at 
either end. 

Construction 
The construction of this project is 

fairly  straightforward  although  care 
should be taken to ensure the correct 
polarity of the capacitor C 1 and LED! and 
LED2. Note also that the location guide on 
the edge connectors is towards the side 
of the PCB away from the external power 
input socket. The headers of the ribbon 
cables should be carefully inserted 
through the PCB to prevent bending 
under any of the pins during insertion. 
There are three wire links to be provided 
on the board and these can be made of 
any odd lengths of tinned copper wire 
about 24swg. Careful inspection of the 
completed project is recommended to 
ensure that there are no short circuits or 
unsoldered pins before connection is 
made to the computer. 

NOTE: Always turn off the power 
before any connections are made to the 
computer ports or cards inserted into the 
motherboard.  With the motherboard 
connected and no cards inserted the 
computer should function in the normal 
manner. This project is the first of several 
we hope to include for the BBC computer 
and we would be interested to hear from 
anyone having projects for the BBC 
particularly if they could be adapted to 
use the motherboard system shown here. 
June 1984  Maplin Magazine 
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Figure 1. Circuit diagram 
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.311d110112 . 

ZX SPECTRUM I 
232/MODEM 

(INTERFACE 
In order to avoid p ossible proble ms 

with Series 3 Spectru ms, w hen using this 

interface, please m ake the m o difications 

describe d belo w. 

Please note that with these m o difica-

tions fitted the interface will still function 

correctly with Series 1 and 2 m achines. 

Modifications 
Fo ur  s mall  m o difications  are  re-

q uire d (I to IV), these are sho wn in the 

revise d circuit diagra m (Fi gure  1), and 

the P CB layout dia gra m (Fig ure 2). 

I)  R e move  the  third track through  pin 

situate d  alongside  pins  6  &  7 of  IC4. 

R econnect IC4 pin 6, with a short len gth 

of insulated wire, to + 5 V, on IC2 pin 14 

H) R e move the first track pin (sa me greeup 

of three) alongside IC4, pin 4. R e-connect 

IC4 pin 4, with a short len gth of insulate d 

wire, to O V, on IC4 pin 8. 

III) A ne w M in. 15 oh m resistor (R11) m ust 

b e connected in series with the + VE lead 

of C 4 and the - 12 V ter minal of the P CB 

ed ge connector (on the co mponent side 

of the b oard - 6th ter minal pin fro m the 

right). C ut the - 12 V track above the P CB 

slot  and  rejoin  using  R11  as  sho wn, 

soldering  directly  to  the  track.  C are 

shoul d be  exercise d w hilst cutting and 

soldering in this area. 

IV) R esistor R5 (previously 150 oh m) m ust 

be increased to a M in. 1KO. 

1 / 1  00(0 1C " 1 1/ 1 a 1 1 1 1 1 1 1  DEL ra nev rose 

cos 111 1 11111 118 qua 
ei  

.1Re 

r a  1 1 1 

t 

Mod. No.141 

MO M 

IRS2321 I  D2 

R6 115 

• 

7 

RIO 

IC6 

XTCL21•   0  Ft11  

tolderht 

1Mod.No.31 

• 
• 

•• 

• • 

C3  +C4   

01342V 
ZX SPECTRUM  0 0 0 
RS 2321MODEM INTERFACE 

1  1C7 

Slot  Cut track here 

IC2  14 

Ce 

II 

IC1 

2 
3 
12) 

5 

8 

IC3 

-12V 

Mod. No.I21 

Remove track pin and 
connect pin 4,IC4, to 
pin 8, IC4. 

Mod. No III 

Remove track pin and 
connect pin6,IC4, to 

  pin 14, IC2. 

nil 

Bend loado  
thus 

Mod. No. 3 !see drsvg.1 

Figure 2. 
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-12V 
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WR 

RD  IC1b 
111 

k W) M ee 
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A13 W M  

Al2 

All WIW  

A10 BMW  

AS M a  

IC2c 

12 

lo 

e 

121 

13 

9 IC3b 

nc 

3 

2 

AB M D   

Al WEB  F tm 

A8 

1C1c 

6 16 

1C4 12 

11 

12 

D1 
ROMCS    

Al 

IC2d 

RI 
613OR 

11:3. 

6  IC2b 

A0 M t   

A2 W M —. 

A3 I M —+ 

A4 U M —. 

DO 

DI 

02 M M1 -

03 wew ---. 

04 W M —. 

D5 Milk —. 

06 1111M -

07I1 M11 —. 

OV 

RIO 
4147 

+5V 

100nF 

12 

21 24 

AO  A2  A4  A6  A8  410 
Al  43  A5  A7  A9 

8 23 2 9 

20 

18 

IC7 

DO . - -49 1°  

D1 

02   

O3.  

04   

O5   

D6   

07 .  

11 13 14 15 

22 
14 

13 

21 20 19 18 17 f16 

17  12 

5 8 to 2 

I. 
C2 

IC 1 : 74LS 10 

100uF 

IC2: 74LSO2 
IC3: 741_520 
IC4:74L5138 
IC5:40601136 
IC8 :MC6850P 
IC7 :271611471 

+5V to IC 1,2,3 pin14, 
OV to IC 1,2,3 pin 7. 

D1,2:11I ,,h43 
D3,4:1144001 

+12V 
TR1 
BC 327 

C3 

100,i' AI- R3 

4k7 

TR2 
BC 548 

R2 
10k 

IC6  6 2  2 
D4 

3 

3 4 

0- • 

+5V 

IC1'2/4 

PIns  11:3 
Ce  14  l4 

Cl e 

9 231 

TR3 
8C548 

IC24  -4-

117  +5V  13 
4 k7 

Re 22k 

R9 
10k 

-12V 

R4 
10k 

141 

R8 
15011 

115 
1 k0 

I;0  ay. uF 

▪ uF 

R11 

15R  I hip o 

RS 
232 
01P 
OV 

02 

Figure 1. 
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Deluxe QRP CW Transceiver 
IIW-9 
*Broad band circuits cover 2501cHz of 
CW in the 80, 40, 20 and 15m bands. 

*Expandable to cover 30, 17, 12 and 10m 
bands with optional Accessory Band 
Pack. 

* Solid-state T/R switching allows for full 
break-in. 

*Front  panel  relative  signal/power 
strength meter. 

* Continuously variable RF output. 
*Receiver incremental tuning. 
* Wide or narrow audio active filter. 

The Low Power Challenge 
Join the challenge of low power QRP in 
the world of five watts and below. The all 
new Heathkit HW-9 transceiver sets the 
standard for comparison in wide dynamic 
range performance. Rugged and light-
weight, the HW-9 is ideal for portable 
operation. This QRP transceiver can be 
powered from 12V batteries, a lighter 
socket, or oui XG1OL power supply 
('84 catalogue page 104). 

Operator Convenience 
The HW-9 covers the 3.5-3.75, 7.0-7.25, 
14.0-14.25 and 21.0-21.25MHz operating 
ranges. Install the HWA-9 Accessory 
Band Pack and expand the coverage to 
include the WARC bands at 10.1-10.15, 
18.068 - 18.168, 24.89 - 24.99 and 28.0 - 
28.25MHz. Use headphones or attach a 
speaker. 

Totally New Design 
The design of the transmitter and 
receiver sections brings state-of-the-an 
performance to avid QRP operators, 
newcomers and old timers alike. Micro-
electronic circuits reduce transceiver 
weight while providing a level of per-
formance and features unexpected at this 
price. Among these features are: broad-
band design, wide dynamic range, auto-
matic AGC, single conversion, balanced 
product detector, active audio process-
ing and RIT. 

Main Features 
The broadband design eliminates the 
need to tune circuits within a band. The 
wideband front end uses a double-
30 

balanced mixer and 4-pole crystal filter to 
handle wide dynamic range signals with 
ease and eliminate the customary RF 
amplifier in the receiver section. Auto-
matic AGC circuits provide superior 
receiver performance and audio res-
ponse. A single conversion in the main 
signal path reduces spurious responses 
and maintains superior image rejection. 
Signals are pulled through the sensitive 
front end with ease. A balanced product 
detector followed by active audio pro-
cessing provide outstanding perform-
ance. RIT (receiver incremental tuning) 
permits tuning the receiver lIcHz above 
or below the transmit frequency. Few 
other QRP CW transceivers offer as many 
features. 

Kitbuilding Fun 
Detailed instructions take you through 
assembly and alignment, step-by-step. 
Only a multimeter, a frequency counter 
and dummy load are required to align the 
HW-9 Deluxe QRP CW Transmitter to 
specification performance. After a few 
nights of kitbuilding fun, accept the 
challenge of QRP QSL-hunting with 
Heathkit's newest and best-ever low-
power rig. 

Specifications 
Transmitter - RF Output Power: 4W (3W 
on 10m). Transmitter Frequency Offset: 
approx 700Hz. Antenna Load Impedance: 
At least 90% of rated power with less than 
2:1 SWR. Protected against high SWR. 
Harmonic & Spurious Radiation: -35dB & 
-40dB minimum at rated output. T/R 
Operation: CW, full break-in. 
Receiver - Sensitivity: 0.211V for readable 
signal; 0.5ia.V or less for 10dB S+NIN. 
Selectivity: Wide, lkliz max @ 6dB; 
Narrow, 250Hz (íï 6dB. Dynamic Range: 
85dB. Image & IF Rejection: 60dB min. 
Audio Hum Noise: -60dB. Audio Output: 
1W into 8.0. 
General - Frequency Stability: Less than 
150Hehour drift after 30-minute wannup. 
Power Requirement: 11-16VDC, 12.6V 
specified. Dimensions: 108x235x216mm. 

Order As HS63T (HW-9 QRP Trans-
ceiver)  Price £299.95 
Order As HS64U (HWA-9 Access Band 
Pack)  Price £49.95 

Teach Yourself MS*-DOS On 
Your IBM-PC 
* Teaches MS-DOS in general and 
Z-DOS** specifically, using exercises 
for the HS100 series computers operat-
ing under Z-DOS. 

* Learn as you go with programs for your 
HS100 or IBM-PC. 

* Teaches the structure of MS-DOS with 
exercises in command use. 

* Complete coverage with how to access 
system routines to do console input/ 
output and work with disk files. 

*Full section narration guides you 
through  the  course  in  everyday 
language  even  a beginner  can 
understand. 

Comprehensive Course 
In seven units, the course teaches how 
MS-DOS is organised and all about how to 
use it. Directed toward the novice 
computer user, this course of study 
provides instruction in all the built-in 
commands and in the typical transient 
utilities. It will also provide an under-
standing of what assembly language is 
and how to use the system routines and 
the program debugger. 

Course Description 
About MS-DOS in general and Z-DOS 
specifically, this course begins with a 
disk operating system background and 
explains how the disk itself is organised. 
Then the most often used commands are 
discussed along with how to enter and 
edit command lines. Examined next are 
the frequently used CHKDSK, FILCOM, 
RDCMP and MAP commands. This is 
followed by a study of the file editor, 
EDLIN, including all its features. The 
program debugger, DEBUG, is then 
explained. The final unit teaches system 
interfacing through assembly language. 
Shown is how to input and output 
characters and strings, to read and write 
disk files and to use directory entries 
within programs. 

Full Section Narration 
Accompanying the MS-DOS course are 
three audio cassette tapes which intro-

Continued on page 35. 
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1984 CATALOGUE PRICE CHANGES 
The price changes shown in this list are valid from 14th May 1984 to 11th August 1984. 

Prices charged will be those ruling on the day of despatch. 
For further details please see 'Prices' on catalogue page 12. The letter 
in brackets after the price on some items, indicates the minimum 
trade quantity thus: A = 5; B = 10; C = 25; D = 50; E = 100; F = 250; 
G = 500; H = 1000. For further details see 'Trade Prices' on catalogue 
page 13. 

Price Changes 
All items whose prices have changed since the publication of the 
1984 catalogue are shown in the list below. Those where the price 
has changed since the last Price Change Leaflet (dated 13th February 
1984) are marked 'e' after the price. A complete Price List is also  $ 
available free of charge - order XFO8J. 

Key 

NYA 
DIS 
TEMP 
FEB 

1984 

Catalogue 
Page No. 

A ERI ALS 

NV 

Not yet available. 
Discontinued. 
Temporarily unobtainable. 
Out of stock; new stock expected in month shown. 
To be discontinued when stocks are exhausted. 
Indicates that item is zero rated for VAT purposes. 
See 'Amendments To Catalogue'. Note that not all 
items that require amendments are shown in this list. 
Please add £6 carriage if your order contains one or 
items marked thus. 

VAT 
Inclusive 

Price 

Page 24 
*50.23A  Mushkiller FM1083..........£13.96 (A)e 
*51325C  Mushkiller F1141085 .119.90 
*51327E  Mushkiller FM1087 ..........123330 (A)• 
50290  Trucolour TC10 Grp A .........£11.20 (A) 
503011  Trucolour TC10 Grp B ....-...£10.98 (A) 

1(031J 
5032K 
X034M 
511360 
X037S 

TrucolourTC10 GrpC/0 ....£10.95 (A)• 
Trucolour TC13 Grp A .....£12.95 (A)• 
TrucolourTC13 Grp[JD  £12.60 (A) 
Trucolour TC18 Grp B .....114.95 (A)* 
TrucolourTC18 GrpC/D  £11.20 (A) 

*)(1138111 Extragein X65........... ..... ...£17.95 (A)e 

Page 25 
*X039N 
*50407 
*51141U 
*51142V 
*50431N 

*)(13445 
*5[1451 
*X046A 
*)(11.50E 
XY311H 

Estrogen, 0238 GroupA  £23.95 (A)e 
Extregain XG8 GroupB  f23.50 (A)e 
Extragain XG6 Grp =  £22.50 (A)e 
Extragain XG8 Wdbnd  E24.95 (A)e 
Extragain5G14 GroupA £39.95 (A). 

Extragain5G14 GroupB  £39.95 (A)e 
ExtrageinX614 GrpC/D  £38.40 (A)e 
Extregain X614 Wdbnd £38.95 (A)e 
Extregain XG21 Wdbnd £54.60 (A)e 

Page 26 
X[157M 
071600 
511619 

*X1:162S 
X0637 

1X730 
13506G 

Lashing Waiver, 7  116.95 (A)• 

Mast E  £11.99 (B). 

Mast M  £6.82 (B) 

Arno VX1B .................  £19.95 (Ale 

Page 27 
89(755  /Ora Set 3 Amp..  )4./• 

*011951F Diplexer UF20  £6.72 18Ie 
BW526 Spliner CS10017_  IB/o 
51123A  Spline, CS200..-  --  .£5.95 IC/e 

Page 28 
*L0095  75/300 Brehm  £1.30 IDle 
RK476  3dB Attenuator....  £1.98 ID) 
BVV59P Atlenuetor 6dB....  £1.95 (Die 
13W6011 Atteramtor 12dB..... ....  ...£1.98 (D) 
1020W Ferrite Rod 810  95p IF/e 

tYG21X  Ferrite Rod 814  95p IFle 
106220  Ferrite Rod 101   
tYG23A  Fend* Rod 102   

Page 29 
LB12N  MVV/LW Aerie'  £2.34 IC/ 
RK48C  8-Section Antenne.... .11.36 (D)* 
113101  Telescp Aerial 1.22m  £4.95 

B ATTERIES 

Page 30 
YGO2C Ni Cad C.........._  . __.£3.48(C) 

6W1(Y4262AY  NPCi-BC eMd rC.h "arg3e6rV_ _... ........... S.... ...... .£..7£.395.2 1(1 3()C.)  

Page 31 
tilW32K PP3 Nice d Charger______13.95 113). 
5509K  AC Adaptor BR300._  £5.95 (C). 
51959P 
YR61R  4.5V Ben Box ._  .............. 45p (Fla 
HF296  gy Ben Box  36p (F)e 

H(1019 
91(451 
11F97F 

% Batt Holder... .....  .......... .45p (F). 
12V NiCed Baby Box  79p (F). 
HP2 Ben Boo  95p (E). 

Page 32 
HY32K  Liege Ban Hid,  £2.22 ID/ 
YX92A  Dummy Bettery  .....  24p IGH. 

B O OKS 

Page 33 
VVA27E Basic El.,, & DC Ccts  £13.60 NV. 
19127E  Book NB147  £3.96 NV. 
5W31J  Book MM639.  DIS 

Page 34 
WG71N Book 8094  __DIS. 
WAA1X Undrstndng Auto Elec ...... £5 79 NV. 
19113P  Book NB099..... ....... „ .... ..£3.52 NV. 
RHO4E  Book BP6.  DIS 

Page 35 
111153H  Book BP160................  £1.95 NV. 
550539 Book 88454  14.90 NV. 
19119V  Book NB128  13.62 NV. 
WA217W UnderstrIng Electrncs  1:534 NV. 
WA21X Undrstdng Dig Elec..... ........ 33.72 NV 

Page 36 
RH631  Book 8[1041.... .....  NV 
5W871.1 Book A6530.....................£4.95 NV. 
WA246 LintirstrIng Communctns £5.79 Nye 
9[1680  Book FT938  nase NV 

Page 37 
11011M  Book B040.. DIS 
WA19V TI ljneer IC Guide ......  . .D1S• 
WG58N Book FT1199  .£13.46 NV. 

1984 
Catalogue 
Page No. 

VAT 
Inclustve 

Price 

Page 38 
WG23A Book JW568..  .......... _E311.413 NV 
61.07H  Book 19131176.  OIS 
6026D  Book NB319  DIS. 
WA290 Book BP88  12 45 NV 
RB25C  Book BP225  11 89 NV 

Page 39 
1111937S  Photocell Apps Book  . ...DIS 
WA260 Undrstdng Optonics.... ..... 15.64  NV 
19627E  Book NB2026  ...... NV. 
611114E  Book 88203  14.67 NV. 

Page 40 
WG01B Book 88441  £6.42 NV 
WG44X Book AG600..  £5.44 NV 
911109K  Bo'bk 195229  1174 NV. 
RI128F  Book BP48.  11.98 NV 

Page 41 
WG57M Book FT1300  £19.95 NV* 

Page 42 
W0350 Book 4D693.........................59.20 NV. 
WK450 Undrstn Phone Elem._ ... £5.84 NV. 
WG94C Book 011369  £12.95 NV. 
WG91Y Book FT1261  18.95 NV. 
R6181J  Book BP24  £1.68 NV 

Page 43 
R066W Book 8050  £1.95 NV. 
1960711  Book N13216 ....  ..........  NV 
WA625 Book NB769........ ............ £5.65 NV. 
68101  Book NB259  1675 8V 

Page 44 
RF2015/ Book H0734  £8.20 NVe 
)0N3OH Book MM700.  DIS 

Page 45 
WK61R Electrnics for  .. .136 88 NV 
6118013  Book F1926  DIS. 
XVI/066 Book FT1071  £9.92 NV 

Page 46 
XVV28F Book FT841  17.95 NV.  Page 60 
WG92A Book FT1341  £13.36 NV*  WK23A Book Basic Adventure 
W6619 Book H0192...   514.20 NV.  WG9OX Book F11369  £14.43 NV. 
WA6013 Book FT1076  £8.20 NV.  )0N600 Book H0762.......................£13.26 NV. 
WA59P Book FT1391  £10.95 NV.  XIN94 C Book FT1095  £5.45 NV. 
RROOA  Book NB195  DISo  XVV23A Book H0155.......................£18,40 NV. 
WA905 Book NBI12  £5.60 NVe 
XW54J Book 88439  £3.64 NV.  Page 61 

WA77J Visicalc Companion ........., £15.41 NV 
Page 47  WG41U Book M46  £15.82 NV.  Page 76 
106,9911 Book F71054  DISe WA65V Book FT1394... .............. ...... ....... ... DIS ,.23  Nv . *51373[1  Blue Case 227_   
6B220  Book 8P222 ....Stet? NV  W6450 Book FTI275   
W6570 Book N8502 £4.67 NVe  W6140 Book JW4613  £.1 0,50  Nv.  *XY41U  Blue Case 235   */(Y42V  Blue Case 209   
WG95D Book F11305  £1090 NV.  WG05F Book JW496  DISe *5043W Blue Case 212..   
WG938 Book FT1235  DIS •  *XY44)( 

V.95 NV.  Page 62 W613178 Book 011105   
WA39N Book JW593.  £10.90 NV. 
WA4OT Your Atari Computer  114.93 NV 
WA46A Op-Sys Users Manuel  518.95 NV. 
WK44X Atari BASIC Exercise  f13.64 NV. 
WK85G More From The Atari  16.81 NV 

1984 
Catalogue 
Page No. 

VAT 
Inclusive 

Price 

IN1.408J Using The New Brien  NOV134. 
WG78K Book 1113496  17.53 NV. 

Page 55 
W624B Book HD1135... ......_........£16.206/Ve 
XW151.1 Book HD813............. ......... £5.36 NV. 
WA58N Book FT1200  £10.38 NV. 
5W986 Book F71070  511.368V. 
RE1172C  Book Sybex 5297  £15.45 NV. 

WA92A Book NBI29  £6.98 NV 
WK29G Simple Interface Bk  £794 NV 
511057M 
WG81C Book FT1330... ..............  95 NV. 

Page 56 
XWI9V Book 9D166 ...............................DIS. 
XVV80B Book C202  £13.59 NV* 
WAO5F 6502 Assembly Subs__  .515 72 NV 
W M177 6502 Mechine Code.  £7.95 NV 
WG837 Book 60183 DIS 

XVV7OM Book M3  £14.81 NV 
oneec  Book Sybex L2... ........ . ..... £9.45 NV. 
INK3DH Programming 6909_____ £14.20 NV.  Page 74 

1984 
Catalogue 
Page No. 

VAT 
Inclusive 

Price 

Vi/K84F The Oric Programmer  £6 25 NV 
* WM36P Grips Brie MC Code  £7.95 NV. 
WK92A The Jupiter Ace  D1S• 

B OXES 

Page 71 
LF0113  Box P131 White  £1.52 (D). 
BKOOA  Box PB1 Grey  DIS IDle 
YI(48C  Snap Box BI  £1.24 (D). 
11(491)  Snap Box B2  £1.65 IDle 
11120W ABS Box MB I .........  £1.45 (D)* 

114215  ABS Box MB2 .....  ID/e 
111720  ABS Box MB3 .....  (0)41 
LH23A  ABS Box MB1...... .....   £3.46 IC/e 

Page 57 
XW69A Book MO  £14.87 NV 
WG661N Book JW009.  , £11.72 NV 
WG21X Book HD167__________ £11.95 NV. 
XW71N Book 1114  £14.61 NV 
51N72P Book C2/10  £12 32 NV 

WG16.5 Book JW331  £10.25 NV. 
WARM) Book NB184..._ - ..... .......... £5.55 NV 

Page 58 
613112V  Book 80585  .514 25 NV 

Page 59 
WA64U Learn Pescel Fret Boo  15.47 NV 
W6260 Book JW180  DIS 
W632K Book P320  £17.20 NV. 
191243W Book HD682   £11.20 NV. 
WA680 Discover FORTH  £13.95 NV. 

WG25C Book JW809  £812 NV 
XW791 Book 5260  £13.46 NV. 
WK986 Exploring Forth.... ..... .  .03.24 NV. 

Page 72 
11(2413  Colo-Stylo Verobox   

Page 73 
*FG11U PSU Box and Plug .....  (We 

Page 48 
WA97F Book 88156  111.70 NV 
WA61111 Book FT1409  £1027 NV. 
WG97F Book 105035 
)64/96E Book FT933  DIS 
RH59P  Book NB016  £5.65 

61157M Book NB001  £11.57 NV. 

Page 49 
WG89W Book 58132  £9.30 NV. 
X,N88V Book A6589............... 52.45 NV* 
19[15911 Book 58367  [3.45 NV 

91101  Book NB684  £5.56 NV. 

88248  Book 88970  56.96 NV 
WAH9W Book 88444 .... . .........  £9.70 NV 

91162S  Book N B033  DIS• 

Page 50 
RFI7T  Book 1413240  114.88 NV. 
6123A  Book NB137.. .........  ....£13.74 NV 
WA94C Book 58577 .....................15.69 NV 
WA95D Book 88506  £13.48 NV 
W66.9A Book AG602  £986 NV. 

51/1/1356 Book AG510 ..... ............. 

Page 51 
RF16S  Book 88253  £14.58 NV. 
WK809 Music •nd the MIcrit  £584 NV 
WG09K Book JW266  DIS 
W6407 Book 111)753  .£21.76 NV. 

Page 52 
1190113  Book NB196. ....  ........ . . .... DISe 
1111134M Book NI3369 .......  .... 15.99 NV 
W6820 Book 011364  £8.95 NV. 
XW41U Book ITN1   DIS 

Page 53 
6[138111 Book 88359 . 
WA220 Undrstdng Micros . 
11100113  Book Sybes C201 
19[113P  Book Sybes M11. . 
WG791 Book 88580   

WK66W Complete Programmer 

Page 54 
WK99H Micro Facts 

015 
.... . DIS 

£15_45 NV. 
£10.69 NV 

DIS 

_E5.65 NV* 

Page 63 
WK19V  IWM04E )  £8.95 NV 
WKI1U Games BBC Creptrs Ply  £9.63 NV 
WK4.31N BBC Createe Grphics  £8.85 NV 
WK561  BBC Machine Code Bk .....£6.62 NV. 
WK65V BBC Assembly Lang  1920 NV 

Page 64 
WK71N 21 BBC Micro Games  58.61 NV 
WK88V Machine Code BBC  £7.42 NV« 
W M215 BBC Micro Book  NV 
WK905 Arhmcd Prop BBC Elcn   £6.25 NV 

Page 65 
WK72P More From The VIC 20 ......£5.85 NV. 
WX48A The Working CBM  £6.95 NV. 
WK625 CBM64 Prim mer, Ref £12.40 NV. 
W611813 Commodore Code Book__ [7.60 NV. 

Page 66 
WK966 Dragon Graphics  . £6.61 NV 
W MOOA Guide To Dragon 32..  OCT84 
WK32K Working Dragon 32  £7.62 NV 
WK58N Dragon Semen Master...  _V .54 NV 

Page 67 
WA91Y Book NB223  5998 8V 

Page 68 
WA81F ZX81 Companion  £3.34 NV. 
WA13137 Sinclair Machine Cde..... £5.75 Nye 
WKO2C Spectrum Programmer. £5.95 NV. 

Page 69 
tWA78K 20 Prop For Spectrum__ £8.13 NV. 
W5389 Working Spctrin Vol 1  17.57 NV 
WK39N 40 M/C Secure Rutnes  18.97 NV 
WK4OT Spctrm Bgnners  AI NV 
WK57M Spectrm ROM Disasmby  £11.10 NV 

W M2OW Spectrum Arcade Book £4.48 NV 
W M3OH 213 ZX Programmes  20 NV 
W M22Y Programmes For 55   £7.23 NV. 

Page 70 
NOV94  W MO1B ZX Spectrum Guide  SEPT81 

*5B87X 
*XY455 
*)0146A 
e504713 
*X048C 

*50491) 

LHOOA  Verobox 101  £4.75 ICI 
1110113  Verobox 102  £5.45 (C)e 
11.13113  Verobox 164  £15.82 (A) 
LL030  Verobox 106  .... .......   £3.95 IC/. 
11.04E  Verobox 107 ............. ....-  DIS ICI. 

11135F  Verobox 201  56.95 (13). 
LI MB  Varobes 202  £7.95 (Ello 
1113711  Verobox 293_ ................. ........59.96 (B) 
LLO9K  Verobox 212  15.24 (C) 
11101  Verobox 213  £13.45 (Me 

100711  Verobox 214  £8.24 (Me 
LE M Verobox 215  £6.82 CB) 
LLI1M  Verobox 217  feu 18) 
11128  Verobox 301.... ........ _....  95p lEle 
11150E  Verobox 303  51.65 (W. 

LH51F  Verobox 305  £2.95 IC/• 
11140  Verobox 401  £1.15 1E). 
5688V  Veronese 501  DIS (ffie 
1.111330  Rip-Top Box 6131 Blk  £4.24 (C) 
1827E  Verobox 701  £6.96 CB) 

1630H  Verobox 705  C13.981131 
1404713 Tilt Leg large ....... .. ....... .......£1.95 (D). 

Page 75 
LF02C  Case WB1 Vinyl  £2.4e 101 
11437S  Case 1NB2 Vinyl  £3.42 (C) 
114389  Case WB3 Vinyl_ ............  £4.24 (C) 
LH4137  Case WB5 Vinyl  £6.30 (Blo 
111410 Cese WBS Vinyl  £7.03 (B) 

11442V  Case WB7 Vinyl .........  £7.96 IB) 
50/19K  G flange 36.......... ........... .118.95(A). 
)(0101.  G-Range 4B ..... .......... ....... _124.95 lA(e 

54.55 IC). 
0.40 (B)0 
eces (C)e 
[5.35 (8). 

Blue Cese 231........... ........ 15.95 (B)e 

Blue Case 236 ....  .... -.....16.45 (B)o 
Blue Case 222  55.85 03). 
Blue Case 226....._ .... .  (6.85(0)' 
Blue Cese 237  £7 901810 
Blue Case 233  57.70(8)e 

Blue Case 238  £9.80 1E1)41 

Page 77 
HH23A  Recess Plete......._._. ...........15p (0). 
FX96E  Doctors  £3.70 (C) 
FX1356  Cool Grille  41p (F) 
FX0113  lost Handle Large ..... ___.....£3.28 
FX02C  Ferrule  38p (F/ 

Page 78 
BK296  HO Strap + Recess  E3.20 IC/le 
1H08.)  Recess Handle  ......... 45p (F) 
13K2 60  Cab Corner/Foot Lois  82p (E). 
11.04E  Lift off Hinge  £2.82 (D) 

Page 79 
01066  Butterfly Catch ......... .£4.95 (C). 

C ABLES 

Page 80 
BL77J  Wire-Wrap Black._ .......... ..£2.2516/• 
81820  Wire- Wrap Red  £2.25 10/o 
£11.113E  Wire-Wrap White  £2.25(0)• 
131910  Bell Wire Pink  DIS (H)e 
B193B  Bell Wire Violet. .DIS (H) 

B MA  Wire 113M Black  4» (/4). 
BLO1B  Wire 10M Blue  4213 (H)e 
BLD2C  Wire 113M Brown  42P (Hie 
131030  Wire IDNI Green. ..   12p (H)• 
B1.04E" Wire 10M Grey  _42p (Hie 

BLD5F 
(31.066 
131_0711 
BLOB.) 
BLO9K 

81101 

Wire 10M Orange  ......... ._42p (H)e 
Wire 111M Pink___. ..........._..42p 
Wire 10M Red..... ..... ....... ..... 42p (H/e 
Wire 10M Violet  42 P (H). 
Wire 10M White  42p (H)e 

Wire 10M Yellow .....    42re (H). 

Page 81 
51957M HC Wire Block ..12p (6)111 
5111689  Min Extra Flex Black.  . ....17p IGl 
5969A  Min EXIT. Flex Red  17p (G) 

Page 82 
0608J  Lin Speaker Leeds .......  16.95 (13). 
5114713  Iwo Mains DS Black ......  . 29p (G) 
51900A  Twn Mains DS VVhite.  21p (G) 
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5902C  Min Mains White 
59030  C6A Mains Black   Z84 1(r) 

XREME  CM Mains White  58p (E) 

Page 83 
59095  HD Mains Black  95p (E). 
511101  HO Mains White........................9591E1 
5911M HD Mains Orange  95p lElo 
5192411  Cotton Minns._ ...... .........  98p (E) 
59517E  1.5mm TE Ceble.....-..... .....  52p (E)* 

Page 84 
565314  1mw Trpl & ECC Cbl  95p (E)e 

59128  Cable Single Black 
5913P  Cable Single Grey  22p (6) 
511160  Single Mi,, Cable  49p (G). 

£5.24 (C)  XR18U  Low Noise Scnd  4» 1510 

Page 85 
»1215  Cable Twin  22p (G)e 
51923A  Genie Clued  45p(Gle 
)(9613W 4-Wire Phone Cable  15p Fie 
XR28F  Multi-Core 15-Way ........  E1 _29 (EI 
H0491)  Twin Stretchfles  12.62 ICI« 

Page 96 
XR3OH  Stendard Co-Ax   46p (6)o 
X6296  Low Loss Co As ...... 

6169A  HI-Resist Sleeve Gm  DIS MI* 

Page 87 
BH07H  Systoflex 2mm Blue  DIS 1H) 
BH43W Systoflex 180m Bleck___ 32p (11)• 
B1850  Lacing  ..... __ELM (H)e 
BH28F  Solis 12  16p (Gle 
1/104E  Cable P Clip  1111. 

Page 88 
13H36P  Hiatt Rd 9mrn  45p (F)• 
131441U Hien Rat lenin.  48p (F)o 

C APACIT ORS 

Page 92 
WX3513 Cerernic 1.8..  ...  7p  • 
WX36P Ceramic 2.2  7p II1 • 
WX3819 Ceramic 3.3  ..........  .....  7p 01 • 

W5407 Ceramic 4.7 ....... ...... .....  7p 111/• 

WX42V Ceramic 6.8 

VV544)( Ceramic 10.. ........ ....... ...........  7p (H • 
VVX45Y Ceramic 12  7p 111 e 

11/7018A Ceramic 15  7p IH o 
WX47B Ceramic 18  7p (H e 
VVX48C Ceramic 22  7p Hi e 
IN)(490 Ceramic 27  7p 111 • 
W)(50E Ceramic 33  7p (H e 

WX51F  Ceramic 39  7p (H • 
WX520 Caremic 47  7p ¡H • 
W557M Ceramic 120 ........  .-  9p IHH . 
W55819 Ceramic 150  9p 111 • 
VVX819 Carom. 270. .  Op IH • 

W)(625 Ceramic 33(1  9p Ifl • 
815631 Ceramic 390. .......  .. ..... ..  513 Hi . 
WX.64U Ceramic 470  5P 114 • 
VV)(65V Ceramic 560  5p 01 • 
WX66W Cer11111.1C 690  5p 111 • 

WX67)( Ceremic 820 
WX68Y Ceremic 1000   
VVX611A Ceramic 1200  5P IH o 
WX713M Ceramic 1500  6p IH e 
WX71N Ceramic 18013  6p IH • 

WX72P Ceramic 2200  BP DI • 
15/5730 Ceramic 2700  Ilp lil • 
W57419 CeramIc 3300._ ... ........ .....  7p IH • 
1/1/575S Ceramic 3900  7p (H • 
WX77J Ceramic 10.000.  ..  Op IH/e 

WX78K 
002413 
Y025C 
00079 
0106J 

00095 
5/1101. 
001IM 

 SP (0 • 
SP IH e 

Monaco» 0.001 e...................32p (F)e 
Monocap 0.0022uF.................32p IF • 
Monocap 0.15)47uF.  32p IF • 
Monocap 0 OluF  ... 32p IF • 

Monocap 0.0220F  3110 IF • 
Menem/re 0.047uF  59p (F). 
Monocap 0.1uF...._ ..... ..  53p IF). 

Page 93 
110180  100DV Disc 4700pF....  •55p 1We 
VVXD2C Mica 5pF  24p (We 
W5030 Mice 10pF  24p 1G/e 
WX05F Mica 22 0. ......... . ....... .....  24p (GO. 

WXDSK Mica 47pF  26p (6). 
VaXIIM Mice 68pF._   213p1Gle 
W51311 Mice 100pF  28p IGhe 

WX159 Mica 150pF .......  ..... .....  26p ¡We 

Vt0(165 Mica 11313pF ...............  28p (Me 
W5177 Mice 220pF ..........  ........  26p (F)o 
WXI9V Mice 330pF ........  ........  329 IF/e 
W5215 Mice 470pF  32p (F)e 
WX23A Mice 680pF  49p (F)e 

INX25C Mice 1000pF 
5)1531.) Mice 4700pF  c14.1%: 
Page 94 
B/(25C  Polystyrene 33............... 
BX57M 1% Polysty 1200 .. 

Page 95 
13570M Polyester  ...9re (Me 

'252Pp',Fe: 
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BX71N  Polyester   9p (HI* 
BX72P  Polyester   10p (Me 
BX769  %Nester 0.IuF.   10p 19). 
BX77J  Polyester   14p (G)• 

13X786  Polyester 0.22uF.. .....   14p (G). 
13X806  PoNester 0.47uF   22p 101. 
13081C  Polyester 0.68uF........  25p IFIe 
BX82D  Polyester tuf  32p IF). 
6684F  _42p (Fle 

Page 96 

FF556  IS Cap 0.047 e. .............  36p (F)* 
FF57M  IS Cap 0.220F  .....  58p (F) 
W W73C1 Tent 22uF 25V ...... .....-.....  95p (E). 

Page 97 
FF6011  PC Elect 221:100F I6V  33p IF). 
FE11411  Axial I 5uF 63V  Op 15/0 
FBI9V  Axial 4.7uF 450V  30p IF). 
FB23A  Axial 10uF 63V ........  .....  9p (GM 
F132413  Axial 10 0 ICKIV.....  12p IGI• 

FF325C  Axial 100F 450V.... ..  35p (F)* 

Page 98 
F13260  Axial 150F I6V........  . 12p 19 e 
F6270  Axial 15uF 40V........  10p IG e 
FB28F  Axial I5uF 83V........   17p (G • 
FE13011  Axial 220F 25V   109 16 • 
FB31J  Axial 22uF 63V   12p IG • 

FB321(  AXial 220F   12p (G • 
FB34M Axial 33uF 6.3V   12p 1G • 
F13350  Axial 330F 16V.......  Hip IG • 
FB396  AMal 47uF 25V  12p IG • 
FB42V  Axial 47uF 700V  . 24p IS • 

FB51F  Axial 1000F 63V  . 20p IG • 
FI3520  Axial 100uF 100V  24p (F • 
FB54J  Axial 150IF 8.3V  28p (G • 
FI3625  Axial 220uF 25V   16p (G • 
FB68Y  A)rial 330uF 25V 

FB72P  Axial 470u) 16V  ..... .......  22p (G • 
F5730  Axial 4700 25V   24p (G • 
FB77J  Axial 680uF 16V   .23p IF • 
FB78K  Axial 680uF 25V  29p IF • 
FB81C  Axial 1000uF 10V   23p IG * 

F8820  Mitt) 10000F I6V...... .....   29p IF • 
F8850  Axial 1500uF 8.3V..   13p IF • 
FB867 
F68711  Axial 15000F 16V. .  38p IF e 
FB89W 

FB9OX 
FB915  Axial 22000F 40V  1E • 
FB92A  Axial 22000F 63V..  _61.26 ID • 
F6936  Axial 3300uF13.3V  62p 10 e 
FB95D 

66261)  Axial 4700uF  .....  61.82 ID ts 
FE.1066  Reversolync (00E--------------------269 F) 
6603E  Reversolytio 100u  95p (E • 

*FFI9V 
*FF2111IN  Can 1500u) 53V  f1.95 ID • 

*FF21X  Can 22000F 40V  MI6 ID • 
*FF22Y  Can 22000F 63V  f.2.55 IC • 
*FF2401  Can 3300uF 40V ....... ........12.15 IC • 
*FF2eD  Can 4700uf 25V ............_  61.45 ID e 
*FF276  Can 47000F 40V........... E4.35 IC. 

*FF29G  Can 47000F 100V   .£568 (131 
*FF3OH  Can 6800u1 40V  £3.99 IC) 
*FF31J  Can 10,000a 25V  £2.95 IC • 

Page 99 
FF3511  Clip Can 40. ......  ..... ....... 21p (G) 

FF4tU  Twin 00  ......  .....   £7.86 (EH 
FF48A  SW Trim 130pF    66.30 (19) 

Page 100 
FY77J  FS Crystal 100kHz  £7.84 (CI 
H MS  FS Crystal (MHz  £7.96 (B1 
FY786  FS Crystal 10MHz  £3.36 (C) 
F5791  MP Crystal IMHz  £3.95 
F5131C  MP Crystal 2.4576MHz  0.24 

FY820  MP Crystal 4MHz  61.45113). 
115326  MCR Crys Orange Pair.........173.22 IC) 
HX33L  MCP Crys Yellow Pair  £3.85 1C1• 
15(34M MCR Crystal Green Pr  £3.62 ICI 
HX999  Ceramic Fltr 10.7MHz......... 61.15 (E/* 

CAR ACCESSORIES 

Page 101 
199739  Windscreen Aerial  £3.45 (C)• 
)0(37S  Car Aerial Booster  68.98 (131 
YW59P Car Power Leed  £2.95 IC). 

Page 102 
WYO9K Demister  DIS (B). 
FY016  Tyre Pressure Gauge  42.25(0) 
001440  Co, Speakers Shelf. .. .......67.45 011• 
X(1755  IOW Car Stereo Spkra  OIS (A/ 

Page 103 
0027E  15W Shelf Speakers. ..... ...618 95 (A)• 
AFODA  Booster Amp  GIS (A/ 
AFO1B  Booster Equaliser   DIS (A/ 
YX95G  Speed Sensor  £16.90 (A/ 

COMMUNICATIONS 
Page 104 

*)(0101  12V 3A Power Unit  £16.95 (Al. 

Page 105 
51;1730  CO/Sodio Aerial CpIr  £2.95 (C). 
0613P  16rn CO Aerial .  (A) 
14194C  30W Dummy Load.........  £5.60 (CM 

Page 106 
56006  2m Scanning Receiver.....E69.95 1A1• 

Page 107 

)(57611  Pistol Grip Meaphone  (Al• 
LB72P  Intercom 2-Station  611.45 (BM 

Page 108 
XY77J  4-Channel FM (necom.....1739.95 (A)• 
AFINK  AM Radio. DIS (C1* 
XG18U  PB Telephone  E23.95 (A)« 

COMPUTERS 
Page 110 
AF81C  Atari 1050 Oak Drive.... ..... 
952413  Printer 822 Paper  £5.25 
AF42V  SOO Cent liF .....  .......... . DISe 

Page 111 
AF44X  411K RAM Memry Module  DIS 
AF45Y  Atari 400 486 Upgrad  DIS 
AF90%  Starlight.  £14.95e 

Page 112 
AF89W Joystick Lead  £4.950 
13600A  Adventure Land  DISe 

Page 113 
KF95D  Ado with Grphcs Disk ........... 

Page 114 
13075S  Galaxy Cassette .... 

DIS• 
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Page 116 
KHOCIA  Strng Odys Optics Ojo.......  ........SISO 
60384  Swordpoint Disk Ater ...DIS 
KH2IX  Telengard Cass  DIS 

Page 117 
6110711 Curse Crwly Mn, Cass........ .......OIS 

Page 118 
613746  Baja Buggies Cass DIS• 

Page 119 
611160  Controller Cass OIS 
6)101  Defender Cert.....  .. DIS 
KT22Y  Donkey Kong Atari  ..... ....... DIS 

Page 120 
61331  Donkey Kong Jr DIS 
86625  Galactic Chase Cass  SISO 
69290  Gridrunner Cass Atar ...D1S 

Page 121 
KT43VV Joust Ateri......._ ............. ........... ._..DIS 
KF6135  Jump Man Disk DIS 
Bolas  Lunar Lander Cass _____DIS 

Page 122 
KT28F  Ms. Pac-Man ..... 
6F930  Number Stamper Cass  
KFSIC  Number Stamper Disk - 
ICT34M Pongo Atan 

Page 123 
67350  Pole Position., .....  ..... ..... . ..... 

  IS 
KF188  136999  DFloixa Cdarartc er Cassette .......  ..... ..D?S• 

Page 124 
B6I9V  Shoot Gallery 
61470  Soccer Atari  DIS 
6042V  Space Chace U mtata  DISe 

Page 125 
66194C  Wizard 01 Wor Can  DISe 
6918U  Tank Arcade Cass  DIS 
KT29G  Tennis  OIS 
60635 Tutti Fruit, Cass._ ........ DIS 
10138P  Up Up 81 Away CassAT  OlSo 

Page 126 
KF2OW Zakaion Cass  DISe 
61338R  Battle Normandy Cass_ ........  IS 
.1(125C  Eastern Front - 1941   DIS 

 DIS 

 Elg 

Page 127 
KBOOA  Legionnaire Cassette  DIS 
B0835  NA Convoy Raider Cos__ 
103010  Tigers in Snow Cass  .. 

Page 128 
6067X  Acquire Disk  ..... .._.... ............  DIS 
KT23A  Biorhythm Atari  DIS 
6731J  Family Finance. AtH ..... _...... .....  010 

Page 129 
KF52G  Horne Fling Moor Disk  
60389  Hickory Dickory Dock  
6942V  Mailing List Cass/At   
5648C  Music Composer   

Page 130 
B092A  Stocks and Bonds Dsk.. 
8013P  Sunday Golf 
67248  Tireekvise Atari DIS 
00455  Pool DIS 

Page 131 
13065V  Financial Manager 

Page 132 
1014713  tookKcoperDiok/At  DIS 
YL396  Visicalc   OIS 
61299  Atari Music I Cass   DIS 
67401 Abri Music I Disk  DIS 
6747U  Atari Music II Cass OIS 

KTO2V  Atari Music II Clisk  DIS 
YG57M Euro Country & Caps  DIS 
KF470  Juggles Rainbow Cass  DIS 
KF48C  Juggles Rainbow Disk  D1S 
KF49D  Juggles House Cass  DIS 

KF5(15  Juggles House Disk. 
BGOOA  Kids 1 Cassette 

...SISO 

OIS 

DIS 

Page 133 
6002C  Kids 2 Cassette............ ......... 
KT2813  Mickey Outdoors Cass  DIS 
1(7270  Mickey Outdoors Disk. ........  DIS 
6F51F  Speed Reeding Cass . ..... . ........  INS 
61167%  Action Cart Atari 

5027E  Atari World  DIS 
5L32K  Assembler.  . . .. .....DIO. 

Page 135 
6130/1  Logo Atari  D1S• 
6732K  Microsoft BASIC II ........... ..... ........DIS 
00150  Pilot Educator ..... OIS 

Page 136 
5059P  Tag/link  DIS• 
51309  Disassemble, Cass  DISe 
KH57M Coco Cass+ Disk/Ateri....  .... DIS 
KHNIN  Coco2 Cas+01./Ateri DIS 

Page 137 
661360  Tricky Tutorial Cass DIS 

Page 138 
101600  Advance Anal, Disk/At..  ..... DIS 
00246  Analog Subscription.... . 618.00 NV 
00030  Atari User Grp Meg 3  DIS 

Page 139 
KH75S  BBC Conflict Case .... 
691308  BBC Galaxy Conf. Cas  DIS 
KH87U  BBC Space km& Cas.... 
614139W BBC Music Proces Cas  DIS• 

Page 140 
AF57M  Dragon 32 Computer  £149.00. 

Page 141 
611317 Doodlebug Cart 1321. ... DIS 
KL16S  Countdown Cass (32)................. £5. 20 

Page 143 
61_32K  Android Attk CaS132/... 
61331  King Coss (32)   
(1.399  Eno/Stalag Cass (32)   

. .......  DIS 
DIS 
SIS 

Page 144 
K142V  Shark Trees Cas 1321  DIS• 
BC769  Chess Coto.... .................................OIS 

Page 145 
KL490  Selection 4 Cas (32)   
KL50E  Ent Orden Cas A 132)-
6151F  Ent Drogo Co. 6 

DIS 
OIS. 

VAT  1984 
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Page 146 
KL72P  Alld Ed/Assem cas 32....................0)5 
(1730 Dream Ed/Ass Cas(321  OIS• 
8C44X  Computavoice   D1S• 

Page 147 
AF561.  Commodore 64 Computr . ..... DIS 

Page 148 
KH94C  Annihilator Cas (641   DIS 
KH950  Camel Attck Cas 1641.......  DIS 
KH96E  Centropods Cass 1641  DIS 
KH98G  Super Cassett 01841  010 
KH99H  Cyclons 64 Cass 164) DIS 

KK82S  Escape MCP Cass 
K(631  Galaxy Cord Cooled) DIS 

Page 149 
KK64U  Gridrunner Can (841  D1S 
KK65V  Gridrunner Cass  ................... 0/S 
6667%  Pekecuda Cass 164)  DIS 
66605  Roo 64 Cass 164)  DIS 
KK7OM Easy Script dsk 1641...... .......... . DIS 

66526  Omnicalc 1641  DIS 

Page 150 
K6750  Basic Inn Cool (64).........  .......D1S 
KK556  Coco 2 Cart 1641..  _DIS 
(6455  Forth 034)  DIS 
KK48A  Machine Cda Mon (84)... .....  OIS 
KK81C Sprite Edit Cas (84/  OIS• 

66476 
KK44X 
66861 
61(875 
KK89W 

6690% 
KK91Y 
KK92A 
6693E1 
66951) 

6696E 
KK97F 
K6980 
KK999 
(LOCA 

KL0113 
KLO2C 
(1030 
KLIME 
61.05F 

KL060 
K10711 
6108.1 
KIOSK 
KL1OL 

Tunle Graphics (64)  DIS 
6510 Assembler 1641.  ...................OIS. 
Chemistry Cass 1641 ..................SIS. 
Depth Charg Cas (64/   DIS 

Geography Cass (641  DIS• 
History Cass (841  . OIS• 
Home Man Cas+Dsk(134)  OIS 
Labyrinth Cass 1641  DIS 
Maths I Cass (641  DI 

Maths 2 Cass (64)  DI 
Maze Mast Cart (647  DIS 

Physics Cass (64)... .......... .... DIS• 
Rat Race Cass 0341  OIS 

Sea Wolf Cass 1641  DIS 
Simons Bas Cart (64)  . .... 
Snowmen Cass (84/. .......   D1S 
Stellar Were Cas(1341   DIS 
Steel-blitz Cass 1641   DIS 

Super Fruit Coco.  ........................DISe 
Swordpoint Oisk (841.. .......... OIS 
Sythesound Cart  (64)................   SIS 

Page 152 
KS17T  Cowboy/Barricade   CIS 
1(5180  Ginning Gurtong Cart  DIS 

KSINK  M5 Tennis  OIS 

(SOSA M5 FALC  DIS 
(020W M5 Graphic Design  DIS 
KSOOJ  M5 DIS 
KSO5F  M5 Word Maze .... 
KSO6G  M5 Super Basehall........... 

Page 153 
61769  Arcadia Cass (SP)  DIS 
61786  Astroblestr Cas (SPI................  DIS 
(18013  Centi/Peint Cas SPI..........  ........OIS. 

KL85G  Halls  ings Ces(SP)  DIS 

KL867  Headbangers Cas 1SPI...  .. DIS• 
KL875  Air Traffic Cos 
KL8SW Maze Chase Cass (SF)  .........D1S• 

Page 154 
61900  Mined Out Cass (SP) DIS 
61915  Nightflite Cass ISPI  SIS. 
KL92A  Penetrator Cass (SP) 
KL94C  Schizoids Cass (SP)... -___ Alg 
BC9CIX  Space Intruders Cass  £2.96 

KL99H  Terrardacktil Cas SP  OIS 

Page 155 
1013011  Dungeon Master Cass................ _MS 
BC88V  The Hobbit 14861 Cas  (HS 
KH31J  Trader Tril Cat  .......   D1S 
KH326  Quest Adv Cass 1SPI .................131S• 
69415  Countries World Cass .......  D1S 

Page 156 
KH455  Word Free Cass (SPI  OIS. 
KH4eC  Edit/Assern Cass ISPI  DIS 
101500  Spec Mach Len Coo SP  DIS 
KH51F  Spec Mon Cass  ..... ......DIS• 
K1155K  Manic Miner Cas (SP)  DIS 

KMOOA Vic Abductor Casa__ .... ........   DIS 
KM0113 Vic Andes Attck1,810 ..............DIO. 
«17T  Ant Eater Cert..  OIS 

Page 157 
KM0313 Vic Arcadia Cass  DIS 
KMO5F Vic Catch Snatch Cas  01S 

Page 158 
KMIOL Vic Games Peck Cass   DI S 
KX34M VIC Games Pack 1  DIS 
63511  VIC Games Pack 2............... ..... __CMS 
AC9OX  Serf Cartridge.. DIS 
BC4713  VIC Hoppe  ...  . DIS 

KM13P  Inovative Cas 2 DIS 
KM1411 Vic Inovative Cos. 3_ DIS 

Page 159 
KNI1I3S Vic Matrix Cass 
KKINE  Night Cravider Cass  DIS 
AC9I5  Omega Race Cartridge  DIS 
6616S  Princess ei Frog Can  DIS 

Page 160 
KK59P  VIC Sub Commander DIS 
K60113  Skramble Cass  D1S• 
KM225 Vic Sky Hawk Cass  DIS 
66066  Space Phreeks Cass   DIS 

Page 161 
AC800  VIC Star Battle  D1S• 
KM539 VIC Tank Arcade Cass  DIS 
(M096 Vic Skramble Cass   01S 
KM260 Vic Wacky Waits Cass SIS 
AC791  VIC Panic  .01S• 

6661R  VIC War Games  DIS 
AC861  VIC Adventureland....... ..... ..........DIS• 

Page 162 
AC87U  VIC Mission Impossbl..... ..... 

KM276 Vic Wiz & Prince Cos 

DISe 
DIS• 
DIS• 
.. DIS 

Page 163 
AC88V  VIC Voodoo Castle DISe 
KM296 Vic Camels Can  .....  ..... . .... .DIS 
BC520  VIC Cosmic Jailbreak  ................ DIS 
KM3IJ  Vic Kindercomp Cart  DIS 
KM35(1 Vic Necromancer Cart  DIS 

KM36P Vic Pharoah Can DIS 
KM37S Vic Slime Can  DIS 
KM38R Vic Story Machine  CIS 

1984 
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8018L1  Garden Planner  DIS 
BC19V Interior Designer  DIS 

EIC5IF  V  Pinball...........  ..... DIS 
BC97F  Mutlisound Synth Co.  D1S• 
AC77J  VIC Sargon II Chess DIS 

Page 164 
KKO7H  Chess  1661 Casa  OIS 
BC16S  VIC Money Manager  DIS 

Page 165 
AC97F  VIC Writer Cassette . DIS• 
10(260  VIC Word Processor  CBS* 
BC980  Jnr Maths, Birds Ces_........  A M. 

Page 166 
13C99H  Jnr MathsiEngine DIS 
KKOOA  Jnr MatheLghtho  ..... 
KM51F  Words Words Cass  DIS 

Page 167 
AC58N  Intro To Basic Part2  DIS 
6628F  VIC Machine Code Mee..  OIS. 
AC56L  Machine Code Mon  MS. 

Page 168 
B6950  Data Cassette 
AF3814  Epson RX80...... ....... 6286 .35.  

CONNECTORS 

Page 169 
HF23A  Alligator Clip Black........  19p (G M 
HF26D  Charger Cop  28p (FIrs 
5X4713  Comcon Block 5-way.......  ... 48p (F) 
5X48C  Comcon Terminal_............  ..7p (HI. 
HFO2C  Terminal Post Black.  . 45p IF). 

HF030 
HFO4E 
HFO5F 
HFO7H 
HFO9K 

HFI3P 
9F15.9 
11F16S 
HF1Tr 
HF18U 

Terminal Post  ..............459 IF). 
Terminal Post Brown  45p IF)' 
Terminal Post Green  45p IF/. 
Terminal Post Red ........  45p 1F1e 
Terminal Post 5ellow  45p IF). 

Press Terminal Black............... 34p (F) 
Press Terminal Green. ...34p (F) 
Press Terminal Red  34p (F) 
Pre. Terminal White  DIS (F1 
Press Terminal  .....  39p IF)* 

Page 170 
56157M lmm Plug Black  24p (G M 
Wl.5814 trnm Plug Red.... ........  2413711G e 
HF4E6  2frim Socket Green......... 
11F4913  2mm Socket Yellow   
HF55K  Wander Plug Yellow  tee 
Hf561.  Wander Socket Black   16p (G) 
tHF57M Wander Socket Blue   16p (G) 
HF5814  Wender Socket Green  16p (GI 
HF59P  Wender Socket Red....  16p 10) 
HF619  Wander Socket Yellow  DIS (G) 

9F625 
9F631 
HF-64U 
HF65V 
11F66W 

HF67X 
HF-68Y 
HF7OM 
FIF779 
liF72P 

11F73.1 
HF749 
HF75S 
9110113 
5W060 

4rnm Plug Black  .......... ....18p (G M 
Imrn Plug Blue  1801010 
4mm Plug Brown  lOp 161. 
4inm Plug Green.........  18p IG)• 
4nirn Plug Red tep (G). 

4rtun Plug White   lep (GM 
4mm Plug Yellow  lep (G)* 
4iern Socket Blue.... ........... 18p (GM 
rInim Socket Brown  tee (0(0 
4mrn Socket Green..  18p 10). 

artim Socket fled ............  18p (G)41 
4rtim Socket Vehhe  181p1Gle 
Irnm Socket Yellow._ .... __lea (G M 
Scr Phono  19p (GM 
Threaded Phone Skt   18p (0(0 

Page 171 
6W749 Phono Socket Clued  ..............42p (F)• 
BWIGH Phono Socket 6-way  . 58p (E)• 
HHO5F  Phone Conn  24p (G). 
HF77J  2.5 Plug Sor  29p (Fle 
HF786  2.5 Jack Socket  18p (G)e 

11F8013  Plug Men 3.5  19p 1Gle 
HF91C  Plug Scr 15 .,   28p IF). 
liF8213  Jack Socket 3.5_   I6p (Gle 
FIF83E  Line Socket PI« 3.5   16p 10/e 
RK5IF  Stereo Mae 3.5 Skt.... .......  38p IF). 

11)850  Jack Plug Phis   
24459P HF87U  Jack Plug Sor   

Page 172 
H MV  Jack PI Sto Nos .........  .36p (F)• 
HF89W Jack PI Sto Sor  62p (Ele 
HISOX  Jack Skt Brk  24p (G)* 
HF91Y  Jack Skt Open   22p 18)0 
HF92A  Jock Skt Sto  28p e)* 

HP538  Stereo Open Skt   
BVV130B SPOT Jack Socket.......... 

GOP 
Page 173 
YWO8J  Co-ex Plug Imp   16p 1W. 
HH177  BNC Plug  . ....   95p (Ele 
H11 MU  BNC Socket .95p (EM 
556035 BNC T Adaptor  £2.45 ICI• 
BW81C Plug PL259  65p (Ele 

Page 174 
BW84F UHF Socket Round__ .....  53p 1Flai 
BW85G Socket S0239  58p (EMI 

YWI35F  Adaptor 259 .  £1.48 (0). 
YX53/1  Audio Conn 4-way  £1.55101• 

5)(54J  Audio Conn 5-wey  61.95 10)• 

Page 175 
RK52G  10 Way Line Skt.......... 
RK53H  10 Way Une ()In.__  .E3.95IC/• 

*111(54J  10 Way Chassis Skt  £1.95 (D M 
800900 XLR Chassis Socket .....  12.95 (CM 
HH260  DIN Plug 4-pin  ..... ....22p 1F)• 

0977E  DIN Plug 5-pin A  lep (G) 
HH29G  DIN Plug 6-pin  22p (F)s. 
119326  DIN Socket 3-pin  14p 1G/i• 
11937S  DIN Socket 7-pin  37p IG1 

Page 176 
99401  DIN Line Skt 2-pin.........  12p 101• 
YX9OX  PC DIN Skt 2-pin  26p IFIrs 
5X915  PC DIN Skt 5-pin A  22p (FM 
1365961  13-Range 15-Way Plug .   £1.2010) 
RIC616  D-Range 9 Way Skt 

BK59P  D-Range 15-Way Skt 
F0260  RA D-Rote 15-Way Skt 
FG275  RA D-Rnge 25-Way Skt 
F067X  RA D Range 15 VVy Plg 
FG68Y RAD Range 25 Wy Pig. 

5051F  D-Range 25-Way Latch 

Page 177 
WQI4Q PCB Coons  45...................   Sp 1111. 
131(350  PC Edgeconn 2623-way.....£2.20 ((le 
FG23A  0.Iin 2x28 PC Edgcon ........£1.95 (CM 
6674R  2012 Way PC Edgecon.......E2.2111Cle 
FLE156  Edge Conn 124.....,...... .......(1.62 (010 

FL915  Edge Conn Feet  ......  22p (Gist 
F1_92A  Edge Conn Feet H  22p (GI. 
59589  Edge Conn Ent] Be (FI. 

Page 178 
533617. Muldoon Plug 15-way...  58p 1Flis 
57(375  Mohican Plug 24-way   89e (Ele 
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YX3811  Multicon Plug 36-way  £1.20 (El• 
56399  Multicon Skt 2-vary  239 161 
m e'  Muncon Skt 4-way .....  27p (G) 

1110113  Octal Ch Plug...  96p 1E/ 
6685V  Minicon Latch PI 2w  .. 17p 161• 
5V911M Minicon Latch Flaw  299 (010 
F59313  Minicon Latch PI 5w  33p (F) 
YW12N Minicoy, Unch PI 6w  39p 

YW13P Minicon Latch PI 8w  3139 (F)• 
6666W Minicon Latch PI 10w... ..... 52p (F)• 
13116117  Minicon Latch PI 17w  1E)* 

Page 179 
YVVI5R RA Leh Minion PI 3w..-...  38p (FM 
FY915  RA Lch Minion PI 4w...... ....  42p (FI 
4(8710  RA Lch Minion  5w  45p (Fl• 
F139911  RA Lch Minion PI 6w  58p (Fl• 
YW18U RA Lch Minion Pt 111w...... .....  65p 

RK68Y  RA Lch Minion Pt lOw  697 (Flo 
YIP/24B Moen Ltch Hang 12way  21p (Gi• 
RK1396  Moon Itch Hsng 17way  29p (F) 
YW28F  Minicon Skt 6.way  39p (Fl• 
YW3OH Minicon Ski 12-way  (E)• 

YVV98G IDC Con 8-way  79p (El 
YW99H IOC Con 12-way  £1.20 1E)* 
5X490  113C Insertion Tool  62 95 (C/• 
F0440  2x8 dil IBC socket . ....... __El 22 (014. 
FG84F  2x10 dil IOC Socket  11.24 (D)• 

FG85G  2013 dil IDC Socket..   £1.62 (CM 
F6861  2017 dil IDC Socket..   £2.24 (CM 
F0875  2x20 dil IDC 

Page 180 
111.066  Wefercon Plug 6-pin .... .24 (G • 
91079  Welercon Plug 8-pin .. .22p (G • 
HLO8J  Wafercon Plug 12-pin  34p IF • 
HL13P  Waft/roan Skt 12-way  32p IF • 
6638R  8-Way PC Terminal  65p IE • 

rave CEI Pin Blue  44p (F) 
Y(260  CT Pin White  61.62 (G) 
WO1OL Large Patch Plug  38p (FI 

Page 181 
99 20R  Unjoeroel 95p (E). 
1196013  Std Power Plug 2.1 .......  16p (G10 
)1141335  Long Pwr Plug 25............  18p IGI• 

Page 182 
RW64U Cas Lead Sharp.. 
1316,165V Cos Lead Sony . . ....... .......DIS 1E) 

*WY16S Euroboard 4-way  eims (Ella 
W5171  Euroboard 6-way ...._  £5.95 (B M 
HL23A  Mains Socket P430SE  61.52 (D). 

Page 183 
111276  Mains Plug SA2190 .....  589 (FI. 
91309  Mains Plug 562019A  £1.64 CO/ 
14134M  Mains Socket SA2368..  ..98p (E) 
HL36P  Mains Plug P635  k i.3a ID). 

Page 184 
HI.3961  Mains Plug P551....  .....63.40 (C/0 
91405  Mains Socket F682.............£1.20 (El* 
141506  Sleeve 
F028F Une Jack .  - 
F0290  FTC Une Cord  6165 (BM 

6684F  Video Lead I  £2.65 (C). 

Page 185 
F018U  Computer Lead 1.......  -62.22 IDle 
RK87U  Video Lead 5  £2.32 (Cl 

Page 186 

........ ... 45..crIs(Flle/ 5W3811 Adaptor W.._ 
456010 Adaptor B   

RW071-1 Adaptor H  131S 1F/ie  
RW030 Adaptor D ......... ............ ......................... 

YW35Q Adaptor T  -9 

. 
RWO8J Adaptor J... ..  

RWO5F Adaptor F.. 
1Pi .RVVO9K  Adapter K  DIS (Fle 

RK55K  Adaptor Y 
RW260 I:Weak fit  

RW159 Dinpak B  DIS IDM 

Page 187 
RW22Y Dinpek J  .95p 1E)* 
RW23A Dinpak ..................... 951t316/• 

056171 Dinpak D ........... ............ .....  E1 68 OPe 
RW2OW Dinpak   El 88 (D/e 

RW490 Dinpak 290  ............................SIS (01 
9658N  Plugpek Y.   £1.84 11310 

ELECTRICAL 

Page 188 
RW67X 13 Amp Plug Nylon 
111616  Flex Connector_ ... 

Page 189 
/11.62S  Minns Adaptor 2-way  £1.82 (CI 
01831  Mains Adaptor 3-way  (2.98 (CI 
11164U  Shaver Adaptor  £1.46101. 
91670  Junction Box RM.  (1.24 (DM 
91685  Single Sin Unsenched ..........172.22 (() 

HL72P  Double Sm Socket.. ........  18). 
91730.  Trailing Skt Single  ET U (DI 
111749  Trailing Dble Skt  £3.98 ICI 
)11786  Shaver Skt Isolated._ ..... £22.64 (AM 

Page 190 
0183E  Switched Flex Outlet.  £4.75 ICI. 
01861  Blanking Plate_ ...........  ..... ....92p (El 
HL87U  206 Plateswitch  £3.62 1C1 
HL88V  256 Wetter Ht, Switch  £5.26 (CI 
HL89W Light Swch ST Single............£1.38 031 

141915  Light Swch Duel  £2.94 (CM 
Fat5R  Security Dimmer  (18.96 IA) 
FC116S  Auto Security Switch-  .07.98 (A) 
YBO9K  Fl Penress 18mm Sol  98p (El 
513101  Fl Pattress 25rnm Sgl  79p (E) 

Page 191 
5014a  Sur Pan 20inni 5051  84p (El 
55165  Sur Pan 2901m Dble.. ........ ....61.M (01 
5817T  Sur Pan 47tron Dble  £2.98 1C1 
513180  Co mers, . Pattress  E2.82 (C) 
F(1006  Ceiling Switch 1-way  £2.94 IC) 

" P (D).  FQ02C  Lempholder 702  ....................92p 1E) 
.E7.43 0:11  FE105F  Ceiling Rose.   98p (L11• 
£2132 ID) *YB19V  Time Switch ... ........ ...... £18.95 (Al. 

(D)• 
..E1.95 101• 
£2.95 ICI* 

54p IF). 

Page 192 
W5236 Tonetouch ......................£34.9S (AM 

HARDWARE 

Page 193 
BFOOA  Bolt 2BA 
8F85F  Bolt 6BA 1/4in... 
8F060  Bolt 6BA 
FIFO8J  Bolt 8136 thfin. . ...„. 
Elf096  BoIt 806 

LROOA  C/S Screw RBA 
EIF140.  Panel Screw 
LR75S  C/S Panel Screw.. 
BF31J  Pozi Screw M5 12mrn 
LR5111/1  Pon Screw M3 413rnm 

029 IF)* 
18p (G)0 
189 (010 
55p (F1• 
59p (F). 

39p (Fl• 
...5p (HI 
167 191 

29p 1F)• 
65p (F)• 
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BF3EI5  Pozi Screw M2.5 6rnm..  26p (G)•  HM31J  EB-6103-30 Semi Pert_ ...... .£20.95. 
BF407  Pori Screw M25 120,10  . 21p (6)  HM34M EB-6104 Elc Cir Text ........E20.95 NV. 

HM35G EB-6104-40 Elec Wkbk.... £12.95 NV« 
Page 194  HM36P 506104-50 Elec Instr... ..... £10.75 NV. 

HM375 EB-6104-313 Elec Part  £34.95 BF48C  unbolt M4 6rnm  38p If)* 
BF490  Isobolt M4 12mrn  38p IF).  HM4OT EB-6105 Test Eq Text  E20.95 NV. 
BF53H  Isobolt M3 25mm  42p (FM  HM41U 5B-6105-40 Test Wkbk  £12.95 NV. 
8F55K  Isobo)l M2 5 12mrn  .....  28p (FM  HM42V 5136105-50 Test Inert  £10.75 NV. 
ElF6113  Isowesher M4.......  ...  12p IHI.  HM43W EB-6105-30 Test Part  £29.95 

ummA ES-6106 Commun Text....E18.95 NV. BF81C  Nyl Not OSA 65p 1E10 
14M475 5B-6106-40 Comm Wkbk £11.95 NV. Page 270  Page 304 

£4113P  Studding 204   

Page 195  HM48C 5136106-50 Comm Instr.... £10.75 NV.  Page 238 
BB43W Synth Troc Gen 1 PCB....  £146 (CI  LVV96E  Sound Generator Kn....... £013...1200 lit): 36p IF)  11M49D E13-6106-311 Comm Pan  £34.95 

FW3OH 4BA Spacer 1/8in.............  88p (FM  HMS2G E8-6201 DigitalI T  ........ £24.95 NV.  1B42V  SMel MeO Pick up..........£119350(2 %  BY81C  Synth Trns Rapt PCB  £1.52 MI  61318U  1)031 Talkback PCB 
LB60C1  Guitar Strings Steel._ ......... .£2.15 ID)  1313380  Synth Oscillator PCB  £5.20 IC)  LKD1B  Z)031Talkbeck Kit .............(19.9514)0 68p IFI•  HM53H 58-6201-40 DIM Wkbk .....£13.95 NV*  YLO7H  Pickup Switch 

BB48C  Synth Ext I/P's PCB  £1.64 ID)  .. FW32K 4BA Space, 1 ni n.........„...  68p 19).  HM54J 5138201-50 Dipi Instr........£10.75 NV• 131365V  3600 VCF PCB   F14/331.  IMA Spacer 1/8in................... 42p (nu  HM55K EB-6201-30 Choi Pan  £34.95 OPTO -ELECTRICAL  £2.95 (C)ie  rage 305 

FG37S  M4 Spacer 1/2 
1.13713M  884 Spacer 1/41n...................42p (F)• 

86p (FM  HM58N 586401-50 Micro Inst.._ £10.75 NV. 
HM57M 5B-6401-40 Micro Wbk £12.95 NV.  Page 239 

R0867  MES Satten HI,)  6E950  Joylever PCB ............... .......... £1.10 ID  LKO8J  Z081 Modem Intfce Kt ...£2£291269(141; LW53H 5600S Synth Kit  £699.95 141e  LK21X  SpctrmiRS232 Intl kt........£19.95 1410 
BB28F  RC Coder PCB 

FW34M 6BA Spacer 1/4in................... 45p (FM  HM56L ES-6401 Micro Text. ..... ..124.95 NV* 

LR72P  Thrded SP.,  OSA •  6gp (9)•  HM59P 5B-6401-30 Micro PI_  £69.950 00670  Flt-Tp LES Lhldr BI  u j p3F, Fi )6.) Page 271  BB31J  RC Interface PCB 
FWI8U StandoOI Long  9p (H)  HM61R 586402 Indace Text ......£24.95 NV.  R)(68Y  Fh-Tp LES Lhldr Grn . ..  45p (FM  0B47B  Synth Otpt Sloe PCB.....  .16.86 03)  8832K  RC Decoder PCB.................£1:1508(DiE0 

HM625 EB-6402-40 Intl Wkbk...... £11.95 NV.  135694  Ell-Tp LES Lhldr Red..  45p (F)e  813350  RC Servo Amp PC8 
Page 196  HM637 686402-50 Intl lnstr  £10.75 NV.  FE-66W  Flthed Lhldr Amber . ....  .. 34p (F)  Page 272  1̀1105E  McM Boor Do,,),PCB ............£2.20 (D) 
10125  See)ing Strip .....84p (E)  HM64U EB-6402-30 Intl Part ............... £69.950 FF694  Fluted Lhldr Red  3p4 iF pI)F.)  LW66W Sequencer Kit ............. ....  £99.95 (A)  Y13177H  McM Transmitter PCB.......£3.22 ICI. 

L1113P  Aly Sheet 16 mg ..... ... .. ..E4.42 (C)  HM66W E13-6404 Ado MP Text  £23.95 NV*  131(520  45  
XX31J  PCB Guides .  29p IF)  HM68Y 5136404-50 Adv Instr  £10.75 NV.  131(5311 45p IF)   page 273 

HM694 5B-6404-30 Ado Pmts.._ ....... £79.950  BK54J  Min Neon Amber  45p IFIe  Page 306 *   
LKO5F  [Mars Processor Kit  040.115951. (ANI 

HEATHKIT  HM77J  5138088-40 16-Bit Wbk  £13.95 NV*  13%820  Pan Neon Amber . .......... ... 36 36pp (IFF)1.• RX830  Pan Neon Red  GA36P  Spectrum VCCI PCB  £7.32 ICI.  LKO7H  Enlarger Timer Kit. 
5457M Spectrum VCF PCB....  64.82 (C)• 

HM67% EB 8088 16 Bil Text  £24.95 NV. 

HM78K EB8088-50 /6-Bit Ins  £10.75 NV.  BK51F  Pan Neon Green .  Page 308 

3448pp (IFF)).•  GA32K  Hexedrurn PCB   

Page 274 Page 199  HM79L  EB-8088-30 16-Bit Pt...............£69.950  LVV78K Car Burglr Alarm Kit....  £.6754. .9459 (1A13)).• 
FIK6113  HW-5400 Syn HF %on ....  ....(599.95  HMBIC 83-1801 Robotic Text__ £29.95 NV.  Page 240  BYMIK  Piano PSUNoice PCB  £4.95 (CM  LW670  MPG Meter Kit 
HK625  HWA-5400-I PSU/CI) .. £249.95•  HM82D 501801-40 Robot Wkbk £16.95 NV.  1318013  Piano Two-Oct PCB  17£2: 2072  iffic))..• 
141(637  HVVA-5400-3 Keypad ......  ... £74.950  HM835 581801 50 Robot Inst ...... £10.75 NV.  WL78K  Bulb MES 6V 06W   

'(029G  Spot Holder Page 309 HK66W HWA-5400 2 Filter  £74.950  HM84F  6B-1801-30 Robot Pn.  £5.45 ICI.  LW856 0100 4010m  Kit  £19.95 14) ........._ £54.95. 
• 51303D  Fr r is ...... .... 

HK73Cl  HO 1415 Active Filh....... .. £159550  HM71N ES 0100 BASIC Text ........ £20.95 Nye £12.95 (4)  eq Ct D play PCB. 
4p (H10  Page 275  8872P  Sine/Square Gen PCB  £2122  ....... .62  0IIDI CI• HM72P 036100-40 BASIC Wkbk £12.95 NV.  Page 241 

Page 200  111917311 586100-50 BASIC lost  £10.75 NV*  '('(HOT  LED Clip 310 #1(43W HW 000F S DIS H54740 EB-6108 Ass Lan Text ..  .............DIS £011/96E Square LED Red.. ..... ...... ....... ... 41p (F)  LW87U Synwave Kit  £11.95 (4)•  Page 
1/11(445  HWA-7-1 Power Supply  £39.95  HMISS 6136108 40 LngUse Wbk..... ......... ...DIS 11-1601:1  Square LED Green ..... ........... 39p (FM  LK1513  Sp hm  Kit.......,  -£11.95 IA)  LKIOL  CMOS Xtal Clbnr Kh..  £1595 (AI• 
10(2413  0101 314 C t  Load  1(34.95  HM76H 566108-50 As I t  DIS  T'(Y'(470 Shape LED RI Orange  28 P F) 

LKO6G  Sweep (Mc Kit............  ..£2155 IA) 
HK25C  HO 1234 Antenna Sw....... ..... .£2955.  TY48C  Shape LED RI Yellow  221, (F)  Page 276  6831J  Probe Lower PCB ........  ..£1.2515). 

anenne  .... .....  •  s nsr ............. ...... .... 
6  GY54J Low Cunard Disp ........  . C3.45 ICI• 

HK74R  HM  HENHE WattmeM .. ..... £84550  Page 218  YY525  Shape LED S3 Green   ¡r/  L 80 Volu me Pedel Kit.   
5353553344  Shape LED S3 Te m.._ .....  eIF)  1L)W01593O0X0 Guitar Tuner Kit..........  ......£12.95 ÎA4111  LK13P  Logic Probe K  it........... £10 55IBM 

HK75S  HET-9 513W Tuner. ....... ..........669.95.  HK96E  Z-207-3 Disk Drive...... ......... £459.950 

Page 242  Page 277  Page 311 Page 201  HM004 Z-205 256K RAM. ....... ........... £15.9514)•  
111(995  Z-219-1 Colour RAM....... ..... £12595. 

£859.950 
'('(59F Chrome LED Smell  59p IF)  LW91Y  Hannony Gen Kit..........  £17.95 IA) 

HK22Y  HD -1416 Morse Cd Osc  C34.95•  (11484  Chrome LED Small On  58p lE).  LW92A Combo-Amp HK7BH Kit   HM-21404 Dual Wanmt......E129.95.  Page 219  GY470  Chrome LED Large Gn   65p (El*   eel" IA) Page 312 
HK77J  PS-2450 Power Unh ...............£22950  HMO1B HS-207-41 One Drive ....  £1249.950  tBK031)  Vernsocke Type 1  f Ii2266?)()C0  Page 278  tXF56L  E&MM February 1982 __C HO W. 

HMO2C HS-207-42 Two Drive ...  £199595.  131(046  Verlisocket Type 2   XFMN  E&MM April 1982  .................  DIS• 
HMO3D Z-207-6 Add-On Disk  £799.950  5478K  Stereo Amp Sw PCB ..... ... .. 46p Iner  tXF59P  E&MM May 1982 .... ........ 111.1100 NNvV.• 

Page 202  HMO4E HS-217 Winchester Dr.  £2199.95.  LVVIIN 25W Stereo Amp Kit ....... .. £59.95 (A)  1XF1301:1  E&MM June 82 
)11(78K  HD-8999 Pro CW Keybd.......£249.950  HM87U HSS-100-1 Soh Pack   Page 244 £3.82 (CM  tXF61R  E&MM July 1982... 

HK791_  PS-5024 Power Supply  £25.950 Page 220 
HK3OH  CO-2600 Ign Analyser  V49.950  Pélge 245 . ......... 92p IF).  Page 279 

RK36P  Switch Panel..........._ ........ .(1.65 (0)•  t)(F63T  F&MM September 1982 . £1.10 NV* 
tXF62S  E&MM August 1982 ......... ££11..1,00 NV. HK41U  SA-5010 uhrIatic Keyer  £129.950  6369.950 YY63T  [Mad Opto-lsolator   

Page 203 
HK31J  CI-1080 Exhat Anlysr  £145950  HK261)  15-52130 RE Oscilth   
FIK295 Cl 2005 Chargngg ist ............. £2595.  H1(276  IG-5218 Audio Gennt ...  1179550 

HK52G  IN-3117 Resistnc Box  £79.95• 
HK5fIE  IM-5256 DistrIn Anly......  £299.95. 

£64.950  YY66W Infra-Red Sensor .. YH71N Photodiode T1L100 

Page 246  TXH48C  MES33 

Page 280 11313P-  HO Mixer PCB No.2  fr.P. %V)  tXF65V  E&MM November  

tXF66W E&MM December 1982 .... El .10 NV• 
t)CE67X  E&MM January 1983 ........ £1.10 NV• 

PROTECTION 

£1.95 (DM  LW77J  Amp Remote Cntrl Kit....  E29.95 IA) 

HKO1B  GC-1107 Dig Alarm Cl. ....... .....£39.950  Page 221  OF3OH  BPX25....... .......... ... ........... ... £4.45 ICI• 
HK4OT  GC-1720 Well Clock  £84.950 111(34M 15-5281 RCL Bridge  E64.950  1413610  MEL 12.........................................95(1(F) 

101(22V  Soler Panel 63/ ..... ........ ..... ...(4.95 8)  Page 281 Page 204  HK28F  IT-2250 Capactnc Mir  £199.950  AlLR34M  HO Mixer PCB No.24  £2.45 (Ci• Page 314 

HK8013  NE-21I2 Heel Sniffer  £34.950  141(54J  IM-2410 From Counter ..  £159.950 
 H40o063411.1  Lensho Lene /à.  ---  .....  £1.98 (D)  L 6S  Ha Mixer PCB No.5  £1.38t 98(D e  RX490  Chassis F/H 20 L63513  HO Mixer PCB No.25   13597F  Safuseholder 1.114in ..... ........£1.98 ID) 

ram ........... ......14p DIO (  HK71N  GD-1701 Flood Ala  £89.950 H1(9313  1MA-100-10 DC Probe  £21.950  

 £34 -95.  Page 222  XE184F  Long Spring Line....  RX5IF  F/H CA/S  IA  

ar ....... ..... .. .......... .............11 ::: 13 HKO2C  50-49 Ultra Intruderrm   ORGAN COMPONENTS  LR21X  HU Mixer PCB No.8  £124  WR19V(D/re   

Page 205  HK55K  1M-2400 Hend-Freq Ct  £169.950  Page 250 
.£11.95 iIA). LR22Y  HI1 Mixer PCB No.7...  ...£1.98 (D) WR2OW Fuse A/S 2A 

Fuse  . .......  ............13p IGI• 

HK67X  PS2405 Hand-Freq PSU  f19.95•  Page 282  140331  Plug Fuse SA   
141(.33L  Et-3133 Soldemg Crs  E22.95.  HK94C  DMA-2400-I Antenna _ ....... f15.950  0517 T Mld Kbd 49- Note C-C  E19.95 (Al.  LR23A  HO Mixer PCB No.8 ...  ...81.72 OD) 
HK45Y  EB-1010 Elect Dctnry  £18.95 NV.  141(5311  IP-2718 Tri-Clftzt PSU  £139.95•  0013P  KB Mounting StrM  54p (F)  1.132413  HU Mixer PCB No.9 ...  .. £1.98 ID)  Page 315 
HKOIE  5E-3140 Hobby Elect  £79.950 HK32K  5E-3100 BeMc Eltny  £34.95 NV.  Page  223  Page 251  LR42V  HD Mixer PCB No.29  £3.95 (C)•  BK22Y  Thermal Breaker 34....... .£2.25 (010 

LR25C  HO Mixer PCB No.I0  £2.26 ICI•  8K234  Thermal Breaker 5A.... ... -62.10 ID) 
HKO5F  5E-31014 DC Elct Cr.  £59.950 

HK950  1G-4244 Osc CalibrIr .....  (M:g:  Totrmerr eaker 154.........£1i935p(R: 

14K065  EE-31024 AC Elci Crs   
Page 206 

111(0711  5E-310:34 Semi Dv Cm...  £64550 

£134.950  HK35G  IF-2725 Low-Volt PSU 
Page 224  )(5170,4  Gold Wire. 

GYO7H  Contact Springs   
...£1.95 11370  1019V  LM3130 Amp PCB.... ....... . ...£2.48 IC) 

£2  2°10)  HVBf ro6G  

*Y114,4;1134 LieMcCeBA Reed   

RF Supp Choke 3A . .....  ,E.f..11..95.204411p001),F:) 

XB14C1  Keyboard 48-Note..  . £28.912(1p4HiF:  PLI:269: 283HCI Mixer PCB No 14   
XE194C  Contect Block 1WG   

liK£18.1  6E-311:144 Elect Crs..........  (79.95.  HK56L  1D-4001 Weather Crnp  £489.950  Page 254 
Page 207  HK57M ID-15.905 Wnd Spd Ind. HK72P  ID-1990 Digi Baromtr  £129.950  001210  Piano Pedal ...£12.45 (4).   Page 284 

 £5.75 (131  Page 316 DIS IA/ 14050F  ID-2090E Digi-Barornt  £159.95  31143W 15W Amp Kit XY33L  Smoke Detach Type I   
HKO9K  5E-31054 let Eqp Cr, .. ..... ......E79.95.  Page 255  '(020W 20W Amp PCB ..........  .....£2.20 (D) 
111(42V  6E-3106 El  Com Crs .. ..... .....E69.95•  KNOBS  XY28F  Re mote F oo t C ontrol  £13  .95 (AM  
HKIOL  ET 31000 Exp Trainer.............£99.95.  RECORD & TAPE 

Page 236  Page 263  Page 302 
AF600  Graphic Erdin 0E206....... £80.95 14).  BVV41U Drafting Template  £130 1E/0  LKOOA  VIC 20 Talkback Kit.....  .(22.95 (Al 
AF27E  0E1305 Equaliser  DIS IA/ 
AF59P  Graphic Eq. 56909  DIS IA)  PROJECTS  Page 303 
LB66W Mini-Pheser .... ..... ....  .£26 95 (AM 
XE141U  Fuzz-Wah Pedal ........   DIS (A)  Page 267 LW7221 Z081 Keyboard Kit  £23.95 IA) 

BH64U Mi ni c on PI 17way.  . ..  .... 73p (F)  GA90%  I/0 Pon PCB. ..........  £226 (51• 
Page 237  269 195764 ZX81 1/0 Port Kit....... ..... ...£10.49 (BM P 003011  BBD Echo EM 006  £7880 IA)  age  GE108.1  ZX81 Extendiboard.  £2.401C) 
XY13013  1300 Echo Machine  DIS IA)  BY87U  Synth Preset Mtg Bd  79P 15). 

Page 286 
*141(11M ETW-310013 Assembled..........£159.95  Page 225  PANEL METERS  HI168Y  50W Hi-Fl PCB  ICIte 

0W/SS Knob BK12 .22p (G)•  Page 317 LW351:1 50W Amp Kit  £15.95 IA) Page 208  ..-... 38 P IF)*  Page 256 6428F  75W MOSFET Amp PCB ....(1.99 ID)*  TX0.0111A  Autochanger  £23.60 Vtl• 
HK81C  5E-1001 Pesstve Crs....  ...... £59.95•  1483451  Knob K2........ ........ .. ... ....... ...45p IF)•  YO4713  Dual VU Meter  £3.75 (C).  LW51F  75W MOSEET Amp Kit.... £13.95 (A).  XB25C  Belt Drive Turntable  .(42.95 14). 
H MO  EE-I002 Trailer Crs  £69.950  RWIMW Knob M2  .. 32p IF).  RK1OL  (1,40k-Fit Meter 5mA  TEMP IC)  10750  Drive Wheel BSR  .£2.20 15) 
HX83E  ET-1000 En g Trainer.............(189.950  RW900 Knob 1.43  28p IF).  RK I2N  Check Fit Meter 517mA   IS 

.....  ...... 

•FI(8-4F  ETVV-101:10 Assembled__ ..... £329.950  1300.34  Knob M4  49p IF)*  Page 288 
Page 257 £ 98 113)  LW3214  150W Power Arne Kit  E21.95 (A)*  Page 318 

Page 209  Page 226  FC136P  Garrard Drive Belt.  .£2.72 IC/0 
RW94C 210. Pan Meter IrriA   Page 291  HROSK  Ctrdg BSR SC12M.... .£4.95 ICI* 

HK48C  EH-701 Linear Course  £59.950  RW95D 2in. Pan Meter 5m4..............£6.98 113) 65  £9.98 03)  FIRITT  Chdg Sono V100.......  .£7.95 1810 Y13640  Knob K84.......... HK491)  EH-702 TTL/CMOS Crs.. .....  £69.95•  0W965 2in. Pen Meter 10m4  (6.98 (131  X13755  10-Chl Eqlsr W wrk   
HK924  5E-4201 Fibre Op Cm  £109.956  YR66W Knob K8C ...........  .......95p IE • 75 (oDI (E •  RX33L  2in. Pen Meter 100mA......... £6 64 (el  Page 319 HK12N  (E 3201 Dig TecSC  rs  ...... £39.95 RK9OX  Knob K105......... 

HB313R  Knob £30   137(34M 2in. Pan Meter 500mA  £6.95 113)•  Page 292  1413165  Ctrdg Goldring M O._  £9.95 113)• 
HK64U  EE-3202 CMOS TOS Cr, ...... ...E99.95.  HIE1411.1  Knob K48  DIS ID •  1353613 2M Pan Meter 50V DIS (13)  54308  Compander PCB   £3.36 (C)•  F03813  CIrdg Goldring 680011  (8.62101. 

RX525  210. For Meter 8..  . DIS (13)•  0443W Noise Gate PCB  E1.42 1131•  £141U  Cdg Tenorel 12001ED...  .e...£9.4.562(C11 
Page 210 DIS all  RX53H  2M. Pan Meter VU'.............£8.E7.9955 ¡LI:  01313P  Tnbl Scrtch Fttr PCB.. .  E2.32 IC). Page 227 
HK13P  ET-32008 Dig Trainer.......  £99.95«  RX54J  Large Panel Meter  Page 322 

*HK14() ' ETW-321X18 Assembled...  £169.95  WL526  15mm Collet Pier Blu   Page 293 
HKI5R  5E-3401 Micro Course .....  £109.95  WL5311  15rnm Collet Pntr Gm ....... DIS HI  BKO7H  Stylus ATN3400   

YG4OT  Low-CoI Collar Knob.......  .33p IF/  PCB EQUIPMENT  XY260  Heatsink Mtg Plate  £4.20 ICI  EIRMW Stylus Acos SM6 .. ......... .... £5955p5 :DC:: 
GYODA  LC Cap Bleck ....13p HI  Page 258  8B81C  Disco Pre-Amp Tn PCB  £5.28 ICHe  B1(09K  Re-enter As F5880  ....£6.30 IC)* 

Page 211  010113  LC Cap Blue  .8p El)  81319V  Disco PSU PCB FLO2C  SRBP 0.1in Type 3.......  .£1.29 ID)*  BB2OW 150W Amp Board  £ 1E22.61101::  010395  Stylus 13513 TC8 D  ... .. DIS (010 
HKIISS  EE-3402 IntrIcng Crs.....  ..... £109.95  roen £2.42 IC)  HR74R  Stylus BSR ST21.... 
HK17T  EE 3404 Ad  M i. Crs  £10965  01,031)  LC Cap Grey  FLO65  Vero 14354..  32 8 In..  813265  Motor Switch PCB   E1137611  Sty1  0110E  (595)8) 
HK65V  5E-3403 Synth Course .... ..... £149550  GY040  LC Cap Red ...... . .... ........... ...... _ Op HI 

• . le (HMI  FLO7H 
V  10346  £1 9516)  0027E  Lght M d Bd (59010)  ra w/ Sty) Philps GP401Mk2 ..... ..£5E5 .s955 MI: HK18U  ET-341:104E MIcro Trnr  £229.950  FLOBJ V  10347  £16210) B82413  Disco Fader Bd . ...... .......£232 IC)  1413950  Sty/us Sansui SN28   *HKI9V  ETW-34004 Assembled .......£ 1995.  0Y05F  LC Cap White.  FLO9K 

£1.32 1131• 
an**  LC Cap Yellow  X13375  Sound To Light COS.  .£14.20 (41  FG98G  Sanyo ST26 Stylus.. ......  ....... . DISe 

FL1OL  Vero 16348 
YGO9K  Slide Knob B. . .. ....  ..  ..... .21p G) V  V-00  rd  £195 IDle  Page 294  FG94C  Sharp ST7123 Stylus  . .£7.320 H13441C Page 212  YGIOL  Old Knob C OI mic ......-......'..... DIS ID).  11(2613  Styhm Sonoton0V101  E5.95 I(3)• 

•HK464  ETA-3400 Accessory  £199.950  RK290  Spindle Coupler ....... .......... ...95p1610  FL25C  ToM 2022   

£2.72 ICI• 
FL261)  LW93B Partylite Kit  £9.95 (BM  HR53H  Stylus KS404 DD.................£1.45 IDI: 

•HK91Y  EMIA-34(10 Assembled ............t299.95 

72p lElIa 

 72p 1E)*  LW65V  Stopwatch Kit ..... .. ..... ........E42.95 (4)•  FG,E, SI/PY ND250 Stylus ..............6... :1105; *HK478  ETA-3400-1 Chip Set ............. 564550  FL27E  Tool 2151   
88p 1E/0  Y13.21%  Snd/Light Cony PCB ....... ...... .E2.98 IC)  BK18U  Srylus NO200.................. ...67.25 101. 141(856  6E-8088 16-Bit Cours . . (99.95 NV*  Page 228  FL2OW  Pin 2140   

RX3130  Nylon Rod . , ....... .....  .. .22p (5)0  FL21%  YX27E  Stylus Sony XL15   
Page 213  RX43W Cord Drum Small.................98p (5/0  FL234  Page 295  YX28F  Stylus Sony ND 126 ...... ............90515101).C/ 

RX395  Vernier Dial Smell .....  .£255 (CM  GA625  Timer Switch Board  .  £355ICM•  YB4713  Hi-Fi Care Kit C72  v 
HK867  ET-1006 16-Bit Trnr  _  £124595•  H8464 White Pointer ...........  ... .. 44p IF)  Page 259  LW94C  Universe:Timer Kit.. ..... _£4755 1410  LX(MG  Cleaning Ar. cloo  £.45 10). 
HK87U  ETA-1013A 16-Bit Accy. ...f1399.95  1.113470  Ball Dnve Pointer.....................60p lE)  FR46A  Stylus Cleaner C50.................DIS 1E10 

*HK88V  EWA-1004 Assembled  (1799.95.  EL.8013  Pin 0266 Pk of 100 ....... .  £2.95 ICI• 
HK97F  Z-205-1 64K RAM Kit ..  MICROPHONES  FL81C  Pin 1657 Pb of 10   Page 296  Page 323 
HK2OW ETS-18 Hero 1 Robot...  £1349.95.  .L3.420 Page 229  RK94C  Verowore Kit   

HIlOS  Verowire Pen ...... ........  (F£79/68(113F11)81  LWII2D Digi-re Mein Kb  E99 95 IA)  FG71N  Rollacleene....... ........ 
Page 214  111331 Electret Casette MM...  .. (2.62 ICl  HY17T  Verowi re Spool  £1.05 (E)  GA45Y  Burglr Al m MaM PCB ......£7.45 (0).  LX1OL  Anti-Stet MM CII9 ....... ......f2.95 IC)» 

HK89W ET-18-4 Hero Dem ROM ..... ...£54.950  FY33L  Verowire Comb .......... .......111  £2 
P  GA464  Break Conlarmtact PCB...... .....  V 95951134,1 

LW57M Burglar A  Kit   Page 324 
114040990055 ET-186 Mon ROM Um.... £39.95 NV.  Page 231  YH LC1I1M4F  V Vero  blP lugblock.  ........... £5.45 ICI• 

8 ero oc Bra cket......... ........ 79p El  LW59P  Break Contact Kit.   .85 (C) F57413  Head 4- Cepsten KO  (1.64 

1.13694  T Clip Mi  E724 113)  81(620  Eng  D  g Sht. HMIOL  EB-1020 Computr Dict   DIS• 75p (EI•  LIN58N Est Horn Kit  .£3750 (A)  tER62S  Straight Denumnemer.... .f 1.95 IC)* ie- c.  •  ineer esi n   
YG25C  Cassette Tape C60 ........ ....65p (5). YK637 Electret Mic ECM1066.....£10.45 (BM 

Page 215  Page 260  Page 297  Page 325 
HM06.1  EC-1100 Learn BASIC...... £49.95 NV.  Page 232  X543W Seno Etch System_ .....  £8.60 (B)  LW730 RTX3 Dopeer Kit.  ........£47.49 (4)• 
HMO9K EC-1110 M-soft BASIC._ £79.95 NV*  FC1637  GF Cassette Head .........  ....£9.62 14) 

LW74R  Radar Ch/ SU Module........£14.95 IA) HMO7H EC-1120 CP/M 80 Crs  £99.95 NV*  YK64U  Electrat Mic ECM1067 _ .£12.95 (AM 
...f1.95 O .  FC166VV Cassette Erase Head ...-  HP.40136 EC-11D8 Ass Lng Crs  (44.95 NV*  YK65V  Professional Mic 1 ..  .£19.95 (4)•  LWEL3E  Usonic Xceiver  Page 261 f1.65 (D).  F13650  Smreo Cassette Head  E3.95 (Cla YK68W Professional MIC 2  .E25.95 IA)*  MIME  Usonic Interlace Kit.  E2.95 IC)* 

YK68Y  Stereo Electret Mic .... .£21651A1•  XX12N  Etch Crystals. 
Page 298 

£365 (CM 

Page 216  YKE194  Professional Mic 4 ..  .(35.95 (A)e  HX02C  PCB Pon... ..........,. . . . .£1.85 
PCB SRBP SIMI Single......... 65p IF)• 10411 M ES-6140 C of E Toot...... E24.95 NV•  RESISTORS 

1-1M12N EB-6140-40 C E Wkbk..  011.95 NV.  Page 233  WFMN PCB SIM P Lrg Single.........£1.62 ID).  LW97F  Panic Burton Kit   
HM13P £36140-50 CE Instr.  £10.75 NV•  14%01B  PCB F.Glass Sm Snal.........t1.20 (El•  LW98G Progrmble Tinier Kit ...  E8.95 )13)• 
454140 EB-6140-30 CE Pens ..........£299S  11394C  Screen S15.  .  . ...£6.95 10/0  WE407  PCB F Glass Mod Sngl...... £1.95 03)0 P  Page 327 
45416S E13-6101 DC Elec Text  £20.95 NV*  1.0951)  Mic Unit U15.....  121199,514AI  age 299 ):  WE410 PCB F.Glass Lrg Sngl........£2.95 IC).  W  NOW Min 02213 to 113 ...... .37p (F) 

BKO1B  FM Mic  WF42V  PCB F Glass Med Dbl._ ..... £1.95 11))•  10451'  Magnum 2 PCB ................... £2.32 IC/  W  WAN Min za2 to 22K.......  .22p (G) 

... 433.2fipp9 p(I FF :E.: 

HM17T E13-6101-40 DC Wkbk  £12.95 NVe  BKO2C  FM Mic Adaptor .  .624.4514)• 

Page 300 
HM180 EB6I01-50 DC Instr ..  £1675 NV•  unsct m.. windsh,eid  . 65p (Fl•  Page 262 
HMI9V EB-6101-31) DC Parts ...  .. f25 950  Page 328 

YVV76H EMtra Hot Mic Stand  ...(7.95 1131• 
7W WAN . 117(04E  Polish Block..... . ....... El 60 11:11•  LW6t11 Train Common/PSU Kit  129.95 IA)  L 81422Y ES-0152 AC Elec Tem.  £20 95 NV. 

E7.50 113)  H HM234 08-6102-40 AC Wkbk  (12.95 Nye  MUSICAL EFFECTS  089130  Fixircuit .  £9.8o )01  LW62S Train Control Kit 
..(1.62 ID).  LW99H  Modem Kit  £44.95 IA)  V  IOW W/VV . ... HM24B E86102-50 AC Instr  £10.75 NV.  Page 235  BW240 Track Tape 62..  14V Res 1M-33M  ..15p (GM 

SIM25C EB-6102-30 AC Parts..  . . £8 43 (13/•  13W261) Track Time 100  .£182 11)10 , .61 -95  (5). Page 301  v  HU Res 47M HM28F  E13-6153 Semicnd Text  £20.95 NV. ..V839N  Pre-Amp CS5  BW3OH Pad 075  .  TY1214  Rennet 1006  .. 
HM296 EB-6103-40 Semi Wkbk £12 95 NV•  YK55K  Stereo Mixer MM2 ..... ..£12.95 (AM  BW33L Pad 150 ...  .£ £1:4955 1(501):  11(125  Orgn/RS232 Into Kit._  £14.95 (4).  1,91513  Resnet 1k 111430H 656103-50 Semi Instr ... (10.75 Nye  513295  Stereo Mixer  . DIS IA) *BW4OT IC Pads 200 .  LKII3U  Oregon I/0 Port  £14.95 OM*  YY213W Resnet 47k  - 29,7,PcI  Fi/i0) 
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Page 329 
WR81C Hor Skeleton lk........  ..... 28p (F) 
VV1113213 Hor Skeleton 2k2........... ..... ....33p (F)4 
WR83E Hor Skeleton 4k7....................... 28p (F) 
WR84F Flor Skelton 10k  28p (1) 
WR85G Hor Skeleton 22k............ .....  28p (F) 

W9861 Hor Skeleton 47k................. ..... 21p 11/ 
WF187U Hot Skeleton 100k._  329 (F)4 
W9889 Her Skeleton  149 (F)4 
WR89W Hor Skeleton  310 IFI. 
WR9OX Hor Skeleton IM.  ... 31 p IF). 

W11911 Hor Skeleton  28p (F) 
W11924 Her Skeleton 4M7....... ....... ....... 28p WI 

W W0113 Vrt Skeleton 2209...................33p (1). 
WVVO2C Vert Skeleton 4709  ... 33p (Fliti 

W W04E Vrt Skeleton 21,2  31p (F) 
WYVO5F Vrt Skeleton 4k7  31 p (F) 
W W1:16G VO Skeleton 10k  31p (F) 
WYVO7H Vrt Skeleton 22k  339 (1). 

W W08J Vrt Skeleton 47k  310 IF) 
W W139K Vrt Skeleton 100k  31p (F) 
W W1OL Vrt Skeleton 220k..  31p (F) 
W W1184Vrt Skeleton 470k  3191F) 
W W129 Vrt Skeleton 1M  31p 111 

W W13P Vrt Skeleton 2M2 
W W1411 Vrt Skeleton 4M7 
11/9490 15-Tum Carmel 10k ....... ....... ££112002 :09 
W1150E 15-Turn Cennet 50k   
VVR511  15-Turn Cermet 100k  £120 1E/ 

BWO6G Edge Control Pat.... .... .  DIS 1E/4 
13W139K Edge Knob Large BM  DIS (91)• 
BW101 Edge Knob Large Grey____ DIS (H14 

Page 330 
FVV84F  Dual Pot Lin 4k7........ ..... . ..... £1.42 (0)4 
FlA/85G Oual Pot Lin 10k...................£1.42 (0)• 
FW887  Dual Pot Lin 22k...................£1.4210)4 
PiNTOU Dual Pot Un 47k-------------------£1.42 (0)4 
FVV88V Dual Pot Un 1C0k... ........... ...£1.42 (DP. 

FW89W Dual Pot Lin 220k.. ..... 
FW9GX Dual Pot Un 470k...... .......... .£1.42 (D)• 
FV1911  Duel Pot Lin  ......£1.4210/4 
FVV924 Dual Pot Lin 2M2................£1.42 10/4 
FX08J  Dual Pot Log 4k7 ...... .......E1.4210/4 

FX139K  Duel Pot Log 10E  £1.42 1014 
FX101.  Goal Pot Log 22E  £1.421014 
FXI1M  Dual Pot Log 47k  £1.42 1014 
F21129  Dual Pot Log 100k  £1.42 1014 
FX13P  Dual Pot Log 220k _  ___EI.42 WI* 

FX14C1  Dual Pot Log 470k  £1.42 IDI• 
FX1518  Duel Pot Log I M  £1.4210/4 
F7(165  Dual Pot Log 2M2  £1.42 1014 

Page 331 
FW5GE  vi m Pot Ion...  Ens ICI* 

..... ins (C/4 
PAr7311 W/W Pat   £2.49 (C14 
FX32K  Slide Pot Lin 5E  £1.48 (E) 
FX331  Slide Pot Un 10E  £1.48 (E) 

FX34M  Slide Pot Un 25k  £1.48 (E) 
FX3511  Slide Pot Lin 50k  £1.48 1E/ 
FX36P  Slide Pot Lin 100k  £1.48 (El 
FX37S  Slide Pot Lin 250k  £1.48 (E) 
FX389  Slide Pot Un 500k  £1.48 (E) 

FX53H 
FX54J 
FX55K 
1%561 
FX57M 

F21589 
FX59P 
FX7691 
F7(77.1 
FX8013 

H MG 
HBO4E 
911305F 
HBO7H 

 alp (FI 

Slide Pot Log 10k.  _EL « (E) 
Slide Pot Log 25k.......  . £1.48 (El 
Slide Pot Log 50k............ ..... £1.48 (E) 
Slide Pot Log  £1.48 1E) 

Slide Pot Log 250k.. .....  £1.48 (E) 
Slide Pot Log 500k........... ..... _£1.18 (E) 
Duel Slide Lin 5k  £1 .48 10) 
Dual Slide Un 10k  £1.48 101 
Dual Shde Un 100k_______£1 48 (0) 

Dual Slide Log 10k  £1 481131 
Dual Slide Log 50k _______ £1.4810) 
Dual Slide Log 100k  48 (01 
fuel 511,10 Log 500k  £1.48 ID/ 

Page 332 
FX21X  Thermistor VA1055S  68 0 (E) 
FX429  Therrnistor VA1066S  68p (F) 
FX62S  Thermistor1153  £8.95 11314 

SEMICONDUCTORS 

Page 334 
CIE105F  AC142 ........  W/4 
013101  ACY19  79p(E(4 
00000  ADC0804LCN........ ......... ...£5.95 (C14 
WQ191 AY-5-2376 .......   DIS (A) 
0827E  BAIII2B  32p IF)* 

0831.1  BC107B  189 (G)• 
00379  BC140.  39p (114 
003911  BC142  39p 1114 

0855K  8C1821.... - 12p 1514 

013581.  BC1831 ....... ..... ..._......----.15010/4 

110171  BC558 .  .  . ...15110/4 

111755  60136  42p IF/4 
WHIGS 1313712  86p (El* 
CLFICIL  131167 .......   45p IF). 

11F) TI  61258.  38p (F). 

Page 335 
012413  BFX85  .  38p (F)• 
C1925C  13FX87  38p (Fle 
ClF32K  BSX20.   29p (F/4 
CIF43W 69164.................... 82p 1E14 
01451  B7J(61C4V7 . 

CIF460  B22(6105V1  __ 17p (G) 
CIF47B  BD0310516..  ..... 17P 10/ 
C1F48C  BZ11.81C6V2 
01490  BTX61C6V8.  _17p (G) 
0,150E  BD(131C7V5.  17p (G) 

111311  BZ)(61C8V2  17p (GI 
111520  132»31C9V1   179 101 
015311  BZ7161C111 .... ..   t7p (G) 
0154.1  BIK.81C11  17p (G) 
11155K  BZ)(61C12...    17p (G) 

01561  BD(81C13  117p (2) 
1:1157M 
058811  BD(61C16...  . ..   t7p (G) 
0159P  0210131C18  17p (G) 
11161711  BEMIC20.  179 (G) 

CIF810  BZX61 C77   179 IG) 
0162S  BZX6IC74  ..   170 (G) 
111637  023/61C27   .. 17p (GI 
0F-84U 
111651  BZ)(81C33.  . 17p (G) 

11168W BZ)(81C36    17 0 (G) 
016711  BD(81C39   17p 1G) 
111689  02X61C43  17p 101 
U NA BD031C47   170101 
13170M 07711051  . ...._ ......  179 15) 

017111  B2X61056    lip (G) 
C/F72P  BLOM C62  17p (G) 
0626D  CA3048 •  .  . £1.22(E(4 
9115811  CA3080E  749 (E) 
11H281  CA3130E  £1.38 (0)4 

0543011 
W023A 
W0246 
000193  DAC080ILCN ........... ........... £4.45 (C)• 
(10.23A 

rüss  ICL7680CPA  £2.89 (CI 

119313 
YY94C 
911631 
EIL38P 

11740 
W11290 
WQ3OH 
0127E 
09281 
(929G  . ....... 98p (El 
1113091  LF442CN   El 54 ID) 
11694  1E13741   6201E/ 
C1109K  LM31IN .  £1.62 11). 
11730  LM11s7  £132 (01 

C1HOOT  LM380.  £1.82 (E)• 
11H410  LM381  El 80 (C)  01133N 40568E 
WC134M I.M3134  £1.72 11:11  OW4OT 40600E 
W03511 LM387  £1 95 10/•  0W41U 40636E 
0119v  Lmta3.5  o 95 (C14 (1W429 40678E 

ICM7045IPI. 
ICM72160IPI 
ICM 7555 

1384 
LF347  . 
11351 
LF411CN  ...... 
11412C5 

£21 95 (Alis 
£21.95(41 
.£195 (0)• 

. .E2.4010)4 

_El 821C) 
...£1.6210) 
... 85p 1E/4 
£112 (El* 
£1.82 (0) 

1999H  LM1830.................. ........... £2.95 (Cl. 
YY71N  LM1871  £224 (13) 
W0389 LM2917 _ ........... ..... ...... ....£3.95 (Cl. 
11/1421  LM3900  £1.36 (0)4 

WC139N LM3909  £1.881E/4 
WQ41U LM3914  CI.95 (Cl. 
7196E  LM3915  £2 98 IC) 
9197F  1M3918  £2 98 (Cl 
YHMU  LM13700N  .. .......... ._____El 95 (0 /• 

Page 336 
YH89W MC141389  .............................£1.38 (E14 
9119011  MC14819 .  El 38 (E)4 
11H4713  MC1496 ....... _......- ........... £1 95 (E)* 
C1H48C  MC3302P.... ......... .......  95p (E). 
C1H490  MC3340P  £3.62 (Cl. 

WOMX MC5802P..... ............... ...........£5.951C/4 
WC1464 MC8821P...... ....... ....... .....  (0)4 
00030  MCE1845  £13.95 (9)4 
WQ48C MC8850P....... ....... ..... 
W04913 MC13852P.. .....  ......... .  .......DIS (CI 

WC150E MC68751.  DIS (13/4 
01230  MC10116P....................... .... £1.32 (E). 

QH54J  MJE340  45p 1E) 
W11511 MJE350  £1.20 (E111 

C1H59P  MPF1132  95p IV« 
(191600  MPS414  219 (F) 
C1H631. MPS3838.4  220 1G/4 
W12.53H MVAM115........  .....£3.24 IC)* 
1111136W NE 555  39p (014 

0116711  NE 556  713p (El. 
1988V  11E55340   £2.48 (CI 
QH7OM 0041  22p 1014 
(1H72P 5A91 10p 1911• 
PH856  CIC72  DIS 1E14 OW9OX 47p (E) 

CIWIIIY 4556E1E_  . ...47p (E) 
iessK 634552  D3.95 (C14 
0004E  6402  £5 951131• 
6X375  7400  39p 10/4 

*9986W SL490. E3.35 (C)4  YMCA 
ax3e9 7401  .39p (0)• 

WCW4U TCA4500A  £3.95)C14  Y10113  741_501  3591614 
r(160  10A1024  £1.95 (1314 C1X39N 7402  -  39 0 16/4 

..... 72p (E)• YFO2C 

WC17311 TIPI22  95 P (Ele OX7411 7403  330 (614 
01155K  1172955  98p (E)4  91030  741_503_  -39 111014 
CILI9V 11543  849 (EH>  11124E1  74503.  78p (F14 

03(407  7404  15 0 (014 
YFO4E 

01.05F  SC1480......._  £1.42 WI 

CON25C 40350E..............................659 IF) 
QW27E  69p (El 
0W281 404)00E._ ........  .... . .......... 89p IF) 
CLXI9V 
QW290 

C1W3OH 40440E  639 1F) 
QW31J 404513E  £1.151E) 
OW32K 404613E  77p (F) 
M 331 404813E  419 (FI 
OX21X  40491113E  ... 41 p (F) 

OX221  40500E 
C1W34M 405113E 
11W350. 40520E 
QW36P 40538E 
COV31111 40550E 

W0.755 TL170C_....... 
W076H 71172C   
1177.1  ..........£1.221El•  QX41U  7405  39p 1G/4 

YFO5F 
YY8139  TM51121......__. ..... ........,.£11.950314  ElX755  7408  95p (F14 
09140  LMA1701.  Ogg ¡Cps  OX7811  7401    95011)4 
0127E  u4781.15AWC_._ ......  911X421/0 7408  459 (GI. 
01290  uA78M12UC    

YFO7H 
CLX43W 7410  39p (G)• 
1108.1  741_510_  39p (F/4 
C1X44X 

YFO9K  741_511..  399 10)4 
YFIOL  741_512  39p (0)• 

Page 337  (1/(451 
0136P  tiA7915UC  78/ (E)  YFI1 MEMMA  7414  £1.101F14 
WC19513 uA79HGKC  DIS (B) 
13027E  VN1OKM  959 1E14  791211 
(11.4137  WO4 ....................... .....--  45p IFP•  11131). 
0943W X11221 ICP  £3.64 ICI  QX7136  7416  84p (FP. 

QX791. 
ClX4713  7420  399 10)• 
111411 
QX48C  7421  39p ID* 

QW1304 ZOO-CPU    .n.sa (Et)  111511  741_521 .  313p (G/4 
YF16S 
DX8013 

11X81C  7426  ........ .....  .. 39p (GIs/ 
11171 
OX490  7427  42p 11/.1 
11181.1 
11199 

11012/4  2NZ369A  29p (GI.  QX6.06  7430  390 IGI• 
1120W 

911986  2N3055  629 1E14 

BL451  2N3055  £1.101E)  Page 339  
0025C  2N3525  .  E2.46 (D)4 

(1132K  u/17812UC 
W08013 u4178H05KC   
WC181C 
W111349 u478P055C...... 
W0861 u479112AWC 

95p (El• 

 68p (E) 
E7 88 1111 

.....£7.45101 

 620 1114 

0143W ZTXI07............. ............... ........ 24p 10/4 

01730  1114001   

C012131 
0031,1 

0036P 
011401 
094411 
0.11459 
0914713 

110490 
11950E 
CIWO8J 
11111M 
C1W101 

QW12N 
0007H 
0008.1 
0009K 
(10520 

0H5IF 
USDA 
0.5010 
01.030 
(1102C 

OX0313 
02104E 
QW140 
111105F 
01.134E 

0.)(060 
CIX0711 
C1W159 
11W165 
0)(08J 

02100)1. 
OX101. 
11W177 
CO MM 
11W11311 

(1Wt9V 
CD(12N 
QX13P 
CLX1413 

 85p (F). 
2N3904._  ...  . 19p IG/4 
2N10130..  DIS IG14 

2115458..  62p (1). 
2N5459..  .- ...-.  ... .39p (11« 
2116609  _£4.25 (Clisi 
25C25470  .  45p 1F/4 
25K135  .  ..  n.es (c). 

W2IX  741532_ 
YF22Y  741_533 ..... 
YF23A  741537 ......... 
OX1321)  7438  42p (F/4 
11248  741_538_  ..... ..... 42p (014 

OX.531/  7440  39p (F14 
YF25C 
1̀1260 
CIX55K  1447A............. £1 95 (Elie 
C10520 

.ansati 
1127E 
11281 
OX561.  7470  34p (F/• 
C11(57M 7472  65p (FP. 

2732 450ns .  £7.9511314  QX58N  7473   54p (F)• 
899 (F)• 

39140.  1 r:195p:91  yY1Z1 : 3131319JHr  7474   

9675611Ppp EFF ))) 

2764 45005  69p (F)• 

3403   
4000BE 

. 
-  32p (61 

32p (F)  YF32K  741S75........ .........................lop 
7478   

 54995P  111: 4001UBE  11331 

£2.55 (0)• 400213E  329 14/  711X825  7481   
C1X831  7485  £2.42 4006BE  729 (El 

41107UBE  32p (G) 

40110E.  329 (GI 
4011UBE  329 (01 

40140E  .......00p 111 

4016BE  41p (0) 

40198E  41p (F) 
4020BE  . ...... .  72p 1E) 
402113E  680 1E) 

402213E..  68p IF) 
402313E..  32p (G) 
4024BE  5Ip IF) 
402513E  32p (FI 

Page 338 
=159  40268E.. .. ..  ... ...95p (El  C01730 
051ES  40218E ......41p (01  0054,1 
OXI7T  40288E  61p (F)  5511010 74123 ........ .....................38p (F) 
CIW2OW 40290E  78p (E)  114.13C  7415123  £1.42 (EI•  1199H  LM1830  £2.95 IC)* 
(1VV21X 40310E.. ..............................£116101  11490  741_5125  72p IF)*  117311  L603352 .  £1.32 101 

91350  741585.......   
1136P 
11%659  7489  63.40 (C14 
OX66W 7490  £1.151114 
11389  741.590  95p 1F)is 

(1X861 
Q)(67X  7492  £1.1511)4  Page 394  
113911 
OX881  7493 . ..... . .........   £1.201114  C111260  CA3848 
91407 

11X7014 7495 ......  ......  .......... £1.38 (11• 
1141U  741_595 ______ _ ...... ....£120101. 
C1X87U 7496   
CIX71N 74107  729 (11• 
1143W 

CIX/381 74109  £1.18 (Ele 
1144X 
11459 
11464 
03172P 

419 (F) 
57p (E) 
57p (E) 
72e (El* 

85p (E) 
809 (E) 

_ ....  . 32p (G) 

*QX25C  40691.18E  32p IF/is 

I1W44X 407313E  32p (FI 
QW459 44375E1E._ ..  . ... ...  . 32p (F) 

QW464 40768E  74p ID 
QW4713 40770E  .........................................32p (F) 
13X2131  40788E  .  32p (G) 

1150E  7415126  . 72p (11• 
W11030 74132    £1.22 (El,» 
YF51F  7415132  ......  £1.10 (F)e 
91520  741.5136......... ............ ....... ....... 72p (FI. 

9154.1  7415139. ................... _..........£1.151D• 
WHOSE 74141  £1.82 1E)* 
WHO6G 74145  _  £1.82 1E/4 

OX89W 74150 ....... ...................  £2.82 181• 

WHO7H 74151  . £1.42 (E). 

YF57M  7415153   £1.621E)* 
1158N  741_5154  fl 95 1E1• 
1159P  7415155._  ......  .£1.20 IF)• 

15800  741_5156  .015 (E)• 
11610  7415157_  .95p IFI• 
Y1625  7446158 .....  ......  95p (FI. 
WHO9K 74160  £1.95 16)• 
1163T  7415180  ....... _______ £1.22 (FI. 

1184U  7415161...... .............. ....-  £1.221114 

WHIM_ 74164  £2.32 (E)• 
11681  741_5165  £t 95 (014 
11694  741_5166.  .......... _ _CZ» 10/4 

9F71N  7415169  fl 84 (El• 
1172P  741_5170  01.40  (0)4 
9F7311  7415173  fl 8215)• 
WHI1M 74174  £195 1E/4 

(1W50E 408513E  43p (E)  1F755  7446175  . . £1.42 ¡Flo 
CIWS3H 409313E  48p (GI  1176H  7415181...  . £3.38 (Cl. 

9F713K   £1.52161• 
91191   £1.48 1E)* 
11090  7446192.......-- . . ..... _.  £1.62 (E). 

QW84U 401060E  44p (El  OX9OX  74103  12.22 (0). 
C1VV65V 4010713E  501 (E/  YFIDC  7415193.   £1.62 (El. 
OW689 401100E....................................£100101  WH I3P 74194  (1.68(E). 

11821)  7415194 
11133E  7446195 

C1W/30 401748E  83p 1E)  1184F  7415196 
C1W77J 40193BE ... ..... ._._____ ...... ..... DIS (E)  11569  7416221 
055938 4116 25004  £2.48 (DI.  11870  74(.5240 
00.060  4164 250ns..  £8.95 1C14  1189W  7415242 

110821  7446243 

00.581  7415244 
11911  741_5245 

88p 031  11924  7415251  . .   £1_181E14 
11191350 45103E  £1.31101  1195£1  7415257   £1.19 (EI• 
111.32K  451813E_  729 (F)  1197F  7415259   £2.621E/4 

119.331  4520E1E_  ...72p (E)  YHOOA  741_5273   u.n WI* 
0042V  45218E._  MS (C)•  1110113  7415279   £1.191Flei 
00448  45280E......................................909161  91102C  7415283   £1.451El• 
11W89W 453213E  78p (El  911930  7415290_   D151E114 
004713  45418E  11.98 1014  1193911  7415292  £12.98 (A) 

91104E  7415293...  oas 1E) 
1111IM 741_5365. _  . 79p (F14 
1111299  7415366 .  . .  43p IF) 
11413P  741_5367  78p 1E14 
111140  7446368 .79p (F/4 

50 
191165  741_5374  .  £2.42 IQ« 
1K 19U  ......  -.S2.4211314 
4̀11191 
YH221 

WHO2C 7415629- 741.5124  £1.98 101 
19130H  74C917   11.60 (El/ 
0108,1  74C925  11.95)13). 
YH32K  76477  £5.9511314 
11H3511  8195  10P 1C/4 

18380  8638 CCPD.  .  £491 IC) 

1H43W 8211 CPA  0195 (C14 
19144X  8212  £2.25(0)4 

YH511  8279  £6.95 (B)4 

Page 363 
11681  NE5534A  £2.48 
QH5IF  3403  95p 1E/4 
£01429  LM3900....  ..................  (E)« 

Page 364 
0.11281  CA3130E  £1.38 10)• 
11694  1F13741  620 (E) 
vvaxm 1F351  85p(E). 
WC1296 11341  £1.82 (0) 
0127E LEM 1C11  £1.22 (El*, 

01281  LF412CN  £1021131 
0129G  LF441CN    98p (El 
0930H  LF442CN  £1.54 ID/ 

Page 365 
9115811  CA3080E  74r 1E) 

11909K  LM311N. ......  ......  EL M 1E14 

Page 367 
OH4411  LM380  Ei 
W034M LM384  i  
Page 370 
cu m U LM381  £1.80 IC) 
W03511 160301  £1.95 (014 

Page 371 
0119V  LM1035  £3.95 (Clis 

Page 372 
111331  1.1411037N  _U.33 (CI 

011490   £3.52 (C)4 

Page 374 
111350  MFIOCN   £4.95 IC)* 

Page 378 
11132K  76477  £595 M a 

Page 380 
(1ISOE  SP0256  03.95 IA) 

Page 381 
W1164U TC44500A  _ £395 IC)* 

Page 373 

Page 383 
01230  NIC10116P  . .£1331814 
011410  MC1496  £1.95 (El* 

.£4 98 (C) 
£1 221E14 
£3.35 (CI. 

Page 386 
BK66W UM1286 Modulator .  019014)4 
191)11  1M1811.  £224)3) 
90690  1441871 Xmrtter PCB   .£1.25 1014 

Page 388 
WC17611 11.172C  95p 1E14 
W11755 TLI70C  .95p 1E14 
0955K  634552...  £6 95 1C/4 

Page 389 

Page 390 
WC1410 LM3914 .... .   £395 IC). 
1196E  LAA3915  . ..£2.98 IC) 
11971  LM3916. .  . ....... £2.913 ICI 

Page 391 
01140  U441701  E3.95 (Cl. 
1113011  74C517.....................................£96018) 
59930  .121.95 (AI.)YY93    

Page 393 
11881  Ell 9511314 
01004  £6 95113/4 

Page 394 
1114C  ICM7216DIPI 

Page 395 
(1H86W NE 555.. ..... 
CIFI67X  NE 556 

Page 396 
911531  ¿CM 7555 

.12195 (A) 

......... .  39p 1G/ • 
........... .189 (El* 

£195 )01• 

Page 397 
WC1399 1543909  £108 181• 
rnet  TDA1024 ......  .  El 95 1014 

Page 398 
YH43W 8211 CPA.... .....  ...... ..... £3.95 (C). 
9H399  8069 Dal  £2.95 IC)* 

Page 399 
99750  IC17660CPA  £2.83 ICI 
18749  1200  £er2 ICI 

 £1.62 (EI•  Page 401 

£2.28 (Elie  1̀1139N  0.IA 9195 PSU PCEI ...  £1.45 113)• 
015-101  11140T  05/14 Reg *V PS PCB ...95p (El. 

10410  0.5/14 Reg -V PS PCB  .95p 181• 

Page 403 
W111445 MC6802P...  ..£5.95 IC/4 

...£2.86 (01« 
WQ48C MC8850P........ .....  £3.45 (CI. 

IC) 
V11050E MC68751 ..................  O)SIB/4 

Page 404 
QW1304 2130-CPU  £3 98 113/ 

Page 405 
111410  8085A  £13 2010/4 
19151F  0279  £8.95 (614 

Page 406 
11144X  8212 ..... _ ...............  £2.2510/4 
1111350  8195  70p (C14 
11169W MCI408N (1.38 15)• 
711815  MC14899  £1.38 

Page 407 
W0191 AY-5-2376  DIS (A) 
OCIME  6402.  ........... .£5 95 (014 
00030  MC6845  £13 95 (6n. 

Page 408 
QW1294 2114 45Ons 
QW13393 4116 250. 

Page 409 

El 99(01 
£2.48 (014 
... £195 IC/4 

0.008.1  2732 49/Inn  _  . E7.95 03)4 
0009K  2764 45Ons....  ...  £12.86 (13)4 

Page 410 
991389  8038 CCPO ...£4.90 (Cl 

Page 412 
(1943W XR2211CP ..  ... ...£3.84 (C) 
00.0113  DAC0801LCN  £4.45 (C14 

Page 413 
000(14  Al3C01104LCN  .............. £5.95 (C/4 
W03811 LM2917.............. ...........  £3.95 )C14 

Page 415 
WR29G Transkt 3-1.ead 1018  22p 161 

Page 416 
11077,1  COIL Socket 20-pin  I8p (GI 
131_20W OIL Socket 24-p............. ....  20p (GI 
1103811  OIL Socket 40-pin   

.£1 4310290  Header 24-pin. 51  
52156E  Z1F Socket 24-Way _____ (4 95 (C). 

Page 417 
FG52G  Clip on 10220   31p (F) 
FG55K  Powerful plastic.... 

Page 418 
F06011  Heetsink 10220HP    88p (E) 
FG63T  DIP Sink 413 pin. ..........  827 (El» 
FL4111  Heatsink 41  £2.33 (CI. 

*FG640  Coverslide 6W  38p 1131• 

Page 419 
FL42V  Flat Heabsink ..... --. -... .£4 38 ICI. 
FL54.1  Heetsink MON  £24811) 
FL77J  Hmtsink 6W-1  £7 38 (13/4 

*10659  Coverslide 4 Y  38p 1014 

SPEAKERS 

Page 421 
691211  Unrasonic Transducr .  03.96 1131 

Page 422 
YK5814  Large Dome Bell ...............£17.95 1014 

11198G  Floweiii Five-0 Sue° DIS (AI 
96619  Staccato Elctrnc Sdr  111.95 113)4 
111117IN  Re-entram Horn Sndr  £21350 1414 

Page 423 
18230  Meg Earpiece 2.5rnm........ . 19p (114 
LE125C  Crystal Eerpiece... .....  ..... 629 1E14 
11857M Stethoscope  95p (El. 

Page 424 
LH821)  Bourn Mic )4eadphone.. £1545 1414 
LH83E  Stereophone 011150P .£5.25 ICI* 
WFI3P Stereophone HP1 IOC .......£6.45 11314 
W1140 Stereophone 011207  .U9511314 
1H841  Stereophone 6011 68  015 OD 

Page 425 
LB13P  Headphone Adaptor  £3.451C14 
YW54.J  I5W Cone Tweeter  D. » IC) 
WF43VV Darns Tweeter  0595 10/4 
WV-44X Rectangular Tweeter . ... _£4951E04 
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1984  VAT  1984  VAT  1984  VAT  1984  VAT  1984  VAT 

Catalogue  Inclusive  Catalogue  Inclusive  Catalogue  Inclusive  Catalogue  Inclusive  Catalogue  Inclusive 

Page No.  Price  Page No.  Price  Page No.  Price  Page No.  Price  Page No.  Price 

Page 426 
01134M  Bullet Tweeter  £22.00 (A)  F L331  Rd Lerch button Grey DIS (GI 
967110  10in Speaker Grille.  £238 IC) 
YK72P  121n Speaker Golle  ..£3.951C).  Page 437 
WF48C  boy Duty Car Spkr  £6.98 113) 

Page 427 
WF50E  Ellrplcul Spkr CM841 . 
WF23A  Elliptcal Spkr CM852 
WFOOA  Rd Speaker LT530 
WF52G  Rd Speaker LT010 
WEI 1M Rd Speaker LT830 

XCI77J  Fane 50 4R 

£3.62 ICI. 
£395 83). 
£8.951/3). 
£5.6518)• 
Eft 45 IEr/• 

DIS 001 

Page 428 
00791  Forte 1250TC 85  ...023.95 1A)• 
0080B  Forte 12501C 160  .£23.95 (A)• 
0081C  Forte C1285TC 8R  £29.95 (A)• 
X082D  Forte C1285TC 16111.  .029 95 1A1• 
AF350  15 W Spkr Parr  ,.....1139.95 (Alm 

BW16S Latchbush Green 
15910  Flasher Unit 2- Way 

Page 438 
LC1018  Profess! Morse Key 
0688V  Solenord I2V 
BK48C  Rlay 6V SPOT 

Page 439 
010(990  I2V 30A Relay 
P02316  Open Relay 6V 
FX240  Open Relay I 2V 

DIS IFIa 
£8 72 8381 

£6 26 18)« 
£6 82 113/ 
£1 20 (DI 

£3 24 IC). 
113 821C)• 
£3 96 ICI 

Page 440 
P5490  Power Relay 230V AC  £4.45 

Page 429  Page 441 
.05791  Ceilong Speaker  £12 45 14)•  10139 W  Da Reed Relay 1012V 
YLI5F1  Bracket Minor 5....  £9.95 1(3)•  FX9OX  0,1 Reed Relay 2p 5V 
06542  Wallclamps Duo 220  ..£16 20 1A)  F0915  Oil Rend Relay 2p12V 

F071N  Magnet Small 
FX72P  Magnet Large 

SWITCHES 

Page 430 
FH99H  SPOT Ultra Mrn Tggle  78p 11).  Page 442 
FI-100A  Sub-MM Toggle A.....  73p IE) 
FF72P  Sub-MM Toggle L  £2 24 IC) 
FH1111.  Std Toggle SPOT .  52p 1E)* 
FHI1 M  Std Toggle SPOT  .....  59p (E)• 

TEST GEAR 

Page 431 
FH17T  Toggle Type 4  £3.421C/• 
XX260  DIL SwItch SPOT Dual  95p (El. 
0028F  OIL Swrtch SPOT Sgl  98p (E) 
00299  OIL Switch SPOT Quad  £3 25 ICI. 

Page 432 
FF7311  Rotary SWI28  82p (El• 
FH43 W  Rotary SW6  72p (El• 
FH455  Rotary SW3  92p (E)• 

Page 433 
FF791  Long Chrome SIrde 
FH36P  Std SIrde Switch  . 
FH59P  Push Swath 
FH915  Motor-Start Press 

Page 434 
YVV43 W Square Psh Lek Red 
YW44.0  Square Feb Lek 51low 
FH92A  Press Toe Sw Type 1 
06312  Press Toe SPST2. 
F109313  Press Toe SW Type 1.. 

Page 435 
FF9OX  Click Cep Green 
HY34M  Click Key Block 
FF134U  Keytop 3 Posaron.. 
BK72P  Membrane Switch.. 
BK730  Flat Flex Connector. 

. 19p (6)41 
19p (0).1 
18p IG)• 
45p IF) 

."P (E). 
95p 10. 

£2 42 11)/• 
£1.82 (0)• 
£2.24 (5). 

DIS (G) 
28p (F) 

75p (FIe 
£9.95 (13/• 
75111E). 

CI 98 101 
£2 95 ICI• 
£3 45 IC/0 
48p IF)• 

£1 24 IC)• 

HF225  Lo-Cost Test Probe  85p (E)• 
569313  Test Lead Kit DIS IC). 
F57311  Lome Probe  £12 45113/• 

Page 443 
Y8210  Salebloc. .  £7 95 83/• 
BWO5F  Scope Probe BNC  £14.56 1/1.)• 
00950  Lo-Cost Scope Probe  AUG94 ICI. 

Page 444 
XB820  Crolech 3030 

Page 445 
0083E  Crotech 3131 ..  . 
111(3813  Low-Cost Counter 
5£1821)  LCR Bodge 
11-1051  Transistor Testr HFE 

Page 446 
0.68938  Low Cost Multeneter 
F1600  Pocket M emeter  . 

Page 447 
YW685  Mullin-rater Type 320.. 
YB87U  1006 Multnester 

Page 448 
58855  Supertester 6800, 
LH808  Clamp Meter 

Page 449 
5632K  Multorneter 00601 
5634M  Auto Range Meter 

£195 95010 

£324.95 (AI 
£5395 EA)• 
£27 50 141 
£18 95 IA)* 

f5 95 113/• 
£9 421E1). 

£17 98 1A) 
DIS IA)* 

036.20 
£34 20 (A) 

£45 95 IA)* 
£69 95 1Ail• 

Page 436  Page 451 
WY210  SWR Meter 178 
91(0113 RF Frequency Meter 

Page 452 
51304E  God Dip Meter 

TOOLS 

.027 951Al• 
£55 9514)• 

£49 951/11• 

Page 453 
8850E  Trim TT5  68p (E) 

Page 454 
00791  Intrchgbl Scdrer Set 
FY08J  Utelay Set 
50740  Min Screwdover 
88520  Small Screwdover 
85538  Large Screwdriver 

F0156  Porniriver PI 
F5170  Poodover P2 

DIS (DI 
£5 62 IC/1. 

11p1G/ 
39p IF) 

42p IFI• 

El 96 ID/• 
£2 4510)• 

Page 455 
FY19V  Low Cost Min Cutters  £5 45 IC). 
11220  Box JT Safe Carters  £8 98 101 

Page 456 
BR72P  Side Cutters S55 
8641U  Hooked Pbers 
66910  Electomens Pliers 

Page 457 
8F1761-1  End Action Stoppers  .06.95 1111)• 
069313  Wire Strippers 34  £2 56 IC) 
130966  Suipmaster  017 50 IA) 
1532K  Hand Wrap Too!  . £7 621E0. 

C4 95 18). 
£8 45 M . 
£5 20 IC/ 

Page 458 
F5407  Box Spanner 2816 
1542V  Box Spanner 6816 
F543 W  Box Spanner BBA 
FY490  Needle Fo/e Flat Wrd 
FY02C  Utility Knrfe  . 

AFYIPIE  Knife Bled .. 

Page 459 
YW64U  Snep-Off Olerlo Knife 
FY051  Scalpel Handle . 
FY060  Scalpel Ellit Type II 
BRGIR  Punch lain 
19662S  Punch 9116m 

06808  Punch 5/8m 
BWOOA Punch 1 late 
111791  Reliant Kot 
BWO3D Reheat Droll 

Page 460 
BWO2C Teen Droll 
01312N  Drill Stand  . 
0884F  Reliant Collar 
BWO4E  Doll Power Supply 
BR65V  TW,S1 Burr 0 8mm 

BR86 W Twist Burr I 4mm. 
80855  HS TWIbt Drill 0 8rnm 
BR86T  HS Twrst Doll 1mm 
13687U  HS Twrst Doll 1 4mrn 
5528F  Long-Lile Doll Irnrn, 

£3 36101. 
£2.95113)* 
£2 95 (D)• 
El 85 (01 
£1691E0 

76p 1E)• 

£1.121E) 
£2.86 ID)• 
48p 11/• 

. £5 24 (Cie 
.. £5 30 10)• 

£5 36 IC). 
£9 65 18). 
£24 60 (A) 
£7 94 (13) 

£12 9514/• 
£179516) 
713p (E) 

£15 95 (Me 
45p (F/ 

44p IF) 
82p lela 
82p 16.1• 
7Bp (F) 

£1 221DI 

11177J  21)1Prece Tool Kit 
11-178K  45-Prece Tool KF1 
LH76H  Wrshbone Sharpener 
4054E  HS Dori 3,32m  . 

Page 461 
10625  Iron CS 
F5637  Element CS 
FR3OH  Bit 1106  . 
F56411  Bit 1100 
FY65V  Elit 1101 

FY66 W  011 1102 
FY670  13,1 1103  . 
FRO1B  Element Type CN . 
FRO2C  Handle Type CN 
FR030  Brt 102 

FR04E  1311 104 
FRO5F  1311 106 
FRO6G  Bit 820 
FRO7H  (311 821 
FR68J  0,1 822 

FR12N  Iron XS  . . 
FR I3P  12V Iton MLXS 

Page 462 
FR14D  Elernent 026 
PRIOR  Element MLX12 

Bit No 50 
FR17T  Be No 51 
ER18U  Bit No. Si 

HU M  Steed ST4 
110(331  Sponge ST4 
FRI1 M  Sponge ST3 
FY685  CS Ka SK5  . 
FY69A  XS Krt 566  . 

W505F  Rechargeable Iron 
YX685  850 Be Angled 
06721  E150 Sponge  . 
FRIOL  Heat Salk Tweezers 
FR23A  Solder Sucker 

Page 463 
FR260  Desolder Tool 
86400  Replacement 0 rings 
FR63T  Desldr Washer Type 2 
1072F  Conductrve Pam, 
11-103D  Switch Cleaner . 

LHO2C  Aero-Klene 
00730  Aero-Duster 

Page 464 
08750  Plastoc Seal . 
00764  Foem Cleanser 
00791  Antr-Static Sprey 
FL43 W  Evostrk Impact 
FL44X  Areklne Reford 

Page 465 
F14713  PVC Tape Black  52p IF)* 
01_48C  PVC Tape Blue  52p 1F). 
FL50£  PVC Tape Green  52p IF). 
FL5IF  PVC Tape Red. 
F1520  PVC Tape M ete  .... 52p 1F)• 

5623A 

W OUND COMPONENTS  WI312N 
WBITT 

ES 98 83/  1131811  Former 450  3211IGne 
£17 95 (Alf, 1111410  Dust Core Type 4  14p (Gi 
£7 42 181  1B42V  Dust Core Type 6  14p 1G1 
32p 1F)•  11343 W  Dust Core Type 8  28p 161• 

L844X  Former Base  .  15p 101.1 
LB36P  Screening Can 10  15p IG) 

£6 9519i.  1.133910  Screening Con 15  lop (GI• 
£3 95 IC)•  HX05F  Small For Core  £1 76 ID) 
f 1 30 1E/ei 
01 30 1E1«  Page 467 
£1 30 (E)•  1-1X140  Mtg System Type 4  £1 28 113)• 
El 30 IE)•  4057M  GE Corl 18  .. DIS IC/ 
El 30 1E)•  HW24B GE Coll 114  f3 951C/ 11 
£3.29 IC).  10(561  GE Cod L7  . DIS IC) 
£1 65 16). 
£1 30 IFI•  Page 468 

FIW27E  Choke 10H  £2 10 ID) 
£1 30 1E)•  HXI5R  Choke 1 5rnH  .  75p lEi• 
£1.30 lE)«  FIX17T  Choke 5mH  68p 1E1 
£1.31)10).  WH25C Choke 0 22uH  59p 1181 
£1.30 1E)•  W11370 Choke 22 OuH .  55p 1F/11 
£1 30 lEI• 

HX42V  Toko YRCS 11098 .  . 69p 11.)• 
£7 2518)•  HX43VV Toko TOCS 11100  68p I E/• 
£9 49 1131•  50312  Toko CSK3464.  75p (E)• 

50326  Toko YMCS17104  75p (E)• 
0097F  Toko ACS 34342  £1 24 lEl• 

... £295 IC)'  5G36P  Toko KAC8449 DIS IF) 
..£3 45 (C)• 
. El 30 1E/.  Page 469 
£1 30 (0). 
£1 30 10/•  LBOIB  IFT 14  £18610/ 

LBO5F  IFT 18  . £2 30 IC) 
£2 93 IC).  1-1X820  Min Tr 1044  511p 1E1 
.35p (F)•  18140  Min Tr LT700  58p 1E) 
., 11  56915  Min Tr 11000 . .. DIS (Flee 

c',,.,93,5, ,1,,,B,):  LRO6G  Mc Xfm Typ2 200-6008  021 951A/• 
'I -  "̀I - AYX11141  2 Changer ..  .£6.40 1B/ 11 
.£33.95 (A)• 
£3 98 10).  Page 470 

35 P IF)  WBODA Sub- Min Tr 6V  £1 65 (13)• 
..... 45p (F)•  680018 Sub-MM Tr 9V  ..  _01 65 (op. 
. £4.72 1C/•  WI:602C Sub-Min Tr 12V  .  . £1 65 10I• 

WBI I M Min Tr 9V ..  £4 45 ICI• 
15031)  Tr 10VA 15V  £5 45 (C)• 

WB15R Mon Tr I5V  £3.46 (C)• 
686076 Tr 34V 1.6.  08.9518 i• 
WB25C Tr I 2V 1A. .  .  £636 I 0) 
51032C  Tr 32-0-32 2A..  .f13 62 IA) 

Page 471 
YKO8J  To roldal 3DVA 6V 

Torordel 3DVA 9V 
56101  Torordel 30VA 12V 
YK 1 I M  Torordal 30VA I5V 
5612N  Toroidel 30VA 181/ 

0613P 
56140 
56150 
51(16S 
51(17T 

06180  Toroidal 801/A 22V .... 
5619V  Toroidal 80VA 30V 
5620 W Torero:let 120VA 30V . 
YK21X  Torordal 160VA 35V. 
01(221(  Toroidal 300VA 35V 

06.45113) 
.. 74p (E) 
... .52p IF/ 
..£495 Mg* 
.01.95 ID). 

.£1.95 10). 

.01.9510)• 

£1 95 ID)* 
£2 42 ICI 

fl 95 OD). 
£1 40 ID/ 
£2 112 (C)• 

Toro rdel 50VA 8V 
Torordel 50VA 9V.. 
Toroidal 50VA 12V. 
Torordal 501/A I5V 
Tormdel BOVA 18V 

Page 466 
16401  95 Coil Former 

Toroidal 500VA 35V 
Tr 20V 1A.  . 
Tr 28V 1.1/2A.  . 

Page 472 
DIS 1E)  5613P  Smell Motor. 

£7 58 
£7 58 
£738 
£7 58 
£7 58 

£860 
£860 
£860 
0880 
£964 

09 64 
£9 64 
£10 51 
£11 67 
£14 87 

. £19 30 
.E9 9583/• 
11098 IA) 

£1.68 lOI. 

HEATI4KIT Continued from page 30. 

duce each section. In addition, the 
cassette  narration  guides  the  user 
through the course. In everyday language 
these cassettes help to provide a fuller 
understanding of how a computer oper-
ates. Fifteen computer exercises provide 
experience in using MS-DOS features and 
commands with the HS100 and the IBM 
Personal Computer. Includes 51/4 inch 
floppy disk. 
*MS is a registered trademark of Microsoft Corporation. 
• •Z-DOS is a trademark of Zenith Data Systems Corporation. 

Order As HS65V (EC-1121 MS-DOS 
Course)  Price £109.95 

Hero 1 Prices Reduced 
The excellent new magazine 'Practical 
Robotics' thinks Hero is "probably the 
best personal robot at the moment." - a 
sentiment with which most informed ob-
servers would concur. And now, thanks 
to massive sales worldwide, we are 
pleased  to  announce  a big  price 
reduction to make Hero even better value 
for money. Now you can buy the kit in 
stages if you wish, the body first, then the 
arm and then the voice synthesiser, or 
you can still buy it all together at a saving. 
See '84 Catalogue page 213/4 for full 
details. We can also now supply Hero 
ready-built including arm and synth-
esiser, just compare our prices and 
facilities with the other robots around and 
we're certain you'll agree Hero is by far 
the best value! 

ET-18 Body only HS77J  Price £899.95. 
ET-18-1 Arm only 11578K Price £399.95. 
ET-18-2 Voice only HS79L Price £119.95 
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ETS-18 All above in one kit saving over 
£65. Order As HK2OW Price £1349.95. 
- Saving £250 over previous price! 

ETW-18  As ETS-18,  but  factory 
assembled. HS80B  Price £2199.95. 

More Add-ons For Hero 
In the next issue we'll have details of 
several state-of-the-art add-ons for Hero 
like an RS232 interface to enable direct 
connection to your home computer, more 
RAM to store larger programs and a 
voice recognition unit that allows you to 
command Hero directly just by talking to 
him! Also available now in addition to the 
add-ons shown on '84 Catalogue page 
214, is a second plug-in demonstration 

ROM that allows Hero to move about a 
room avoiding all obstacles. 

ET-18-7 Automatic Mode ROM 
Order As HS67X  Price £39.95. 

More Courses In 
Classroom Format 
Both of the  self-instruction  courses 
described in our last issue are now 
available in classroom format as follows: 

Robot Applications Course EE-1812 
Text EB-1812 
Order As HS69A  Price £25,95NV 

Workbook EB-1812-40 
Order As HS7OM  Price £15.95NV 

Instructor's Guide EB-1812-50 
Order As 11S71N  Price £13.95NV 

Assembled Trainer ETW-18 
See robot details above. 

Parts Kit EB-1812-30 
Order As HS72P Price £64.95 

Microprocessor Applications Course 
EE-3405 
Text EB-6405 
Order As 11573Q  Price £23.951VV 

Workbook EB-6405-40 
Order As HS74R  Price £14.95NV 

Instructor's Guide EB-6405-50 
Order As HS75S  Price £13.95NV 

Assembled Trainer ETW-3400AE 
See catalogue page 211. 

Parts Kit EB-6405-30 
Order As 1157611 Price £64.95 
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by B. Puttock & D.J. Silvester 

Introduction 
The accepted life for most Ni-Cad 

cells is five hundred charge/discharge 
cycles, however this sort of life can only 
be achieved if some care is taken over 
the treatment of the cells. A number of 
chargers are available commercially and 
many High Street shops are now selling 
both batteries and chargers. These 
chargers are only able to charge a limited 
number of cells at one time (usually 4), 
have a fixed charge time of about 15 
hours and no provision for high speed 
charging of scintered 

The overcharging o. cells is de-
trimental to their useful life, most manu-
facturers state their cells must not be 
charged for more than 14 to 16 hours at 
the  recommended  charge  current. 
However,  no  commercial  charger 
appears to offer an automatic timing 

1.2V 

1V 

Voltage 
across 
cell 

Single cell 

I Fully 
I churged 

Time  

Charge/discharge at 
constant current. 

Figure 1 Single Cell Discharge 

system. Partially used cells are normally 
treated as though they were completely 
discharged and will consequently be 
substantially overcharged by a commer-
cial unit. 

The discharge of a single cell at a 
constant current is shown in Figure 1. The 
voltage across the cell ren -ins constant 
at about 1.2V until the remaining charge 

* Battery Polarity Sensor 
* Constant Current Charging 
* Fast Charge for Scintered Cells 
* Electronic Timing of Charge Cycle 
* Will Accept up to 10 Cells or 1 PP3 

is below 10% of the full charge — then the 
voltage drops rapidly. Recharging the 
cell raises the voltage across the cell to 
between 1.3 and 1.4 volts very rapidly, 
where it remains until the cell becomes 
overcharged, the voltage then rises 
slightly before becoming constant again. 

In order to charge a variety of 
batteries this design uses the discharge 
voltage of 1V per cell to initiate the 
charge cycle, which is then carried out at 
constant current for either 33/4  or 15 hours 
depending on cell type. To satisfy a 
number of interests, including photogra-
phy and amateur radio, the unit is able to 
charge a range of batteries, from a single 
AA cell to a bank of up to 10 cells — 
which will provide a 12V supply. Conse-
quently switched reference voltages are 
used to detect the end of the discharge 
cycle and various charge rates are 

* Will Accept AA, AAF, C, 13 or SC Cells 
* Tridde Charge to Maintain Cells is 
Fully Charged Condition 

* Discharge Facility for Part Charged 
Cells to Prevent Overcharging 
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Figure 2 Circuit Diagram 

offered. A discharge only facility is also 
offered for cases where a new battery 
pack is to be made up from old cells in 
various charge conditions. After dis-
charging each of the cells individually, 
they can then be recharged as a battery 
pack so that each of the cells is equally 
charged. 

To accommodate the charging of 
various types of batteries the output is 
connected to a PP3 type clip, which can 
then be connected to the required 
battery pack (although for certain single 
cells the connection to the battery holder 
will need to be soldered). For full details 
of battery holders see page 31 of the 1984 
Maplin Catalogue. 

Circuit Description 
Tl, BR1 and C 1 are used to convert 

AC mains input to 16.5V DC, the voltage 
used to drive all of the logic circuitry and 
to charge the batteries (see circuit 
diagram Figure 2). The circuit consisting 
of D1, R3 to R6 and IC7 is used to detect 
that the battery to be charged is 
connected correctly. Normally when a 
battery is regarded as being discharged 
it in fact still produces a small potential 
difference across its terminals. R3 to R6 
form a potential divider so that if the two 
battery contacts are shorted together the 
inputs to the voltage comparator IC7 will 
be the same, ignoring resistance toler-
ances. To ensure that in this condition IC7 
produces an error signal, i.e. IC7 pin 6 is 
low voltage, D1 is introduced to unba-
lance the divider chain. The off-set is 
extremely low and will be overcome 
when a battery is connected to the 
charging terminals in the correct manner. 
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Figure 3 PCB Track Legend & Wiring Diagram 

IC7 pin 6 will then become high. An 
incorrectly inserted battery will reinforce 
the off-set introduced by Dl. 

TRI, R7 and green LED D3 are used 
to indicate the voltage level, i.e. logic 
state, of the output of IC7 — when D3 is 
illuminated the battery has been inserted 
correctly. The output from IC7 is also 
used to disable the charge/discharge 
1- (IC4a and IC4b) thus p...wenting 
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damage to an incorrectly inserted bat-
tery. 

IC6 with its associated resistors R8, 
R15, R16, R26, R27 and the resistor chain 
R9 to R14 which is connected onto the 
switch S3 (see 53 diagram in Figure 2) 
form a second voltage comparator sys-
tem. This provides the voltage standard 
against which the voltage of the battery is 
checked. The total resistance across the 

supply is the sum of R8 to R16 which 
equals 16.5k ohms. The current through 
the chain is lmA and therefore a lk 
resistor will produce a 1 volt  Jtentia_ 
difference. Hence position 1 of S;) gives a 
1 volt input to IC6 pin 2, against which the 
battery voltage is compared. Similarly 
switch positions 2 to 7 give 2,4,6,7,8 and 
10 volts respectively, for checking larger 
battery packs. If the battery voltage is 
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greater than 1 volt per cell the output of 
IC6 pin 6 will be low and if less than 1 volt 
per cell it will be high. 

The timing and control logic receive 
the outputs of IC's 6 and 7 which are used 
to initiate the charge/discharge opera-
tions. 

IC1 is a free running multivibrator 
the output cycle time of which is 
controlled by the values of R2, RV1, C3 
and C4; it requires low leakage non-
polarised capacitors across pins 1 and 3, 
as a high value of capacitance is required 
in this case, back to back tantalum bead 
types are used. The resistance needed 
across ICI pins 2 and 3 is provided by R2 
and RV1, the variable component is used 
so that the output square-wave from pin 
10 can be made as close as possible to 
6.59 seconds per cycle - to allow 
reasonably accurate charge times. 

1C2 is a 14 stage binary counter 
which is used to divide down the 0.152 
cycles per second from IC1; the output 
voltage at pin 1 becomes high after 211 
input pulses, i.e. 33/4 hours and that at pin 
3 high after 213  input pulses, i.e. 15 hours. 
IC5b and the associated logic loop of IC2 
and IC3 prevent the timer restarting after 
212 and 214 counts respectively, thus 
preventing a second charge cycle. 

Consider the  situation where a 
partially charged battery is connected to 
the charger. S3 must be switched to the 
correct number of cells (PP3 equals 7 
June 1984  Maplin Magazine 

cells). 34 must be switched to the 
charging current required and S2 to the 
time needed. If the polarity is correct the 
output of IC6 will be low and as there is 
more than 1 volt per cell the output of IC7 
will be high, which will illuminate D3. The 
output of IC7 is also connected to IC4a 
and IC4b, when this output is low the 
outputs of both IC4a and IC4b are forced 
high, disabling the charge /discharge 
circuitry. With a correctly inserted bat-
tery IC4a and IC4b are enabled. 

Pressing rnd releasing Si or switch-
ing on the n-ins supply forces the reset 
inputs of IC2 and IC3 high and then low 
again, in a time period controlled by the 
values of RI and C2. The outputs Q of the 
dual flip-flop, IC3, become high whilst Q 
of flip-flop (F/F2) becomes low. This low 
output passes via IC5a and IC5b to 
disable the counting of 1C2 during the 
discharge cycle. The Q signal of F/F2 
passes to IC4b, the output of which forces 
the output of IC4a high. This then turns off 
the charge circuit. The low output of IC4b 
enables the discharge circuit consisting 
of R28,R29,R30,TR4,TR5 and TR6 thus 
illuminating the red LED D5. 

The discharge circuit remains on 
until the voltage across the battery drops 
below 1 volt per cell. This voltage drop 
causes the output of IC6 to go high thus 
causing the outputs of F/F2 in IC3 to 
change. 

When Q of F/F2 becomes low, the 

output of IC4b becomes high, disabling 
the discharge sequence and enabling the 
charge circuit via IC4a. Since Q of F/F2 
becomes high and Q of F/F1 is still high, 
the counting of 1C2 is enabled by the high 
input to IC5b derived from IC5a. IC2 now 
begins to count the pulses from ICI, with 
S2 selecting whether the high signal is 
passed on to IC3 after 211 or 213 pulses. 
During this period all inputs to IC4a are 
high and its output is low, thus turning on 
the charge circuit consisting of R17 to 
R25, R31,R32,TR2,TR3,TR7 and illuminat-
ing the yellow LED D4. The voltage drop 
across the illuminated D4 is about 2.4 
volts and as each of the base-emitter 
junctions of TR2 and TR3 produce a 
voltage drop of 0.7 volts, 1 volt is applied 
across the switch (54) selectable resis-
tors, R17 to R25. The range of currents 
passing through TR2 is quite large and 
therefore a variable voltage drop actually 
occurs across the base-emitter junction of 
this transistor. The values of the resistors 
are chosen so that a constant current 
suitable for charging the cell selected, 
will be passed through themselves, TR2 
and the battery. 

At the end of the charge time 
selected by S2 the input of F/F1 becomes 
high. This causes -(5 to become low and 
via IC4a turn off the charge system. In 
addition, via IC5a and IC5b, furthur timing 
is prevented. The unit now remains in this 
state and the battery receives a very 
small trickle charge via R3 and R4. D2 is 
included so that when the charger is 
disconnected from the mains the battery 
cannot discharge through the rest of the 
circuitry. 

Construction 
Before starting the PCB construction 

the bottom of the box should be marked 
with the positions of the transformer, the 
PCB mounting screws, the mains input 
cable and the charger power output 
sockets. All these holes should be drilled 
and the components (excluding the PCB) 
mounted into position, not forgetting to 
locate the mains cable through the 
grommet. Next mark the positions of the 3 
switches and the LED's on the lid of the 
box, drill the holes and mount these 
components. 

Assemble the PC board in the 
following order: first locate the positions 
of the IC sockets and carefully solder 
them onto the PCB. Do not insert the IC's 
at this stage! Next mount and solder in 
turn, the resistors and capacitors, the 
bridge rectifier and the transistors except 
TR2. Once these components are fitted 
TR2 can be attached to the heat-sink and 
the two items screwed to the PCB - after 
bending the transistor leads to pass 
through the holes in the board. Finally 
solder TR2 and fit the wires connecting 
the PCB to the sockets and transformer, 
and also the switches and LED's in the lid 
(see Figure 3, PCB track legend and 
wiring diagram), then fix the PCB into the 
box. 

Now wire the switch S3 with the 
resistor chain as shown in Figure 3, and 
ensure that  7 switch positions are 
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available. If not there is a small movable 
stop under the mounting nut of the switch 
which should be placed in the position 
marked 7. Incidentally S4 should also 
rotate through 7 positions and should be 
adjusted if required. Before testing, all 
wiring should be checked and the wires 
between the PCB and other components 
secured with cable ties. 

Testing 
Having completed construction the 

supply voltage to each of the IC's should 
be checked - there should be a reading 
of 16 volts between pin 14 (positive) and 
pin 7 of IC's 1,3,4 & 5, arid between pin 16 
(positive) and pin 8 of IC2. For IC6 and 7 
the 16 volt supply should be across pins 4 
and 7 (positive). If these readings are 
satisfactory plug in all the IC's. 

With the output sockets discon-
nected the green and yellow LED's 
should light. Shorting the sockets should 
turn off all the LED's - proving that the 
polarity checker is working. 

Connect a part charged cell to the 
charger and check that the unit transfers 
from discharge to charge when the 
voltage drops to 1 volt and that the 
charge current is correct for the cell 
being used. Each time a new size of cell is 
charged the charge current should be 
checked. 

Finally check that the time for 10 
cycles from the output of ICI (pin 10) is as 
close to 65.9 seconds as possible. RV1 
can be adjusted to alter the cycle time the 
accuracy of which will obviously affect 
the charge time. 

Operation 
Set S4 to the correct battery type to 

be charged. Set S3 to the correct number 
of cells, or PP3. Set S2, charge time, to 15 
hours - or 33/4  hours for scintered cells. 

Fit the cells to be charged in the correct 
type of battery holder and connect to the 
charger via the PP3 clip. Pressing the 
start button or switching on the mains 
supply will initiate the discharge/charge 
cycle. 

When a battery pack is to be made 
up of cells in varying states of discharge, 
the cells must first be discharged singly 
by setting S4 to the discharge only posit-
ion and S3 to 1 cell. Once ti cells are all 
discharged they can be iided into the 
required battery holder for recharging. 

HI-CAD CHARGER PARTS LIST 
RESISTORS: All 0,4W 1% Metal Film unless otherwise stated. 
R1,3,4,5,6,25,27, 
30,32 
R2 
R7,29,31 
R8,9,I2,13 
R10,11,14 
R15 
R16 
R17 
R18,20,23 
R19 
R2I,24 
R22 
R25 
R28 
RV1 

CAPACITORS 
Cl 
C2,3,4 

10k 
220k 
39011 
Ik0 
2k0 
1k8 
4k7 
12011 
241) 
1312 
51)6 
6118 
312i; 
IOU 7W 5% Wirewomd 
100k Mor S-Min Preset 

1000/e 25V PC Electrolytic 
10i.e.F 25V Tantalum 

SEMICONDUCTORS 
D1,2  1N4001 
D3  LED Green 
114  LED Yellow 
D5  LED Red 
TRI,3  BC107B 
TR2  BD131 
TR4  BD 140 
TR5,6,7  BCI77 
IC1  404713E 
1C2  4020BE 
IC  40135E 
1C4  402313E 
ICS  40815E 
106,7  mA741C 8-pin DIL 
BR1  WOOS 

9  (M I OK) 
1  (M220K) 
3  (M390R) 
4  (M IK) 
3  (1VIX1C) 
1  (MIK8) 

(M4K7) 
(M120R) 

3  (M24R) 
(M13R) 

2  (M5R6) 
1  (M6R8) 

(M3R9) 
1  (L1OR) 

(WR61R) 

1  (FFI8U) 
3  (WW69A) 

(OL73Q) 
1  (WL28F) 
1  (WL.,,, ,‘) 

(WL27E) 
2  (0B31» 

(OFO3D) 
•1  (0F08) 

3  (0B82G) 
(0X20 W) 

I  (OX11M) 
(0X07H) 

1  (OXI2N) 
1  (OW411C) 
2  (OL22Y) 
1  (01,37S) 

MISCELLANEOUS 
Si  Push Switch 
S2  Sub-Min Toggle Switch 'A' 
S3,4  Rotary Switch 12B 
Ti Min Transforrnei 6V 

Heatsink Vaned 
LED Clips 
DIL Socket 8-pin 
DIL Socket 14-pin 
DIL Socket 16-pin 
Knob K7C 
Feet Stick-on 
Grommet Small 
Tie Wrap 92 
Cable OEA Mains White 
Wire 
Veropin 2145 
Socket Black 2nun 
Socket Red 2rrun 
Plug Black 2ntm 
Plug Red 2rrim 
Printed Circuit Board 
PP3 Battery Clip 
Bolt 6BA Vain. 
Nut SBA 
Spacer 6BA Vain, 
Tag SBA 

OPTIONAL 

1  (FH59P) 
(FHOOA) 

2  (FF730) 
1  (VV1306G) 
1  (FL59P) 
3  (TY40T) 
2  (BLITT) 
4  (BL181.1) 
1  (BL19V) 
2  (YX03D) 
1 pkt  (FW38R) 
I  (FW59P) 
4  (13F91Y) 
2m  (XR04E) 
1 pkt  (13L00A) 
1 plct  (FL24B) 
1  (HF44X) 
1  (11F47B) 
1  (HF38R) 
1  (11F4ILT) 
1  (0565V) 
1  (HF28F) 
1 pkt  (BF060) 
I pkt  (BFI8U) 
1 pkt  (FW34M) 
I pkt  (BF29G) 

Case Verobox 305  1  (LH51F) 
Battery Holders - see Maplin Catalogue 

A complete kit of parts (excluding the case and battery holders) 
is available. 

Order As LICSOE (Cautious Ni-Cad  •  Kit) 'n  £19.95 
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A Beginner's Guide To Logic Design. Part Six by Mike Wharton 

More Chips 
The  first  article  in this  series 

explained something of the meaning of 
the various numbers to be found on a 
'chip' package. So far we have dealt 
exclusively with TTL devices and de-
scribed the use of the two main types. 
These are the standard 74' type devices 
and the 74LS' range, that is the Low-
power Schottky ones So far no mention 
has been made of any of that other vast 
family of devices, the CMOS integrated 
circuits, and this will be remedied in the 
next article. 

During the last few years there have 
been great advances in the technology 
involved in the manufacture of integrated 
circuits and this in turn has led to the 
production of other types of device. 
Many of these are made as pin compati-
ble versions of the original 74' variety, but 
with some particular feature. Table 1 
gives a list of the types of devices 
available along with a brief summary of 
their characteristic features. The last of 
these, the 74HC and 74HCT series are 
really a development of the CMOS types 
mentioned above, but the continued 
improvements have been such that the 
previously clear-cut distinction between 
TTL and CMOS types has been eroded. It 
seems very likely that it will not be long 
before there is only one range of devices, 
probably based on the 74HC variety, 
incorporating most of the advantages of 
the other types. 

Pro's und Con's 
Perhaps this would be a suitable 

point at which to mention further some of 
the reasons why two ranges of devices 
have been developed in the first place. 
The standard TTL devices were the first 
on the scene, and arose out of the 
development of bipolar transistors, on 
which they are based. This was quite 
some time before MOS (Metal Oxide 
Semiconductor) devices had been in-
vented. Although TTL got off to a head 
start, it soon became apparent that this 
technique had a natural limitation to the 
number of individual transistors that 
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74  Original s̀tandard"rrL range. 
74L/74H  Obsolete ranges offering lower power consump-

tion or higher speed respectively. 
74S  High speed devices using Schottky diode tech-

niques, but increased power consumption. 
74LS  Improved version featuring both low power con-

sumption and increased speed. 
74ALS/74F Advanced Low-power Schottky (or Fairchild Tart') 

featuring improved speed & power consumption. 
74C  CMOS versions of standard TTL devices, but with 

many devices in the TTL range not available. 
74HC  High speed CMOS devices; one of the latest 

ranges offering most of the best features of both 
CMOS and TTL devices i.e. low power and high 
speed. 

74HCT  The very latest range, being a development of the 
74HC devices, but where the input logic levels 
have been tailored to match the standard TTL 
range. 

Table 1. Summary of available TTL types 

could be packed on to the silicon chip. 
This mainly revolved around the amount 
of power dissipated by each tiny transis-
tor, and the associated problem of 
removing the 1) .:at generated as a 
consequence.  the transistors were 
packed too closely on the surface of the 
chip then the temperature would rise to 
levels that easily destroyed the delicate 
structures. On the other hand, MOS 
transistors consumed very little power 
and hence could be packed more closely 
together without creating the problem of 
an intolerable temperature rise. Needless 
to say, the fabrication of MOS-based 
integrated circuits was not without other 
problems, for instance, their susceptibil-
ity to static discharges, which was not 
shared by the TTL types. 

The ability to pack more  ..S and 
later CMOS (Complementary Metal Ox-
ide Semiconductor) devices led to the 
production of more complica 7' _7L devices; 
that is with even larger scales of 
integration. Thus although TTL are gener-
ally limited to small and r - 'ium sea  3 of 
integration, SSI and  the CMOS 
devices and ti z " • offspring  r ble to be 
produced with large, very large and now 

ultra large scales of integration, LSI, VLSI 
and ULSI. It is this sort of advance which, 
of course, has led in turn to the advent of 
the microprocessor chip, and all that it 
has brought m its wake. 

The upshot of all this is that both sets 
of devices have had some real advan-

ier the other; vi 

1. TTL are much faster than CMOS. 
2. CMOS consume much less power 

than TTL. 
J. TTL are not likely to be destroyed by 

static. 
4. CMOS devices are available with 

higher scales of integration. 

As  mentioned before we  sIrJl be 
diverting our attention to the CIVIOS 
devices in future articles. 

Three-State Outputs 
Before moving on to the main topic, it 

is appropriate to explain about one more 
type of logic output arrangement. In the 
last issue, mention was made of the 
decidedly ill-effects which can be caused 
if standard TTL outputs are connected 
together. One way round this which was 
described, is to use what are called 
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open-collector outputs. In many compu-
ter or microprocessor based systems it is 
often necessary for devices to share a 
common line in order to form what is 
called a b̀us'. Although it is perfectly 
possible to do this using devices with 
open collector outputs, this method is 
now somewhat old-fashioned, and has 
been superseded by a much better one. 
Many devices are now produced which 
are specifically designed with outputs 
suitable for connection to a common bus. 
These are commonly called 'three-state' 
outputs, since the output may be at a logic 
0, a logic 1, or a third state which is 
neither 0 nor 1, but a high impedance 
state. Forcing the output to this third state 
is effectively equivalent to disconnecting 
the device from the bus. This makes the 
interconnection of many devices sharing 
a common bus a much easier task, and 
only requires the inclusion of an extra 
control signal to select those devices who 
may have access to the bus without 
causing any problems over bus conten-
tion. Thus at any one time only two 
devices will be connected together, a 
sender and a receiver, (or a 'talker' and a 
'listener') whilst all the rest are 3-stated. 
Other descriptions of devices with this 
type of output which may be encountered 
are Tri-State, which is actually a trade 
mark of National Semiconductor, TSL, 
three-state logic and three-state TTL. 

The extra control pin required by 
such devices is inzually labelled Enablci 
Disable, Output Enable or Chip Select, 
and permits the logic devices to behave 
normally, or else disconnects the output 
of the device from the rest of the circuit. 
One group in particular which make use 
of this feature are memory devices, and it 
is to these we now turn our attention. 

Memory 
The idea of an electronic component 

which can store 'data' is not of recent 
origin, but its implementation in a 
physically small device was yet another 
step along the road to the implementation 
of the modern digital computer. It must 
be admitted at the outset though, that 
most of these devices are based on MOS 
technology and are not suitable for 
breadboard experimentation. There are, 
however, a number of standard TTL 
devices which are eminently suitable for 
such an application. One reason why they 
are useful is that their memory capacity is 
limited, just the reason why they are not 
to be found in a microcomputer! 

The particular chip we shall use to 
investigate the function of similar memory 
types is the 7489 (QX66V). 

Static RAM 
The 7489 is described as a 64 bit static 
RAM, and this needs a little explanation. 
Firstly, remember that we are dealing 
with digital devices and that the 'data' will 
be stored as BInary digiTS or bits. The 
significance of any stored data can be 
what we want it to be; it may be just 
..,L,..)ers stored in their binary form, or it 

could be that the numbers repr nt the 
letters of the alphabet, or whatever. This 
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Figure la. Pin out of 7489, 64-bit static RAM 

device then, can hold just 64 bits, each 
either a 0 or a 1. The 'static' part of the 
description is not an indication that it will 
stand still while you look at it! Rather it 
serves to put it into one family of memory 
devices, the other most common type 
being described as 'dynamic'.  This 
second type of memory works in a rather 
different manner to the static variety and 
continually needs to be 'refreshed', 
otherwise it would forget what data it 
contained. The two types of device store 
bits in different ways. The static variety, 
for example,store bits by setting or 
resetting little bistable flip-flops. The 
dynamic type are based on CMOS 
technology, and store their bits as an 
electric charge on a tiny capacitor. Since 
the charge which can be held is so small 
and tends to leak away, it has to be 
'topped up' every so often to maintain the 
data intact. Typically, the time between 
successive refreshes will be about 1 
millisecond, and in a microprocessor-
based system this will be carried out 
automatically, and is one 7,,  why they 
are unsuitable for breadboard experi-
ments. 

The RAM part of the description, as 
some readers may well know, stands for 
Random Access Memory. This again puts 
it into a particular family of memory 
devices, the other main family being the 
ROM's or Read Only Memories. These 
two descriptions are a little misleading, 
especially in the case of the RAM's. 
Essentially what it means is that any 
location within the devices can be 
accessed with equal ease, rather than 
them each having to be accessed in 
sequence until the desired location is 
reached. 
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Figure lb. Logic diagram of 7489 

Functional Groups 
So much for a general description of 

semiconductor memory, now for a look at 
the 7489 in particular. Figures la and lb 
show two pin-outs of this device. Figure 
la is the usual one, showing the function 
of the various pins. Figure lb is simply a 
rearrangement of the pins into their 
respective groups. Here again, some 
explanation will be in order for the 
beginner. 

The arrangement of pins on the 
package is arrived at for the convenience 
of the manufacturer, and Figure lb shows 
a logic diagram which is more helpful 
when drawing up complicated circuit 
designs, rather than slavishly following 
the pin-out and ending up with a 'rats 
nest' of interconnecting lines. The groups 
of connections associated with any 
memory device are: 

1. Address lines. 
There are four of these on the 7489, 

shown on the diagram as AO to A3. 

2. Data lines. 
These are shown as DI to D4 and also 

01 to 04. In the case of the 7489, data 
being fed into the device enters along the 
Input lines DI to D4, whilst data leaves 
along Output lines 01 to 04. The over-bar 
on this last set indicating that the data 
leaving any location is the inverse of that 
which was fed in. Thus a 0 will be output 
as a 1, and vice versa. 

3. Control lines. 
The 7489  has two control lines, labelled 

as CS and WE; here again the over-bar 
indicating that they are both active low 
and need to be taken to logic 0 to have 
the required action. CS stands for 'Chip 
Select' and WE for 'Write Enable'. 
4. Power lines. 
Finally, of course, power needs to be 

supplied to the chip, which in this case is 
just +5V to Vcc  and OV to GND; many 
other memory devices often require 
several other voltages. 

Memory Circuit 
The design of the circuit to put the 

7489 through its paces is shown in Figure 
2. This is slightly complicated and 
requires careful assembly on a bread-
board. One tip for anyone wishing to 
assemble this circuit is to make a copy, (a 
photo-copy if you're that lucky) and to 
check off each connection on the 
diagram as it is made. Also it pays to be 
neat and methodical, by making connec-
tions to each pin of a device in order, 
starting at pin 1 and working round the 
pins in turn. Neatness alone is no 
particular virtue, but it makes life a little 
easier if your circuit doesn't work 
perfectly first time; if the only way to sort 
out a rat's nest of wires is to dismantle it 
and start again you might just as well 
have taken the time to do it right in the 
first place! 

The purpose of this circuit is quite 
straight-forward; that is, to fill each 
location or 'address' in the 7489 with a 
binary number or 'clata'. This is achieved 
by sett lag the address lines to a particular 
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binary value, then setting the data lines in 
a similar fashion, and finally writing the 
data into the address by pulsing the Write 
Enable pin low momentarily. The address 
and data line logic levels could be set up 
using wires which are swapped over 
between logic 1 and 0 in order to 
produce the desired combination, but at 
this stage it would be a lot more 
convenient if DIP switches were used. A 
total of eight switches are needed, four 
for addresses and four for data, and an 
octal version ()J(27E) would be suitable. 

The data output from the device is 
inverted, and the purpose of the four 
gates from the 7404 is to invert it back to 
its true form. The outputs of the 7404 are 
then connected to the four LED's in order 
to display the value of the binary data at 
any particular address; as usual, a logic 1 
is represented by a lit LED. Although not 
shown on the circuit diagram, four more 
LED's could be connected across the 
address lines in order to display the value 
of the address selected on the DIP 
switches, but this is by no means 
essential. 

The sequence of Writing to a 
memory location is to set the DIP 
switches to the required value, say all at 
logic 0 for the first address. As the 
switches are changed, with the 'power 
turned on of course, the Output LED's 
may change, indicating the contents of 
any other addresses selected. After first 
switching on it is very likely that the 
addresses will contain random numbers 
or all logic l's or O's. Having set the 
address then set the required Data using 
the other four DiP switches. This data is 
then written into the chosen address by 
taking the Write Enable pin to logic 0. 
This can be done simply by moving a 
wander lead from logic 1 to logic 0, or by 
using a push switch as shown in the 
diagram; it is immaterial whether it is 
debounced. On pulsing the WE pin low 
like this, the LED's indicating the data 
output should change to the same value 
as that set on the data input switches. 
With the WE pin back at logic 1 the next 
address and data value can be set up, 
and then written into memory by pulsing 
WE low. This procedure may then be 
repeated for the whole of the 16 possible 
addresses. 

In order to inspect the contents of a 
particular address it is only necessary to 
set up the appropriate value on the DIP 
switches, when the output LED's will 
display the  data  contained at that 
address. If the power is disconnected, 
even for a fraction of a second, then all 
the data stored will be lost and replaced 
by random 'garbage'. For this reason 
such memory devices are also known as 
'volatile', since if power is removed the 
stored data 'evaporates'! 

Organisation 
Of Memory 

This arrangement of setting data and 
addresses by the use of switches is rather 
tedious, but it does demonstrate the basic 
steps involved with nearly all memory 
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Figure 2. Circuit for investigating the 7489 

devices in filling them with information. 
Of course in this device which has four 
address lines there are only 16 possible 
unique locations at which to store data. 
Each location is arranged to hold four bits 
of data, hence 16 x 4 = 64 bits in total. An 
important aspect of any device is how the 
memory is organised; in this instance it is 
as sixteen 4-bit words. A typical device 
which might be found in a microcompu-
ter is the 2114 static RAM. This is 
described as a 4K memory chip, and this 
means that it can hold a total of 4096 bits, 
since in computer parlance 1K (not lk) is 
not 1000 but 1024, being 2 raised to the 
power of ten. These 4096 bits are 
organised as 1024 4-bit words. Another 
common device founcl in F.,milar applica-
tions is the 4116 dynamic RAM. This one 
is described as a 16K device, and in this 
case the memory is organised as 16384 x 
1-bit words (16 x 1024 = 16384). For this 
device to be used in practical designs, 
where useful word lengths are needed, it 
is necessary to connect them in parallel. 
For example, if an 8-bit word is required 
then eight 4116's are used, giving a total 
amount of memory of 16 Kilobytes, 
usually written as 16K, as eight bits equal 
1 byte. In fact a byte can be any length, 
but if other than eight it is usually first 
stated in the manner: 4-bit byte or 16-bit 
byte for example. 

Sequential Addressing 
The method of setting the Address 

and Data lines with switches can be 
improved upon by the use of a device 
which was used in the last article. This is 
the 7493 counter, and Figure 3 shows how 
two such devices can be used to replace 
the eight DIP switches of the previous 
circuit with just two push switches. With 
this design it is possible to obtain the 
required values of add-:ess and data by 
sequencing  the 7493's in turn and then 
pulsing the WE pin low, as 7), ce. This 
makes entry of the sixteen values much 
quicker and easier, even though the full 
range of addresses has to be sequenced 
through until a particular one is obtained. 

The final circuit, shown in Figure 4, is 
a combination of this design and the one 
from the last issue. To refresh your 
memory, this  using a 7493 to prc &ace 
a 4-bit binary sequence to drive a 7448 
7-segment  decoder/driver.  The  7493 
produces a fixed sequence of binary 
outputs, being the binary equivalent of 
the numbers 0 to 15. In Figure 4 the 7489 
memory chip has been inserted berg,' een 
the output of the 7493 counter  the 
input to the 7448 decocTddriver. Now, by 
sequencing through the addresses to th? 
7489 it is possible to enter any vi,d ,:‘ cf 
4-bit word, and this will then be produced 
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Figure 4. Circuit for using the 7489 with a 7448 7-segment decoder/driver 

as the input to the 7448. Thus, it is easily 
arranged to alter the fixed sequence of 
numbers on the 7-segment LED to any 
that is desired. For example, by storing 
the binary equivalents of 15 down to 0, 
the display will count down as the 
addresses are sequenced, rathe .than 
count up. Alternatively, data may be 
stored which produces a random count-
ing sequence, or one which replaces the 
six illegal inputs for the 7448, i.e. those 

which produce either a blank or a 
meaningless display, with a repeat of 
other numbers. 

This last circuit will require a fat,: 
amount of time and patience to wire up 
on a breadboard, and if it doesn't work 
properly first time then you will have to 
supply the necessary logic to sort out the 
errors! This again requires a methodical 
approach, trying to narrow down the area 
containing the mistake(s). Avoid the 

temptation to change connections at 
random or without any plan of action; the 
first thing to check is if you have made 
the correct connections to Vcc  and 
Ground to each chip before you set about 
wholesale dismantling of the circuit. 
Hopefully you will meet with success and 
have gained invaluable first-hand experi-
ence in the use of these devices, and be 
well prepared to tackle those contained 
in the next article. 

NEW ITEMS PRICE LIST Continued from page 15. 
W M62S  Introducing  Dragon 
Machine Code by Ian Sinclair. 

Price £8.951 W 
W1VI63T The Electron Programmer 
by S.M. Gee & M. James. 

Price £6.95NV 
W11164U The Electron Book by J. 
McGregor & A. Watts. 

Price £9.(..-1VV 
W11165V Assembly Language Pro-
gramming on the Electron by John 
Ferguson & Tony Shaw. 

Price £9.481VV 

CAPACITORS 
FG75S AM/FM Varitune Capacitor. 

Price £1.72 
CO MPUTERS 
YK76H Floppy Disk Album. 

Price £5.95 
1-Ka2D Computer Disk Cleaner Kit. 

Price £13.95 
YK83E Computer Cassette Cleaner 
Kit.  Price £11.20 

YK87U Flip 'n' File Minibox 15. 
Price £6.78 

YK88V Flip  File Keybox 25. 
Price £22.95 

YK89W Tape & Disk Cleaning Fluid. 
Price £4.99 

YK9OX Anti-Static Foam Clt.Jiner. 
Price £3.25 

YK91Y Anti-Static Screen Cleaner. 
Price £3.99 

YK92A Anti-Static Spray. 
Price £4.49 

YK93B Safes°lve Cleaning Solvent. 
Price £5.75 

YK94C Pressurised Air Duster. 
Price £4.25 

YII95D Anti-Static Polish. 
Price £3.75 

YK96E Flip 'n' File Standardbox 50. 
Price £16.95 

YK97F Flip 'n File Minibox 10. 
Price £4.49 

YK98G Data Buds 100.  Price £2.75 
YK99H Data Wipes 150. Price £9.60 

CONNECTORS 
BK79L 0.156 inch 2 x 22 Way P.C. 
Edgecon.  Price £3.50 

BK84F 18 Way R.A. Minicon Plug. 
Price 92p 

rr..;185G 18 Way Latch Minicon Plug. 
Price 84p 

BKa6'' 18 Way Jumper Cable. 
Price £4.82 

BK96E 34 Way IDC Socket & Cable. 
Price £3.85 

BK97F 2 x 20 Way P.C. Edgecon. 
Price £1.60 

BK98G Budget 3-pin XLR Line Plug. 
Price £1.20 

BK99H  Budget  3-pin  XLR  Line 
Socket.  Price £1.25 

FG7611 Budget 3-pin /MR Chassis 
Plug.  Pñ.,:S 95p 

FG77J Budget 3-pin XLR Chassis 
Socket.  Price £95p 

FG/8K XLR Type PCB Connector. 
Price 35p 

HARDWARE 
BK83E Loudspeaker Clamp Kit. 

Price £1.79 
BK87U Snap Rivet (Pack of 10). 

Price 20p 
FG79L Flexible Nylon Handle. 

Price 79p 

HEATKIIIT 
HG46A Regulated High Voltage 
Power Supply IP-2717A 

Price £239.95 
HP0313  Microcomputing  Course 
EC-1000.  Price £39.95NV 

For Passive Circuit Design Course 
EE-1001: 
HS23A Classroom Text EB-6001. 

Price £18.95NV 
HS24B Workbook EB-6001-40. 

Price £12.95NV 
11525C Instructors Guide EB-6001-
50.  Price £10.75 
ELS26D Parts Kit EB-6001-30. 

Price £15.95 
For  Transistor  Circuit  Design 
Course EE-1002: 
HS27E Classroom Text EB-6002. 

Price £20.95NV 
HS28F Workbook EB-6002-40. 

Price £12.95NV 
HS29G Instructors Guide EB-6002-
50.  Price £10.75NV 
HS3OH Parts Kit EB-6002-30. 

Price £25.95 
H.S58N Robot Applications Course 
EE-1812.  Price £114.95 

HS59P Microprocessor Applications 
Course EE-3405.  Price £114.95 
HS60Q Battery Life Tester GD-1703. 

Price £21.95 

PROJECTS ;is MODULES 
GB26D TTL/RS232 Converter P.C.B. 

Price £1.62 
GB27E ZX81 1 Extendi-RAM P.C.B. 

Price £3.20 
GB32K Latchcard P.C.B. Price £2.20 
GB33L Spectrum ADC P.C.B. 

Price £2.80 
GB34M Spectrum DAC P.C.B. 

Price £2.84 
GB35Q Digi-Tel Expansion P.C.B. 

Price £25.95 
GB36P Logic Pulser P.C.B. 

Price £1.32 
GB4OT Frequency Mtr Adaptor PCB 

Price £1.42 
GB41U 1/IC 20 Extendiboard P.C.B. 

Price £5.75 
GB43W 7D(81 Hi-Res Graphics PCB. 

Price £11.99 
GB44X Personal Stereo DI‘IL PCB. 

Price £1.96 
GB45Y Oric Talkback P.C.B. 

Price £3.62 
GB47B Spectrum Keyboard P.C.B. 

Price £10.72 
GB48C Spectrum Kbd Conn PCB 

Price £1.96 
GBSOE TDA 7000 Radio P.C.B. 

Price £1.82 
GB51F  2.8kW  Power Controller 
P.C.B.  Price £2.38 

GB52G Fluorescent Tube Driver 
P.C.B.  Price £1.96 

GB54J Auto-Was P.C.B. Price £1.99 
GB55K Oric Maplin Modem Inter-
face P.C.B.  Price £3.25 

GB56L Dragon Extendiport P.C.B. 
Price £3.25 

GB57M Speclrum Easyload P.C.B. 
Price £3.62 

GB59P 80 Metre Receiver P.C.B. 
Price £2.75 

LK16S ZX81 1K Extendí-RAM Kit. 
Price £8.95 

LK17T TTURS232 Converter 'it. 
Price £7.98 

LK19V Logic Pulser Kit. 
Price £5.95 

LK2OW Frequency Mu. Adaptor Kit. 
Price £9.25 

LK22Y 1/IC 20 Extencliboard Kit. 
Price £29.95 

L.K.23A ZX81 High Res Graphics Kit. 
Price £27.50 

LI{24B Latchcard Kit.  7.16.95 
LIC.25C Spectrum DAC Kit. 

Price £17.95 
LI{26D Spectrum ADC Kit. 

Price £27.95 
LK27E Personal Stereo DNL Kit. 

Price £8.95 
LIC28F Oric Talkback Kit. 

Price £23.95 
LI{29G Spectrum Keyboard Kit. 

Price £28.50 
LK3OH Spectrum Kb Adaptor Kit. 

Price £6.50 
LK32K TDA 7000 Radio Kit. 

Price £11.70 
LK33L Infra-Red Movement Detect-
or Kit.  Price £34.95 

bkr:3•:ird 2.8kW Power Controller Kit. 
Price £18.95 

LK350  e-seent Tube Driver Kit. 
Price £7.75 

LK36P Auto- Was Kit.  Price £11.95 
LK37S Digi-Tel Expansion Kit. 

Price £129.95 
LK39N Spectrum Easyload Kit. 

Price £9.95 
LK4OT Oric Maplin Modem Inter-
face Kit.  Price £13.95 

LK41U 80 Metre Receiver Kit. 
Price £15.95 

QY58N 2716/NI8.  Price £8.50 
QY60Q 2716/M5.  Price £10.50 
XG35Q Spectrum Case. Price £4.95 
XG36P Spectrum Ready-built Key-
board (including adaptor & case). 

Price £44.95 
YK77J Spectrum Keytop Print. 

Price 68p 

SE MICONDUCTORS 
QY56L 7581 ADC.  Price £19.95 
QY59P 74LS260.  Price 84p 

SOUNDERS & SPEAKERS 
YK84F VDU/Speaker Stand. 

Price £15.95 
YK85G 12V DC 6 inch Dome Bell. 

Price £9.95 

WOUND COWL,>è.'4ErITS 
11X77J Trans Cod 3T Blue. 

Price £2.20 
H USK Trans Coil 3T Red. 

Price £2.20 
Y T  Toroidal  Transformer 

W/24V.  Price £13.95 
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* Compact Lightweight Unit 
* Easy Construction - Reasonably Priced 
* Ideal for Model Aircraft/Boats etc 

by Dave Goodman 

Electro-mechanical interfaces for 
use in modelling, robotics and control 
systems can be difficult to produce with 
any accuracy, especially if facilities or 
finances are limited; therefore this article 
describes construction of a complete 
servo mechanics kit and small driver 
module (37 x 25mm). The project is easy 
to bu _1,d and the cost very reasonable. 
Both servo and PCB are small and 
lightweight, these being important 
criteria for use with such models as 
aircraft or small power boats, although 
the PCB is not  smaL that col- ,..truction 
requires a degree in micro-technology! 

Robotics 'buffs could find servo's 
useful for producing arm lift and rotation-
al movement or perhaps steering control 
of.'heels. The necessary electrical 
control signals are generated from port 
scanning routines and FOR—NEXT loops 
in BASIC, which is quite fast enough for 
successful operation. 
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Proportional Control 
A servo consists of an electric motor 

with gear box, rotating arm, for transfer-
ring movement, and a feedback potentio-
meter. Connecting a suitable voltage 
across the motor causes high speed 
rotation which is geared down to 
produce a final drive of one revolution 
every two seconds — at high torque. The 
drive arm continues rotating as long as 
power is applied, this is not the required 
state of affairs, as positional control of the 

Figure 1 Circuit Diagram 
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arm is necessary. Positional or prop-
ortional control is achieved by con-
tinuously pulsing the motor in small steps. 
The gearbox drives the wiper of a 
potentiometer the resistance of which 
varies with each step, this variation is 
sampled by the control module. When 
the arm reaches the desired position, 
drive signals to the motor are inhibited, 
preventing further movement. 

Circuit Description 
IC1 requires a positive going, pulse 

width modulated signal of between 0.5 
and 2.5mS repeated every 20mS (50Hz). 
This 20mS repetition, or frame rate, is 
standard for most proportional radio 
control transmitter/receiver systems (Fi-
gure 7). Servo arm rotation (of 0 to 180 
degrees) is determined by the pulse 
width, with the centre position (90 
degrees) equal to half maximum pulse 
width, viz. 1.5mS. RI and C2 are 
mono-stable timing components which 
produce a fixed time period, used for 
reference and comparison of the incom-
ing signal. C 1 sets the 'dead band' or area 
of non-movement, which corresponds to 
a centre loaded joystick used with radio 
control transmitters. This area around 
1.5mS can be increased or decreased by 
altering the value of Cl, but it should be 
kept below 2.2riF — otherwise the pulse 
expansion timing becomes obscured. R2 
and C3 expand the control pulse to suit 
the servo motor used, the values given 
are correct for the system described in 
this article. ICI output pins 7 and 8 both 
sit at 1.75V DC under quiescent condi-
tions. During operation one of these 
outputs pulses high and the other pulses 
low, e.g. increasing pulse width from 
0.5mS to 2.5mS causes pin 7 to = OV (not 

Figure 3 Test Circuit 

Q) and pin 8 = +V (Q). Decreasing pulse 
width from 2.5mS to 0.5mS causes pin 7 to 
= +V (Q) and pin 8 = OV (not Q). Putting 
the servo under a heavy load condition 
will produce supply current drains of 
150mA or more which the IC, with 7mA 
max. output drive, is unable to cope with. 
Therefore TR 1 and TR2 are used to 
switch the +V rail to the motor, receiving 
base drive from pins 5 and 9. A regulated 
+2.2V reference voltage level is derived 
from pin 2 and connects to the servo 
potentiometer. As the wiper moves a 
voltage swing of +1.7V to +2.2V is 
developed on pin 3 this modifies the 
monostable timing thus increasing or 
decreasing output drive to the motor. A 
percentage of back EMF signals from the 
motor are connected via R5, along with 
the controlling signal, to the monostable 
reference input; this helps to prevent 
overshoot on faster servo mechanisms. 
The values of R5 and R6 can be altered by 
up to 10%, if necessary, to accomodate 
this. 

ASSEMBLY INSTRUCTIONS 
FOR SERVO MECHANISM 
(YG140) 

Preset 
contact 

(fit onto Spacer 
by bending Lugs) 

Preset 
body 

(clamp in poso 
using screws) 

Grommet 
ed, 

Contact 
Spacer 

(Fit over spigot 
after fitting 
contact) 

(Fits into slot, 
bring motor wires 

e  e 

through) 

C S head 
screws 

Round 
head 
screws 

Drive 
Lever 

Gear 

'Motor 

Box Base 
Round 
Head 
Screw 

-Box Lid 

Gear Mechanism 

PCB Construction 
Insert resistors RI to R6 and capaci-

tors CI to C4. C2 to C4 are polarised 
types and must be fitted correctly, with 
the longest lead marked with a + sign to 
the + sign on the PCB. Insert 8 Vero pins 
(if required) from the track side of the 
PCB and press home with a soldering 
iron. Solder these pins and components 

Motor Feedback 
Preset 

Note: PR1 & PR2 can be reversed 
if excessive jitter occurs. 

M1 
PR2 

PR1 
M2 

Connections 
to PCB 
las short as 
pos. 2"-e 

Figure 5 Servo to PCB Wiring 

Figure 4 Mechanics Assembly 
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Lift 

max. load 

180' Rotation 
P.W.M.= 
0-5mS-2.5mS 

Figure 6 Servo Operation 

and remove excess wire ends. Fit ICI 
and both transistors and carefully solder 
them in place. Clean the board and 
inspect for mistakes, short circuits, etc. 

Servo Construction 
The diagram in Figure 4 shows the 

servo assembly, but a few points need 
explaining in more detail. Snap off one of 
the contact spacers and remove the 
casting piece. Fit the brass preset contact 
over the spacer so that the key fits into 
the slot. Note that the contact mounts over 
the face moulded with a small bush 
protrusion - not the larger bush face! 
Gently bend both brass lugs over so that 
the contact is held firmly to the spacer. 
Next carefully press the assembly onto 
the gearbox spigot as shown, ensuring 
that the wiper is facing outwards. This job 
is a bit fiddly and great care must be 
taken to avoid damaging the wiper. Place 
the cermet preset (terminals facing 
outwards!) over the wiper and line up two 
of the four available slots with two screw 
mounting holes. Insert the self tapping 
cross-head screws and tighten down just 
enough to grip the preset edges, over-
tightening will break the body and 
obviously should be avoided. Place the 
small brass gear over the motor shaft and 
press home. Fit the motor onto the 
mechanism housing by pushing and 
twisting, the fit is made tight to prevent 
the motor from turning when in use. 

Servo and 
PCB Wiring 

Figures 2 and 5 show the five 
connections between the servo and PCB. 

P.W.M. 

0 .2 mS 
Min 

2-5mS 

Max 

20mS Frame 

Figure 7 Control Signal 

In fact motor connections MI and M2 can 
be reversed as can preset connections 
PR 1 and PR2 although the wiper W 
connection must be as shown. Keep 
wiring between the units as short as 
possible to prevent excessive motor RF 
from being induced into the preset 
circuitry, otherwise operation may be 
erratic. The PCB has been made the 
correct size for fitting onto the side of the 
servo box and quick stick pads can be 
used here to advantage - as shown in the 
photograph. 

Testing 
A suitable +V pulse transmitter/ 

receiver system can be used, or for 
convenience the test circuit shown in 
Figure 3 can be constructed - to 
produce a 20mS frame and variable 0.5 to 
2.5mS pulse width, using the values given. 
A suitable 4.2 to 6.5V supply will be 
required, such as four AA Ni-Cads or a 
126 type dry battery. The power supply 

+5V 

used should be capable of delivering up 
to 1 Amp without the +V rail dropping, 
otherwise problems will be encountered. 

Connect up the supply rails and 
switch on, a slight 'glitch' may occur, but 
nothing more. Input the PWM signal and 
make a return path by connecting the 
servo ground (0V) to the signal source 
ground. If using the test circuit (Figure 3) 
from the same power supply you will 
require a large de-coupling capacitor 
fitted across pins 7 and 14 of the 4001 IC, 
to prevent amplitude modulating the 
PWM signal; 470uF to 1000uF should 
suffice. Move RV1 or your transmitter 
joystick from centre to full clockwise or 
full anti-clockwise, whereupon the servo 
arm should follow suit. If the motor drives 
continuously or jitters excessively, re-
verse PR 1 and PR2 connections. In case 
of malfunction various voltage levels 
should be checked with a high impe-
dance voltmeter or oscilloscope, refer-
ring to the circuit description as a guide. 

SERVO Se. DRIVER MODULE PARTS LIST 
RESISTORS:- All 0.4W 1% Metal Film. 
RI 
R2 
R3 
R4 
R.5,6 

CAPACITORS 
Cl 
C2 
C3 
C4 

100k 
150k 
4k7 
2k2 
330k 

in5F Ceramic 
100nF 35V Tantalum 
470nF 38V Tantalum 
2µ2F 35V Tantalum 

1  (M100K) 
1  (?d180K) 
1  (M4K7) 
1  (242K2) 
2  (M330K) 

1  (WX70M) 
1  (WW54J) 
1  (WW58N) 
1  (WW62S) 

SEMICONDUCTORS 
ICI  711419CE 
TRI,TR2  13C327 

MISCELLANEOUS 
Servodriver PC13 
Veropins 2145 
Servo Mechanism 
Miniature Motor 

e g e 

1  (TH92A) 
2 (01368W) 

1  (GB681)1 
1 pkt  (F124B) 
1  (YG14Q) 
1  (YG12N) 

A complete kit of parts is available. 
Order As LK45Y (Servodriver Module Kit) Price £9.75 
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by Graham Dixey C.Eng., M.I.E.R.E. 

The 6522 Versatile 
Interface Adapter (VIA) 

This member of the 6502 'family', 
whose architecture is shown in Figure 1, 
allows the 6502 MPU to be connected to 
the outside world in order to perform 
useful functions. In Part Four of this series 
we saw how to program the input/output 
ports of the computer in order to decide 
which lines were inputs and which 
outputs, and also how to send data to or 
fetch data from external devices. The two 
input/output ports, which we referred to 
as Port A and Port B, actually occupy 
space on a chip such as the 6522 (there 
are alternatives) and are represented by 

the Data Registers and the Data Direction 
Registers for these ports. However there 
are other functions on this particular chip 
which earn it its description — versatile. 

Figure 2 shows that the 6522 has 
sixteen registers, the low bytes of their 
addresses occupying the range 00 to OF. 
For example, DRB (data Register B) has 
its low byte as 00 so that, if the 6522 is 
located on Paoe T of the memory map (as 
it was in the last article and will be in 
future), then its full address will be 0900; 
similarly DDRB is at 0902, DRA and DDRA 
are at 0901 and 0903 respectively. But you 
may have spotted that there are actually 
TWO DRAs, the other being located at 

Data 
Bus 

-41 

IRO 

Q) 
E 

E 
I— 

I-

cc cc 
o 

z 

a. 

:Ft 

IER 

Port A 

PA cont rol    

B control 

PCR  SR 

ACR 

T1L-H 

T1L-L 

T1C-H 

T1C-L 

T2L-L 

T2C-H 

T2C-L 

co 
cc cc 

co 
cc 
o 

Chip 
Control 

OV 
t í t 

RSO RS1RS2 RS3 

CA1 
CA2 
CB1 
CB2 

Port B 

RES 
RAT/ 
02 
CS1 
CS2 

Part Five 

090F. This is because the DRA at 0901 has 
a 'hand-shaking' facility whereas the one 
at 090F doesn't — more of this later. The 
important thing to grasp at the moment is 
that there are sixteen memory-mapped 
registers i.e. registers that are accessible 
to the programmer merely by treating 
them as any other memory locations. 
What we must now find out is what these 
registers do Frid how to make use of 
them. However, I do not propose to 
describe each of them now but will treat 
them as they arise in the process of 
actually making use of them. The first 
ones that we will consider are the control 
registers. 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

OD 

OE 

OF 

DRB 

DRA 

DDRB 

DORA 

T1L-L/T1C-L 

T1C-H 

T1L-L 

T1L-H 

T2L-L/T2C-L 

T2C-H 

SR 

AC R 

PCR 

I FR 

I ER 

DRA 

Port B 

Port A (with handshake) 

) Data direction 

Timer 1 

) Timer 2 

Shift register 

Auxil , control 

Peripheral control 

Interrupt flags 

Interrupt (' 

Port A (no handshake) 

Figure 1. 6522 Architecture Figure 2. The 6522 Registers and Addresses 
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The 6522 Control 
Registers 

There are two of these and one of 
them, the Peripheral Control Register 
(PCR) is shown in Figure 3. This register 
is associated with the four control lines 
CAI, CA2, CB1 and CB2 which appear on 
the right of Figure 1. It is the use of this 
register that allows the hand-shaking 
procedure  mentioned earlier to be 
carried out. The question then is 'what is 
hand-shaking'? 

Suppose a printer is being fed with 
data from the micro. If the printing speed 
is 80 C.P.S.(characters/sec.), then it takes 
1/80s or 12.5ms to print out a single 
character. This may not sound long but, to 
vt it into perspective, remember that it 
ta_-:es only 2 or 3 micro-seconds to carry 
out a single instruction within the 6502. To 
determine when the printer is ready for a 
new character the printer sends a 
READY signal to the 6522. This is in the 
form of a pulse or level transition which is 
detected and latched by the 6522 and 
tested by the program. This READY 
signal is received at either CAI or CB1 
depending upon which port has the 
printer connected to it. Upon its receipt 
an internal 'interrupt flag' is tripped. As 
already mentioned this signal can be 
either a pulse or a level transition. It is 
possible to determine whether the events 
are to be initiated by a high-low or a low-
high transition or, in the case of a pulse, 
whether it is the leading edge or the 
trailing edge that makes things happen. 
This is done by programming the bits 0 
and/or 4 of the IDC2, (see Figure 3). 
Programming a '0' into either of these two 
bit positions specifies a response to a 
high-low transition, while programming a 
'1' into either position makes the system 
respond to a low-high transition. This can 
be illustrated by a short segment in 
Assembly Code. 

Suppose that for Port A the response 
should be to a high-low transition, while 
Port B must respond to a low-high 
transition. This situation can arise if two 
different peripherals are separately conn-
ected to the two ports. This is carried out 
as follows. 
LDA  #XXXIXXXO (in binary) 
STA  PCR 

The Xs merely indicate that, for the 
moment anyway, bits 1-3 and bits 5-7 
have not been specified. Naturally, we 
would have to know what they should be 
in order to specify the HEX data for the 
LDA operation. For example, if it could 
be assumed that the Xs could, in fact, all 
be Os, then the data in HEX would be 10. 

b7 bco 
I 

CB2 control 
I  I 

CA2 control 
I  I  

CB1 control/  CA1 control 

Figure 3. The Peripheral Control 

But, for the moment, let us just 
attention on bits 0 and 4. What we iove 
now achieved is to set up control lines 
CAI and CBI so as to make the 6522 
respond to the appropriate ,evel changes 
from the peripherals. 

It has been me:-:ic -:.ed that, when 
such a signal is received, an internal 
interrupt is triggered. This event takes 
place in the Interrupt Flag Register (IFR) 
(see Figure 4) and affects the status of 
either bit 1 or 4 of this register (for 

rols  CAI  or CBI  respectively). 
These bits are normally '0' but go to the 
logic '1' level when a transition on either 
CA1 or CB1 has been detected. There-
fore, by checking these bits (flags) it is 
possible to find out whether a peripheral 
has signalled the micro for attention. 
Once data has been sent or received via 
the Data Register the flag automatically 
resets ready for the next time that a signal 
is sent out. 

The question that now naturally 
arises is 'how can the flags in the 
Interrupt Flag Register be tested'? Since 
this register is memory mapped, it can be 
treated exactly as any other memory 
location and its contents can L.. loaded 
into the Accumulator. Then, in order to 
test the flag for CAI, for example, this bit 
must be selected by, say, a masking 
operation. e.g. 
LDA IFR  Load contents of IFR into A 
AND #02 makes all bits other than bit 

1 equal to zero (02=00000010) 
The next instruction would probably 

be a branch to act upon the result of the 
AND operation. (This 'masking' operation 
was dealt with in Part Four of this series, if 
you are unsure of it you are recommend-
ed to refer back). 

The Input/Output 
Latches 

Figure 1 shows that associated with 
each port is an input latch (IRA and IRB). 
This reveals a slight curiosity. Data output 
from the micro to a peripheral is always 
'latched' (held in DRA or DRB) but data 
input to the micro from a peripheral need 
not necessarily be latched. It is the choice 

IRO Ti T2 CBI CB2 SR Cm CA2 

Register (PCR) 

focus  of the programmer. Whether input data is 
latched or not is determined by the values 
of bits 0 and 1 of the Auxiliary Control 
Register (ACR), shown in Figure 5. Bit 0 
controls the Port A latch while bit 1 
controls Port B latch. Programming these 
bits to be 'is' causes latching to occur; 
programming them as 'Os' means that 
latching does not take place. In the latter 
mode the program reads the data actually 
present at that instant on the input lines to 
the micro. When latching is employed, 
enabling of the latch occurs each time that 
a transition on CA1 or CB1 is detected, 
depending on the port in question. 

Having now digested (one hopes!) 
the above information, it can now all be 
tied  together  with  an  application 
example. Figure 6 shows two peripherals, 
A and B, connected to ports A and B 
respectively of a 6522 VIA. Each periphe-
ral has a READY line, CAI and CB1 
respectivly. Peripheral A supplies data to 
the micro at a rate determined by some 
time-constant which is capable of variat-
ion. The data, in analog form, comes from 
a transducer which could be measuring 
temperature, wind speed, liquid level, or 

other quantity you v1sh to name. A 
conversion is made from analog to digital 
form and this is input to Port A of the 6522. 
Control CAI goes down from logic 1 to 
logic 0 whenever the micro is to receive a 
(-1,111 sample. This sample is read by the 
computer which classifies it and sends 
out to the printer a character which 
typifies the class. The printer has a 
READY line which connects to 031 and 
indicates the READY state with a low-
high transition. The output to the printer is 
in 8-bit parallel format. Input data is to be 
latched. 

What has to be done is to write a 
program that achieves the objectives 
outlined in the foregoing description. To 
do this well requires a tidy, logical 
approach. The first step is to state the 
objectives clearly so that it is obvious 
exactly what the program is expected to 
achieve. This will now be done for the 
data transfers between the micro and the 
peripherals; the data handling part of the 
program is outside the scope of the 

PA latch enable 
PB latch enable  \ 

7  bo 

Figure 4. The Interrupt Flag Register (IFR) Figure 5. The Auxiliary Control Register (ACR) 

June 1984 Maplin Magazine 49 



LABEL NINEMO 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 

(This completes 
WAIT1  LDA 

AND 
BEQ 
LDA 

(This completes 
JSR 

WAIT2  LDA 

AND 
BEQ 
STX 

(This completes 

PAP 
(This completes 

NIC DATA  COMMENTS 
#00  Initialises Port A as input 
DDRA 
#FF Initialises Port B as output 
DDRB 
#10  Initialises CAI —ve acting 
PCR 11 +ve acting 
#01  Initialises ACR bit 0 so that 
ACR  data input to Port A is latched. 

the initialisation block on the flow-chart) 
IFR  Load A with contents of interrupt 

flag register 
#02  Mask all bits except bit 1 
WAIT1 Test whether bit 1 is'0' or '1' 
DRA  Fetch input data from Port A 

the next two blocks on the flow-chart) 
SUB 1  Go to data handling sub-routine 

and return 
IFR  Load A with contents of interrupt 

flag register 
#10  Mask all bits except bit 4 
WAIT2 Test whether bit 4 is'0' or '1' 
DRB  Send X register contents to Port B 

the next two blocks on the flow-chart) 
WAIT1 Go round again 

one cycle and returns to start) 

Figure 8. Assembly Code Program 

(::k \ 

Transducer 

Peripheral A 
(sampling 

data) 

Data ready,----.*  

Peripheral B 

(Printer) 

g  CA1 

o 
o. 

P-C131 

Printer ready  6522 

Figure 6. Using the 6522 with Peripherals 

present discussion. 
(a) Initialise DDRA and DDRB so that 
Port A acts as inputs; Port B acts as 
outputs 
(b) Initialise PCR so that 
(i) CAI is negative acting 
(a) CB1 is positive acting 

(c) Initialise ACR so that input data is 
latched. 
(d) Program must include 
(i) loading A with data at Port A 
(ii) sending characters to printer 
(iii) in both cases (i) and (ii) 
test the flags for the READY state. 
A flow-chart often helps to clarify 

ideas and test the logical process on 
paper. Figure 7 shows the essential main 
steps and includes three loops which 
must be considered. First, there is the 
main loop, which keeps the process going 
indefinitely, lumping' back to the begin-
ning of the program for fresh samples. 
Within this loop are two minor loops, 
which each perform a 'waiting' function. 
These will obviously contain conditional 
instructions (i.e. branches) since they 
embody decisions.  The program in 
Assembly Code is shown in Figure 8. 

Figure 7. Flow-Chart for the System 
in Figure 6. 

Note the following: 
(a) Once the ports have been initialised, 
this procedure is not repeated. If the 
return loop went back to line 1 instead of 
WAIT1, the program would still work but 
it would be slowed down. 
(b) The X register has been used to hold 
the character ready for the printer (it 
would have been loaded with this 
character during the sub-routine). Had 
the character been held in a memory 
location instead it would have been 
necessary to perform, say, an LDA 
operation once the test on the accumulat-
or had established the presence of an 
interrupt (thus wasting time). It is not 
possible to transfer data direct from a 
memory location to the ports, only from 
A, X or Y. Since A is in use to test flag 
status, it is better to use either X or Y 
instead. 

The program can now be encoded 
into Machine Code. It will reside on Page 
0 (though it doesn't have to) and will start 
at location 0020. The data handling sub-
routine is assumed to start at location 
0300. 

Machine-Code Program 

Program Op-Code Byte 2 Byte 3 
Counter 
0020  A9  00 
0022  8D  03  09 
0025  A9  FT 
0027  8D  02  09 
002A  A9  10 
002C  8D OC 09 
002F  A9  01 
0031  8D  OB  09 
0034  AD  OD  09 
0037  29  02 
0039  FO  FA 
003B  AD  01  09 
003E  20  00  03 
0041  AD  OD  09 
0044  29  10 
0046  FO  FA 
0048  8E  00  09 
004B  4C  34  00 

It is strongly suggested that you 
check the encoding of this program 
against the tables of op-codes given 
previously. This is quite easy as it is just a 
line-for-line comparison with the Assem-
bly Code program. Check the data for the 
branch lengths at addresses 003A and 
0047 (FA in both cases) to make sure that 
you understand how this data was 
calculated. If necessary refer back to Part 
Two of this series to brush up on the 
procedure. Check the addresses used for 
the various 6522 registers against Figure 
2, remembering that, for our purpose, the 
VIA has been assumed to be on Page 9 of 
the memory map so that all register 
addresses are preceded by 09; e.g. 
address of the ACR is 090B. However, in 
the machine-code program any address 
specified by two bytes is always written 
low-byte first' i.e. 0809. 
ht the next part we will return to the 

6522 to discuss the timers, shift register 
and subleties. 
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FIDO D 
by Nigel Fawcett 
Introduction 

This project, as the title suggests, is a 
variation of the very popular fluid 
detector circuit, only here it has been 
taken a stage further, and has thereby 
increased the range of applications for 
such  a device.  When  building  a 
darkroom and workshop into a garage 
recently, it was deemed necessary to 
have a sink with hot and cold running 
water. Getting the water in was no 
problem, but getting it out again was a 
different  matter.  The  garage  was 
considerably lower than the house, and 
did not have immediate access to any 
main drainage point. 

The only solution was to pump the 
water back up to house level, and 
thereby into the normal domestic waste 
system. The waste from the garage sink 
emptied into an expansion tank of the 
kind used in central heating systems, and 
was  pumped  out  again  with  a 
self-priming pump purloined from a 
redundant washing machine. It was here 
that the need for a fluid detector lay. A 
means of determining the presence of 
water was required to switch on the 
pump. However, it was foreseen that a 
greater inflow of water than the pump 
could reasonably handle might occur. To 
overcome this problem, eight separate 
channels were incorporated to detect the 
increasing level of water in the tank, and 
so indicate the effectiveness of the pump. 

Circuit Description 
At the heart of the circuit (see Figure 

1) is the LM1830 fluid detector chip IC2. 
This is the type of IC commonly found in 
drinks  vending  machines,  washing 
machines, and a whole host of other 
domestic and industrial appliances. It is a 
well designed IC which includes an A.C. 
current to the probes to alleviate the 
problem of plating. The output is also 
pulsed, and can be used to drive a 
speaker or LED directly, but in this 
instance an 'on' or an 'off' condition was 
required to interface with the CMOS 
digital part of the design. This is achieved 
by the reservoir capacitor C4, which 
smoothes the oscillator output, and the 
pull-up resistor R2. 

The IC detects the presence of water 
by comparing the resistance across the 
probes with an internal resistor.. One 
probe is connected to ground, whilst the 
other is connected to pin 10 of the IC. In 
this particular design, eight independent 
probes are connected to the single 
8-channel analogue multiplexer/demulti-
plexer ¡Cl. Each of the channels is 
scanned approximately once a second, 
and during the scan time IC2 checks for 
the presence of water (conductive fluid). 
If water is detected then the output of IC2 
goes high and is written into the latch 
corresponding to the input channel of the 
8-bit addressable latch IC3. 

Both IC1 and IC3 have a three bit 
address bus to select the desired 

* 8 LED's Indicate Fluid Level or 
* Monitor up to 8 Separate Levels 
* Based on LM1830 IC - 
Simplifies Construction 
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channel, and the addre,:=,Hig for t.ie chips 
is provided by half of  dual decade 
counter IC5. The clock ior te counter is 
formed from two of the dual input NAND 
gates of IC4, RI and Cl. The other two 
gates of IC4 and the other counter of IC5 
are used to produce a short pulse during 
each scan cycle, to ensure that data is 
only written into the output latches when 
IC2 has had time to sense the fluid and 
settle down. The outputs from the latch 
are then used to drive the eight LED's and 
their  associated  circuitry.  In  the 
application described in the introduction, 
the LED's for channels 1-6 were green 
and channels 7 and 8 were red. This 
provided visual stimulation when things 
were getting dodgy. In practice the 
colours chosen will depend on He 
application (see applications). It should 
be noted here that a remote lead was 
taken from channel one output to a 
separate board which was used to switch 
the pump on or off. 

Construe, - n Details 
All the components are fitted on the 

printed circuit board (see Figure 2). Start 
by inserting, and soldering, the wire links 
and resistors, proceed with the IC 
sockets, capacitors, PL 1, the transistors 
and  LED's,  and  finally  insert  the 
integrated circuits into their respective 
sockets. Normal MOS handling precau-
tions should be observed with the CMOS 
integrated circuits, with care to ensure 
correct orientation. PLI is a ten pin 
connector,  but  only nine  pins are 
required, and in fact there are only nine 
holes in the PCB, so pin one must be 
removed from the plug before it can be 
mounted on the board. This is easily 
achieved with a small pair of radio pliers. 

A twelve volt power  'apply is 
required and, although no constriction 
details are described here, many of the 
circuits shown in back issues of this 
magazine will reveal a suitable design 
(i.e. Digital Enlarger Timer/Controller in 
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Figure 1. Circuit diagram 

the June to August 1983 issue, Vol.2 No.7). 
As far as the construclon of a probe is 
concerned, it would be beyond the 
realms of practicability to attempt the 
description of a suitable design, since it 
depends entirely on the application. The 
receptacle containing the fluid may be 
small or large, shallow or deep. There 
may be one individual container or up to 
eight separate ones. T  may not even 
be a container at all (see applications). In 
many applications however, a simple 
narrow piece of copper strip Veroboard 
can be employed, using the strips 
horizontally, e osing appropriate  
for the particular levels, and connecting 
the ground terminal to the bottommost 
strip. 

Applications 
Up to this point,  most of the 

references to utilising this project have 
revolved around using all eight channels 
to monitor the fluid 'level' in a container. 
In the  previous  paragraph  it was 
suggested that the various channels could 
in fact be used quite inaependently or in 
groups of any number. To explain this 
further, consider the following three 
applications for which the circuit has 
already been gainfully employed. Case 
one is for use in a car and is really rather 
a novelty idea. The pupose here is to use 
the project to give a continuous visual 
indicatici of the amount of water in the 
windscreen washer bottle. When used in 
this way, the red LED's should be 
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inserted in the positions for channels one 
and two, as a warning condition is now 
required when the water content is 
getting low. If you are using the idea in an 
estate car or any other car with a rear 
window washing facility then use two 
probes; channels 1-4 for one bottle and 
channels 5-8 for the other, and this time 
insert one red LED in channel one and 
the other in channel five. The strip of 
Veroboard was found to be ideal in this 
application. 

Case two was for an installation 
which had a number of large tanks. 
These gradually drained over a period of 
time but when they got down to a 
predetermined level they were to be 
refilled by opening an electronically 
controlled valve. Here two channels 
used for each tank, one channel opening 
the valve when fluid dropped below the 
minimum level, and the other closing the 
valve when the tank was full. Four tanks 
were able to be controlled by the one 
board. 

Case  three  was  for use  in a 
nurseryman's greenhouses. The grower 
in question used mist spayers in his 

houses which gave the plants a good 
spraying  whenever  the  water  had 
evaporated from the surface of the 
probes, which were placed at regular 
intervals between the plants. The mist 
was turned off again when enough water 
had fallen to bridge the gap on the probe 
and therefore detect the presence of 
water again. As he grew a large number 
of different plants at different tempara-

tures and humidity, he was able to use 
each  channel  separately  to  give 
individual monitoring and control for all 
the environments he required. 

There are obviously a great many 
more ways in which this circuit could be 
used, and these suggestions are only 
here to demonstrate the wide range of 
uses in which this project may be put to 
work. 

8 CHANNEL .-UID DETECTOR PARTS LIST 
1- TORS: All 0.4W 1% Metal Film 

1 :  1M 
R2,3,5,7,9,11, 
13,15,17  lkO 
R4,6,8,10,12, 
14,16,18  10k 

CAPACITORS 
C1,2 
C3 
C4 

47nF Minidisc 
InF Ceramic 
22,J.F 16V PC Electrolytic 

SEMICONDUCTORS 
D1-6  Shape LED RI Green 
ID7,8  Shape LED R1 Red 
TRI-8  BC547 

1  (MIM) 

9  (M1K) 

8  (M10K) 

2  (YR74R) 
1  (W)168Y) 
1  (FF06G) 

6  (YY46A) 
2  (YY45Y) 
8  (QQ14Q) 

'Cl 
1C2 
IC3 
IC4 
IC5 

4051BE 
W1830 
4099BE 
401IBE 
4518BE 

MISCELLANEOUS 
PL1  RA Minicon Latch Plug 10-Way 

DIL Socket 14-pin 
D1L Socket 16-pin 
PC Board 
Strapping Wire 

1 
2 
3 
1 
I roll 

(QW34M) 
(YY99H) 
(QW57M) 
(QX05F) 
(QX32K) 

(BL18U) 
(BL19V) 
(0B66W) 
(BL13P) 

A complete kit of parts is available for this project. 
Order As LK48C (8-Channel Fluid Det Kit) Price £12.95 

MOTHERBOARD FOR BBC MICRO Continued from page 28. 

Motherboard for BBC Parts List 
RESISTORS. All 0.4W  ó Metal Film 
Rl  27012 
R2  Ik0 

1  (M270R) 
1  (M1K) 

CAPACITORS 
Cl 100p,F 5V Axial Electrolytic  1  (F8491)) 

SEMICONDUCTORS 
LED1,2  LED Red 

MISCELLANEOUS 
SKI  Analogue Port Cable 
SK2  1/0 Port Cable 
SK3  1MH2 Port Cable 
SK4-7  2 x 23 Way PC Edgecon 
FS1  Fuse 20nun 250mA 

Fuse Clip 
JKI  PC Mtg Power Skt 
SI DPDT Slide Switch 

Motherboard PCB 
Std Power Plug 2.1nun 
Strapping Wire 20 SWG 

2  (WL27E) 

1  (9248) 
1  (926D) 
1  (1125C) 
4  (RK350) 

(WRO1B) 
2  (WH49D) 
1  (RK37S) 
1  (FH36P) 
1  (GB39N) 
1  (HH60Q) 
I roll  (BL13P) 

A complete kit of the above parts is availabl. 
Ordr r As LK47B (Motherboard for BBC Kit) Pric £27.95 

PRICE LIST OF 
NEW ITEMS IN THIS ISSUE 

FJO0A 
F105F 
FJ24B 
FJ2SC 
F12613 
1135Q 

FJ36P 
GB39N 
GB60Q 
GB61R 
GB6411 
GB65V 

GB66W 
GB68Y 
LI MA 
LK44X 
LK4SY 
LK46A 

LK47B 
LK48C 
LX49D 
LI ME 
XG37S 
XG38R 

PCB Mono Jack Socket 
PCB Stereo Jack Socket 
BBC Analog Port Cable 
BBC 1MHz Port Cable 
BBC 1/0 Port Cable 
Mark 2 N/R Unit Front Panel 

Mapmix Front Panel 
Motherboard for BBC PCB 
Maprnix PCB 
Xenon Tube Driver PCB 
Enlarger Exposure Mc PCB 
Ni-Cad Charger PCB 

8 Ch Fluid Detector PCB 
Servociriver PCB 
Mk 2 Noise Reduchon KiT 
Enlarger Exposure MC KR 
Servodriver Kit 
Xenon Tube Driver Kit 

Motherboard for BBC Kit 
8 Ch Fluid Detector KR 
Mapmix Kit 
Ni-Cad Charger Kit 
till, 2 Noise Reduction Case 
1,1apnux Case 

ZSp 
35p 

£5.85 
£4.99 
£3.30 
£2.25 

£3.85 
£5,40 
£5.35 
£2.45 
99p 
£2.55 

£3.10 
£1.35 
£39.95 
£7.95 
£9.75 
£11.75 

£27.95 
£12.95 
£29.95 
£19.95 
£8.95 
£8 95 
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How to Design Electronic 
Projects 
by R.A. Penfold 
An interesting new book which 
aims to help the reader put to-
gether projects from standard 
circuit building blocks, with the 
minimum of trial and error and 
without resorting to advanced 
mathematics. A series cî simple 
and practical examples are taken, 
each circuit is analysed and 
practical designs, including comp-
onent values, are evolved. A sel-
ection of useful circuits are also 
included. 
178x1lOrrun, 102 pages, illustrated. 
Order As W M67X (Design Elec-
tronic Projects)  Price £2.40NV 

An Introduction to Programming 
the Acorn Electron 
by RA. & J.W. Penfold 
This book covers programming 
the Electron in BASIC one step at a 
time, with examples to demon-
strate the various instructions and 
functions, and show how they can 
be applied. Eleven chapters deal 
with all aspects of BASIC 
programming including Variables, 
Formatting, Sound Genaration, 
Graphics, File Handling, etc. 
178x110mrn, 134 pages, illustrated. 
Order As IATIV168Y (Intro to Pro-
gram Electron)  Price £2.10NV 

Programming the M68000 
by Tim King & Brian Knight 
This comprehensive guide ex-
plains how to program the 
M68000, which is one of the most 
advanced microprocessors avail-
able at the present time. It is 
written in a clear and readable 
manner and provides a wealth of 
information. The basic M68000 
architecture is imroduced and 
then each instruction is explained. 
Many practical programs are 
given and readers are encouraged 
to write effective programs. A 
complete small monitor program 
which will hanale input & output, 
test programs etc. is also included. 
235x156mm, 154 pages, illustrated. 
Order AS WN176H (Progranun-
ing the M68000) Price £10.151VV 

Electronically Speaking: 
Computer Speech Creation 
by John P. Cater 
The aim of this comprehensive 
American book is to provide a 
complete guide to the principles 
and techniques of synthetic 
speech generation. After a brief 
introduction and history of speech 
creation there are chapters on the 
hardware and software required 
to make the micro-computer talk, 
in any language, in a masculine or 
feminine voice! Many charts, 
illustrations and circuit diagrams 
are included. 
215x135mm, 230 pages, illustrated. 
Order As W1V172P (Electronic 
Speaking)  Price £13.62NV 

How to 
Electronic 
Projects 
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to Prog 

I T4  the AC 
ELECT 

The Atari  L Program Book 
by Peter Goode 
The new Atari 600XL offers more 
potential for games programming, 
in colour, than other micro's on the 
market — the collection of 
programs in this book is designed 
to show off tr-;:-.-.a capabilities. 
Included are Arcade style games, 
adventures, puzzles & games of 
chance, and various utility and 
control programs. 
215x138nun, 160 pages, illustrated. 
Order As W M71N (Atari 600XL 
Program Book)  Price £6.951VV 

Language of the Dragon: 
6809 Assembler 
by Mike James 
A step-by-step guide through 
every detail of assembly language 
programming concepts with the 
6809 microprocessor (as used in 
the Dragon), leading to the 
techniques needed to write 
professional programs. Thus en-
abling the reader to obtain 
exciting visual effects and high 
speed program operation with his 
Dragon. 
215x146mm, 233 pages, illustrated. 
Order As W M73Q (Dragon 6809 
Assembler)  Price £8.45/VV 

Interfacing Projects 
for the BBC Micro 
by Bruce Smith 
This book explains clearly, in non-
technical language, the hardware 
and software required to build a 
variety of devices connected to, 
and controlled by, the BBC micro. 
Full details of circuit diagrams, 
Veroboard layouts, construction 
and component lists are included; 
plus the tested programs required 

INTERFACING PROJECT•:: 
KliR THE BBC NKR() 

BP.LICé 574M-4 

to run the projects. The projects 
include; a burglar alarm, a rain 
detector, a light pen, an EPROM 
programmer, an X—Y plotter and 
a joystick controller. 
235x158mm, 134 pages, illustrated. 
Order As WNI74R (BBC Inter-
face Projects)  Price £7.95NV 

The Master Memory Map for 
the Commodore 64 
by Paul Pavelko & Tim Kelly 
A clear and concise American 
book which gives a complete 
guide to memory locations of the 
Commodore 64. For the beginner 
there are many programming 
examples, including music cre-
tion, sound generation and graph-
ics. For the advanced programmer 
this book will form a powerful 
reference manual. 
228x153mm, 186 pages, illustrated. 
Order As WN175S (CBM64 
Master Memory Map) 

Price £14.45NV 

Working With dBase 
by M. de Pace 
This book provides a complete 
guide to the powerful and flexible 
dBase II software. It will enable 
new users to set up a comprehens-
ive information processing system; 
for experienced users it sets out 
more sophisticated met od,i; — 
showing how to gain greater 
control of, and get more value 
from, data ba_-= 3. Methods of 
setting up screen menus, writing 
enquiry facilities, producing doc-
uments such as invoices, and other 
personal and business processing 
requirements are also covered. 
233x155mm, 172 pages, illustrated. 
Order As W M77J (Working with 
dBase II)  Price £8.951VV 

An Introduction 
to Program ming 

the BBC 
Model B Micro 

Secrets of the till COMMODORE 64 

Memotech Computing 
by Ian Sinclair 
The Memotech Computer offers 
spectacular colour, graphics and 
sound, plus excellent capabilities 
for add-ons — this book will show 
how to make the best use of these 
features. By taking a step-by-step 
approach from first principles to 
more advanced computing the 
author has compiled a book that 
should form a standard work of 
reference for all Memotech 
owners. 
233x155nun, 186 pages, illustrated. 
Order As WN178K (Memotech 
Computing)  Price £7.95NV 

Basic and Fortran in Parallel 
by S.J. Wainwright & A. Grant 
A novel new book which can be 
used to learn FORTRAN or BASIC, 
or both! FORTRAN has occupied 
an important position in high level 
programming, for scientific appli-
cations, for many years; it is 
therefore a very useful language to 
learn. BASIC needs no introduct-
ion — this book covers the two 
languages, at a very reasonable 
price. An appendix includes a 
FORTRAN interpreter written in 
Sinclair Spectrum BASIC, which 
supports most of the common 
features of the language and 
makes it possible to 'get the feel' 
of writing FORTRAN programs. 
178x110nun, 79 pages, illustrated. 
Order As W M66W (BASIC and 
FORTRAN)  Price £2.101VV 

An Introduction to Programming 
the BBC Model B 
by RA. & J.W. Penfold 
By using a gradual approach 
together with practical examples, 
this book aims to help the reader 
master BBC BASIC with the 
minimum of difficulty. Thus 
enabling him to use the very 
powerful version of BASIC used on 
the BBC Micro. Eleven chapters 
take the reader from first 
principles to such subjects as 
Interfacing, Graphics, and the 
Teletext mode. 
178x110mm, 133 pages, illustrated. 
Order As WN169A (Intro to Pro-
gram BBC B)  Price £2.15NV 

Secrets of the Commodore 64 
by P. C,ornes & A. Cross 
A beginners guide to the 
Commodore 64, which contains 
masses of useful information and 
programming tips. It also des-
cribes how to get the best from the. 
sound and graphics modes. The 
book is divided into 10 chapters, 
dealing with such subjects as 
Character and Sprite Graphics, 
Sound, Machine Code etc. This 
handy little guide will complement 
the Commodore 64 Users Manual. 
178x110mm, 109 pages, illustrated. 
Order As W M7OM (Secrets of 
the Commodore 64) 

Price £2.151VV 
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ELECTRONIC 
CHRONICLES 

A Brief History of Electronics 

by Mike Wharton  Part 2 

The Dawn of a New Era 
The start of the 19th century saw the 

beginning of a new era in the study of 
electricity. The pioneer work carried out 
by Volta, Galvani and others during the 
close  of the  18th century set the 
groundwork for the next generation. 
Gradually the superstitious attitudes ab-
out natural phenomena were replaced by 
scientific study. This in turn led inevitably 
to a greater understanding of intangible 
subjects, like electricity. 

At this time a vast number of 
discoveries were being made and it was 
not immediately realised that they were 
all connected with electricity. Nowadays 
we all take very much for granted the 
various manifestations of the passage of 
art electric current, such as the heating 
and the magnetic effect, but these all 
needed to be drawn together into a 
coherent picture. 

Ampère had shown that the study of 
this new subject would yield to a 
mathematical analysis and this no doubt 
helped to speed the pace of develop-
ments. Many of the discoveries made 
during the early part of the 19th century 
were connected with the measurements 
associated with an electric current. 
Indeed, it was at this point that the 
fundamental ideas regarding the basic 
concepts were laid down; for example, 

.00.% 

, Ank 

Citarles Augustin 
de Coulomb 
1736-1806 

that something 'flowed' when electricity 
passed, the very use of the term 'current', 
like the flow of water. Likewise, it 
became appreciated that in order for a 
current to flow there must be something 
else causing it to be pushed along. For 
this reason terms like electro-motive 
force were coined, usually abbreviated 
these days simply to e.m.f. 

As soon as one begins to make 
measurements then a system of units is 
required in which to express them. Since 
the inter-relation of the various effects 
had not yet been sorted out, a wide range 
of systems were devised. This in turn led 
to separate units for measuring elec-
trostatic effects, magnetic effects and 
electrochemical  effects.  Fortunately, 
these have long since been abandoned in 
favour of the unified system we now all 
enjoy. 

Coulomb 
One of the pioneers who played an 

extremely important role in developing 
the hitherto vague and fragmentary 
knowledge of electricity and md.cFnetism 
was Charles Augustin de Coulomb. By his 
brilliant experimental work he was able 
to introduce scientific laws r.•:r.g to 
electrostatic and magnetic attraction, 
upon which men like Gauss and Weber 
could build. It was a century after Isaac 

Karl Friedrich 
Gauss 

1777-1855 

Georg Simon Ohm 
1789-1854 

Newton had published his law of gravita-
tion that Coulomb discovered exactly 
analogous  laws  for  electricity  and 
magnetism. He showed that the force of 
attraction between electric charges and 
magnetic poles was proportional to the 
square of the distance between them. 
These apparently simple laws required a 
tremendous amount of experimental skill 
and extremely accurate measurement of 
the minute and fleeting quantities in-
volved. 

Coulomb was born in 1736 in the 
town of Angouleme, about 70 miles from 
Bordeaux, France. His father had not 
been very interested in his education, 
and he flitted from one school or college 
to another, giving him the name of 
'martinet'. After a series of diET -strous 
financial speculations, which left the 
family almost penniless, he moved with 
his father to Montpellier. Here more 
affluent members of the family gave them 
assistance, including an introduction to 
the thriving scientific circle there. 

At the age of 21, Coulomb was faced 
with choosing a suitable career. The 
possibilities for a young bourgeois at that 
time were the Church, Army or Civil 
Service. He joined the Army, and hoped 
that in the Engineering Corps he would 
be able to practise his scientific talents. 
He entered a military college from which 

Michael Faraday 
1791-1867 
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where: O — Electric charge 

é = Relative permittivity 

M = Magnetic pole strength 

A = Relative permeability 

d = Distance between poles or charges 

F = Force of attraction 

Coulomb's laws of electricity and magnetis m 

he graduated two years later and was 
sent to Martinique in the West Indies. His 
job was to supervise the building of Fort 
Bourbon, but the conditions were appall-
ing and he became seriously ill. After 
about eight years in Martinique, Coulomb 
returned to France to continue his career 
in the Army. During this important period 
in his life he wrote his 'opus magnum' on 
statistics and dynamics, "The Theory of 
Simple Machines". 

It was during the five years leading 
up to the French Revolution in 1789 that 
Coulomb wrote his famous works on 
electricity and magnetism, when he was 
around 4  years of age. With the 
Revolution, he resigned all his posts, 
including that of Lieutenant Colonel of the 
Army, and was one of the nobles who 
was expelled from Paris. He retired to a 
small estate in Blois and settled down to a 
quiet  life  of scientific  investigation. 
However, in 1795, he was invited by 
/\Tupoeon to rehrn to ParÉ, where he was 
made an Inspector-General of Public 
Instruction. Coulomb continued to devote 
his life to scientific work until his death in 
1806 at the age of 70. 

Gauss 
Another of the great luminaries of 

this age was Karl Friedrich Gauss. He was 
born in 1777, the son of a poor gardener 
in Brunswick in what is now Germany. He 
was a very intelligent child and grew up 
to become a mathematician, astronomer 
and physicist of the highest order. The 
young Karl Gauss was given financial 
assistance to attend a good school where 
by his early twenties he had mastered the 
works of Newton and others. He then 
attended University at Gottingen, after 
which he was made Director of the 
Observatory. In this post, Gauss had 
responsibility for carrying  geomagne 
tic  surveys,  that  is,  measuring the 
strength of the Earth's magnetic field. He 
was able to draw on the earlier work of 
Coulomb, and he has come to be 
associated with the measurement of 
magnetic effects. Formerly, his name was 
associated with the unit of magnetic flux 
density, but with the introduction of the SI 
units this hone, r was lost to Nikolai Tesla, 
the unit now being called the 'tesla' (T). 

Many of Gausses greatest mathema-
tical papers were not published until after 
his death. Indeed, his name is also well 
known to mathematicians, particularly in 
the form of the Gaussian distribution 
curve. These p 1. were fc,J,c1 to 
contain many theories which had been 
published by other people, which was 
embarrassing for a number of them who 
56 

had become famous as a result of what 
they thought was original work! 

Although the name of Gauss has 
been relegated from the 'first division' of 
electrical units, it is sti.t --yrionymous with 
magnetism. The term 'degaussing' was 
coined during the Second World War, 
when steel ships were demagnetised to 
prevent them setting off magnetic mines. 
Its most modern application is to be 
found in colour television sets, where a 
degaussing coil is fitted around the flare 
of the cathode ray tube to demagnetize 
the shadow mask. 

Much of the work done at this time 
by men such as Gauss was carried out on 
permanent magnets and the connection 
between magnetism and electric current 
was yet to be fully explained. 

‘te 

One  of the  most  famous  men 
working on electricity during the first half 
of the 19th century was Georg Simon 
Ohm. His name is enshrined in the unit of 
resistance and the law which relates this 
quantity to voltage and current, and is 
one of the cornerstones of electrical 
theory. 

 \/\/\ "/\  

Ohms Law i :V/R 

Georg Simon Ohm was born in 
Bavaria in 1789. He went to school there 
and later taught maths and physics at 
several schools in the neighbourhood 
before attending University at Erlangen. 
In 1817, at the age of 28, he was 
appointed Head of the Department of 
Physics at the Polytechnic Institute of 
Cologne. Here he began his studies of the 
flow of electricity through various metals. 
These experiments were carried out 
entirely on his own, using apparatus 
which he had built himself. In these 
experiments Ohm found that the voltage 
from the cell he was using varied 
considerably as the current was varied, 
and he had to resort to the use of a 
thermocouple to measure the current. He 
discovered the empirical law which 
bears his name in 1826, but when he 
announced his findings they were re-
ceived with little response. He repeated 
the experiments the following year, this 
time taking into account the internal 
resistance of the cell which solved the 
problem of voltage variation. Again his 
results met with little interest, and some 
scientists even called it a fantasy. His 
work was given a bad reception univer-
sally, and he was forced to live in 
obscurity and poor financial circumst-
ances. It was not until 1841 that his work 
was recognised in Britain and he was 
awarded a medal by the Royal Society, 
who also made him a foreign member. 

Ohm's Law seems very •:.-,mple and 

straightforward nowadays and can be 
demonstrated with quite simple appar-
atus: it seems strange that it should have 
had such a difficult birth. Germany 
rewarded this great physicist rather 
belatedly, by appointing him to the Chair 
of Physics at Munich University only two 
years before his death in 1854. 

Weber 
Another German scientist, a contem-

porary of both Gauss and Ohm, was 
Wilhelm Eduard Weber. Weber was 
born in 1804 at Wittenburg, the fifth child 
of a Professor of Divinity. He studied 
science at a place called Halle, where he 
eventually became an Assistant Profes-
sor. In 1831 he moved to the University of 
Gottingen at the suggestion of Karl Gauss, 
and with whom he later worked on 
studies on magnetism. In 1833 Weber's 
laboratory and  observatory were 
connected together by Webers electric 
telegraph. This was the first practical, 
working system and  d only two wires 
rather than other methods which used 
many more. In 1837 the King of Hanover 
abolished the parliamentary constitution 
by an autocratic decree. Some members 
of the staff of the University, as well as the 
brothers Grimm (of fairy tale fame) 
denounced this action and were irri 
mediately sacked. 

For five years Weber was without a 
post and a collection was made for him 
throughout Germany, but he refused to 
accept the money and lived in near 
poverty. It was not until he was in his 
eighties that he used this money to buy 
apparatus which he used to establish an 
absolute unit of electric current, the 
ampere. Towards the end of his life he 
returned to the University at Gottingen 
and continued the work on electricity. 
There he established the absolute unit of 
electro-motive force, the volt, and was 
hence able to fix the unit of resistance, 
the ohm. Thus we are indebted to this 
great man for the units used in all 
measurements of electric currents and 
which today we take so much for 
granted. In spite of his tireless work on 
the unit of current, Weber was rather 
unfairly denied the honour of having his 
name used for it, the glory going to 
Ampère instead. In recent years, howev-
er, his name has been remembered in the 
SI unit of magnetic flux, the weber (Wb). 

Weber was undoubtedly the founder 
of the accurate measurement of electrical 
quantities  such as  current,  voltage, 
resistance and also capacitance. He was 
also the first to define elementary electric 
particles and ascribe mass and charge to 
them. 

Faraday 
Possibly the most famous person 

whose name is always connected with 
work on electricity is Michael Faraday. 
Because of his great contributions to the 
study of electrical phenomena he is often 
regarded as the Father of Electricity. His 
name is connected with a variety of 
experiments and effects, and is remem 
bered in two electrical units. Almost 
anyone v. ith an interest in electronics will 
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have encountered the unit of capacitance, 
the Farad. This is usually encountered in 
the practical smaller quantities of micro-
Farads, nano-Farads and pico-Farads 
which all take their name from that of 
Faraday. 

It is a measure of his influence and 
the high regard for his work by others in 
the field that he has been honoured by a 
second unit, the faraday. This is related to 
his studies in the subject of electro-
chemistry, that is, the passage of electric-
ity through solutions of salts. It was 
Faraday's investigations into this subject 
which led him to formulate his Laws of 
Electrolysis. The faraday is actually a 
specific quantity of electricity which will 
liberate a specific amount of a substance 
from a solution, and turns out to be equal 
to 96,500 coulombs. 

Faraday was born in 1791 of relative-
ly humble parents. His father was a 
blacksmith who had moved to London 
from Yorkshire with his wife who was a 
farmer's daughter. At school he was 
taught only the rudimentary subjects of 
reading, writing and arithmetic. He didn't 
show any great academic qualities during 
his school years, in fact he is reported to 
have spent most of his spare time playing 
marbles in the street! On leaving school 
he took the job of errand boy and then, 
shortly after, became apprenticed to a 
book-binder. One of the books he had 
the task of binding was an Encyclopœdia 
of Electricity and young Faraday started 
to read it. He had an interest in science 
and, no doubt, it was reading books such 
as these which stimulated his interest 
even further. He pursued his chosen 
subject by attending evening lectures, 
which cost him one shilling; quite a large 
amount in those days. He attended 
lectures given by the well-known Sir 
Humphrey Davy at the Royal Society in 
London. He made copious notes of these 
lectures which he then bound into a book. 

He decided at this time that he would 
like to get a job doing scientific work and 
so wrote to Davy, enclosing the bound 
book of lecture notes. Davy could not 
have been impressed by this approach 

June 1984  Maplin Magazine 

8 •-• Ffux density ol P 

1  Curren, 

r = Cod ,odius 

= Cod ?urns 

o'  Ax e di3fonce of P 
from coi 

rPermeobilly of oir 

for he didn't even bother to reply to 
Faraday's letter. Fate must have been on 
his side though, for shortly afterwards a 
relative of Faraday's who was also 
acquainted with Davy, heard that the 
great man was in need of an assistant. He 
promptly put Faraday's name forward 
and he was very reluctantly taken on at a 
wage of 25 shillings per week. 

At first he was given little work that 
interested him and spent most of his time 
rebinding the books in the library at the 
Royal Society. Then fate played another 
card, for when one of the other assistants 
was sacked Faraday was able to take his 
place and work alongside his mentor 
Davy. From now on much more interest-
ing work came his way; he travelled 
abroad with Davy and met such people as 
Ampère. Under Davy's guidance he 
commenced a career of research into 
chemistry, metallurgy and electricity. In 
1817 he discovered electro-magnetic 
induction and made the first transformer 
and dynamo. 

His ideas about lines and 'tubes' of 
magnetic flux were later to influence 
James Clerk Maxwell, and lead him to 
formulate his theories of electro-magne-
tic fields, which ultimately led to modern 
radio communication. Many of Faraday's 
inventions were directly applicable to the 
emerging electro-mechanical and che-
mical industries. He could have become 
very wealthy, but he shunned wealth and 
power throughout his life. 

Michael Faraday led a simple private 
life. He was a religious person, being a 
member of a strict sect called Sandema-
nians, after their founder. His father was 
an elder of the sect, and they regarded 
saving money as a serious sin. This 
probably explains why Faraday never 
patented any of his inventions, and what 
little money he did make was given to 
charity. There is little doubt that he could 
have made a fortune from the industrial 
application of his inventions. 

Faraday showed little interest in the 
opposite sex until he met Sarah Bernard, 
who was a member of the same sect. 
They were married when Faraday was 29 

in 1820 and settled down to a quiet life in 
accordance with their religious beliefs, 
but had no children. 

In 1857 he was invited to become 
President of the Royal Society, a most 
prestigious position, but he turned it 
down because he disagreed with the way 
the Society was run. He also turned down 
the offer of a knighthood, probably 
because of his religious beliefs. 

Faraday's impact on the study of 
electricity is unquestionable, but his 
effect on the scientific community of the 
day was less spectacular. This was 
mainly due to his humble attitude and 
intolerance of what he often saw as 
arrogant 'humbug' in some of his contem-
poraries. When the famous politician 
Gladstone attended one of his lectures 
and asked Faraday what use his discov-
ery of electricity might be, he replied, "at 
least you will be able to put a tax on it!" 
On another occasion an elderly lady 
asked a similar question, to which he is 
reputed to have replied, "madam, what 
use is a new born baby?" This answer 
gives some insight into his attitude to the 
subject, and indicates that he was more 
aware than most of the great potential that 
lay in the development of electricity. No 
doubt even he would be pleasantly 
surprised at the way in which electronics, 
for he helped to lay the foundation, has so 
revolutionised everyone's lives. 

His last work, on the refraction of 
light in a magnetic field, was completed 
in 1862, when he was 71. Shortly after that 
his health deteriorated and he lived a 
further five years until his death in 1867; 
he is buried in Highgate Cemetary. 

Faraday and the others had lain the 
groundwork during the early part of the 
19th century for the development of the 
study of electricity. They had pointed the 
direction for the future inventions and 
discoveries to be made later in the 
century which were to have  such 
far-reaching effects. Next time we shall 
have a look at some more of the famous, 
and not so famous, who continued the 
story during the latter half of the last 
century. 
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 DOOR ALARM   
From Robert Penfold 

This circuit  is a slightly more 
sophisticated alternative to the popular 
door-chain alarms. Units of this type have 
a microswitch that is operated when any 
tension is placed on the door-chain, and 
the microswitch in turn operates an audio 
alarm generator. With this circuit a reed 
switch or microswitch is directly operat-
ed when the door is opened so that the 
alarm is activated, even if the door is 
opened by just  a few millimetres. 
Furthermore, once activated, the alarm 
latches in the ON state so that closing the 
door again will not silence it. 

IC1 is a C ,/i0S 4011BE quad 2 input 
NAND gate, but in this circuit two of the 
gates are used as simple inverters and 
the other two are unused. The two 
inverters are connected to act as a 
bistable circuit, and C2 ensures that the 
output of the bistable always goes low at 
switch-on. If Si  should close, even 
momentarily, the output of the bistable 
will trigger to the high state, and latch in 
that state. TRI is then biased hard into 
conduction, and it provides the alarm 
ge rator with virtually the full supply 
voltage. 

The alarm generator is based on IC2 
and IC3. The latter is a 555 astable circuit 
operating at a fairly high audio frequency 
and having its output coupled to a 
loudspeaker by C6. The 555 can provide 
a strong output current into a low 
impedance load such as LS1, and this 
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gives quite a loud alarm signal. 
The alarm is made even more 

effective by frequency modulating the 
tone generator. IC2 is a 741C operational 
amplifier used in a standard relaxation 
oscillator circuit, and the low frequency 
square-wave output from pin 6 is loose': 
coupled to pin 5 of IC3 by RIO. This gives 
an increase in the output frequency of the 
tone generator when the output of IC2 is 
low, and a reduction in frequency when it 
is high, giving a two-tone output signal. 

The unit is reset by switching off and 
then switching on again. On/off switch S2 
should ideally be a key-operated switch, 
and the unit should be housed in a fairly 
tough case such as a diecast aluminium 
type, so that there is no quick and easy 
way for an intruder to silence the unit. 

The most convenient type of switch 

to use for Si is a reed switch having 
changeover contacts. The unit can then 
be arranged so that the activating magnet 
is next to the switch when the door is 
closed, but the pair of contacts that 
provide a normally closed action are 
used, so that the alarm is not activated. 
When the door is opened the magnet and 
reed switch become separated, the 
contacts close, and the alarm is activated. 

As the unit will be left switched on 
for long periods of time it is obviously 
essential for it to have a low stand-by 
current consumption. Under quiescent 
conditions the only supply current that 
flows is the leakage currents through Cl 
and TR 1, plus the supply current of IC1. 
This is not likely to total more than a few 
microamps, and in practice each set of 
batteries will give months of use. 

 THD FILTER   
Equipment for the measurement of 

total harmonic distortion (THD) tends to 
be quite complex and expensive. How-
,-- sr, anyone who has a high quality 
(sinewave) audio signal generator and an 
AC millivoltmeter h, .; the basis of a THD 
measuring set-up. The only other major 
item of equipment required is a high 
quality notch filter, suc as the one shown 
in the accompanying circuit. To measure 
THD the signal generator is used to 
supply a sinewave signal to the amplifier 
under test, and the output of the amplifier 
is fed to the millivoltmeter via the notch 
filter. Initially the filter is bypassed and 
the millivoltmeter is used to measure the 
output sig  Isvel. Then the filter is used 
to notch out the sinewave signal, leaving 
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only the noise and distortion, :Aich iF 
measured using the millivoltmeter. The 
ratio of the output signal to the noise and 
distortion level gives the distortion factor 
(which is normally expressed as a 
percentage). The millivoltmeter can then 
be used to measure the output noise level 
of the amplifier. Deducting this from the 
noise and distortion figure gives the THD 
level, and again this is normally compar-
ed with the output signal level and 
specified as a percentage. 

The filter is based around two phase 
shifters (IC lb and IC2a). At a certain 
frequency these provide a 180 degree 
phase shift, and mixing the phase shifted 
and unshifted signals at IC2b therefore 
produces a cancelling effect and a notch 
in the response of the circuit at this 
frequency. RV1 and RV4 are adjusted to 
provide precise cancelling so that a high 
degree of attenuation is provided. With 
careful adjustment more than 80dB of 
attenuation can readily be achieved. IC3 
is an output buffer stage. 

A proMem with this basic filter is that 
it provides significant attenuation at 
double the notch frequency, and there-
fore tends to reduce any second har-
monic content that is generated in the 
amplifier, and consequently a slightly low 
THD reading is produced. This is 
overcome by using a small amount of 
overall negative feedback. This tends to 
flatten the frequency response of the 
circuit, but near the centre of the notch 
the degree of attenuation is far too high 
for the negative feedback to have any 
significant effect. RI and R2 provide the 
overall negative feedback and give the 
circuit a nominal voltage gain of unity. 
The reduction in gain at twice the notch 
frequency is less than ldB. 

RV3 enables the notch frequency to 
be varied from about 100Hz to approx-
imately lkHz, which is the frequency 
band that is likely to be of prime interest, 
but the values of C2 and C3 could be 
changed to provide operation at other 
frequencies. Changes in the values of 

these components have an inversely 
proportional effect on the band of 
frequencies covered (e.g. a value c "nF 
gives coverage from about 200Hz to 
2kHz). 

RV2 is the fine tuning control, and 
together with the fine balance control 
(RV1), need to be adjusted very carefully 
in order to accurately notch out the 
fundamental signal. SI is the bypass 
switch, and this renders the first phase 
shifter inoperative so that the notch is 
eliminated and the fundamental signal 
can pass unhindered to the output of the 
unit. 

A supply voltage of between 9 and 
30 volts is needed, and in order to give 
optimum large signal handling ability, a 
high supply voltage is preferable. If a 
mains power supply is used it should 
have a low noise and ripple content on its 
output. Bifet operational amplifiers are 
used in the filter so that it has minimal 
noise and distortion levels. 

 CASSE1TE PROCESSOR   

Loading prog -ms from r cassette 
recorder 3P,?ms to be a majc. problem 
for many home-computer users. While 
some machines, such as the Dragon 32 or 
64, seem to operate well with practically 
any cassette recorder over a wide range 
of volume and tone control settings, some 
others seem to be far less co-operative. 
There are various ways of processing the 
output of a cassette recorder to (hope-
fully) provide more reliable results. The 
circuit shown here is quite simple and 
inexpensive to construct, but provides 
two types of sic na! processing. Of course, 
how well (or otherwise) any c9..- tte 
processor operates depends on the 
precise nature of the problem, 
whether or not the applied processing is 
appropriate for that problem, but the 
circuit described here will effect an 
improvement in most cases. 

ICI is a CMOS 4001BE quad 2-input 
NOR gate, but here only two of the gates 
are used, and each of these has its two 
inputs connected together so that it 
functions as a straightforward inverter. 

The two inverters are connected in 
series, and RI plus R2 are used to bias the 
input to about half the supply voltage. R4 
provides DC positive feedback over the 
circuit, which operates as a sort of 
'-,chmitt trigger. The signal from the 
cassette recorder is capacitively coupled 
to the input of the circuit by Cl, and 
lovided an input of around 1 volt h: h or 
more is provided, a good quality square-
wave signal is produced at the output of 
the circuit. This type of signal seems to 
work much better with some home-
computers than the direct output from the 
cassette recorder which has much slower 
rise and fall times, as well as a higher 
noise content. RV1 is used to set the 
output level of the circuit for optimum 
reliability. 

The second processor is based on 
IC2, and is simply a highpass filter having 
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a cut-off frequency of about 700Hz, 
followed by a voltage amplifier stage. 
The filter is a third order (18dB per 
octave type), and it removes any 'mains 
hum' or any other low frequency noise, 
which can often prove troublesome. 
Noise of this type can be caused by hum 
loops, stray pick-up in the connecting 
leads or the computer itself, and can be 
very difficult to prevent. How  c ---, an 
active filter of this type should attenuate 
any low frequency noise to an insignif-
icant level. 

With RV2 at minimum resistance, 
IC2b operates as a unity gain buffer 
amplifier, but advancing RV2 increases 
the voltage gain up to a maximum of 
about 5 times. It can sometimes be 
beneficial to advance RV2 to the point 
where  the  output  signal  becomes 
clipped, as this can give a more regular 
waveshape having a reduced risetime. 
However, in many cases results will be 
best with RV2 set for minimum resistance, 
and it is probably best to initially try out 
the circuit with RV2 at this setting. 

 VOLUME EXPANDER   
Although modern digital recordings 

are capable of reproducing the full 
dynamic range of even the most demand-
ing music,  most  recordings  cannot 
achieve the required 7( -B or so dynamic 
range. In order to prevent the signal from 
either dropping down into the back-
ground noise level during quiet passages 
or producing overloading on volume 
peaks, most recordings have to be 
subjected to a degree of compression. 

A volur  .:xpander can be  to 
increase the dynamic range of a signal, 
and restore some of the 'impact' that is 
lost during the recording process. There 

is no way of exactly counteracting the 
original compression, since the com-
pression characteristic will vary con-
siderably from one recording to another. 
However, in many cases the use of a 
certain amount of volume expansion will 
provide a worthwhile improvement in 
results with an apparent increase in the 
signal to noise ratio as well as the 
boosted dynamic range. 

This volume expander is based on 
an  NE670  compander  (compressor-
expander) device. This is primarily 
intended for use in noise reduction 
systems with one of the identical sections 
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of the device used as a compressor and 
the other configured as an expander. In 
this case both sections are used as 
expanders, with one being used to 
process each stereo channel. Only one 
channel is shown in the circuit diagram, 
but the numbers in brackets show the 
equivalent pin numbers for the other 
channel, which is in other respects 
identical. 

There are three stages in each 
section of the NE570; a voltage controlled 
gain block, a precision fullwave rectifier, 
and an operational amplifier. When used 
as an expander the input signal is 
coupled to the rectifier and gain block 
stages by C2 and C3 respectively. C4 is 
the smoothing capacitor for the rectifier, 
and this has a value which gives suitably 
fast attack and decay times, without 
either being so fast that distortion is 
caused. The output of the rectifier is used 
to control the gain block. As the input 
signal level is increased, the output 
voltage from the rectifier rises, the gain 
block provides increased gain, and the 
expansion is obtained. R3 is used in the 
bias and feedback circuit of the operat-
ional amplifier, which is utilized here as 
just a buffer at the output. 

The NE570 has a 2 to 1 expansion 

... 

—  R1 
56k 

— 

R2  
inw 

/  Sla 
1S11)1 

high 

+9 
to 
12V 

I. 
o 

.... -1   

.--RV1  56 k 
22k 

C2  8 
10uF 

191  13 1111 
me l 

•----- I 

_§ nil 
u1151 

6 
R3 

_ 
R4 R5 R6 

I---  
Cl „,_i 0+ 3  IC 1 

NE570 7 
15k 220k 

--- 
270k 330k 

— 
100nF 

C3 1141.   
4u7 

1 
1161 

1101 T 

11 V.:C-7 —i  
In 

= 

C4 
1u 7 

C 7-- -‘, 
10uF 

r_ _n 

C6 
JK2  100nF 
out 

live 

characteristic. In other words, a rise in 
the input level of (say) 20dB (10 times) 
gives a 40dB (100 times) increase in the 
output. This gives far too much expansion 
for this application, but a bias register 
from the positive supply to the smoothing 
capacitor of the rectifier can be used to 
give reduced expansion. In this circuit 
there are three switched bias resistors 
(R4 to R6). With a maximum input signal 
of about 500 millivolts rms, these provide 

expansion levels of about 6, 9, and 12dB. 
12dB is about the maximum that can be 
used in practice without the expansion 
becoming too obvious. 

RV1 is adjusted to minimise distor-
tion, and the NE570 has a typical trimmed 
THD of only 0.05%. If RI, R2 and RV1 are 
omitted, the typical THD is still only 0.3%, 
which is adequate for most purposes. 
Input levels of up to about 1 volt rms can 
be handled before clipping occurs. 

  PARAMETRIC EQUALISER   
A parametric equaliser is a versatile 

form of tone control which is used 
principally in the production of electronic 
music, but circuits of this type can also be 
used in hi-fi systems. Both lift and cut can 
be provided, like an ordinary bass or 
treble tone control, but it is a frequency 
band somewhere in the middle of the 
audio range that is controlled by this type 
of filter, rather than one end of the audio 
spectrum. The centre frequency is tun-
able (usually over a fairly wide frequency 
range), and the filter is really a bandpass 
and notch type, with the type of filtering 
provided depending on whether the 
circuit is set for lift or cut. Circuits of this 
type invariably have variable Q, so that a 
very harrow range of frequencies, a 
broad frequency range, or anything in 
between these two extremes can be 
controlled. 

In electronic music, a parametric 
equaliser can obviously be used to radic-
ally alter the sound of an instrument, and 
can modify the sound in a variety of ways. 
When used with a hi-fi system it could be 
used to counteract a resonance or other 
irregularity in the frequency response of 
the system. 

Although quite simple, the design 
featured here has a respectable level of 
performance with a tuning range which 
extends from about 200Hz to approx-
imately 4kHz. Up to about 15dB of boost 
and cut can be provided and the Q can 
be varied over wide limits. 

In common with other designs of this 
general type, the circuit is based on a 
state variable filter. This is formed by 
IC la, IC2a and IC2b, and it is the 
bandpass output at pin 1 of IC2a that is 
utilised here. The frequency of the filter is 
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governed by the values of C2 and C5, 
plus the series resistances of R7 plus 
RVla and R9 plus RV lb. By making the 
resistive elements variable, the operating 
frequency can be adjusted over the 
nominal range specified above, with 
minimum resistance corresponding to 
maximum operating frequency. 

The signal is not actually handled 
directly by the bandpass filter, but 
instead passes through inverting ampli-
fier IC lb. The bandpass filter is effect-
ively used as a sort of frequency selective 
network in the negative feedback circuit 
of IC lb. The point of doing this is that it 
enables the notch response to be 
obtained in addition to the bandpass 
response, with the type of filtering 

obtained depending on whether RV3 is 
adjusted for lift or cut. Feedback over the 
filter (and hence its Q value) is controlled 
by R5, and R6 plus RV2. The Q can 
therefore be controlled using RV2, with 
minimum resistance corresponding to 
maximum Q (and a narrow response). 

The circuit will operate on any 
supply voltage in the range 9 to 30 volts, 
but a supply of around 15 to 30 volts is 
preferable as it enables high output 
levels to be handled without clipping and 
serious distortion resulting. Bear in mind 
that when set for maximum boost the 
circuit provides a significant amount of 
voltage gain at the centre of the response, 
and it is then more vulnerable to 
overloading. 

Maplin Magazine June 1964 



DOOR ALARM PARTS LIST CASSETTE PROCESSOR PARTS LIST 

+9 
to 
12V 

ma 

n IF 

-ve 

ind 12dB. 
It can be 
xpartsion 

;e distor-
trimmed 
RV1 are 
Inly 0.3%, 
mrposes. 
t rms can 
urs. 

• 
+9 
to 
30v 

-ve 
• 

RV3 is 
nier the 
ntrolled 
Q can 
ra, with 
ling to 
nse). 
3n any 
tO volts, 
volts is 
output 
Mg and 
n mind 
ost the 
ount of 
;ponse, 
lie to 

June 1984 

RESISTORS:- All 0.4W I% Metal Film 
RI  4k7 
R2,4,5,6,8  10k 
R3 
R7 
R9 
R10 

CAPACITORS 
C1,3 
C2 
C4 
C6 
C6 

3k9 
100k 
47k 
83k 

10uF 36V PC Electrolytic 
100 a Polyester 
luF 100V PC Electrolytic 
lOnF Polyester 
100uF 63V PC Electrolytic 

SEMICONEnCTORS 
IC1  401IBE 
IC2  74IC 8 pin DIL 
IC3  555 
TRI  BC337 

MISCELLANEOUS 
Si  Reed Switch Miniature 
82  Key Switch 
El  HP7 Battery 

Lo—Z 768 
Magnet small 

THD FILTER PARTS LIST 
RESISTORS:- All 0.4W 1% Metal Film 
R1,2,10,11 
R3,4,6,7 
R5,14 
Ra 
R9 
R12 
R13 
RV1,4 
RV2 
RV? 

CAPACITORS 
Cl 
C2,3 
C4 
Cs 
C6 
C7 
Ca 

10k 
100k 
18k 
3k3 
3k9 
8k2 
33k 
Pot Lin 47k 
Pot Lin 41i7 
Dual Pot Lin 220k 

4u7F PC Electrolytic 
lOnF Polyester 
22LtuF 63V PC Electrolytic 
220pF 1% Polystyrene 
10uF asv PC Electrolytic 
100rIF Polyester 
100uF 63V PC Electrolytic 

SEMICONDUCTORS 
ICI,2  LF353 
1C3  LF351 

MISCELLANEOUS 
JK 1,2  1/4' Jack Socket 

Jack Plugs 
Si  Sub-Min Toggle A 

(M4K7) 
(MIOK) 
(M3K9) 
(M100IC) 
(M47K) 
(M82K) 

2  (FF04E) 
(BX7611) 
(ITO1B) 
(13X70M) 
(FF12N) 

6 

(QX05F) 
(QL22Y) 
(QH66W) 
(QB68Y) 

(F1170M) 
(FH40T) 

(YW531-1) 
(EX? IN) 

4  (M10K) 
4  (MIOOK) 
2  

(M3X2) 
(M3K9) 
(M8K2) 
(M33K) 
(FW04E) 
(FWO1B) 
(FW89W) 

(FFO3D) 
(BX70M) 
(FF14Q) 
(BX4nD) 
(FF04E) 
(13X7611) 
(FF12N) 

(W0313) 
(WQ30}1) 

(HF90X) 
2  (HF85G) 

(FHOOA) 

VOLUME EXPANDER PARTS LIST 
RESISTORS:- All 0.4W 1% Metal Film 
RI,R101,R2,R102 56k 
R3,12103  15k 
ft4,R104  220k 
R5,R105  270k 
R6,R106  330k 
RV1,RVIO1  Hor Preset S-Min 22k 

CAPACITORS 
CI,C101,C6,C106100 a Polyester 
C2,C102,C5,C105 10uF 35V PC Electrolytic 
C3,C103  4u7F 63V PC Electrolytic 
C4,C104  le 100V PC Electrolytic 

SE MICONDUCTORS 
1101  NE570 

MISCELLANEOUS 
11C1,11C2  3/4« Jack Socket Stereo 

'le Jack Plug Stereo Plastic 
SI Switch Rotary SW3B 

4  (MS «) 
2  (M16K) 
2  (M220X) 
2  (M270K) 

(M330X) 
2  (WRS9P) 

4  (13X76H) 
4  (FF04E) 
2  (FFO3D) 
2  (FF0113) 

(Q"(10L) 

2  (14F9221) 
2  (H.F88V) 

(FF7611) 

RESISTORS:- All 0.4W 1% Metal Film 
R1,2  18k 
R3  10k 
R4  100k 
R5,6  3k9 
R7  47k 
R8  5k6 
R9  3k3 
RIO  22k 
R'Vl  Pot Lin 4k7 
RV2  Pot Lin 100k 

CAPACITORS 
C 1 
C2,8 
C3,4 
C5,6,7 

100riF Polyester 
10uF 35V PC Electrolytic 
100uF 63V PC Electrolytic 
22nF Polyester 

SEMICONDUCTORS 
IC1  4001BE 
IC2  1458C 

MISCELLANEOUS 
IK1,2,3,4  4" Jack Socket 

1/4 " Jack Plug 

2  (M/8X) 
(MIOK) 
(M100K) 

2  (M3K9) 
(M47K) 
(M5K6) 
(M3K3) 
(M22K) 
(FWOIB) 
(FV,i05F) 

(BX76ii) 
2  (FF04E) 
2  (FF12N) 
3  (BX72P) 

(0X0113) 
(QH46A) 

(111"90X) 
(11F85G) 

PARAMETRIC EQUALISER PARTS LIST 
RESISTORS:- All 0.4W 1% Metal Film 
R1,2 
R3 
R4,8,12 
R5,10,13 
R6 
117,9 
R11 
RVI 
RV2 
RV3 

CAPACITORS 
C 1 
C2,5 
C3 
C4 
C6 
Cl 

3k9 
10k 
100k 
47k 
39k 
12k 
6k8 
Dual Pot Lin 230k 
Pot Lin 2M2 
Pot Lin 47k 

220uF 63V PC Electrolytic 
2n7F I% Polystyrene 
470nF Polyester 
4u7F 63V PC Electrolytic 
10uF 35V PC Electrolytic 
100nF Polyester 

SEMICONDUCTORS 
IC1,2  1458C 

MISCELLANEOUS 
11(1,2,  1/4 " Jack Socket 

1/4 " Jack Plug 

(M314,) 
(M10K) 

3  (M100K) 
3  (M471C) 

(14139K) 
(M12IC) 
(11461C8) 

(FV1/89W) 
(FW091C) 
(FW04E) 

(FF14Q) 
2  (BX61R) 

(BX80/3) 
(FTO3D) 
(FF04E) 
(13X7811) 

a  (QH46A) 

(HF90X) 
2  (HF85G) 

SUBSCRIBE NOW 
TO 'ELECTRONICS - THE 
MAPLIN MAGAZINE' 

Make sure you get every issue of Britain's 
brightest electronics magazine as soon as it's 
published. One year's subscription costs just 
£2.80! It's incredible value for money. Don't 
miss an issue — send the coupon now! 

I enclose £2.80 (£3.24 overseas) for 1 year's 
subscription to the Maplin Magazine. 

Issue 12 on sale 10th August 1984. 

Please start from issue number   

Customer No. (if known)   

Name   

Address   
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TELEPHONE ACCESSORIES See., cover 
a) Flush Fitting Master 
Line jack Unit (3/4A) 
Standard BT type Master Line Jack 
Unit,  including  bell capacitor, 
surge arrestor and 'out of service' 
resistor, for flush fitting to wall; 
with screw terminals. 
Order As FJ2TE (Flush Master 
Line Jack 3/4A) Price £3.99 TQ 25 

b) Three Metre Line Cord 
& Line Plug 
Standard PTC Line Cord with Line 
Plug at one end and spade term-
inals at the other. See also page 
184 of the '84 Maplin Catalogue. 
Order As FG29G (PTC Line 
Cord) Price £1.95 TO 50 

c) Four Way BT Type 
Jack Plug (420) 
Standard BT Type 4 Way Jack 
Plug. Each terminal is colour 
coded - requires soldering. 
Order As FJ28F (Jack Plug 420) 
Price £1.65 TO 50 

d) Dual Outlet 
Adaptor (10/3A) 
Fits any BT type 4/6 way Line Jack 
Unit and converts it to a dual 
outlet. 
Order As FJ30H (Dual Adaptor 
10/3A) Price £5.30 TQ 10 

e) Line Plug/Screw 
Terminal Adaptor (ILL/BT) 
Adapts existing telephone equip-
ment to standard BT type Line 
Plug. The screw terminals are 
contained in a small box for neat 
and easy connection to telephone 
spade terminals. 
Order As FJ31J (Line Plug/Screw 
Terminal Adaptor ILL/BT) 
Price £4.15 TQ 25 

f) Line Plug/USA Socket 
Adaptor (USA/BT) 
Allows  equipment  fitted  with 
American type phone plugs to be 
connected to standard BT type 
Line Jack Units. 
Order As FJ32K (Line Plug/US 
Socket Adaptor USA/BT) 
Price £4.20 TO 25 

AMENDMENT TO 
1984 CATALOGUE 
SOLDERING IRONS FY62S The 
CX iron is now discontinued and 
replaced by the newer CS model 
which features a lower leakage 
current (<2µA), a shatterproof 
anti-roll handle and a detachable 
hook. The iron is designed to use 
the same bits as the CX. The 
replacement element for the CX 
iron is still available (FY63T); the 
CS requires a different element, 
should you need a replacement 
please order FY95D (Element CS 
240V). Price £3.25. 
FR12N The X25 iron is now dis-
continued and replaced by the 
newer XS model which features a 
lower leakage current (< ',LA), a 
shatterproof anti-roll handle and a 
detachable hook. The iron is 
designed to use the saine bits as 
the X25. The replacement element 
for the X25 iron is still available 
(FR14Q); the XS requires a differ-
ent element, should you need a 
replacement please order FY96E 
(Element XS 240V). Price £3.25. 
FR13P The MLX12 iron is now 
discontinued and replaced by the 
newer MLXS model which has the 
same improvements as the XS, 
described above. The replace-
ment element for the MLX12 is still 
available (FR15R); the MLXS 
requires a different element, 
should you need a replacement 

please order FY97F (Element 
MLXS 12V). Price £3.65. 
FY68Y The CX Kit is now dis-
continued and replaced by the 
newer CS Kit. The only change is 
the replacement of the CX iron by 
the CS iron (described above). 
FY69A The X25 Kit is now dis-
continued and replaced by the 
newer XS Kit. The only change is 
the replacement of the X25 iron by 
the XS iron (described above). 

g) Coiled 5m Line Cord 
(4/504) 
A 5 metre PTC 4 way Line Cord, 
coiled for part of its length. Fitted 
with standard 4 way line plug at 
one end and spade terminals at 
the other. 
Order As FJ29G (5m line cord 
4/504) Price £3.45 TO 25 

h) Secondary Line Jack 
Unit (2/4A) 
A surface mounting Secondary 
Line Jack Unit, see also page 184 
of the '84 Maplin Catalogue. 
Order As FG28F (Secondary 
Line Jack Unit 2/4A) Price £2.95 
TO 25 

i) Standard 4 Way Line 
Plug (431A) 
A standard BT type 4 way Line 

Plug using Insulation Piercing 
Contact (IPC), with strain relief. 
Ideally for assembly an IPC plug 
hand tool should be used. How-
ever the plug can be fitted by 
removing the outer insulation of 
the cable to the correct length, 
carefully  lifting  the  contacts, 
inserting the wires and then 
clamping the contacts onto the 
wires - using a small pair of pliers. 
The  strain  relief  members 
immediately behind the contacts 
can then be pushed down using a 
small screwdriver. 
Order As FJ33L (Line Plug 4 way 
431A) Price 50p TO 250 

j) Flush Fitting Secondary 
Line Jack Unit (3/6A) 
Standard BT type Secondary Line 
Jack Unit for flush fitting to wall; 
with screw terminals. 
Order As F134M (Flush Second-
ary Line Jack 3/6A) Price £2.65 
TO 25 

Telephone Cable 
Please note that Telephone Cable 
(4 way with cream coloured outer 
insulation) is also available, please 
see page 85 of the '84 Maplin 
Catalogue for full details. 
Order As XR66W (4 Wire Phone 
Cable) Price 21p per metre 
TO 250 

TOP TWENTY KITS 
THIS LAST  ORDER 
MONTH  DESCRIPTION OF KIT  CODE 
1.  (1)  Ø 75W Mosfet Amp Module  LW51F 
2.  (2)  0 Modem  LW99H 
Case also available: YK62S Price £9.95. 

3.  (3)  0 Car Burglar Alarm  LW78K  £6.95 
4.  (4)  se Partylite  LW938  £9.45 
5.  (5)  0 ZX81 I/O Port  LW76H  £9.25 
6.  (7)  Syntom Drum Synthesiser  LW86T £11.95 
7.  (6)  a Spectrum Keyboard  LK29G  £28.50 
Also required: LK3OH £6.50; Case: XG350 £4.95 - Total £39.95. 
Also available complete ready-built: XG36P £44.95. 
(50)  a Spectrum Easyload  LK39N  £9.95  10 XA1OL 
(9)  ft  8W Amp Module  LW36P  £4.45  Catalogue 
(11)  a Logic Probe  LK13P  £9.95  8 XAO8J 
(13)  a Ultrasonic Intruder Detctor LW83E £10.95  4 XAO4E 
(8)  a VIC20.'64 RS232 Interface  LK11M  £9.45  7 XAO7H 

8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

(10)  a 
(14)  0 
(12)  a 
Case also 
(16)  0 
(28)  a 
(15)  a 
(17)  a 
(30) 

KIT 
PRICE 
£12.95 
£44.95 

DETAILS IN 
PROJECT BOOK 
Best of E&MM 
5 XAO5F 

4 XAO4E 
Best of E&MM 
4 XAO4E 
Best of E&MM 
9 XAO9K 

Harmony Generator  LW91Y £17.95  Best of E&MM 
Spectrum RS232 Interface  LK21X  £17.95  8 XAO8J 
Keyboard for ZX81  LW72P £23.95  3 XAO3D 
available: XG17T £4.95. Complete ready-built: XG22Y £32.50 
Noise Gate  LK43W  £9.95  Best of E&MM 
Burglar Alarm 
Hexadrum 
Guitar Tuner 
Synwave Sounds Synth 

LW57M £49.95  2 XAO2C 
LW85G £19.95  Best of E&MM 
LW9OX £10.75  Best of E&MM 
LW87U £10.95  Best of E&MM 

Over 80 other kits also available. All kits supplied with instructions. 
The descriptions above are necessarily short. Please ensure you know 
exactly what the kit is and what it comprises before ordering, by checking the 
appropriate Project Book mentioned in the list above. 
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Carrying Case 
A sturdy carrying case in black 
'leather look' PVC which will hold 
a wide range of multimeters and 
other test gear. Fitted with buckle 
and carrying strap. 
Internal Size: 118 x 150 x 58mm 
Order As BK78K (Carrying Case 
MC20) Price £3.32 TO 25 

PCB Mounting 
Phono Socket 
A compact phono socket which 
mounts  directly  onto  printed 
circuit boards. 
Overall Size: 22 x 15 x 10mm 
Order As 11F99H (PCB Phono 
Skt) Price 28p TO 500 

RF Transistor 
Type BFY90 
An NPN silicon planar epitaxial 
transistor in TO-72 metal envelope. 
Has very low noise over a wide 
current range, plus very high 
power gain. Can be used in aerial 
amplifiers, TV distribution amp-
lifiers, RF amplifiers and mixers, 
etc. 
V cE0 = 15V max; 
V cDo m = 30V max; 
VEB0  = 2.5V max; 
= 25mA max; 
= 200mW max; 

hfe = 25 to 150 @ k 2mA; 
lYP fT = 1.1 GHz. 
Order As QQ64U (BFY90) 
Price 95p TO 100 

PVC Beading Section 
Flexible  black  PVC  beading 
section for edging metal sheets, 
chassis, etc. 
Order As XR78K (PVC Beading 
Section) Price 25p per metre 

TO 500 

NEW PRODUCTS   

IDC Connectors 
& Cable 
A range of Flat Cables and MC's 
to complement those already 
available in the 1984 catalogue. 
Conforming to B39525, all connect-
ors are moulded from thermo-
plastic resin and glass fibre filled. 
Max Working Voltage: 750V DC. 
Max Working Current: 2A. 
Spacing: 0.05 inch. 
LDC 'sockets fitted with V4 metre 
(approx. 10") of cable and a strain 
relief clamp. Four types are avail-
able. 16 Way, 20 Way, 26 Way and 
40 Way. 
Order As 1701B (16 Way IDC Skt 
ec Cable) Price £2.45 TQ 25 
Order As 1702C (20 Way IDC Skt 
& Cable) Price £2.65 TO 25 
Order As FJO3D (26 Way IDC Skt 
& Cable) Price £2.98 TO 25 
Order As FJO4E (40 Way IDC Skt 
& Cable) Price £3.95 TO 25 

IDC PCB Mounting Header Plugs 
are now available in five types. 
16 Way, 20 Way, 26 Way, 34 Way 
& 40 Way. 
Order As FJ13P (IDC PCB 
Header 16 Way) Price £1.40 

TQ 50 

Order As 1714Q (IDC PCB 
Header 20 Way) Price £1.60 

TQ 50 
Order As FD5R (IDC PCB 
Header 26 Way) Price £1.80 

TQ 50 
Order As  1116S (IDC  PCB 
Header 34 Way) Price £2.30 

TQ 25 
Order As F117T (IDC PCB 
Header 40 Way) Price £2.60 

TQ 25 

MC Flat Cable is available in 16, 
20, 26, 34 and 40 way, in grey with 
a red identifying strip on one 
edge. Priced in 30cm lengths 
(approx. 1 Foot). 
Order As XR73Q (16 Way IDC 
Cable) Price 29p per 30cm. 

TQ 100ft Reel 
Order As XR74R (20 Way MC 
Cable) Price 35p per 30cm. 

TQ 100ft Reel 
Order As XR75S (26 Way IDC 
Cable) Price 45p per 30cm. 

TO 100ft Reel 
Order As XR76H (34 Way DC 
Cable) Price 58p per 30cm. 

TO 100ft Reel 
Order As XR771 (40 Way WC 
Cable) Price 68p per 30cm. 

TO 100ft Reel 

Connectors for the BBC Mother-
board project which are also 
suitable for many other appli-
cations. 
BBC Analog Port Cable consisting 
of a 15 Way 'D' range plug 
connected by 1/2 metre of flat 
cable to a 16 Way four row PCB 
transition header. 
Order As FJ24B (BBC Analog 
Port Cable) Price £5.85 TQ 10 

BBC 1MHz Port Cable consisting of 
a 34 Way IDC socket connected 
by 1/2  metre of flat cable to a 34 
Way four row PCB transition 
header. 
Order As FJ25C (BBC 1MHz Port 
Cable) Price £4.99 TQ 10 

BBC I/O Port Cable consisting of a 
20 Way IDC socket connected by 
V2 metre of flat cable to a 20 Way 
four row PCB transition header. 
Order As 1726D (BBC 1/0 Port 
Cable) Price £3.30 TO 10 

NEW KITS 
Two more projects from 'Best of 
E&MM Vol. l' - XI-161R - are now 
available as complete kits. 

Car Battery Monitor 
Sit contains all parts including 
case. 
Order As LK42V (Car Bats Mon 
Kit) Price £6.95 TQ10 

Noise Gate 
Bit contains all parts excluding the 
case which is available as LH71N 
(Case Type M5004) price £3.54. 
Order As LK43W (Noise Gate 
Kit) Price £9.95 TQ5 

N  Video Cassette 
Recorder Drive Belts 
A range of. kits containing a 
complete  set of drive belts, 
available for most popular video 
recorders. 
Ferguson 3292; Baird 3V22; WC 
HR3300/3320/3330/3600. 
Order As 1706G (Video Belts 
VSK9707) Price £6.95 TO 10 

Sony 51,8000/8080. 
Order As 1707H (Video Belts 
VSK9806) Price £7.95 TO 10 

Sony SLCVSLJ7. 
Order As FJO8J (Video Belts 
VSK9876) Price £7.95 TO 10 

Ferguson 3V16; WC HR3360/3660; 
Telefunken VR440. 
Order As FJO9K (Video Belts 
VSK9708) Price £6.95 TO 10 

Sanyo VTC9300; Fisher VRS7000. 
Order As FDOL (Video Belts 
VSK9794) Price £6.95 TO 10 

National Panasonic NV7200. 
Order As FJ11M (Video Belts 
VSK9605) Price £7.95 TO 10 
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Record Turntable 
Drive Belts 
A range of record turntable drive 
belts for the most popular Japan-
ese record decks - to complement 
those already available in the '84 
Catalogue. 

National Panasonic 
Flat cross-section: 
Diameter:  187mm 
Thickness  0.6mm 
Width  4mm 
Inside circumference 588mm 
Order As 1718U (Drive Belt Nat/ 
Pan AS8187) Price £2.85 TQ25 

National Panasonic NV7000. 
Order As FJ12N (Video Belts 
VSK9635) Price £7.95 TO 10 

Pioneer 
Flat cross-section: 
Diameter 
Thickness 
Width 
Inside circumference 594mm 
Order As 1119V (Drive Belt 
Pioneer AS8189) Price £2.45 
TQ25 

189mm 
0.6mm 
5mm 

Sony / National Panasonic 
Flat cross-section: 
Diameter:  195mm 
Thickness  0.6mm 
Width  5mm 
Inside circumference 613mm 
Order As 1120W (Drive Belt 
Sony AS/3195) Price £2.45 TQ25 

Trio / Sharp SG400 
Flat cross-section: 
Diameter 
Thickness 
Width 
Inside circumference 632mm 
Order As 1721X (Drive Belt Trio 
AS13201) Price £2.45 TQ25 

20 lnun 
0.6mm 
6rnm 

Salute 
Flat cross-section: 
Diameter 
Thickness 
Width 
Inside circumference 644nun 
Order As 1722Y (Drive Belt 
Sansai AS8205) Price £2.45 TQ25 

205mrn 
0.6mm 
6mm 

Hitachi 
Flat cross-section: 
Diameter: 
Thickness 
Width 
Inside circumference 660nun 
Order As 1123A (Drive Belt 
Hitachi AS8210) Price £2.45 TQ25 
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CLASSIFIED 
VARIOUS FOR SALE 

MAPLIN EQUAI.:::E..1, case, 2 PCB's, 
part built, all as n v...71-ly reasonable 
offers? First decent offer secures. Box 
No X110. 
PAIR 10 WATT Sony Speakers, 8 ohms 
impedance, teak casings, hardly used 
in excellent condition. Bargain £20. Tel 
Upminister 28710. 
SERVICE SHEETS. Private collection 
of numerous Radio and TV service 
sheets 1955 to 1980. No list, please send 
S.A.E. for enquiries. F. Harrop, 15 
Keymer Road, Brighton, BN1 8FB. 
TRANSFOR MER, Step-down 240V to 
120V, 15 Amp. Brand new still in box 
£30. Tel. 0283 216519. 
WEALTH OF Projects. Back issues of 
Practical Wireless '75 to "Z9, Practical 
Electronics '74 to '79, Everyday Elect-
ronics '71 to '74. Offers for some or all. 
Tel. Salisbury (0722) 7108.36. 

CLUBS 

TECHNICAL AU'THORS, non-profit 
Group. Share your Icnowledge world-
wide. Collaborations, personalised pro-
jects, writing and publishing assistance. 
Describe your abilities, experience, 
interests. S.A_E. appreciated. T.A.G., 
Moat Farm, Burgh, Woodbridge, 
Suffolk, IP13 6JW. 
ATARI OWNERS, issue 5 of the U.K_ 
Atari Computer Owners Club Magazine 
is now available. Learn how to protect 
your BASIC programs, improve picture 
and sound quality on your machine, 
start to learn machine code. Program 
listings include: GIL-BERT, DRAGON-
FIRE, LABEL MAKER, ELECTRIC 
SHOCK and many more. Send £1 plus 
30p postage to, P.O. Box 3, Rayleigh, 

If you would like to place an 
advertisement in this section, here's 
your chance to tell Maplin's 200,000 
customers what you want to buy or 
sell, or tell them about your clubs 
activities - absolutely free of 
charge. We will publish as many 
advertisements as we have space 
for. To give everyone a fair share of 
the limited space, we will print 30 
words free of charge. Thereafter 
the charge is 10p per word. Please 
note that only private individuals 
will be permitted to advertise. 

Commercial or trade advertising is 
strictly prohibited in the Maplin 
Magazine. 
Please print all advertisements in 
bold capital letters. Box numbers 
are available at £1.50 each. Please 
send replies to Box Numbers to the 
address below. Please send your 
advertisement with any payment 
hecec.sary to: Classifieds, Maplin 
Mag., P.O. Box 3, Rayleigh, Essex 
556 8LR. 
For the next issue your advertise-
ment must be in our hands by 6th 
July 1984. 

Essex and ask to receive your copy of 
Issue 5. 

COMPUTERS FOR SALE 

MICROTAN 65 + Tanex fully Exp. 
Programmable Graphics Module, 
EPROM storage card with EPROMS, 
Soundboard, Video 80/82 High Defini-
tion Graphics Board, System Mother-
board, full size QWERTY keyboard 
with numerical keypad, EPROM pro-
grammer, multi-rail power supply. Plus 
a quantity of software and all manuals. 
Also Teletype and Word Processor 
package £300. G. Hemmings, 110 Birks 
Street, Stoke-on-Trent, Staffs. ST4 4HF. 

MUSICAL FOR SALE 
MAPLIN SPECTRUM Synthesiser, 
complete and calibrated, profession-
ally built - great sound. Can deliver to 
surrounding area, genuine reason for 
sale. Offers around £225. TeL Rochdale 
50223. 
DIGISOUND Modular Synthesiser, 
keyboard, speakers, leads and users 

DID YOU MISS ISSUE 9? / 

Copies of issue 9 are still available for 
just 70p and include all these projects: 

Spectrum Keyboard. A full size, 
full travel, 47 key, keyboard for 
the Sinclair Spectrum that plugs 
directly into the expansion port 
thus no soldering or dismantling of 
the Spectrum itself is required. 
Features include single-key 
operation for Graphics, Shift Lock, 
Caps Lock, Delete & Extend. 
Provision for sockets to accept 
joysticks. 
VIC Extendiboard. Expand your 
VIC - three expansion sockets one of which is switchable. The 
board can also be fitted with 3K of extra RAM. 
Oric Talkback. A speech synthesiser for the Oric 1 with virtually 
unlimited vocabulary. 
Infra-Red Movement Detector. Fitted outside, this unit can detect a 
human body up to 30 metres away. 
TDA7000 FM Radio. Easily built FM radio - requires no alignment. 
ZX81 High Resolution Graphics. A full 256 x 192 fine pixel display 
for the ZX81. Draws lines, circles & triangles, fills & textures, plus user 
defined graphics. Operates from extended BASIC. 
Ten more projects! including Personal Stereo Dynamic Noise I: iter 
for Walkman-type cassette players. Inexpensive easy-to-use Log 
Pulser. Low-cost easily built 1K Extendi-RAM for the ZX81. Frequency 
Meter Adaptor for digital multimeter. TTL/RS232 Converter. Pseudo 
Stereo AM Radio, Ni-Cad Charger Timer, Syndrum Interface, plus 
lots more. 

Issue 9 also included articles on Machine Code Programming with 
the 6502, Measurements in Electronics, the conclusion of our series 
on Rewiring Your House, and all our usual news and reviews. 

All this for only 70p. Order As XAO9K (Maplin Magazine Volume 
3 Issue 9). Price 70p NV. 

manual. 18 modules including Alpha-
dec. Very good condition cost over 
£900. Offers, Brighton (0273) 673301, 
evenings and weekends. 
ICI MBER-ALLEN 61 note keyboard 
and contact wires for electronic piano 
(or organ), new. £20. Mr. H.F. Howard, 
41 Thingwall Park, Fishponds, Bristol, 
BS16 2,154. 
MATINEE ORGAN Cabinet, stool, 
drawbars and full set of MES53 
assembled circuit boards, keyboards, 
marble effect key tabs (20) etc. Offers? 
Tel. (0384) 262537, (West Midlands) 
evenings. 

MAPLIN MATINEE Organ, why build 
it when you can buy my professionally 
built one. Virtually unused, including 
stool. £325 O.N.O. Tel. Uckfield (0825) 
4001. 

MAPLIN MES52, all boards, key-
switches, swell pedal, contacts. £25. 
MES55 Auto Organ, all boards, 
switches etc. £25. 37 note C-C key-
board, new and boxed plus contacts. 
£25. Maplin stereo oacsette recorder 

kit, boards built but never used. £25. 
Tel. 031 669 2115. 
FOR MES ORGAN: £200 worth of 
parts, including one keyboard and con-
tacts, divider and sawtooth boards 
(assembled), two assembled tone 
boards (type A), tone boards C,E,D (2), 
swell pedal, power supply with trans-
former and miscellaneous parts. 
£100 O.N.O. MAPLIN 3800 synthesiser, 
tuned and working, except for VCA 
and VCF, in home built cabinet. 
£200 O.N.O. All the above built to a 
professional standard. FARFLSA 256RK 
Electronic Organ, immaculate. 
£1100 O.N.O. Tel. 01 764 5360. 
FUZZ-BOX, custom built, for use 
between guitar and amplifier. Price 3 
(£2 off because case is cracked), write 
to: A. Gonnet, Sun Cottage, Bellingdon, 
Bucks. 

WANTED 

WANTED: service information for 
Hacker Sovereign H transistor portable. 
Please contact F. Cosgrove. 
Bournemouth 432973. 
WANTED: a small quantity of Mullaxd 
FX1593 ferrite rings or address of 
suppliers. RE. Sharp, Hope Hall, Prince 
of Wales Road, Exeter, Devon. 
WANTED: circuit diagram, service/ 
operating diagram and/or plug for 
R1132A and CR100 (Naval B28) 
receivers. Richard Hughes, 43 Naylor 
Road, London N20 OUF. 
WANTED: a copy of Spectrum Comp-
uting No 2 (Electronics Magazine), pub-
lished by Argus Publications. Will pay 
up to £5 by cheque, on receipt. 
Raymond Betz, Chemin du Moulin 38, 
1328 Ohain, Belgium. 

DID YOU MISS ISSUE 10? 
Copies of issue 10 are still available 
for just 70p and include the following: 

Spectrum Easyload. This novel 
battery powered unit will greatly 
enhance cassette loading of 
programs on the Sinclair 
Spectrum. 
80m Amateur Receiver. A low 
cost Direct Conversion design, for 
the 80m Amateur Band. This easily 
constructed project features 
single-sideband operation and 
can be aligned without test gear. It 
offers an ideal introduction to 
Amateur Radio for the newcomer. 
fluorescent Tube Driver. An 8 Watt 12 Volt unit which offers 
efficient light output from a car battery; ideal for camping, 
caravanning, boating etc. 
2.8kW Power Controller. A versatile easy-to-build device which will 
control appliances of up to 2.8kW with minimal power loss. 
Auto-Waa. This easily constructed unit will produce a wide range of 
Waa-Waa type effects automatically. 
Digi-Tel Expansion. Enables the Maplin Digi-Tel telephone 
exchange to be expanded to accommodate 32 extensions. 
Oric 1 Modem Interface. Connect the Maplin Modem to your Oric 1 
Computer using this inexpensive project. 
Dragon Extendiport. This handy little project enables the cartridge 
socket on the Dragon 32 to be brought to a more accessible position. 

Issue 10 also included features on Car Electrics, the History of 
Electronics, Hero the Heathldt Robot, and the continuation of the 
series' on Measurements in Electronics, Machine Code Programming 
the 6502 and First Base - for beginners. Plus the completion of 'Data 
Base Management' and all our usual news and reviews. 

All this for only 70p. Order As XA1OL (Maplin Magazine Volume 
3 Issue 10). Price 70p NV. 

64 Maplin Magazine June 1984 



DID YOU MISS THESE ISSUES? 

Copies of issue 5 
are still available for 
just 60p, and include 
the following projects: 

Modem. With this low-cost, 
high quality modem, transmission 
speeds of 300 baud are obtainable t 
over ordinary telephone lines. 
Send data to your friends 
anywhere in Europe, or talk 
to our computer. 

Inverter. Ideal for camping or caravanning, this inverter uses 
MOFSET transistors for the ultimate in reliability. During 
emergency power cuts, use the inverter to keep your central 
heating going. 

ZX81 Sound Generator. Here's a really noisy project for micro-
computer enthusiasts. It plugs straight in to our ZX81 extension 
•board and is really easy to make. Your ZX81 will have full BASIC 
control over three tone generators, with single address access. 

Central Heating Controller. Four our more experienced construc-
tors, this project will give your central heating system optimum 
performance and could save you a lot of money this winter. 

Panic Button. A useful add-on for our Home Security System that 
will give many of our older citizens peace of mind. Issue five 
also included features on the Compact Digital Disc, Interfacing 
Microprocessors, and choosing the right wires for projects, and 
the last part of the Starting Point series, along with Basically Basic, 
Say it with Satellites, and Working with Op-Amps. 

All this for just 60p. Order As XAO5F (Maplin Magazine Volume 
2 Issue 5). Price 60p NV 

Copies of issue 7 
are still available 
for just 70p, and 
include the following 
projects: 

CMOS Crystal Calibrator. A radio amateur project to allow 
calibration of receivers and checking of the position of the 
edges of amateur band allocations. 

DXers Audio Processor. Will improve the performance of many 
communications receivers without the need for modifications. 
Enlarger Timer/Controller. An accurate timer with a display 
that enables it to be used in colour printing, it will also control 
the switching on and off of the enlarger. 

Sweep Oscillator. A useful, easy-to-build, piece of equipment 
to complement your fault-finding test gear. 

VIC20/RS232 and ZX81 Interfaces will allow you to connect 
to modems, printers, VDUs, or any other RS232 compatible 
device. It will even let you use Maptel and Cashtel! 

Issue 7 also included features on Heathkit, programming the 
Commodore 64, and the start of a new series on machine code 
programming with the 6502. First Base, Working with Op-Amps, 
Say it with Satellites, and all our usual news and reviews were 
also in this issue. 

All this for just 70p. Order As XAO7H (Maplin Magazine Volume 
2 Issue 7). Price 70p NV 

A V I P L I N 

P R °  C T'S 

Copies of issue 6 are now 
sold out, but a reprint of the 
projects in that issue is 
available, the contents are:— 

VIC20 and ZX81 Talkbacks. 
Projects to enable these 
micro's to speak! Allophone based system gives unlimited 
vocabulary. Plus a fascinating article on speech synthesis 
techniques using allophones. 
Scratch Filter. This tunable design will make those old 
scratched records playable again. 
Bridging Module. Use this kit and two Maplin 75W 
MOSFET amplifier modules to make a superb 400W stereo 
amp. — with loudspeaker protection. 
Moisture Meter. A low cost project which enables you to 
check walls and floors for damp. 
ZX81 TV Sound and Normal/Inverse Video. Your ZX81 
can now give you sound directly on a TV, plus inverted 
video display facility. 
Four Simple Veroboard Projects:— Portable Stereo 
Amplifier, Sinewave Generator, Headphone Enhancer and 
Stylus Organ. 
All this for only 70p. Order As XAO6G (Maplin Project Book 
Volume 2 No. 6) Price 70p NV. 

Copies of issue 8 are still 
available for just 70p and 
include the following 
projects: 

RS232/Modem Interface for ZX 
Spectrum will run at 300, 600, 
1200 or 24000 bits per second 
and has its own completely 
self-contained operating system 
so no programming, LOADing or 
SAVEing is required. The 
interface plugs directly into the 
Spectrum expansion socket. 
Synchime makes metallic 
chiming sounds like bells and 
gongs and complements our 
Syntom and Synwave projects. 
Dragon 32 RS232/Modem Interface has a programmable word 
format and plugs directly into the ROM expansion socket. 
Dragon 32 I/O Ports has two 8-bit ports with TTL and tri-state bus 
compatibility, four norm/iv latched ports, two opto and two 
relay switched ports for maximum flexibility. The module plugs 
directly into the cartridge socket and is fully programmable 
from BASIC using PEEK and POKE. 

Four other projects include a low-cost Logic Probe with instantly 
recognisable readout on a 7-segment display; a versatile 
bench-top power supply, the Minilab; the Codelock, an electronic 
security lock with 10,000 easily programmed different 
combinations; and a Doorbell for the Deaf which flashes a mains 
light bulb to attract attention. 

Issue 8 also included features on Using the Commodore 64, 
Rewiring Your House Part 1, more Heathkit products, and 
Interfacing the BBC Micro. The issue also included the 
continuations of our series Machine Code Programming with 
the 6502, First Base and Say It With Satellites, and all our usual 
news and reviews. 

All this for just 70p. Order As XAO8J (Maplin Magazine Volume 2 
Issue 8). Price 70p NV. 



TELEPHONE FITTINGS 

Now you can move your telephone, 
fit sockets in every room, connect U.S.A. 
type 'phone plugs to U.K. sockets or even 
connect your modem — at a fraction of 
the previous cost. Maplin now offer a 
complete range of BT approved 'phone 
accessories at budget prices, please see 
page 62 for full details. 

(a) Flush Fitting Master Line Jack Unit (FJ27E) 
(b) Three Metre Line Cord + Line Plug (FG29G) 
(c) Four Way BT Type Jack Plug (FJ28F) 
(d) Dual Outlet Adaptor (FJ30H) 
(e) Line Plug - Screw Terminal Adaptor (FJ31J) 
(f) Line Plug - U.S.A. Socket Adaptor (FJ32K) 
(g) Coiled 5m Line Cord + Line Plug (FJ29G) 
(h) Secondary Line Jack Unit (FG28F) 
(i) Standard 4 Way Line Plug (FJ33L) 
(j) Flush Fitting Secondary Line Jack Unit (FJ34N) 


