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Little Brothers should
be seen but not heard.

NOW ONLY

£159.95

inc.VAT.

A maxim which eloquently describes the Brother
HR-5.

Lessthanafootacross,it’snonetheless loaded with
features.

' The little printer that’s low on decibels.
There’s one thing the HR-5 won't give you.
Earache.

For the annoying ‘clickety clack’ many printers
produce is mercifully absent from the HR-5.
Quietly efficient, it delivers high definition
dot matrix text over 80 columns at 30 characters per
second (maximum).
Text or graphics with ease.
The HR-5 also has something of an artistic bent.
Being capable of producing uni-directional
graphics and chartimages together with bi-directional
text. What's more it will hone down characters into
a condensed face, or extend them for added emphasis.
At home with home computers.
Incorporating either a Centronics parallel or

REGULAR, COMDENSEL, OR
EXTENDED FACES.

CUT SHEET A4 OR ROLLER |
PAPER.

BATTERY OH MAINS
OPERATED.

RS-232C interface, the HR-5 is compatible with BBC,
Spectrum, Oric, Dragon, Atari and most other home
computers and popular software.

Perfectly portable, the battery or mains operated
HR-5 weighs less than 4 Ibs, and has a starting price
of only £159.95 (inc. VAT).

Which is really something to shout about.

PLEASE SEND ME MORE DETAILS OF THE REMARKABLE BROTHER |
1 HR-5 PRINTER.

MNAME e
| ADDRESS 7 |
| ot ; SPJ 8/84 |
I T TEL NO_ SN s o I

AVAILABLE FROM: BOOTS, RYMANS, WILDINGS, SELFRIDGES AND ALL
GOOD COMPUTER EQUIPMENT STOCKISTS.

DEPT F BROTHER OFFICE EQUIPMENT DIVISION, JONES + BROTHER, SHEPLEY $TREET, GUIDE BRIDGE, AUDENSHAW, MANCHESTER M34 5]D
TEL:061 330 6531 (10 LINES) 061 330 0111 (6 LINES) 061 330 3036 (+ LINES). TELEX: 665092, BROTHER INDUSTRIES LTD., NAGOYA, JAPAN.
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4 REVIEWS

John Lambert assesses the latest peripherals in
depth.

7 LETTERS

Your views on the changes in Sinclair Projects.

7 UPDATE

We return to previous issues.

ADVICE COLUMN

Trevor Marchant is receiving an increasing
number of queries and we print replies to a
selection.

10 LOCOTROL

Brian Lee continues his project to control your
model railway system.

20 MONEY CONTROL
Bill Johnson helps you to make those awkward
investment comparisons.
26 FIRST AID
Donald Maynard shows how to repair your
micro when it stops working.
31 TRANSISTOR BIASING
John Conway has written an interesting pro-
! gram which allows you to calculate the correct
l values for components to achieve a given out-
i put.
l 33 DIGITAL ELECTRONICS
l Joe Pritchard considers clock circuits and how
-, to use them as counters.
43 MOTOROLA 68008
John Mellor describes the interfacing possibili-
ties of the chip which is the basis of the QL.
47 EDGE CONNECTOR
Our regular page showing the edge connections
for the Spectrum and ZX-81 returns.
48 ARTICLE OUTLINE

For readers who wish to let others know useful
projects they have built, we offer advice on the
format to follow.

HILE we await the first large-scale batches of
Wthe QL we are watching closely what is happen-

ing so that we can keep you informed of develop-
ments.

John Mellor continues his investigation of the possibili-
ties of the Motorola 68008 chip, which is the main
processor of the new Sinclair machine.

We are working on some projects for the QL which we
expect to be able to publish in the near future. We are, of
course, bearing in mind the fact that as the development
work on the QL continues some changes may have to be
made.

At the recent Computer Fair at Earls Court, London the
public was allowed to get near to the great machine. Let us
hope that it is not long before the many customers who
have been waiting with more than their fair share of
patience will be able to receive their machines.

It is likely to be a forlorn hope.

In this issue we have four projects to help you get the
most from your Sinclairs. The main one gives advice on
what to do when your ZX-81 or Spectrum stops working.
The article is based on the ZX-81 but Donald Maynard
gives hints which can be applied to all home computers for
that awful moment when the system goes down.

Our other main hardware feature is the second part of
the control system for a model railway. Brian Lee builds
on the last issue and enables budding controllers of British
Rail to operate a complex system using either the ZX-81 or
Spectrum.

Bill Johnson has called on his experience as an insurance
salesman to write two programs to help in making personal
financial decisions. Both help in the understanding of
investments, allowing you to compare the effects of var-
ious compound interests and also assess the benefits of
different forms of instalment saving.

In the second article in the new regular series of advice
columns, Trevor Marchant answers queries on the power
supply, joysticks and making a portable system.

We also have our regular review pages where we test the
latest add-ons available in the hardware market, letters,
and the edge connector page.

Regular readers will have noticed that we have increased
the price. That is the result of the increased costs of
publishing a high-quality specialist magazine. It is the first
increase since we began Sinclair Projects 18 months ago
and was unfortunately unavoidable.

The increased price will allow us to continue to produce
an interesting magazine which will appeal to all who wish
to make more serious use of Sinclair machines.

Managing editor Nigel Clark Consultant editor David Buckley Managing production editor Harold Mayes MBE News writer John Lambert
Design Elaine Bishop Advertisement manager Holly Fleming Advertisement Executive Robert Marcus Editorial assistant Colette McDermott
Production assistant Dezi Epaminondou  Assistant managing director Barry Hazel Managing director Terry Cartwright Chairman Richard
Hease.
Sinclair Projects is published bi-monthly by ECC Publications Ltd. It is in no way connected with Sinclair Research Ltd.

Telephone, all departments: 01-359 3525, If you would like to contribute to any of the Sinclair User group of publications please send programs,
articles or ideas for hardware projects to Sinclair User and Projects, ECC Publications, 2 Newington Green Road, London N1 4AQ. We pay £50
per 1,000 words for each article used.
© Copyright 1984 Sinclair Projects. ISSN (0264/0449. Printed and typeset by Cradley Print PLC, Warley, W. Midlands. Distributed by
Spotlight Magazine Distribution Ltd, 1 Benwell Road, Holloway, London N7. 01-607 6411.
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ICOMPROCEYS LTD

the

ROM on ZX-81

EW ADD-ONS for the ZX-81
Nare few and far between but

the SP ROM by Comprocsys
Ltd could well cause a few to be taken
from the cupboard and dusted. It is
to all intents an extra ROM, mapped
into 2000 hex — 8192 decimal — with
an optional external card on which to
fit it. While the card is not really
necessary, many of the /0 routines
in the ROM use specific addresses
and could not be used easily without
it.

To use the ROM it must first be
initialised by a RAND USR 8195
which calls the Master Virus, a Basic
extension. The extra commands are
then called by following the line
number with a full stop in a Basic
listing. Those commands cover two
main areas — HI RES graphics with
windows and psuedo sprites — and
I/0 with routines for Centronics and
RS232 printers, with input from
RS232 devices, EPROM program-
ming and enhanced cassette oper-
ation. Asynchronous scheduling of
Basic lines using On Frame is also
possible.

To use the HI RES graphics the
external card has two diodes connected
to the edge connector; details are
shown in the instructions of how to
alter your existing RAM pack if vou
do not have the card. Without that
modification the graphics will be

there but you cannot see them. RAM-
TOP is lowered by the usual POKE
16389 to 26112 — poking 102 —
followed by NEW. That allows for a
Spectrum-sized  (256x192)  bit-
mapped display which can be used
instead of the normal LO RES which
is still available.

Because of the normal ZX-381
method of blanking the display in
FAST mode, a new .FAST
.CLEAR in HI RES — is used. That
BRISK mode will blank the display
for a set — 0 to 255 — number of
frames, allowing you to trade speed
of operation against clarity. Pause is
also upgraded to the Spectrum style
to .PAUSE with no parameter giving
an infinite pause until a key is
pressed; it also gives a constant dis-
play.

Once called, the new graphics offer
a wealth of possibilities. The .PLOT
will either plot a point or, with the
addition of a X, Y TO X1, Y1 param-
eter, draw a line, which can be either
solid or in an 8-bit pattern using
JUNPLOT (num). .NOT will invert,
white on black; the screen and .CLS
clears the graphics screen. Followed
by a number it will clear a pre-defined
window. The windows are set up with
.DIM .REM is used to REMove bytes
from the window to a pre-set area of
memory, which can be the screen, or
to move bytes in the reverse direction.

.PRINT, as expected, prints to the
HI RES screen but offers not only
normal characters but both upper-
and lower-case, double-height, over-
written, transparent, inverse and,
(384), user-definable. The cursor can
also be moved to anywhere on the
screen and used to force a scroll.

EPROM operations use the
.LOAD and .SAVE commands. The
external card has an empty 28-pin
socket for a 2764 and PP3-type con-
nector for the additional 25V supply.
.LOAD loads the program above any
existing program, to give a simple
form of merge and .LOAD *’ ** will
give a catalogue.

All the I/0 operations use a
memory-mapped 8255; the lines from
its three ports are taken to the
EPROM socket. The necessary lines
for Centronics operation are then
taken to another 16-pin socket which
can also be used for RS232,

That socket is configured using .IF,
for interface. It allows for serial/
parallel operation, with control over
direction, baud rate — 75-19,200 —
echo and stop bit. The non-standard
Sinclair characters can be converted
optionally to ASCII with CHR$128-
159 mapped to ASCII control codes
0-31.

Information is input using the .IN-
PUT command. It can be either to a
DIMmed string variable or a memory
address. Output can be .LIST, equiv-
alent to LLIST, but to the external
device .LPRINT, output of variables
or four versions of .COPY. The first
three output the HI or LO RES
screens to the external or Sinclair
printer while the last .COPY 3 sends a
listing. That can be used to form a
simple NET system.

Users who already have the Aszmic
ROM, a replacement for the existing
Basic with monitor/assembler, can fit
it on the card and switch between all
three under software control. At
£19.95 for the ROM and £17.95 for
the external card, ZX-81 owners can
give machines a new lease of life and
both can be recommended. The Asz-
mic ROM is still available at £29.95.
For more information contact Com-
procsys Ltd, 29 Campden Road,
South Croydon, Surrey CR2 7ER.

SINCLAIR PROIECTS Auyeust/Seniember 1984
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Instructive links

VELLEMAN U.K. is the
importer of a number of
interface kits for the ZX-81
and Spectrum. Heart of the
system is a motherboard —
K2615 for the ZX-81 and
K2616 for the Spectrum —
to which all the other
boards connect. In that way
if you change your com-
puter you do not have to
buy a new set of interfaces.

At present those inter-
faces include K2609, an 8-
bit output board, K2610
A/D converter, K2611 8-bit
input board, K2614 Cen-
tronics interface and K2618
D/A converter.

The motherboard con-
nects to the computer user
port via a ZX-81-size 23-
way edge connector, the
connections of which are
continued through to the
back of the board for other
add-ons. Its power is taken
from the computer, via a
regulator, with provision
for an external 9V supply
if required. All the signal
lines are buffered through
74L.5244s,

What sets this kit, and
the interface boards, apart

from many of the kits on
the market is the quality of
the instructions. They in-
clude large circuit diagrams
and a full explanation of
the construction and how it
works, in four languages.
On the Spectrum version a
long explanation of which
address lines are used by the
various Sinclair add-ons is
given, so that you can en-
sure the interface cards will
not clash.

The  output  board,
K2609, connects to the
motherboard via a 31-way
gold-plated connector. The
address decoding is set by
eight jumper leads, on A, to
A, which are spaced so that
they can be replaced by a
DIL switch package if re-
quired.

The address lines are
EORed with the output of
the jumpers and the ad-
dress, if valid, used with the
WR line to latch the data
through a flip-flop. The
data lines are connected to
the base of a transistor and
output taken, through a re-
sistor, from the collector.
That output, max. 25V/

50mA, can be tested using
the LED supplied.

Circuit diagrams are pro-
vided in the instructions to
show how to connect a relay
or, through an opto-isola-
tor, a mains lamp.

The Centronics interface,
K2614, connects to the
motherboard and the ad-
dress is decoded in the same
way as the output board.
The data is sent straight to
the Centronics socket with
the additional signals re-
guired — strobe, busy —
provided by a 74LS123
and 74LS365 respectively.
Jumpers are used to confi-

gure it for non-standard
printers.
These kits — mother-

board £25.69, output board
£19.01, and Centronics
£30.83 — are well thought
out and provide a good in-
troduction to computer in-
terfacing.

For details of the rest of
the range and prices contact
Velleman U.K. Ltd, PO
Box 30, St Leonards-on-
Sea, East Sussex TMN37
TNL. Tel: 0424-753246.

Expensive
I/0 port

THE Domestic Controller
from Indescomp for the
Spectrum provides users
who do not wish to build
their own 1/0 port with a
complete package for input
and output. It has four in-
dependent- input and four
output lines each isolated
electrically from the com-
puter and, provided mains
current is not used, is an
easy-to-use system.

The controller is [/0O-
mapped to port 61441 and
uses the upper nibble for
input and the lower one for
output. Changes in Issue 3
Spectrums mean that the in-
put value may vary by seven
but a Basic program in the
instructions shows how to
overcome that.

The instructions also
show, in simple terms, how
to write to and read from
the controller, giving the bi-
nary representation of the
nibble, the decimal value,
and which input or output
will be on or off. Connec-
tions to it are via screw ter-

minals and it has an
extender card for more add-
ons.

The address is decoded
by two CMOS chips and
then passes through two 4-
bit D-type registers acting
as latches. Output Iis
through one of four micro-
miniature relays, each with
a maximum rating of 1
amp.

The home hobbyist may
find the price of £49.95 a
little high but for the new-
comer to computer control
it provides a convenient,
ready-built package. It is
available from the Spec-
trum chain of shops.

More reviews page 6
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bt ually to swap leads when
n genl 0 us LOADing and SAVEing,
The MI3 interface costs
£74.95. Re-designed to re-
MIRACLE Systems is one screen, it is also written to the interface, also with its duce the chip count, the
of the few if not the only the memory. It is then rela- signals taken from the edge new version is expected to
maker of an RGB interface tively straightforward to connector, which is not retail for around £50. Mir-
for the Spectrum. The rea- convert the memory to the connected electrically to the acle Systems Ltd, 6 Armi-
son is undoubtedly the dif- necessary RGB signals. EAR socket. In that way tage Way, Kings Hedges,
ficulty involved in getting Those signals are made you no longer have contin- Cambridge CB4 2UE.
the correct signals out of a available for either linear or
Spectrum. TTL level monitors through
Normally either the nec- two standard 5-pin DIN
essary signals would be gen- sockets.
erated internally or the By using that method the
screen memory could be ac- interface will work on all
cessed directly. Neither of three issues of the Spectrum
those methods is possible without the need to open it
with the Spectrum. and solder jumper leads
The M13 interface uses into the PCB. The resulting
an ingenious system where- display is rock steady, with
by it has 8K of on-board none of the usual Spectrum
static RAM and, when in- dot crawl.
formation is written to the There is a MIC socket on

Hy = Ey  EIGEN SOFTWARE PHOTON wraithidisassembler for 48K ZX Spectrum
Z80 MACHINE CODE PROGRAMMING
WITHOUT TEARING YOUR HAIR OUT

Like all computers, Spectrum has a rather irksome feature: it faithfully follows the instructions that we actually give it, paying no regard whatsoever to the
instructions we thought we had given it. In a word: bugs. What's more, erroneous machine code programs tend to crash, forcing us to pull the plug and start
again.

If you're beginning to learn Z80 assembly language (machine code) or are an accomplished Z80 programmer you'll appreciate the time and effort that goes
into removing even the smallest bugs. At EIGEN SOFTWARE we aim to change all this and make you a better programmer too. Simply by providing you with that
most precious commodity: time. Less time debugging means more time creating sensational programs.

Our PHOTON contains a sensible disassembler (the only Spectrum disassembler that inserts labels)! and an escape facility in order to regain control after a

crash without losing your precious machine code (even if your program includes an interrupt routine!). More importantly, though, PHOTON contains a wraith

which steps through machine code routines one instruction at a time, giving continuous display of the contents of &/ registers and flags before and after
the current instruction, mnemonics of current and previous instructions, stack details, interrupt system status and mare. So bugs are very easy to spot
since you can identify the precise point at which Spectrums’ Z80A does something you didn’t want it to do. Wraith allows you to initialize all
registers and flags in dec, hex or bin. A users” screen/attribute file can be implemented for graphics programs.
Furthermore, a whole host of excellent routines are sitting in the ROM just waiting for you to use them. PHOTON will show you how these
work (one instruction at a time!) so that you can save time and RAM when writing your programs.
PHOTON's disassembler handles fp-calc and error restarts correctly, gives dec or hex, upper or lower case mnemonics, informative
labels and is ZX printer/microdrive compatible.

3 ; PHOTON also includes BASIC line deletion and character contents of data blocks. For the absolute beginner PHOTON is an
%_ "’w,,{_ invaluable learning aid since the wraith clearly shows the effect of ALL Z80 instructions. Using PHOTON is amazingly simple:
'%ég 2 s % o the menu drive takes care of all parameters.
B ‘-7%% % ""%;y PHOTON is a full colour, menu driven, machine code program and is accompanied by comprehensive instructions.
R AP ; “, ORDER TODAY AND KEEP YOUR HAIR!
= - ’% Send cheque/P.0. for £10.85 (inc. p&p*) to: EIGEN SOFTWARE,
“x . 45 Bancroft Road, Widnes, Cheshire WAB DLR.
e el *Please add £1 if outside UK.
2, d‘@ i E -
s ., 4 ‘7& == b EIGEN SOFTWARE
G, create reality

- QINICT AID DDAOAAITIECTS  Aynrticrf Cantamihbhar 1064



[ H

[

Greater

IN THE April/May issue of
Sinclair Projects, Stephen
Rush’s article on math-
ematical accuracy can be
extended to division by a
number of more than eight
digits, like this:
OO Lt ng = sl
k$ = 33 l s
110 Gosub subtract
120 Forn=1to Len t$: if t$
I:I'l)=“0” or t% {n):“.”
then next n: Goto 300
125 if t$ (1)=*‘-"’ or dpl
then goto 200
130 let m$ =t%: let n$=s%
140 let f$ =p$: let s3=k$
150 gosub Add
160 let p$=1$
| 170 let f$ =m$: let S§=n$
175 Print mk 2, at 17,0; p$°
f$
180 Goto 110
200 if Len p$=p+1 then
goto 335
210 let n$ =s$
215 let s$=+°10"
220 Gosub MULTIPLY
225 let m$ =1t$
230 let f$=Lk§:
s§="0.1"
240 Gosub MULTIPLY
245 let k$=15: let f$=m$:
let s$=n$
250 goto 110
300 let f$=p$: let s$=k$
| 310 Gosub Add
320 Goto 7400
335 let t=p%

By way of explanation,
In line 100, p$ acts as a

Let

let

divid

count for the number of
times S§ — the divisor —
can be subtracted from f$
— the divident. k§ is the
increment of the count, i.e.,
value 1 if the result of f$-s$
is positive, and henceforth
0.1, 0.01, 0.001 and so on.

Lines 120 and 125 check
the result of f$-s3; if it is
zero, the program jumps to
300 for the final increment.
In line 125 the OR dp 1 is to
ensure that the correct re-
sult is obtained when divid-
ing by decimal numbers.

Line 130 saves divident
and divisor.

Line 140 to 160 increment
ps.

Line 170 restores divisor
and divident.

Line 175 prints-out cur-
rent state of the calculation.

Line 200 checks the re-
quired number of decimal
places has been reached.

Line 210 saves the divi-
SOT.

Lines 215-225 take any
remainder less than the divi-
sor, brings down a zero for
further division and saves
this in m$.

Lines 230-240 reduce the
increment of the count by
0.1. That is done by multi-
plying by 0.1 rather than
dividing by 10 as the latter
leads to place errors.

Lines 300-310 add final

increment to p$ prior to
printing the answer when
division is exact.

Line 335 places p$ into t$
when division is not exact
prior to printing.

The routine works as well
as exponentiation for speed
and performs division by a
400-place decimal number
in about an hour.

Ronald Liddle
Brandon, Durham.

Changes not

welcomed

1 WRITE to express, at the
very least, displeasure at the
way Sinclair Projects has
been changed, starting with
the April/May and now, I
see, the June/July issues.

The first year your maga-
zine was excellent with six
projects and one or two
software — if we were un-
lucky. Now we have four
projects. I have found only
two and an update on the
joystick article in the last
issue. That is one-third of
the normal number of pro-
jects.

You must be trying to
help readers with the advice
column and that is a useful
change but articles like the
ones about the QL, which
are best left for Sinclair
User, drive me round the
bend.

If you are running out of
ideas, here are a few — a

speech synthesis project
based on the SP0256; a
Spectrum keyboard; radio-
control system for the
prowler; light pen-power
via the Spectrum power
plug, based on an extremely
fast photodiode amplified,
and signals from it passed
to the Spectrum EAR sock-
et.

You no longer publish
names of technical asses-
sors. Could it be that you
design your projects exclu-
sively?

In common, I am sure,
with many other Sinclair us-
ers, I want Sinclair Projects
to return to the old format
— six projects, one soft-
ware if you must.

David Ely,
East Horsley, Surrey.
® The changes are the result
of a change in the direction
of the magazine. We felt
that previously it had been
too limited and that readers
would appreciate a wider
look at the Sinclair hard-
ware scene. The result is
that we now publish more
news and reviews as well as
general information, such
as this month’s articles on
the Motorola 68008 chip.

That means that there is
less space for projects but
we consider them an im-
portant part of the maga-
zine and will attempt to give
two hardware and two soft-
ware projects in each issue.

_UPMTE line 16

JUNE/JULY, Update,
should read ..C=A+B+(A+B)
Column 2, line 19, should read
AB,Q2,AT3,A13. Column 3, line 14,
should read A135 to pin 6.

Motorola 68008, page 11, column
1, second paragraph, UDS and LDS
are low. Page 12, line 6, should read
| BR pin.

Digitiser, page 19, line 22 should
read ADCl and ADC2 conversion

cycles. ADCI enables . . .

Locotrol, page 26, components list,
all resistors are 1W. Page 33, diagram
13, the longer lead is the anode.

Joystick, page 40, figure three, line
A8, the first switch should read SH
not G/S.

Digital Electronics page 42, third
column, line 13 should read B=0,
Q=1 and Q=0, Q and Q are. Page
44, third column, line 16 should read
“‘of a gated SR flip-flop occurs when

both S and R are low and as that
affair can no longer happen...”
Page 46, line 15, should read ‘‘Alter-
native symbols for the rising edge are

} and Second column line 16
should read “*but no Q output. That
is no loss, as the Q output . . .”” Page
47, first column, line 17 should read
“from Q, which will be low.”” Line
19, ““and Q and hence D.”’ Third
column, line 15 should be “‘previous
state of Q and Q.”
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Trapping errors on the
important power source

Our advice correspondent,
Trevor Marchant, offers help
on connectors, joysticks and
other problem areas.

OW MUCH we take the
Hhumble power supply for

granted. Inside the little
black box by your computer is the
source of its power. You plug it in
and either it works or it does not.
What if it does not? There are three
types of power supply used by Sin-
clair — UK 700, on the ZX-81; UK
1200, on the ZX-81 with printer; and
| UK 1400 on the Spectrum.

At one time if you bought a ZX
printer you also had a 1200 power
supply but things have changed; now
you get paper instead. That may seem
a little strange when you think a ZX-
81 requires the 1200 power supply to
be able to use the printer — plenty of
paper but nothing on which to use it.
I hope that gives you some idea of
just how important that little box is.

For those with some knowledge of
the things a relatively simple example
is using a mains transformer with
thermal cut-out, four diodes and two
smoothing capacitors — see figure
one.

The 220-250V mains is fed via the
blue/brown leads to the transformer,
the live lead via a thermal cut-out.
The device is sensitive to temperature

Figure 1.
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and will open circuit at about 105
degrees Centigrade. Most cut-outs are
non-resettable and, if open, require
replacing; always use the same type or
the closest possible i.e., =5 percent
of the value; the same applies to
fuses.

The transformer converts 240V AC
to a lower AC voltage, although it
can be higher but not in this case. The
transformer also isolates you from
the mains, so if you hold the 9V DC
plug in your hands it will not harm
you. To continue, the AC voltage is
rectified by the diodes D1 to D4 and
smoothed by Cl and C2 to give an
output of approximately 9V DC.

While that output is well-smoothed
it does not need to be well-regulated
as the Spectrum will accept anything
from 7V to 14V, but consider the 5V
regulator inside your computer — the
more voltage you feed to it the more
it has to drop, hence the higher the
input the hotter it will get.

Some PSUs will give out up to 16V
DC without a computer connected

but that should fall to approximately
12V when connected. If you wish to
build your own PSU the output
should be about 10V at 1.4amps for the
Spectrum and 1.2amps for the ZX-81
— that allows for use of the ZX
printer. For those with Microdrives
and interfaces I would suggest going
up to 2amps if you are building your
own.

I have a 0-30V/0-3amp PSU built
by myself and it is a most helpful
device, costing around £20. The prob-
lem with power supplies is that some-
times they do not work, so for what
do you check first?

If you have a friend with a. com-
puter, try his power supply, assuming
it is the same type, of course. If it
works on your computer, your PSU is
at fault. First check the fuse of your
PSU plug — maximum of 3amps; if
indoubt, changeit. Try your computer
again; if it does not work try wrig-
gling the input plug to your com-
puter. If it produces rubbish on the
screen or goes off again, unplug your

Figure 2.
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computer and, using cutters, cut off
the 9V DC plug. Take it to any elec-
trical shop and buy a replacement of
the same type. The new one will have
to be soldered on — striped lead to
tip, ZX-81; striped lead to inner/
outer, Spectrum,

If you have any other fault on your
PSU you should not connect it as it
may damage your computer; fix it if
you know how or seek technical ad-
vice, perhaps at your computer club
or from Sinclair. Under no circum-
stances should you attempt this if it is
under guarantee, as it will invalidate
it. Send your complete computer with
a note to Sinclair. Remember mains
can kill, so do not mess with it.

Many people have their computers
in other cases — for example, the
Fuller FDS, which I have. For one
reason or another some people do not
like the original Sinclair keyboard. I
want to do word processing/typing,
s0 a standard keyboard has its advan-
tages, especially if vou are learning to

type or doing a good deal of pro-
gramming.

The wiring inside the keyboards is
fairly easy but, even so, I managed to
make mistakes. So if you consider
changing, be careful. Changing key-
boards also invalidates the guarantee,
so think carefully before you do so,
as Sinclair could refuse to fix it.

For people who like to look inside
their Spectrums, there are three types
— figure two. Issue One may have a
modification fitted on top of the
board, a little PCB with wire legs. It
will also have an oblong PCB fitted
on top — the expansion 32K RAM
pack. Issue two has the same style
heatsink as issue one, but no RAM
pack; all the 32K expansion RAM is
on the main PCB, which has been
tidied as well as being re-laid. Issue
three has a heatsink at the top, unlike
issue one and two. Otherwise it is

much the same as issue two, except
the regulator has moved along with
the heatsink.

If you buy a Spectrum today it is
possible to have any of the three
types, since the repair units are not
numbered differently. Do not worry
— the difference between them in
computing terms is insignificant.

Any reader with a problem can
write to Sinclair Projects and T will
try to answer. Programming is not
one of my strong suits, so please bear
that in mind, but I will be pleased to
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deal with any computer or add-on
faults.

K I Durkin writes of difficulty with
the joystick in the October/Novem-
ber issue. 1 have two suggestions.
First, try a friend’s joystick to see if
that is the problem; try to use a non-
Atari type. Second, check the polarity
of your components, diodes, transis-
tors and ICs. Then check your PCB
tracks for shorts and opens; the sol-
dering is the final check. If that is
satisfactory all I can suggest is that
you obtain some breadboard
Tandy — and try to re-build the
circuit on it. When you have a work-

& 9090000000

PIN 24

Edge connector
end of PcB board
[}

—_— e —

ill

ing circuit transfer it carefully to a
PCB.

R A Latham writes that he has a
ZX-81 kit and wishes to fit a ZX
RAM — 4816. The information I
have on 4816 is that it is a 16-pin, 16K

*® 1-bit device. It is, however, of no
importance if yours is not Hitachi,
since no allowance is made for 16-pin
chips on the ZX-81. Therefore you
must use one of the following: 1K —
2114 NEC, 2 off, 18-pin device, re-
quires no links; 4118 Mostek, 1 off
24-pin device, with link L1 made;
2114 Motorola, 2 off, 18-pin device,
requires no links; 2K — TMM 2016P-
Toshiba, 24-pin device, with link L2
made; D4016-1 NEC, 24-pin device,
with link L2 made; TMS 4016- Texas,
24-pin device, with link L2 made.

Note that L1 = 1K except 18-pin
devices and L2 = 2K with no excep-
tions.

Do not leave in any link next to
RAM IC4 unless it is required, You
will notice 28 holes in IC4. You will
need to use the pins from 3 round to

RNIDIITIV0IONT

26; there is a line to show you on the
PER:

Sean Ogden writes that he has lost
the use of his ZX-81 power supply.
He can either buy one or build his
own. If he wishes to buy one I would
advise contacting either Adaptors and
Eliminators, 14 Thames Street,
Louth, Lincs or Hinchley, Southgate

WIDVINININNI O

House, Devizes, Wilts. Both compan-
ies produce ZX-81/Spectrum PSUs.

Mathew Burgin writes that he
would like to control light bulbs to
robots with his 48K Spectrum, ason a
BBC micro. There are controller
boards to do almost anything with the
Spectrum. Try contacting Harley Sys-
tems Ltd, Box 7, The Pepperboxes,
Great Missenden, Bucks.




turns are correct

Following last month’s article, Brian Lee has extended the
capabilities of his model railway controller, which works with

both the ZX-81 and Spectrum.

EFORE developing the Loco-
Btrol system further, a small

modification is required to the
speed controller described in part
one. Figure one shows the relevant
part of the circuit diagram. An extra
diode, D8, has been inserted and the
connections altered as shown.

With the original arrangement, ca-
pacitor C1 has far too small a value to
smooth the track voltage at the high
current taken by the train motor and
the resulting ripple on the supply can
cause difficulties with the electronics.
D8 isolates the track supply from Cl,
so the supply to the track is now
unsmoothed DC.

That also improves the slow-run-
ning performance when using manual
control. D8 will also protect ClI
should the polarity of the power sup-
ply be connected the wrong way. Any

pin. Finally, fit the new link A, as in
figure 2b.

Electrically-operated points usually
have a solenoid with two coil wind-
ings, one to switch the points in each
direction. Since the windings are of
very low resistance they can easily be
burned out if the current is allowed to
flow for any length of time. That may
easily happen if the points stick. To
overcome the difficulty, a capacitive
discharge system is often used and
that is the basis of the system to be
described.

The circuit diagram of a controller
for one set of points is shown in
figure three. With the relay contacts
in the position shown, the upper ca-
pacitor will charge up to supply volt-
age via the 390R resistor. When the
relay contacts change over, that ca-
pacitor will discharge through the up-

Table 1.
Data Bit D; D D, 0. D D; D, Dy
Value for Logic 1 128 64 32 16 g 4 2 1
Function Pt, Pt;

Pty |Directi0n b !5 i
1

further modules to be powered from
the same supply must now have an
isolating diode and their own smooth-
ing arrangements.

Figure two shows the changes re-
quired on the circuit board — 2a is
the original circuit and 2b shows the
changes to be made. First remove the
link A, then remove the diode DI
carefully. That diode may then be re-
fitted as D8 as the lead length is the
same. A new diode is fitted as shown
for D1. Make a new track break B
and solder a new Veropin at the end
of that track. The flying lead marked
15V IN should be transferred to that

per solenoid coil, AC, thus throwing
over the points. In that position the
lower capacitor will charge up.

Note that the upper capacitor will
not re-charge, as the current flows
through the solenoid winding to
earth. That current is limited by the
resistor to prevent damage to the coil
winding. Each set of points is con-
trolled by the data from terminal Pt,,
Pt; or Pt; on the speed controller, as
explained in the previous article. That
data switches the relay via the transis-
tor as shown.

The design was chosen for simplic-
ity and cheapness and because only

Making sure the ..

e -

COMPONENTS LIST

Speed control unit modification

D8 IN4001

One additional IN4001 diode and one
2,200u capacitor on output of power
supply — see figure 12.

Points control board

Transistors

TR1, TR2, TR3 BC107B {3 off)
Diodes

Dy to De IN40O1 (6 off)
D'J. Ds. Ds |N4148 [3 fo}
Resistors

R1 ta R6 390R 3w (6 offl
R7, R8, R9 10K tW (3 off)
Capacitors

C1to C6 2,200 25V (6 off)
Relays

Ultra min. relay

12V DPDT Maplin ¥ X95D (3 off)

Switches (optional)

S1, 52, 53 SPST Ultra min. toggle
Maplin FHS7F (3 off)

Veroboard

1 piece 36 tracks x 43 holes

Strip connector block

12-way or 15-way if fitting manual

switches

Sundries

Veropins, connecting wire

TRACK SENSORS

Components to make one sensor

Semi-conductors

TR1 IR sensor TIL 78
TRZ BC107B

0O, IR LED TIL 38
Resistors

R1 See text

R2, R3 10K 1w

Strip connector block
S-way one off
Track sensor buffer board

IC1, IC2 74L5132 12 off)
Capacitors
(1 |2 (o 0.1x disc ceramic(2 off)
Veroboard

1 piece 20 tracks = 32 holes
Strip connector block
10-way 1 off
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Figure 3. Circuit to operate one set of points.
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one bit of data is required to switch
the points either way. One disadvan-
tage is that once the points have been
operated, several seconds must elapse
before the other capacitor is charged
sufficiently to operate the points in
the opposite direction. That should
present no great difficulty provided a
suitable time delay is incorporated,
where necessary, in the software.

Before starting to build the control-
ler a few points are worth bearing in
mind. Most points motors are sup-
posed to work from a 12V supply but
those devices are notoriously tem-
peramental and some require a far
higher voltage. If it is possible, I
suggest you test your sets of points by
making the circuit of figure three on a
breadboard to see if your power sup-
ply is adequate.

In the next instalment details will
be given of a more sophisticated,
high-power controller which also has
a much faster recovery time, more
suitable for repeated points-switching
operations, such as in a model goods
yard.

Figure 4.
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For the simple system, however,
figure four shows the component lay-
out for a board to control three sets
of points. The Veroboard has 36
strips by 43 holes and the construc-
tion is straightforward. Fit the three
link wires which run beneath the ca-
pacitors before those components are
fitted. The 390R resistors should be
mounted clear of the board, as a fair
amount of heat is generated in the
components. Manual switches were
not fitted on the prototype, as it was a
simple matter to flick over the points
by hand.

The wiring for one switch is shown,
however, in figure three and the
switch connections are shown on the
board layout. If that arrangement is
to be used, remember to leave all such
switches in the open position when
using computer control. Note that the
signal-box-type switches supplied
with Hornby points motors are pass-
ing-contact switches and are unsuit-

Figure 6.
IR LED mounting

u“ Anode
able in this application. All
connections from the board are

brought to terminal strip connectors
as shown in the photograph. The
sharp-eyed may notice that 1,000
capacitors are shown. Those were un-
reliable and the circuit board layout
has been dimensioned to take capaci-
tors of 2,200u as listed.

For the computer to be able to
operate the points in a logical man-
ner, some form of input must be
provided to indicate the position of
the train at any time, so the next
module to be considered is a position-
sensing unit. One sensing method

Figure 7.
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Figure 9. Line of sensor angled to prevent gaps
between rolling stock giving false signals.

commonly used is to have reed
switches on the track actuated by
small magnets fitted under the roll-
ing stock.

The method is inexpensive but has
several disadvantages. For instance,
the items of rolling stock with the
magnets attached must always be po-
sitioned at the ends of the train. A
bigger disadvantage is the contact
bounce experienced with the devices.
Circuitry may be used to compensate
for it but it is not reliable for all train
speeds.

The devices used in this project
consist of an infra-red LED providing
a light beam across the track, the
interruption of which is detected by a
photo-transistor. Figure five shows
the circuit diagram for one complete
sensor. R1 limits the current to the [R
LED. The LED specified is a high-
power type and can safely pass
100mA or so. In the detector, transis-
tor TR2 amplifies the output from the
photo-transistor TR1 and the output
is buffered by the Schmitt NAND
gate.

In this configuration, the output
will be high when the light beam is
uninterrupted. Up to eight of the
devices may be used on one input
port. The IR LED is mounted on a
connector block as in figure six. Each
lead should be extended by soldering
on a short length of single-strand
connecting wire and the leads bent as
shown to bring the LED to about
25mm. above the baseboard, as

shown in figure nine. I used a piece of
red-sleeved wire on the anode of the
LED for identification when wiring.
The LEDs may be connected in series
and one resistor, R1, used to limit the
current.

Figure seven shows a number of
LEDs (n), in series with resistor R, n
being the number of devices you are
to use. First measure Vs, the voltage
available from your supply. Separate
smoothing has to be provided for
modules other than the speed control-
ler and Vs must be measured with
that in circuit.

Figure 12 shows the wiring of a
complete control system and Vs
should be measured at a point after
the IN4001 diode as shown, prefer-
ably with the train running to obtain
a realistic full-load voltage. The other
modules do not need to be connected.

As mentioned in the previous arti-
cle, the 15V figure is nominal and the
smoothed output of my particular
supply is around 22V. When driven at
100mA the volt drop of each LED
will be 1.4V, so that figure should be
multiplied by the number of LEDs to
give V1. The voltage to be dropped by
the resistor, Vr, may then be calculat-

ed, Vr=Vs—VI1. Since the com-
ponents are in series, the same current
will flow through R as that taken by
the LEDs i.e., 100mA. So, using
Ohm’s Law, R=Vr/100mA,

Now for the power rating. The
power dissipated by the resistor is
equal to VR x I, so a suitably-rated
component should be chosen. When
testing the system I used six sensors,
so my calculation for R1 was:

Vs =22V — Measured at the supply
VI =6x1.4V=8.4V

Vr =Vs-=-VI
=22—-8.4=13.6V
R1 = Vr/100mA

= 13.6/100mA = 136R
The nearest higher preferred value
is 150R:
Bl
=13.6 X 100mA = 1.36W
The nearest higher rating is 3W, so
the resistor to use is a 150R 3W.

By selecting a higher preferred val-
ue, the error is on the safe side, as the
current will be less than 100mA. In
this case the current proved to be
90mA when measured, which gives
ample light intensity.

continwed on page 18

Figure 10. Buffer board for track sensors.
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Simply by connecting your
Spectrum to the telephone line, via
the award-winning Prism VIX 5000
communications modem, you can get
to all the information, games and
communication facilities held on
viewdata mainframes.

So, you can link into a variety of
services, including Prestel and
Micronet 800. Access hundreds of
software programs—many completely
free. Talk to fellow users. Keep up-to-
date with all the latest national,
international and micro news. Play
on-screen games. Check sports
results. Book travel and entertainment.

---cind access an
of news, view

InterCity 129

A
i . __ g |

This is the nn of the Train

Travel

[ _ g
[ VTX 5000 |
. Power R!’epﬁwnejade—sacket-

Learn a language.

The choice is simply vast.

Plus, your Prism VIX 5000
allows you to communicate directly
with other Spectrum owners.

And now, our special offer means
that you can do all this for just £11*a
month. So complete the coupon and
send it to us today, and we will let you

have full details of our unbeatable offer.

* All prices quoted refer to domestic use only. For business use the Prestel annual standing
charge is £66. Therefore business users will be billed £44.50 perquarter.
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Prism Microproducts Ltd.

® A Prism VTX 5000 worth £99.95.

@ One year’s subscription to Prestel
worth £20.00.

@® One year’s subscription to Micronet
worth £32.00.

@ Free user-to-user software -normally
retailing at £19.00.

® Quarterly hardware and software offers.

® Discounted software through Micronet
(up to 20% off retail prices).

r . R
FOR JUST £11* A MONTH YOU WILL GET:

Prism House, 18-29 Mora Street
City Road, London ECIV 8BT.
Tel: 01-253 2277

Prestel symbol are trademarks of British Telecommunications

Prestel and the
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Please send me full information on your special offer
to Spectrum users.
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continued from page 4

Each IR detector is wired as shown
in figure eight, the assembly being
self-supporting. If the resistors R2
and R3 are first fitted to the connec-
tor block with their leads left straight,
the two transistors may then be at-
tached as shown. That is made easier
if each lead first has a small loop
made on its end, using long-nosed
pliers, the loops being nipped to hold
the component in place while the sol-
dering is performed. Note that the
base of TR1 is not connected.

After soldering, bend the leads as
in figures eight and nine. Daylight
affects the operation of the device, so
some form of hood is required. I used
a 4in. length of plastic sleeving which
was a neat fit on the photo-transistor.
Figure 10 shows a suitable board lay-
out for two 74LS132 Schmitt NAND
ICs. That will provide a buffer for
eight sensor devices.

The 5V supply for the sensors and
buffer board is from the 5V extension
connector on the speed controller.
The OV line and the eight outputs, D,
to D5, are connected by ribbon cable
to a 16-pin DIL plug using the stan-
dard pin configuration used in this
magazine. That may then be plugged
into an output port such as one of the
ports on the sound board.

Using the modules described so far,
a simple railway layout could be oper-
ated completely under computer con-
trol. Signals or signal lights do not
need to be controlled directly as they
may be wired easily to follow the
operation of the points.

Figure 11 shows a basic track lay-
out. Each siding has two track sen-
sors, one to indicate that the train is
clear of the siding, the second to
detect that the train is at the end of
the siding. For this layout it is as-
sumed that no train will be longer
than the siding.

A more complex system would in-
clude a third sensor on the other side
of the points and the computer pro-
gram would test to see if the train was
too long. Two sensors are sited on the
main line, one adjacent to the station.
Figure 12 shows the inter-wiring to
hook-up the system. On the subject
of power supplies, transformers are

expensive items, so if you do not have
a suitable supply 1 would suggest
using a 12V car battery charger. They
may be obtained relatively cheaply
and supply a similar voltage to that of
train controllers and will deliver in
excess of 4A, which should be ade-
quate for the biggest railway layout.

Their output, like that of convention-
al railway power supplies, is un-
smoothed DC, so such a unit could be
used without modification.

The cases of the units are, however,
bulky and a much more compact unit
could be made. If, however, you have
doubts about working on mains

Figure 11. Track layout.
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equipment, it would be safer simply bridge rectifier, BR1, is also bolted to  out disturbing others, an addition or

to extend the DC supply leads and
conceal the unit below the baseboard.

A circuit for a power supply using
the charger transformer is shown in
figure 13. The unit should be built in
a metal case, the transformer being
bolted directly to it. Fit a solder tag to
one of the securing bolts and make a
good earth connection to it. The

the case for heat sinking, so no circuit
board is required. Table one summar-
ises the control functions of the out-
put lines. Machine code has direct
instructions to set and re-set each bit
independently but if you are using
Basic the decimal values shown must
be used to set the corresponding bits
to 1. To change a particular bit with-

subtraction must be made as appro-
priate. In reading the input port, ma-
chine code again has the advantage of
having instructions to test the value
of individual bits. A bit test in Basic
may be carried-out as follows — if n
equals the decimal value on the input
port, the logical value of bit a is given
by INT(n/2Ta) - 2*INT(n/21(a + 1)).
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Play with figures

on your ZX-81

Calculating and comparing interest rates is made easier with
these two programs by Bill Johnson.

S A life assurance salesman for
11 years, I have been in-
volved closely with clients’

personal financial planning. Nat-
urally, I have made things easier for
myself by developing a number of
utilities for my 16K ZX-81. This
Compound Interest program is one of
five such financial utilities for which
the ZX-81 is ideal.

In any compound interest calcula-
tion there are four elements — 1,
present - value; 2, future value; 3,
period; and 4, interest rate. Given any
three of the four elements the pro-
gram will calculate the fourth. Here

| are some examples:

What capital sum would need to be
invested today to provide £5,000 in
four yvears and four months for, say,
retirement, given an interest rate of
7.25 percent per annum?

By selecting option 1 of the pro-
gram and inputting the data given,
the objective would be achieved by
investing £3,691.89 now.

Future value

Option 2 provides for the calcula-
tion of future value which is often
used in compound interest calcula-
tions but with the difference that the
period can be in years and odd
months.

Try an illustration. 1 have £2,000;
the current rate of interest is 9.25
percent per annum; how long will it
take for my capital to grow to
£5,0007 The answer will be shown,
10yrs, 4mnths.

Option 4 enables you to check the
rates of growth of your capital invest-
ments. For instance, you could check
what your life assurance salesman
was offering. He may have said that

his company could probably turn

vour capital of, say, £1,500 into
£3,000 in 10 years, assuming a rate of
growth on the fund of 7.5 percent per
annum. Using option 4 you could
check the true rate of growth of your
money and see how much is taken in
charges. Using the program shows
that the return on the investment
would be 7.13 percent per annum.

Program

0- 250 MENU and Option selection ‘me-

chanics®

1200-1295 Calculation of Present Value
1400-1540 Calculation of Future Value
1600-1740 Calculation of Period of Time
1800-1940 Calculation of Interest Rate
8000-8060 Display sub-routine
8620-8650 Display sub-routine
8660-8740 Display sub-routine

Points to note are that you SAVE
your newly-entered program with
SAVE “PFP 1'* or similar; there may
be others; loading time is just over
two minutes; after entering or loading
your program enter RUN or GOTO
1; when entering the period — vears
and months — be sure to press New-
line after entering years and again
after entering months. A screen
prompt reminds you to enter ‘@’ if
vears=0 or months=0; after each
calculation the screen prompt indi-
cates {P=COPY; M=MAIN
MENU; R=NEW CALC). The first
two options are self-explanatory —
the third, ‘R’, will give you another
opportunity of carrying-out the same
type of calculation as that just com-
pleted.

Try calculating the value of your
house in 10 years, assuming an infla-
tion rate of four percent. Also, as-
suming the same inflation rate, what
would be the purchasing power of £1
in 10 years, in today’s terms? Both of
those questions can be solved using
option 2 of the program. The clue to
the solution of the second problem is

to enter the interest rate as —4=100/
104.

The second program tells me what I
would need to save each month over
the next 10 years, assuming a growth
rate of nine percent per annum, to
give me £3,000. How much would
£100 saved annually give me after
seven years six months if it grew at
7.25 percent per annum? What differ-
ence would it make it [ put in an extra
£100, once only, at the beginning?
What growth rate would I have en-
joved on my savings of £500 per
annum for those to have growth to
£7,650 in 10 years eight months? All
those and many similar questions can
be answered using this program.

Present value

The main menu offers the choice of
saving monthly or annually. Touch-
ing ‘1’ or ‘2’ instantly produces a sub-
menu offering five options. Again a
touch on any key ‘1’ to °5’ produces a
user-friendly call to action.

On selecting option 2 on the sub-
menu for calculating future values of
savings, you can also ascertain the
effect of putting in an initial cash
lump sum at the time the first month-
ly or annual payment is made.
Alternatively, it can be used to take
account of the present value of your
savings and what the total value
would be at a certain time in the
future if you continued to save a
given amount and growth continued
at a certain assumed rate.

The program occupies just owver
10K of RAM. Save your newly-en-
tered program with SAVE ‘‘PFP 2"
or similar. It takes approximately
four-and-a-half minutes to re-load.

The breakdown of the program is:

0- 120 Main menu and Option selection
mechanics
Installment Savings: Monthly —
sub-menu options
Calculation of monthly payments
Calculation of future values
{monthly payments)
Calculation of period (monthly sav-
ings)
Calculation of
(monthly savings)
Installment Savings: Annual sub-
menu options
Calculation of annual payments
Calculation of future values (annu-
al payments)

1000-1270

1200-1270
1400-1570
1600-1780
1800-1997 interest  rates
2000-2020

2200-2280
2400-2580

20
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2600-2780 Calculation of period (annual sav-

ings)

2800-2999 Calculation of interest rates (annual
savings)

8000-8020 Display sub-routine — monthly
savings

8030-8050 Display sub-routine — annual sav-
ings

8060-8190 Sub-routines for sub-menu

8600-8650 Sub-routines for  user-friendly
prompts

8660-8720 Sub-routine for inputs and screen
display

8810-8850 Sub-routine for future value calcu-
lations

Q000-9060 Screen management sub-routine

The formulae used in the calcula-
tions look complicated but are really
straightforward. The only option
which may take a little time is that of
the interest calculation; it can some-
times take up to 30 seconds to provide
the answer. If the screen stays blank
for much longer or you want to re-
gain control of the program key,
‘BREAK’ followed by ‘SLOW’ and
then ‘GOTO 1’. In such a case try
doubling the payment and future val-
ue figures and re-enter using the same
period.

The program will not cope with
negative rates of interest on option 4
of the sub-menu. If, inadvertently,
yvou enter data where the future value
is less than the total amount saved for
the period, the screen will show
*“What kind of investment is this?”’
You can then return to the main or
sub-menu as required for another cal-
culation,

The interest calculation is an ap-
proximation formula which makes up
to three attempts, using loops, at
finding an interest rate which will
satisfy a given set of criteria — see
program lines 1920-1990 and 2920-
2993, At the end of the process the
figure appearing on the screen should
be reasonably accurate.

Where very small or very large in-
terest rates are involved, the results
may be less accurate than with those
between five and 25 percent. Initially,
until you have the measure of the
interest rate calculation, try feeding
the interest rate calculated back into
option 2 of the sub-menu and see how
the future value compares to that
with which you started.

The program comes into its own
when calculations are made involving

years and months, as the examples
show.
After each calculation the screen

CALC). The first two options are
self-explanatory; the third, ‘R’, will
return you to the sub-menu, monthly

prompt indicates (P=COPY; orannual, to whichever one you were
M=MAIN MENL; R=NEW on in the last calculation.
Program 1.
5 REM personal financial plan 1520 LET I(1,1)=(EXF (LN ({100+]
ning €13 BY BILL JOHNSON }A100) /120 —1) %100
B DIH I(1,1) 1525 LET V=<(INT ((F=((1+I(1,1)/1
2 DIM Vii,1) 000 *#hpx100) +.5) ) /100
10 CLE 1530 PRINT AT 19,0; "FUTURE WALUE
20 PRINT TAR 3 :"PERSONAL FIMA = £H.iy

NCIAL PLANMING"
30 PRINT TAR Jg"————————mmmmm e
40 PRINT AT 3,73"COMFOUND INTE
REST"
EG FRIND AT 4,780 ———————————

FRINT

&0

Eleit
70

LFE (L]
80

LlE i
0
100

ATE"
190 PRINT

Me(1-—4)"
200 IF INKEY#$<>"“ THEN GOTD 200
210 IF INKEY$="" THEN GOTO 210
220 LET O#=INKEY#

230 IF OF<"1" OR OF>"7" THEN GO

TO 200

240 LET S=VAL OF

250 GOTO 1O00+200%5

1200 REM calculation of present

wvalue

1201 CLS

1202 PRINT

REST"

1205 PRINT

o e e 10

1210 FRINT
DF PRESEMT
1215 PRINT

AT &,B;"CALCULATION O

FPRINT AT B,3;"1.PRESENT VAL

FRINT AT 10,3;"2.FUTURE VAL
FRINT

FPRIMNT

aT
AT

12,3; "3.FERIOD"
14,3; "4, INTEREST R

AT 20,65 "SELECT OFTIO

AT ©,8; "COMPOUND INTE

AT 3,2; "CALCULATION
YALUE"

] GOSUB
LET M=Y*12+X

1280 LET I(1,1)=(EXP (LN ((100+I
YA100) F12) -1 %100

1285 LET P=(INT ((Y/((1+141,13/1
OQO) %M} ) 2100+, 5) A100

1290 PRINT AT 19,0;"PRESENT VAL
E = "iF

1295 GOTO 8000

1400 REM calculation of future v
alue

1401 CLS

1402 PRINT AT ©,8; "COMPOUND INTE
REST"

TACS CETHT AL 1 el .

1420 PRINT AT 3,2; "CALCULATION O
F FUTURE WALUE"
1430 PRINT AT 4,23 "—==rm==——ee——

1440 PRINT AT 6,23 "ENTER
valUE ,NUMBER DF "

1450 GOSUB 84630

1460 IMPUT P

1470 PRINT AT 13,03 "PRESENT VALL

(= st o

1480 GOSUB BA80D

1515 LET MN=Y#1Z+X

FRESEMT

1540 GOTO 8OO0
1600 REM calculation of period

1601 CLS
1602 FRINT
REST™

1605 PRINT

1620 FRINT
F PERIOD"
1630 PRINT

1640 FRIMT

VALUE FUTURE

1450 FRIMT

AT 0,8; "COMPOUND INTE

AT £, B3 e

AT I,46; "CALCULATION O

AT 4,65 " =———m—mmmm

AT &,0; "ENTER FRESENT
vaLLUE*"
AT 7,43 "AND ANNUAL IN

TEREST RATE"

1650 INPUT
164790 PRIMNT
: Lucp
1680 INPUT
1620 PRINT
1 hvry
1700 INPUT
1710 PRINT
E: “;I;TAB

P
AT 9,13 "FRESENT VALUE
v
AT 11,1:"FUTURE VALLE
I

AT 13,13 "INTEREST RAT
22y "F.CENT P.A"

1715 LET I(1,1)=(EXP (LN ((100+]
VALY F1Z2) =1) #1000

1720 LET W=

INT (LN (MAP) Y/ ILN |

1+E(1,1)Y7100))+,5)

1723 LET ¥=

INT (N/12)

1730 LET X=MN-¥*12

1735 PRINT
= "y TAR

AT 15,1;"PERIOD
18; "YEARS—"3 X3 "MNTHS"

1740 GOTO 8000
1800 REM calculation of interest

rate

1801 CLS
1802 PRIMT
REST"

1805 PRINT

1820 PRINT
F INTEREST
1830 PRINT

1840 FPRINT

AT ©,8; “COMPOUND INTE

RATE"

AT &,03 "ENTER PRESENT

ValLUE,FUTURE VALUE"

1845 FRINT
YEARS AND
1850 GOSUE
1840 INPUT
1870 FRINT
B
1880 INFUT
1890 FRINT
fes iR,
18935 INPUT
1897 FRINT
: "iYiTAB
1900 INPUT
1910 FRINT
1ipf=tl]
2 1SIET:
1920 LET

AT 7,1:"AND NUMBER OF
MONTHS "

B&40

F.

AT 13,0; "PRESENT VALU

W
AT 15,03 "FUTURE VALUE

¥

AT 17,03 "PERIOD

18; "YRS-"

X

AT 17,23:%; TAB 263 "MN

M= %12+X
I{1,1)=(EXF
1/M)=1) #1000

(LN (V/P) %%
continued on page 24
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@ The Finance & Estates Officer,
* University College of Swansea

@ University of East Anglia, Schoolof

Biological Science
@ Westlield College, Uniurutyor

London
® Westfield College, Department of
Zoology, University of London

@ School of Physics, University of

Mewcastle upon Tyne

Oxford University Gurnpullng
Service

The University of \Ihrwlck
University of Aberdeen, Department
of Geography

The University of Sussex
University of Bristol
Heriot-Watt University Dept. of Civil
Enginearing

The New University of Ulster
The University of Strathclyde
The University of Southampton
University of Liverpool

The University of Aston in
Birmingham

University of Keele

University of Surrey

University College of London
The University of Dundee,
Microcomputer Centre

POLYTECHNICS

Thames Polytechnic
Polytechnic of the South Bank
Coventry (Lanchester) Poly
Dept. of Applied Chemistry Coventry
(Lanchester) Poly

MNewcastle upon Tyne Paly
Manchester Polytechnic
Hatfietd Polytechnic Dept. of
Psychology

The Palytechnic

Leeds Polytechnic

Kingston Polytechnic

City of Birmingham Polﬂachnlc
Middiesex Polytechnic
Plymouth Polytéchnic
Portsmouth Polytechhic

Uister Polytechnic

Liverpool Polytechnic

COLLEGES
Chelsea College, University of
London

Guildford C.C. of Technology
Kings College, London

University College of Swansea
Statistics Deparffiant, Computar
Cantre Building, University College
of Swansea

Nene College, Computer Services
Cambridgeshire Coliege of Arts and
Technology

LondonBorough of Havering, The
Principal Havering Tachnical
College

Blackpool and Fylde Collage
Jordanhill College of Education
Bromiey College of Technology
Guildford County College of
Technology

Kilmarnock College

Wearside College of F. Education
Wearside College of F. Education,
Dept. of Electrical & Mining
Mewark TC School/College
National College of Agricultural
Engineering

Bradtord & likley Commuinity
College

Goldsmiths College

College of Arts & Technology
Head Crafl, Design & Tech.

South London College

St. Columbus College

Robert Gordon’s Institute of
Technology

Chelmer Institute of Higher
Education

Southwark College, Maths/Physics
Department

@ Newark Technical College

@ Matlock College of Higher Education
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‘Barnsiey College of Technology
‘The College of St. Paul & St. Ihfgr
Thanet Technical College
Ballymena Technical Cullage_
Cannock Chase Technical Cbllege
Lancaster& Morecambe College of
Further Education

Uxbridge Technical College

New College Durham

Bath Callege of Higher Edunatmn
Morth Trafford :
Dept. of Educational Haﬁourcaus
Southampton College of Higher
Education i

Bournemouth and Poole College of
Furtfier Education

Harrow College of Higher Education
Southall College of Technology
Shireclitfe College

Southwark College

Dewsbury & Batley Technical & Art

College

Tresham colbge

Ware College

Thurrock Technical Gahgn
Chicklade College, Dept. Science &
Technology

Redbridge Technical Culleqe
South Thames College

York Collega of Arls & Tech.
Somerset Callége of Arts &
Technology

Borough of Trafford, North:Tratfard
College

North Trafford College

Thurrock Technical College
Thurrock Technical College,
Computer Department

Fairham Community Cc

Mid College of Higher & Further
Education ;

East Ham College of Technology
Seale-Hayne College -

Homerton College

Uxbridge Téchnical Colrege

North Oxfordshire Techm::al College
& Schoolof Art

Ealing College of Higher Education
Welsh National School 6f Medicine
Lord Mayor Tréloar College

South East London Gollege .
Farnborough (Sixth Form) cullogo
Wigston College of Further
Education '‘Annex’ :
Strode’s
‘Dundee College of Edumlion

Isie of Wight College of Arn and
Technology -

Kendal College of Further Emwon
Wigan College of Technology
Chippenham Technigal College
South Deven College of Arts &
Technalogy

South Shields Marine & Technical
College

SCHOOLS

Cambaorne School of Mines
Longton High School

Berry Hill High School
Camborne School of Mines
Management Department
School of Physics ;

Queen Philippa’s Schoaol

Carter Lodge School

Ashfleld School

All Hallows School

Mead Vale Primary School
Vincent Thompson High School
St. Aubyn's School

Imberhorne School

Newham School for the Deat
Dorcan School

Beaumont School

Billericay School

Exeter School Computer
Department

Clarendon School

The Lavinia Norfolk Unit

St. John's C of E Primary School
@ St. Peter’s High School

@ Rock Ferry High School

@ Stoke on Trent Language Centre
@ Connah’s Quay High School

@ Buckhurst Hill County High School
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ath Comprehensive Schoo!

: High School Ballynahinch
ishop Hedley High School

Clwyd Lea School

Monks Dyke High School

King Edward's SchoolgBath

The Godolphin & Latymer Schobl

Frances Bardsley School

Shaw House Comprgéhensive

New Parks School

5t Paul's Way School

Larkman Middie Schopl

Rushcroft High School

Training and Educ. Management

High Green School

Ogmore Comprehensive School

Brakenhale School

Oxford International Business

Schooal :

Hampstead School

GOVERNMENT DEPARTMENTS
Hertferdshire County.Council
Advisory Unit for.Computers
Lelcestershire County Council
The Director of Finance &
Administration, Cambridgeshire
'County Councit

The Nationat institute for Medical
Resaarch

Departmant of the Environment
Building Research Establishment
Kent County Counell Education
Departmant

Minlstry of Defence

Basildon Council Accounts

Department

Department of Trade

Devon County Council Committes,

Department of Electrical Eng,

College of Further Education

Strathclyde Regional Councll,

County Borough of Sumﬂuﬁd

Kent County Council ;

Nottinghamshire County Cnuncll

Baslidon District Council

City of Newcastle Upon Tyng

Education Coinmitiee

Hampshire County Council

Buckinghamshire County Councll,

Education Services

@ Cambridgeshire Education
Committee

§
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° Meﬂnpolﬂmﬁnroughof@ahlhud A
Committes,

@ Cleveland Education
Guisborough Teachers Centre-

@ Metropolitan Borough of Rochdale,

Education and Training Centre

Leicesterghire Education Commitiee

Department.of Induatry & Trade

Lelcester Info. Tech. Cantre

Sollhull Education Department

Manpower Services Commisslon,

Training Services Division

Skill Centre Training Agency

Powys County Council

Information Technology Centre

East Berkshire Health Authority

Devon County Coupcil Ed. Comm.

Mid Surrey Health Auﬂmﬂr

Epsom District

Scottish Council for Educaﬂunai

Technology :

Ciwyd County Council

Norfolk Education Committee

Agricultural & Food Research

Counclt

Mid Glamorgan County Council

Education Department

Kent County Supplies Centre

Lontlon Borough of Barnst

West Midlands Regional Health

Authority

Scottish Community Education

Councll

L’ha Scottish Adult Basic Education
nit

Birmingham Social Services

Microelectronics Education

Programs

Greater London Council

Doncaster Metropolitan Borough

Council

@ United Kingdom Atomic E

Authority el
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Radala & Associates
Computer Services
Laser Systems Ltd
National Physical I.ahnratury

Argonaut Systems
IntegrexLtd

EBritish Telecommunications
B.T. Research Labs Accounts
Windsor Wine Supplies
Janneriow Ltd

Ibhotsons Design Software
H.C.C.5. Association Ltd
Malspin Ltd

Fisons Pharmaceuticals,
Pharmaceutical Division
Information Technology Marketing
Steale Microsystems Ltd
The Television Centre
Education & Microtech Unit
British Telecom Enterprises
Display Distribution Ltd
Northern Gas

Spencer Source Trading
BBC Pubilications

M.5. Simnett Computers Ltd
Rosville Timothy Lid

M.E. Electroncis

Microstore

Eastern Reglon info. Centre
The Video Palace

Laser Creations Ltd
Lasermation :
Custom Video Productions
BBC TV South

1If::llli.'lgg Company of Great Britain

The British Library

Walter Computer Systems
Standard Telecommunications
Laboratories Ltd

Granada Computer Services Lid
Applied Systems Knowledge Ltd
Cipher Systems and

" Communications Lid

Cagwell, Cornick Associates
Ashfield Project Centre
Andrew Shyte & Son Ltd
Acornsoft

Robot Technology Lid

Computers Handetsges
Fisher Controfs Ltd

Timex Corporation

Robot Technology Lid

United Kingdom Atomic Energy
Authority

British Aerospace Public Ltd
Salam ‘Group Ltd
Plessey‘Awionics &' Comm.
Elita Software Co. Ltd
Computer Advisory Unit,
Chelmer-institute -

Intec (Inverclyde) Ltd

Universal Sonar Lid

Digital Equipment Scotland Ltd
Edward Davies Chemical Labs.
Pyramid Services Ltd

Philips Research Laboratories
Kingsway-Princeton College
Microtronix S.A.R.L.

Thomas Law Associates
Transvideo Productions Lid
Dash Electrical & Electronic
Services

Aaken Engineering

The Electricity Council

Triptych Pub&iahing Lid

ZX Data

Octocon Data

North Wales Newspapers Lid
Janssen Pharmaceutical Lid
National Coal Board

Five Ways Software Ltd

Edeta Ltd

John Eimer Office Equipment
Micronet

Central Electricity Generating Board
Guernsey Computers Ltd
Currah Computer Components Ltd
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GRAFPAD

for Sinclair Spectrum . . . Drawing into the future!
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i an your
um and connect
s LT I sselte player, type
e o g "LOAD" and press
e ENTER, then start the
cassette player, place
the keyboard overlay,
and by the time you are
ready, the “MENL" will
flash on to your screen!
Usage? Well there is . . .

AS MANY USES AS YOU CAN IMAGINE
by first following our easy manual, then, in
no time, you will be able to utilise as you
Think best!

- iy A UNIQUE PRODUCT that will
improve your skills and give

Size

vau endless hours of
Z5mm height exciternent!
Sharam widif
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OW TO ORDER BY POST:
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* Special discounts to educational
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departments
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confinwed from page 21

1725 LET I=(INT ({100%{(1+(I(1,1
PA1O0) ) #%12) ~100) #100+.5) /100)
1930 FPRINMT AT 19,03 "INTEREST RAT
E= "3;I;TAE 20;"PER CENT F.A"
1740 GOTO 8000

8000 PRINT AT 21,03 " (P=COFY;M=MA
IN MENU;R=MEW CALC.)"

8010 INFUT Z¥
8020 IF I$="P" THEN COPY
8030 IF Z#$="M" THEN GOTO 10

8040 IF Z#="R" THEN CLS
8050 IF Z$="R" THEN GOTO 1000+20
O*5

8060 GOTO BOOO

84620 PRINT AT &,23 "ENTER FUTURE

VALUE ,NUMBER OF"

B&30 PRINT AT 7,13 "YEARS AND MON

THS ,AND INT.RATE"

BL40 PRINT AT 9,05 " (PRESS NEWLIN

E AFTER each ENTRY)",,"note:ENTE

R 0 IF YRS=0 OR MNTHS=0"

B&S0 RETURN

Bo&&O INPUT W

8670 PRINT AT 13,0;"FUTURE VALUE
P

B&80 INFUT ¥

B4F0 PRINT AT 15,0; "FERIOD
: ":Vi;TAE 18; "YRS-"
B700 INFUT X
8710 PRINT AT 15,23;X;TAE 2&;“MN
THS="
B720 INPUT I
8730 PRINT AT 17,0; "INTEREST RAT
E = ";I;TAB 22;"P.CENT F.A"
8740 RETURN

9990 REM PERSONAL FINANCIAL PLANM
NING (1)

7991 REM
7992 REM (C)BILL JOHNSOM 28JULAZ

Program 2,

5 REM personal fipancial plan
ning {2 BY BILL JOHNSOM

10 CLS

12 DIM I(&)

15 DIM W(S)

17 DIM Y (5)

20 FRINT TAEB 3;"FPERSONAL FINMNAN
CIAL FLAMNING"

30 PRINT TAE 3;"-——————— e

40 FRINT AT 5,3;"1.INSTALLMENT
SAVINGS-MOMTHLY "
S0 FRINT AT 7,3;"Z2. INSTALLMENT
SAVINGS-AMNLUAL "
40 PRINT AT 18,43 "SELECT OPTIO
Nz & OR 2"
70 IF INKEY®<>""
80 IF INKEY#=""
0 LET Of=INKEY®F
100 IF O%<{"1" OR Of:"2"
TO 7O
110 LET S=VAL 0%
120 GOTO 1000#5
1000 REM installment savingslmon
thly
1005 CLS
1010 BOSUB B8O
1020 GOTO BO&D
1200 REM calculation of monthly
payments
1205 CLS
1210 GOSUB BOOO
1215 GOSUR B4&040
1220 GOSUE 8&&0

THEN GOTO 70
THEN GOTO B8O

THEM GO

1225 INPUT I
1228 PRINT AT 17,03 "INTEREST RAT
Bl Ly E.CENF PLa"

12530 LET N=Y*12+X

1280 LET I(1)=(EXP (LN
1003 /12)=1) 100

1250 LET P=(INT (({V/01+I(1) /7100
PY#CCT 01 /100) AL 01+T01) /1000 %en
=111 #1000+, 5) £100)

1250 PRINT AT 1%,0; "PAYMENT"; TAR
153 ":2 £ ":P: "PER MMWTH"

1270 GOTO OO0

1400 REM calculation of future v

alusimonthly payments}

1405 CLS

1410 GOSUE 8000

1420 FRINT AT 4,03;"IF AN INITIAL
DEFOSIT IS BEIMG MADE OR THE F

LAM HAS GOT A VALUEAT THIS TIME,

ENTER AMOUNT; IF MOTENTER 0"

14%0 INPUT 2

1440 CLS

1445 GOSUEB OO0

1450 PRINT AT 3,3: "CALCULATION O
F FUTURE waLUE"

1480 FRINT AT 4,3;"————— e

"

{({100+1) /

1470 PRINT AT &,0; "ENTER MONTHLY
FPAYMENT ,NUMEER OF™

1480 GOSUB 8430

1430 INFUT F

1500 PRINT AT 13,0;"INIT.DEP. /VA

: E"3Z

1505 PRINT AT 14,0; "PAYMENT

t E"3iP3 "PER MNTH"

1510 GOSUE 8&80

1520 INPUT I

1530 PRINT AT 14,0;"INTEREST RAT
E : “sIi"P.CENT F.&"

1540 GOSUE 8810

1550 LET VW=(INT ((P*{1+I(1)/100)
FOCOCI+TI (LY /L00) #%NY=1) FEI(1) /10
QY ) #*100+,5) 7100)

1560 PRINT AT 18,0; "FUTURE VALUE
INCLUDING INITIAL DEPOSIT/CURR

ENT WALUE=£":V+V(2)

1570 GOTO 000

1600 REM calculation of periodim
Onthly sawvingsl

1605 CLS

1410 GOSUEBE 8000

1620 PRINT AT 3,5; "CALCULATION O
F PERIOD"

1630 PRINT AT 4,5; '
1640 FRINT AT &,13;"ENTER MONTHLY
PAYMENT , INT. RATE"

1630 PRINT AT 7,8;"AND FUTURE VA

LUE"

16460 PRINT AT 9,0;" (FRESS NEWLIMN

E AFTER EACH ENTRY)"

1470 INPUT P

1580 PRINT AT 13,0; "PAYMENT

i L7;P;"PER MONTH"

1490 INPUT I

1700 PRINT AT 15,0; "INTEREST RAT

E: "3I3TAB 22; "F.CENT P.A"

1710 INFUT W

1720 PRINT AT 17,0:"FUTURE ValLUE
ET Bl W

1730 LET I(1)=(EXF
100} /12)=1)#100
1740 LET MN=INT ((LM {({I{1}/100)
AOI+I01) F100) ) % (V/PY+1) /LN (1+41¢
1) /1003 ) +.5)

1750 LET Y=INT (N/12)

1760 LET X=N=-Y#*12

1770 PRINT AT 19,0;“PERIOD

: ";¥;TAB 183 "YEARS-"; X; "MNTHS"
1780 GOTO 000

1800 REM calculation of interest
rates{monthly savings?}

1805 CLS

1810 GOSUB BOOO

1815 FRINT AT 3,0;"GALCULATION O

F MONTHLY INT.RATES"

(LN C{100+I})/

1820 PRINT AT &,2; "ENTER FUTURE
YALUE , NUMBER OF "
1830 PRINT AT 7,1:"YEARS AND MON
THS, AND FAYMENT"
1840 GOSUE 8440
1850 GOSUR 8&40

1905 INPUT P

1910 PRINT AT 17,03 “MOMTHLY FAYM
ENT: £'";P

191Z IF V<=N=*F THEM FRINT AT 19,

0z "WHAT KIND OF INVESTHMENT IS TH

s7"

1913 IF VW<=N#*F THEN GOTO 000

1915 FAST

1920 FOR I=1 TO SO STEP {2)

1930 LET I(2)=(EXP (LM ((100+I)/

100y A12) 1) #1000

1935 LET N=Y#12+X%

1240 LET W=INT (F*(1+I(2)/100)#®(

(COI+T(2) A100) #¥NY=1) A {IL2) /100)

)+, 5)

1245 IF V=W>r=-40000 AND V-W<=IS50

Q0 THEN BOTO 1955

1950 NEXT I

1955 FOR I=(I-.5) TO
(.3

1965 LET I (3}=(EXP

100Y 212 -1 %100

1975 LET Wi1)=(INT ({P*{1+I{3})/1

QoY {{{I+T(3) F100) #2pM)—1) A (T (3D

A1O00) 1) #1004, 5) /100)

198C JF Y—Wil) >=—1 AND VY-W{l)<=1
THEN BOTO 1995

17981 IF Y-W(1) >==20000 AND V-Wil

1<=25 THEN GOTO 1983

1982 NEXT 1

(IS STEF

(LN ((100+1) 7/

1983 FOR I=(I-.5) TO (I+.5) STEP
(.01}
1985 LET I(4)=(EXP (LN ({100+I)/

100) /12)=1) #1000

1987 LET WA2)=(INT ((P*{1+I(4)/1

O0) % (C(C1+T (4} F100) ®%¥N)=1) /(I (4)
S100) ) Y2100+, 5) F100)

1989 IF V=W(Z) >=-7 AND V=W({2)<=1
THEM GOTO 199S

1990 NEXT I

1995 SLOW

1996 PRINT AT 19,031 "INTEREST RAT

E @ "jINT (I*#100+.5)/100; TAB 22
1 "P.CENT F.A"

1997 GOTO 000

2000 REM installment savingslann

ual

2005 CLS

2010 GOSUB 8030

2020 GOSUBR BOLO

2200 REM calculation of annual p
ayments

2205 CLS

2210 GOSUEB 8030

2215 GOSUB 8400
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2220 B0OSUB B&S50

2225 INPUT 1

2228 PRINT AT 17,0;"INTEREST RAT

E : "rIj"P.CENT FP.A"

2230 LET I(1)=(EXFP (LM ((10O0+I}/
100) /12)=1) %100

2240 IF X=0 THEN LET V{1)=V

2250 LET VO1)=V/0(1+T(1) /100) #%X
)

2260 LET P=(INT ({V{1}/{(1+I1/100)
)R C(IA100)/ C{(1+D /7100y #%Y)—1)) %1

Q0+, 5) F100)

2270 PRINT AT 19,0; "PAYMENT"; TAB
15;": E"3;P3"FER ANN."

2280 GOTO 2000

2400 REM calculation of future v

alue{annual paymentsl

2405 CLS

2410 GOSUER 8030

2420 PRINT AT 4,0;"IF AN INITIAL
DEFOSIT IS BEING MADE OR-THE P

LAN HAS BOT A VYALUEAT THIS TIME,

ENTER AMOUNT; IF NOTENTER 0"

2430 INPUT Z

2440 CLS

2445 BOSUER 8030
2450 PRINT AT 3,3; "CALCULATION O
F FUTURE VALUE"
2460 PRINT AT 4,33 "—————m—m——— e
2470 PRINT AT &,13“"ENTER ANNUAL
PAYMENT ,NUMBER OF"
2480 GOSUB 8630
2490 INPUT P
2500 PRINT AT 13,03 "INIT.DEP./VA
LUE: £"3Z
2505 PRINT AT 14,0 "PAYMENT

: L";P;"FPER ANN."
2510 GOSUE 8&B0
2520 INPUT I
2530 PRINT AT 14,0;"INTEREST RAT
E : ";I;"P.CENT P.A"
2535 GOSUE 8810

2540 IF X=0 THEN LET Wiir=V

2550 LET YI{1)=(INT {({(P*{(1+4I/100

PHRA((I+IAZ1I00) %%Y ) =1) /(I /100))) *1

O0+. 5y A 100)

2560 IF X>0 OR X<12 THEN LET W=¢
INT (V1) #{Ci+T (1) A100) %% ) %100+

LS5) /1000

2570 PRINT AT 18,0; "FUTURE VALUE
INCLUDING INITIAL DEFPOSIT/CURR

ENT VALUE=£";V+V (2}

2580 GOTO 000

25600 REM calculation of period{a

nnual savings}

2605 ELS

2610 GOSUB 8030

2820 FRINT AT 3,5:; "CALCULATION D
F PERIOD"
2630 PRIN

2640 PRINT AT &,1;"ENTER ANNUAL
FAYMEMT , INT.RATE"
2650 PRINT AT 7,B8:;"AND FUTURE V&
LUE"
2660 FRINT AT 9,0; " I(PRESS MEWLIN
E AFTER each ENTRY)"
2670 INPUT P
2680 PRINT AT 13,0 "PAYMENT

r F"i1P3"FER ANMUM"
2070 INPUT I
2700 PRINT AT 15,03 "INTEREST RAT
E: "3I;TAB 22; "P.CENT P.A&"
2710 INPUT WV
2720 PRINT AT 17,0;"FUTURE VALUE

e

ZF3I0 LET I(1)=(EXF (LM ((100+I)/
1001 /12)-1)*100
2740 LET Y=INT (LM (((I/100)/(1+
[A100) )% (N/Py+1) /LN (1+1/100))
2750 LET VI3)=INT ((P*(i+I/100)%
((I+I/100) %Y} =13 /(I1/100))+.5)
2760 LET X=INT {({LN {(V/V(3))/LN
(14T (1) /100) ¥ +.5)
2763 IF X>11 THEN LET Y=Y+1
2767 IF X>11 THEN BOTO 2750
2770 PRINT AT 19,0;"PERIOD
t "1¥3TAB 18; "YEARS-"3 X3 "MNTHS"
2780 60TO 000
2800 REM calculation of interest
rates{annual savingsl}
2805 CLS

2810 BOSUE 8030

2815 PRINT AT 3,0;"CALCULATION O
F ANNUAL INT. RATES"

2817 PRINT AT 4,0§"———————————e e
2820 PRINT AT &,2;"ENTER FUTURE

VALUE ,NUMBER OF"

2830 PRINT AT 7,1;"YEARS AND MOM
THS,AND PAYMENT"

2840 GOSUE 8440

2850 GOSUE B&A40

2905 INPUT P

2910 PRINT AT 17,03 "ANNUAL PAYME
NT : &£";P

2912 IF V<=Y#P THEN PRINT AT 19,
O; "WHAT KIND OF INVESTMENT IS TH
187"

2913 IF V<=Y#P THEN GOTO 000
2915 FAST

2920 FOR I=1 TD S0 STEP (2)

2930 LET W=INT ((M/{1+I/100))%((
TA100 /A C001+T/100) #%Y)=1) ) +.5)

2935 IF P-W>=-200 AND P-W<{=150 T
HEN GOTO 2940
2939 NEXT I

2940 FOR I=ABS (I-2.5) TO {I+25)
STEF (.5)

2945 LET I(S)=(EXF (LN ((100+I)/
100 /12)=1) %100

2248 IF X=0 THEN LET W=V

ZP5E LET W(4)=INT ({(V/({1+I(5)/1

OO #%X) )+, 5)

2958 LET Y{(4)=INT ({(P*(1+I/100)%
(C{1+I/7100) %%y ) =10 F{IA100) )+, 5)

2965 IF W{4)=-V(4) >=—3 AND W(4)-y
{4)<=1 THEMN GOTO 2995

2967 IF W{4)-V(4) >=—20000 AND W(

4) -V (4)<{=25 THEN GOTO 2975

2970 NEXT I

2975 FOR I=(I-.S) TO (I+.5) STEF
{aCl)

2977 LET I(&)={(EXP (LN ({100+1)/

100 /127 —1) #1000

2980 IF X=0 THEM LET W=V

2985 LET W(SI=INT ({VA0(1+1(h) /1

OO} #%X) )+, 5)

2988 LET WIS)=INT ({(FP#{1+I/100)%
(I +TA100)22YI—1) A LI/100))+.5)

2992 IF WiS)=V(5) >=-3 AND W(S5)-V
(S)<=.3 THEMN GOTO 2995

2793 NEXT I

2995 SLOW

2997 PRINT AT 19,0; "INTEREST RAT
E 1 ";INT (I#100+.5)/100;TAB 22
§'F.CENT F.A"

2999 GO0TO F000

BOOQ PRINT AT O,3; "INSTALLMENT S
AYVINGS-MONTHLY "

8010 PRINT AT 1,3;%————— o —

8020 RETURN

8030 PRINT AT 0,3;"INSTALLMENT §
AVINGS=-ANNUAL"
B8040 PRINT AT 1,3;"————m———— o —

8050 RETURN

B0&0 PRINT AT &,8;"CALCULATION O
F: "

8070 PRINT AT 8,3;"1.PAYMENT"
8080 PRINT AT 10,3;"2.FUTURE VAL
UEII

8090 PRINT AT 12,3;"3.PERIOD"

8100 PRINT AT 14,3;"4. INTEREST R
ATE"
B105 PRIN

AT 16,33 "

8110 PRINT AT 18,3;"5.MAIN MENU"
8120 PRINT AT 20,&; "SELECT OFTIO
MN: {1=5)"

8130 IF INKEY$<{>"" THEN GOTO 813
o

8140 IF INKEY#="" THEN GOTD 8140

8150 LET P$=INKEYS#

8140 IF P#="5" THEN GOTD 10
8170 IF P${"1" OR P#$:"4" THEN GO
TO 8130

8180 LET T=VAL P$

8190 GOTO 1000%S+200%T

8400 PRINT AT 3,4; "CALCULATION O
F PAYMENTS"

8510 PRINT AT 4,83 "————— e
B&20 PRINT AT &,2; "ENTER FUTURE
VALUE ,NUMBER OF "

B430 PRINT AT 7,13 "YEARS AND MON
THS,AND INT.RATE"

B&40 PRINT AT 2,0; " (PRESS NEWLIN
E AFTER each ENTRY) ", ,"note:ENTE
R O IF ¥YRS=0 OR MNTHS=0O"

B&SO RETURN

86560 INFUT W
8470 PRINT AT 13,0; "FUTURE VALUE
: £V
84680 INFUT Y
B4&F0O PRINT AT 15,05 "PERICD
: "i¥i“YRS=-"
8700 INPUT X
B710 FRINT AT 15,23;X; "MONTHS"
8715 LET N=Y®12+X
8720 RETURN
8810 LET N=Y#*12+X
8820 LET I(1)=(EXP (LN ({100+I)/
1003 /12)—1) ®#100
8840 LET W{(2)=(INT ((Z®C(1+T(1)/
100} #%M) #100) +.5) /100)
B85S0 RETURN

FO0O0 PRINT AT 21,03 " (P=COPY;M=MA
IN MEMU; R=NEW CALC.}"

FO10 INFUT Z#

9020 IF Z$="P" THEMN COPY

O30 IF Z+#="M" THEN BOTO 10

040 LF Z$="R" THEN CLS

050 IF Z#="R" THEN GOTO i000%S
FOL0 GOTO 000

990 REM PERSONAL FINANCIAL PLAN
NING (2)
9991 REM

9992 REM (CYBILL JOHNSOM ZBSEPSZ
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First aid kit
for your ZX-81

When your computer goes wrong it is often not easy to spot
the problem. Donald Maynard gives some advice on how to
look for breakdowns and how to cure them when they occur

( :OMPUTING IS FUN but
when the marvellous machine
goes wrong, doom, gloom and

despondency settle over those mem-

bers of the family who are computer
buffs. In view of the cost of repairs, it
is sensible to do everything possible to
try first to find the fault. A word of
warning, though; if the computer is
still under guarantee return it to the
place from where it was bought. That

Table 1. Test circuit values.

even big ones — to have moved tun-
ing dials.

The best method is to use a differ-
ent button and turn it from fully anti-
clockwise to fully clockwise looking
for the signal. Have the brightness
turned well up and if you have the
sound away from minimum, a sudden
reduction in noise level as you are
tuning indicates that a signal is close.
Beware, though — it may be just

Voltage Resistor

v ohms Formula for resistor value
5 220

6 270

7 330 R=(V —0.6) x50

8 360 Use preferred value above
9 430 the one calculated.

10 470

11 560

12 620

All resistors are 4, 4, or 4 watt.

is because any attempt to open cases
or reach the insides of computers
under guarantee invalidates that
guarantee automatically.

This article is based on the ZX-81
but the same principles apply to most
home computers. It is important first
to determine that it is the computer at
fault and not something else, If, hav-
ing connected everything as stated in
the manual, the television screen does
not light even with the brightness
turned full up, then suspect the tele-
vision set — it should be possible to
see the white lines known as the raster
on the screen even with the computer
disconnected.

There are two other possibilities
why the computer may be working
and yet nothing is on the screen. The
television set has to be tuned to the
modulator in the computer and it is
not unknown for little fingers — or

stray pick-up from a normal BBC or
ITV transmission.

One final word on the television
set; eliminate the lead between the
computer and the television set either
by borrowing from someone else or
by making another with parts bought
from a local electronics shop. Note
that the normal TV aerial lead will
not suffice because the end which
goes into the computer has a phono-
plug on it.

Another troublesome area can be
the cassette recorder. If the computer
runs programs entered from the key-
board but not those loaded from the
cassette player, suspect the tape re-
corder. Very often the socket on the
recorder or on the computer is a
source of error. Plug and unplug the
lead a number of times in rapid suc-
cession to remove any small build-up
of oxidisation. Make sure the cassette

player works completely, including
the use of an earphone, before trying
to use it with the computer.

Any noise, crackle or hum will
make the recorder useless for com-
puter work. Also try replacing the
lead between the cassette player and
the computer to make sure it is not
causing the problem.

Before we leave the cassette player,
one word about setting the volume
control. Each supplier of software
seems to produce software cassettes
with different output levels. The vol-
ume control, therefore, may need set-
ting at a different point for each type.
The optimum level occurs when there
are even black-and-white stripes on
the screen during loading. If you can-
not make them exactly even, make
the black stripes slightly wider than
the white ones.

If the computer works with the
RAM pack removed but not when it
is plugged-in, suspect either the con-
nector or the RAM integrated cir-
cuits. Clean the connector on the
computer using a cotton bud dipped
in methylated spirit and rubbed on
both sides of the connector. Allow it

Table 2. Fault-finding summary.

1. Ensure the television set is working and
tuned to the computer.

2. Ensure the cassette recorder is working
and the volume control set to the cor-
rect level.

3. Test or replace all the leads.

4. Remove the RAM pack and test the
Computer on its own.

5. Change the power supply fuse.

6. Test the power supply.

7. Test the keyboard.

8. Open the case of the computer and
make a visual examination.

9. Test the 5V regulator 7805.

. Replace the Sinclair logic IC1.

11. Replace the Z-80A processor, 1C3.

12. Replace each RAM IC2Z — 2114 or
= 4118 — IC4.

13. Replace the ROM, I1C2 — 2364,

14. Replace the modulator — UM1233; do

it first if you have a faint reversed
picture.
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Figure 1. Test circuit.

a. Theoretical circuit

B
3—1: [ o

R

LED will light when A is positive with respect to B.

b. Physical circuit

S S e

LED

LED B

Solder or twist tight

to evaporate before reconnecting the
RAM pack. Examine the RAM pack
socket for any sign of distortion or
misaligned connections.

The integrated circuits in the RAM
pack can be replaced by items bought
from a local electronics shop or by
mail order. Follow the procedure de-
tailed later for the computer integrat-
ed circuits.

Power supply

Having eliminated the television
set, the tape recorder and the RAM
pack, if they are satisfactory we are
left with the computer and its power
supply if things are still not as they
should be. Have patience, banish the
rest of the family to another room,
and take your time.

Taking the easy one first, if every-
thing is dead the most likely cause is a
faulty power supply. Do not overlook
the obvious. Start by changing the
fuse, making sure it is a 3amp fuse
with which you replace it. Using a
13amp fuse is as bad as using a bent
nail and big fuses can damage your
computer’s health.

If that does not bring the computer
springing back to life, measure the
power supply voltage. If you do not
own a meter it is a reasonably easy
matter to construct a test circuit. Fig-
ure one shows a simple circuit to
achieve it. Ideally, the components
should be soldered together but if
that is beyond your ability make sure
that the wires are twisted tightly
together. Do not bend the wires near
the bodies of the components.

R1 can be estimated from the ex-
pression R1=(V —-0.7)x50. The val-
ue you choose for R1 should be the
nearest preferred value above the val-
ue calculated. A quarter-watt size
may be used but half-watt resistors
are more robust.

Any LED should be satisfactory
but, in general, red ones give the best
light output. LEDs vary in size and
shape. If you can determine when you
buy the LED which lead is the anode
and which is cathode, connect the
anode to the resistor; then, when test-

[T 1

turning round the test circuit so that
B is on the tip and A on the other
connection.

If the LED does not light that time
that is the time to panic. There is a
fault in the supply. On the other
hand, curing power supply faults is
often cheaper than curing computer
faults. If you are not used to solder-
ing, either seek help — after you have
checked that the fuse you put in was a
good one — or take the supply to a
professional repairer.

Faulty capacitor

Assuming you are doing it your-
self, with the power supply discon-
nected, open it and check that
nothing has become loose. Horizon-
tal black-and-white lines on the TV
screen are an indication of a faulty
capacitor in the power supply.

Some power supplies have a ther-
mal fuse inside. If everything else
looks satisfactory, suspect the ther-
mal fuse. It will be the device in series
with one of the supply leads, not
connected across them, and it will be
the only one of its type in the supply.
If necessary, take it to an electronics
shop for checking.

Figure 2. Testing the power supply.

Fa o
/ .
Turn test circuit round if LED does not light first time.

ing, put the resistor towards the posi-
tive voltage and the other LED lead
to earth. If you cannot determine
which is anode and which is cathode
you will need to try the circuit both
ways when using it to test a voltage.

Having constructed the test circuit
we need to use it. Connect one end of
the circuit A to the tip of the power
supply plug and the other end B to the
other plug connection — see figure
two. An illuminated LED indicates a
satisfactory supply. If the LED does
not illuminate, do not panic. Tr%

Many intermittent problems can be
caused by the keyboard. Fortunately
there are a number of very good
keyboard kits available and although
at first sight they may seem expens-
ive, the increased speed and reliability
they provide make them worth the
expense.

If everything checked so far seems
to be satisfactory it is fime to start on
the computer. The first step is to open
the case. For the ZX-81 that means
getting at the four screws under the
stick-on pads on the bottom of the
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computer. If you cut a cross in the
centre of the pads with a sharp knife
you can insert a small cross-point
screwdriver to unscrew the fixing
SCTews.

Keyboard tails

Also unscrew the screw near the
expansion port. Separate the two
halves of the computer carefully,
making sure that you do not damage
the keyboard flexible tails. Do not
over-stress those tails, as they can be
damaged easily. If you pull them out
of the sockets on the printed circuit
board accidentally, replace them
carefully, although the computer will
still produce the initial screen with the
K cursor even when disconnected.

Search carefully for any loose
pieces of wire or solder which may be
causing the problem. If the visual
inspection fails to find anything, ex-
penditure probably cannot be avoid-
ed.

Figure three shows the layout and
component types in the ZX-81. Start
with the 5V regulator. That is the
three-pin device attached to the flat
aluminium heat sink near the power

socket. Make a 5V test circuit using a
220 ohm resistor and a LED. With an
assistant holding the top of the com-
puter so that you can see inside, plug
in the power supply, then connect the
test circuit between the case of the
modulator, the big silver-coloured
box with the aerial socket on it, and
the pin nearest the outside of the
board on the regulator — see figure
four. Do not forget to reverse the test
circuit if the LED does not light when
first you try it.

The ZX-81 contains five integrated
circuits. It also has a modulator, the
regulator and a few other smaller
components. Luckily the chances of
having a fault in one of the other
components is very small. The easiest
method of fault-finding is by substi-
tution. It will be necessary to buy the
integrated circuits.

Apart from the Sinclair computer
logic device and the ROM, the inte-
grated circuits can be bought from a
local electronics shop or by mail or-
der. Your computer will have a Z-
B0OA processor and either two type
2114 RAMs or one 4118 RAM —
either will do. To buy the ROM or the

Sinclair computer logic IC you will
have either to buy them from a
specialist computer repairer or a poss-
ible alternative is to use devices from
another ZX-81 until vou find the
faulty device.

It is possible to antagonise friends
doing that if you are not very careful.
If you do not want to buy all the
integrated circuits at once, my experi-
ence is that the most likely candidate
is the Sinclair computer logic IC. It is
a semi-custom device sometimes
called a ULA or uncommitted logic
array.

Take extreme care

When substituting integrated cir-
cuits, extreme care must be taken.
Take the case where they are in sock-
ets. Use a proper IC extractor. It is
possible to ease out the IC gently
using a screwdriver at each end but
you run a grave risk either of break-
ing the IC in two or of scratching the
circuit board underneath and causing
a short circuit or open circuit, which
is almost impossible to find and clear.

Even with the proper extractor,
take extreme care on 40-pin devices to




‘(\—F-\——T_‘v
A | 1
|
1] J

-

Tl

case them from their sockets. When
inserting an IC do not force it into the
socket; you will find it necessary to
bend the pins of a new device some-
what to get the proper pitch. Above
all, make sure the indent on the IC is
at the end as marked on the circuit
board. On the ZX-81, IC2 needs par-
ticular care, as there are two outlines
marked and only one is correct. Note
the position of the old ROM before
vou take it out and put in the new one
in exactly the same place.

If vour ICs are soldered-in, to re-
place an IC the old device must be cut
out. Cut each pin with a pair of sharp
wire-cutters and then de-solder each
pin individually. Holes may then be
cleared using a de-soldering tool.
Make sure there are no solder bridges
short-circuiting tracks. Then insert
the replacement and solder in.

That process will make the original
device unusable and it is sensible to fit
a socket as each device is cut out.
Remember to re-assemble the com-

puter after each device is replaced to
see if the problem has been cured.

One other major possibility exists
— the modulator. That takes the as-
sembled video signal produced by the
Sinclair computer logic IC and con-
verts it to a form which the television
expects. If the ZX-81 is connected to
a colour television set which is
switched on and off while the com-
puter is switched on, it is possible the
modulator may be damaged.

In any event it is good practice to
switch on the television before the
computer and switch off the tele-
vision after the computer is switched
off. One possible symptom is that
with very careful tuning of the tele-
vision set a faint reverse image can be
obtained on the screen, possibly with
an unstable vertical stripe on the
screen indicating poor synchronisa-
tion.

A replacement modulator type
UMI1233 can be obtained for a few
pounds by mail order. The electronic

Figure 4, Testing the regulator.
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hobbies magazines have numerous
advertisers, some listing the required
device.

Reasonable soldering skill is need-
ed to de-solder the two connections to
the modulator and to de-solder the
two earth tags. Again clear the holes
with a de-soldering tool before insert-
ing the new one. The television set
may need slight re-tuning for opti-
mum performance.

Having indicated a procedure for
locating a fault, it is not guaranteed
to find every fault but if all the proce-
dures are followed, a big percentage
of faults will be located and cured.

MULTITRON

ZX SPECTRUM SPECIALISTS
HIGH QUALITY —LOWEST PRICES

ZX SPECTRUM USER PORT

24 IfO LINES & &
#—DRIVE COMPATIBLE

&W‘x

£11.90.

A_ffl—'f CONNECTION

SINGLE WIRE
M ; SOCKETS
! gt POWERFLL

BUILT AND TESTED £13.90
Ideal for automation, control, robotics etc etc.

* NEW & 16 line I/O port. Features: Flexible addressing, crash reset
button, full handstarting & 16 /0 lines. Ideal for centronics printer
port & robotics, control, etc. Price: Built & Tested £13.90, Kit

FEATURES
EDGE CARD

PIA

EASILY
PROGRAMMED
USING BASIC
INDUT
COMMANDS

THROUGH
BUS FOR
PRINTER ETC.

perfect for rabotics.

1O PORT SUPPORT MODULE 1

cartridge of its kind available.
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o Nr;w yeur Iﬁk and 48k Specrmmqet 2
of fig-FORTH from a new cartidge that's

This piece of gc_'ru U5 is the creation of
David Husband and it's the onfy ROM
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routines and FORTH wor'is are Veciored
allowing reconfiguration.

Later in the year a software upgrade wil
be available which will permit multi-tasking.
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machine eannat be hung-up and a number of

It has R5232 and Farallel ports that net
only facilitate remote control but are usable
from FORTH or BASIC with the parallel alsg
allowing a Centronics printer to be driven

Due to an Interrupt driven ‘Break key the

Order the Spectrum FORTH VO Cartridge
£53+VAT using the coupon adding £5.75 p&p
& insurance (£10 for Europe, £15 outside) or if
you want more detated information, tick that
box instead, SUBIECT TO AVAILABILITY

8 Channel A/D Controller Features:
1} 8 analogue input channels 4) Plugs onto the Multitron I/O port
2) Fast conversion time 5} Manual supplied
3) Choice of accuracy
* Transducers, Control IC's, books etc. SAE for lists. »
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CONNECTORS ; S il
2x28 way Spectrum female ...........................E2.50 PLEASE ADD VAT Name
2«28 way Spectrum spade .. .£0.75 Address_ 5
Single wire socket (per 20) ....... E1.75 AND ﬁﬂp PP I
Wire pack for bread-boarding ..............o.....£089 | TO TOTALORDER | | ® ————
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DISC DRIVES. AT PRICES YOU

Opus have un unbeatable offer for all
Spectrum Owners.

Because, not only do we offer a range
of disc drives in black cases to match your
Spectrum, but we'll also supply a disc inter-
face which is fully compatible, and gives
millisecond access to your program.

Andunlike anything else on the market,

CAN'T AFFORD TO IGNORE.

this disc interface is double density: in plain
language, that means you’'ll effectively
double the capacity of the discdrive you buy.
Thisbargainalso includes VAT and two years
guarantee.

To take advantage of this unique offer,
clip the coupon below or drop into our
showroom.

3" DISC DRIVE.

@ Twice the capacity on
line of other available
drives.

® 200K Single Density —
400K Double Density. :

@ Easy to connect to the Spectrum. @ 3ms. Access time.

® Low power consumption —direct drive.

@ Manual and free disc cartridge provided.

D/sided 40 Track Drive 3402 PS Single drive__£229.95

3402 D Dual drive____£459.95

5Yi" SINGLE DISC DRIVES WITH PSU.

e All ¥ height. |

® Low power |
consumption.

e Comprehensive
manual. :

@ Direct drive mechanism. @ Fast access time.

5401 PS 100K Single sided 40 Track____ £149.95
5402 PS 200K Double sided 40 Track. £189.95
5802 PS 400K Double sided hardware switchable

80/40 Track e 905
5%"DUALDISC [ .
DRIVES.

@ Metal cased and all
necessary leads.

® Scparate power supply.

e Utilities disc and manual.

5401D 200K/400K on line S/sided 40 Track__ £349.95

5402D 400K/800K on line D/sided 40 Track__%£399.95
5802D 800K/1.6 Megabyte on line D/sided

hardware switchable 80/40 Track £499.95

FLOPPY DISCS.
3" cartridge £5.75 each or £25.95 for 5.
5Vi" Discs — with full 5 year warranty and free library
case. S/S85/D £17.95 for 10.
S/8D/D £19.95 for 10.
D/SD/D £21.95 for 10.
S/S 80 Track £25.95 for 10.
D/S 80 Track £27.95 for 10.

OPUS SPECTRA DOS DISC INTERFACE.

The ultimate Spectrum compatible disc Interface.
e Double density.

® Disc operating system from ROM.

® Reduced amount of RAM taken by the Interface.
@ Uses Spectrum key words.

e Compatible with all Opus drives.

e Centronics Printer Port on board.

® RAM upgrade available.

@ Utilities include transfer from tape to disc.

e Full user manual supplied.

£99.95

GENEROUS EDUCATION AND DEALER DISCOUNTS
GIVEN. ALL ITEMS ARE GUARANTEED FOR TWO YEARS
AND ARE SUITABLE FOR USE WITH THE SPECTRUM.

OPUS SUPPLIES LTD.

158 Camberwell Road, London SE5 OEE.
Opening hours: 9.00-6.00 Monday-
Friday, 9.00-1.30pm Saturday.

01:701 8668
Sy’ 017036155

OPUS PRODUCTS ARE AVAILABLE FROM W.H. SMITHS,
BOOTS, SPECTRUM, JOHN MENZIES, ALLDERS AND
OTHER GOOD COMPUTER STORES NATIONWIDE.

rush me the following: (ALL PRICES INCLUDE VAT & CARRIAGE.)

Quantity Description Price

| Ienclose a cheque for £ TOTAL [
| Or please debit my credit card account with !
the amount of £ |

My Access/Barclaycard (please tick) No. is

Name

Address

us,

Opus Supplies Lud.

I lelephone ol
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Amplified calculations—

& music

John Conway uses the Spec-
trum to assist in deciding on
relevent components

OR ALL electronics-thinking
Freaders, Transistor Biasing
could be very useful. It calcu-
lates transistor amplifying circuits.
When you want to make an amplifier
vou cannot use any value of resistor
or any value of transistor gain; every-
thing must be calculated so that the
input signal is amplified as required.
The program occupies all the mem-
ory in a 16K Spectrum but you can
enter it in three parts — base biasing,
collector feedback biasing, and volt-
age divider biasing with its equivalent
circuit.

Those are the three types of biasing
used normally for an amplifier cir-
cuit. Note the user-defined A repre-
sents 2, the Greek letter omega,
| meaning ohms — measure of resis-
tance.

If you are entering each part sepa-
rately, put in line 700 to 900 Omega
— and line 650 if you like Fiir Elise.
The computer will ask whether vou
want to find the gain of the transis-
tor; if you enter no it will put a menu
on the screen for the three biasing
methods chosen.

Then the computer will ask you to
Input supply — i.e., Vcc: power sup-
ply; Input Rc — i.e., collector resis-
tor; Input gain — i.e., the
amplification of the transistor; Input
Re — i.e., emitter resistor.

The answer will be then printed—

=
Ne=:1%
Ril:==584.
Lai=.
and so on.

After a slight pause the circuit,
with its values, is drawn, as shown in
figures one to three, with the value
Rb, the base resistor, flashing; Fiir
Elise is played as background music,

Rb=d232E8 0

Figure 1.

lfcc=2aL

J

:

RCc=1208 i

Re =21 0

Rb=1&5328

=

Figure 2.
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Figure 3.

UccCc =21

RCc=120@ ¢

Equivalent circuit for figure 3.




10 CLE

11 PRINT AT 1,35"#%% NPN Transi
stor Biasing®*s"

12 INFUT AT 2,3;" Do you want
to find the gain" """ of the tran
sistor {(y/n)";l#¥F

13 IF 1%="y" THEN B0 TO 17

14 GO TO 2256

15° CLS FRIMT AT 1,3;"To find

the gain of the transistor": PR
INT "Input Wce ": INPUT Wee: PRI
NT Yce3" Yolts"

17 PRINT AT 2,.3pr"Input Re"r IN
PUT Re: FPRINT Re;"

18 PRINT AT 4,3;"Input supply"”

INPUT Vb: PRINT :Wb:" VYolts"

19 FRINT AT &,3;"Input Ie": IN
PUT Ie: PRINT ;le;" Amps"

20 PRINT AT B,3:"Input Rb ": I
NFUT Rb: FPRINT ;Rb:" ©

21, PRINT AT 10,3;" The gain of

the transistor="""
" {RbALLIVE=. 7)Y le)—Re))

22 60 TO &50

24 PRINT "(1) base biasing” """ (
2) collector feedback" ""(3) volt
age diwvider"

27 INFUT a¥

28 IF a%="1" THEN GO TD 200

20 IF af="2" THEWN GO TO 300

40 IF a%="3" THEN GO TO 400

199 PRINT "##Basep biasing##"
200 PRINT "Base biasing"r PRINT
"Input VYee ": INPUT WVee: PRINT
Yec: " Yolts”

201 PRINT "Input Rc “@ INPUT Rc

ERINT Re: 2

202 PRINT "Input Gain of transi
stor": INPUT gain: FRIMNT gain
203 PRINT "Input Re": INPUT Re:
PRINT Rmg® "

204 LET le=({Mce/2) /Ree

205 PRINT "Ic="3Ic:" Amps"

2046 LET Ve=i{i{Vcc/2) /Rc) *Re

207 LET Yb=({{{{Vec/2)/Rc)*Rel+
s e = el

210 LET Ib=({Mcc/2}/Rc)/gain

211 PRINT "Ve="jVe;" Volts"
222 PRINT "Vb=";Vh;" WVolts"
223 FRINT jIb;" Amps"

224 PRINT "Rb=";V¥b/Ib;" Ohms (
}II

225 FLASH D: FAUSE 1o0: Fiig =
ME O PRINT AT B,14; "Vece="3VMeces "
VP21 FLASH 1: INE Oz FRINT AT 15
,0: "Rb="3;¥b/Ibs" ™;: FLASH O:
INK O: PRINT AT 9,22;"Re="3 INK
&3Rc3"™ "3: FLASH O: TNK 0O PRI
NT AT 15,223 "Re="3; INK &3Re;"”
“3: IMK Q: PLOT 100,100: DRAW &0
,0f PLOT 10C,100: DRAW O,-11: PL
OT 94,88: DRAW O,-19: PLOT 10&,B
&: DRAW 0,-19

226 PLOT 100,17: DRAW &0,0: PLO
T 94,88: DRAMW 12,0: PLOT 24,48:
DRAW 12,0: FLOT 100,48: DRAW 0,—
g

227 FPLOT 100,601 DRAW S0,0: FLO
T 150,351 DRAW 0,12: PLOT 150,50
: DRAW B,10: FLOT 150,&80: DRAW B
- RO PLEAT 16, 51 DRAW 0, =58 CI
RCLE 153,580,100

228 PLOT 150,451 DRAW 0,-19: PL
OT 162,45: DRAW ©0,-1%: PLOT 150,
45: DRAW 11,0: PLOT 150,25: DRAW
10,0: PLOT 156,25: DRAW 0,-%
229 PLOT 154,100: DRAW O,-9: PL
OT 1%0,90: DRAW O,-11: PLOT 1&2,
F0: DRAW O,—1%: PLOT 150,790: DRA
W 0,-19: PLOT 150,90: DRAW 10,0:
PLOT 150,71: DRAW 10,9: PLOT 15
&y 71z DRAW ©,—4: B0 TO 450

301 PRINT "Imput Mcec ": INPUT W
cc: PRINT Voo™ Volts®

302 PRINT "Imput Re "= INPUT Re
= PRIMNT Rca™ L

S0F PRINT "Input Gain of transi
stor": INPUT gain: PRINT gain
204 PRIMT "Input Re“: IMPUT Re:
PRINT Res" 2

305 LET Ic=(Vcc/2) /Rc:

306 PRINT "Ic=";Ic;" Amps"

307 LET We={{(VMcc/2)/Rc) #*Re

F08 LET Wb={(({({{Vcc/2)/Rc)*Re)+
a F1=Vee/2]) %=1

310 LET Ib={(Ycc/s/2)/Rc) Ffgain

F11 PRINT "We=":Ve;" Volts®
322 PRINT "Whb=";Vb:;" Volts"
323 PRINT “"Ib=";Ib3" Amps"

324 FRINT "Rb=":;Vb/Ib:;" DOhms (

y o

325 PAUSE 100: CLS = IMk O FRI
NT AT 8,145 "Vec=";Vecc;"V": FLASH

1: INK ©O: PRINT AT 11,0:"Rb=":V
bAIby" "z FLASH 0: INK &: PRIN
T AT %,22;"Rc="; INK &pRcp" "=

FLASH G: INE O: FRINT AT 15,22:
"Re="3; INK &:Re:" ": INK O: FL
OT 100, 100: DRAW &0 ,0

327 FLOT 100,11: DRAN &0,0: PLD
T 100,57 DRAW O,13: PLOT 100,70
: DRAW B,0: FLOT 108,85: DRAW O,
8: PLOT 110,465: DRAW 14,0

32ZB PLOT 150,40: DRaW 0,-19: PL
OT 142,40: DRAW O,-19: PLOT 150,
40: DRAW 11,0: FPLOT 150,20:=: DRAW

13,0: PLOT 15&6,20: DRAW O,-9

329 FLOT 15&6,100: DRAW O,=%: PL
oT 150,%0: DRAW O,-11: FLOT 142,
F0r DRAW O0,=19: FLOT 150,90: DRA
W 0,-1%: PLOT 150,90 DRAW 10,0

FLOT 150,71: DRAW 10,0: PLOT 15
&,71: DRAW 0,-&

330 PLOT 100,5&4: DRAW S0,0: PLO
T 150,50: DRAW ©O,12: FLOT 150,55
: DRAW B,10: PLOT 150,5%5: DRAW 8
,=10: PLOT 15&,45: DRAW O,-5: CI
RCLE 153,55,10

332 FLOT 108,74: DRAW 17,0: PLO
T 125,74: DRAW O,-8: PLOT 125,49
: DRAW 29,0

333 BO TO &50

400 FRINT "Voltage divider"

401 PRINT "Input Vee ": INPUT W
cc: PRINT Vcc;" Wolts®

402 PRINT "Input Re ": INPUT Rc
i FRINT Regg™ ™

403 PRINT "Input Gain of transi
stor": INPUT gain: PRINT gain

404 PRINT "Input Re": INPUT Re:

FRINT Res"™ A

405 LET Ic={(Vcc/2)/Rce

4045 FRINT "Ie="3Ic:" Amps"

407 LET Ib=(Mcc/2) /Rc/gain

408 PRINT “"Ib="3;Ib;" Amps"
409 LET Ru=Wcc/lb
410 PRINT "R1+R2=";Rx;" 0Ohms (

3o
411 LET R2=Ru*{(Ic*Rel+.7)/Vece
412 PRINT "R2Z="3;R2;" Ohms ( )
413 PRINT “Ri=";Ru—-R2;"
o
505 PRINT " Press Enter': PRUSE
2: CLS : PRINT AT 8,143 "Vco=":V

ccy"VW': FLASH 1: INE O: PRINT AT

Ohms (

9.,0; "Ri=": FLASH 1: INK O: PRIM
T AT 10,03R%x—-R2;" ": FLASH 1:
IMK O: FRINT AT 15,03;"R2=": FLAS

H 1: INK ©: FRINT AT 1&,0:RZ:"
510 FLASH O: INK 0: PRINT AT 9,

22;"Rc="; IMK &;Rci" “: FLASH

0: INK 0: FRINT AT 15,223 "Re=";

~ ~—\ ~\
\ Y \
\ \ X
1 1 jul
. [ T
1Ill| L ¢
P =y i
I
mEEE
2 G0 TO 700 300 PRINT "Collector biasing” INK &3Rejp™ "= INK O: PLOT 100,

100: DRAW &0,0: FLOT 100,100: DR
AW 0,-11: PLOT 54,88: DRAW 0,-1%
:+ PLOT 106,88: DRAW 0,-19

520 FPLOT 94,88: DRAW 12,0: PLOT
94,48: DRAW 12,0: PLOT 100,&8:
DRAW O,-23: FPLOT 94,46: FPLOT 94,
44: DRAW 12,0

530 FLOT 94,45: DRAW 0,-19: FLOD
T 106,45: DRAW 0,-19: PLOT 10&,2
S: DRAW —11,0: FLOT 100,25: DRAW
0,-%: FLOT 100,14: DRAW &0,0
540 PLOT 100,60: DRAW S0,0: FLD
T'150,55: DRAW 0,12: PLOT 150,40
: DRAW 8,10: PLOT 150,40: DRAW 8
»—10: PLOT 156,511 DRAMW O,-&4: CI
RCLE 153,40,10

550 PLOT 150,45: DRAW 0,-19: PL
DT 162,45: DRAW 0,-19: PLOT 150,
45: DRAW 11,0: PLOT 150,25: DRAW
10,0: PLOT 156,25: DRAW 0,-9
&00 PLOT 15&,100: DRAW 0,-F: PL
DT 150,90: DRAW O,-11: PLOT 142,
90: DRAW O,—-19: FLOT 150,90: DRA
W ©0,-1%: PLOT 150,90: DRAW 10,0:
PLOT 150,71: DRAW 10,0: PLOT 15
&,71: DRAW 0,4

405 LET Vbb=(R2/Rx)*Vcc

&60&4 PAUSE O: CLS : FLASH O INK
O: PRINT AT 9,22;"Rc="; .INK &:R
€3" s FLASH O: INK 0: PRINT A
T 15,223 "Re="3; INK &;Re;" " I
NK O: PLOT 100,100: DRAW &0,0
407 PLOT 15&,100: DRAW O,-F: FL
OT 150,90: DRAW O0,-11: FLOT 142,
90: DRAW 0,-19: FLOT 150,90: DRA
W 0,-19: PLOT 150,90: DRAW 10,0:
FLOT 150,71: DRAW 10,0: PLOT 15
&6,71: DRAW 0,-4

608 PLOT 100,55: DRAW 10,0: DRA
W 0,-3: DRAW O,&: DRAW 15,0: DRA
W O,—&: DRAW =15,0: PLOT 125,55:
DRAW 23,0: PLOT 100,55: DRAW 0,
-15

4609 PLOT 94,40: DRAW 12,0: PLOT
102,35: DRAW -5,0: PLOT 100,35:
DRAW O,-18: PLOT 100,16: DRAW &
0,0

610 PRINT AT 17,2;"Vbb=";Vbb;"
Vr: INK O: PRINT AT 8,14;"Vec=";
Mooy "V": FLASH 1: INK O: FRINT A
T 11,05 "Rb="31/(1/R2+1/ (Rx—R2});
“ "z FLASH 0: IMNK C: PRINT AT

%,22; "Rc="; INK &jRc3" ": FLAS
H 0z INK O: PRINT AT 15,22;"Re="
1 INK &3Re3* *: INK O: PLOT 10

0,100: DRAW &0,0

611 PLOT 150,50: DRAW ©,12: PLOD
T 150,55: DRAW B,10: FLOT 150,55
: DRAW 8,-10: PLOT 15&,44: DRAW
¢,—6: CIRCLE 153,55,10

&12 PLOT 150,40: DRAW 0,-14: PL
0T 162,40: DRAW O0,-14: FLOT 150,
40: DRAW 11,0: PLOT 150,25: DRAW

10,0: PLOT 156,25: DRAW 0,-9

650 FOR n=1 TO 2: BEEF .3,14: B
EEF .3,15: EBEEF .3,14: BEEF .3,1
S5: BEEP .3,14: BEEF .3,11: BEEF
«3,14: BEEF .3,12: BEEP .3,9: BE
EF .3,4: BEEP .4,9: EBEEF .4,11:
BEEF .7,17: BEEF .7,11: BEEF .7,
9: NEXT n: INFUT "press enter to
start again"; LINE i#

&50 GO TO 10

700 FOR f=0 TO 7: READ a: POKE
USR "a"+f,a: MEXT ¥

BOO DATA O,BIN 00010000, BIN OOt
G1000,BIM 01000100 ,BIN 01000100,
BIN 00101000,BIN GO0101000,BIN O1
O O

Q00 GO TO 10
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Generating an accurate

pulse of a given length

In the latest part of his series
Joe Pritchard considers clock
circuits, including the popular
555 integrated circuits and
how to use them as counters
of various kinds

E EXAMINED flip-flop
circuits in the previous part
and soon became aware of

the need for circuits to generate elec-
tronic pulses to clock the flip-flop
circuits. We noted that switches could
not do the job because of the phe-
nomenon of contact bounce and we
saw how flip-flops could help us cir-
cumvent the problem. For truly auto-
matic systems, however, a means of
generating pulses electronically is re-
guired, so that the pulses used can be
as long or as short as required, and so
that it is possible to generate strings
of pulses — a pulse train — automati-
cally.

This time we look at how we can do
that, and also look at some of the
many applications for flip-flops in
digital electronics. To generate pulses
of a given pulse width, we must have
a method of generating a time delay
to give accurately-timed pulses. To
see how we can do that, it is necessary
to look briefly at some analogue elec-
tronics. A typical circuit for generat-

ing a time delay is shown in figure one .

and uses a capacitor. The device can
be treated for our purposes as an

Figure 1.
o e
L |
N R

*

bBuffer

auT

electrical ‘jug’, with the current be-
ing the water. The capacitor stores
electrical charge and as it does so the
voltage across it increases. As soon as
it is the same as the voltage applied to
the capacitor, the charging process
stops — the jug is full.

The process takes time and it is that
time of which we make use in pulse
generating circuits. The time for the
capacitor to charge to a given voltage
is dependent on the value of the ca-
pacitor and the amount of charge
flowing into it. That latter parameter
depends on the current flowing to the
capacitor and so in figure one de-
pends on the value of the resistor.

In this circuit, the capacitor will,
on application of an input signal,
eventually charge to a voltage above
the threshold voltage for a logic 1 at
the buffer input. That will result in
logic 1 at the output of the buffer.
Once the input voltage is removed the

' Figure 2.

bt
& uffar

ouT

ouT

capacitor will discharge and the volt-
age across it will fall, eventually going
below that needed to give a logic low
at the buffer input. That gives us a
logic low at the buffer output. The
practical result of the circuit is that
the input pulse is delayed by the input

_resistor and capacitor.

Any RC network, like this one, has
the ability to introduce time delays of
that kind and lie at the heart of most
electronic timing circuits. The simple
arrangement shown in figure one is
not often used for practical time de-
lays for various reasons. One of them
is that during both charge and dis-
charge the voltage at the input of the
buffer will, for a certain period, be of
a magnitude outside the regions

which define TTL 0 and 1 input
states.
That can be circumvented by

Schmitt trigger circuits but we will
soon examine more reliable circuits.
An alternative way of using an RC
network is shown in figure two,
where the RC network shortens the
length of the input pulse. The theory
behind the operation of the RC net-
work is beyond the scope of this
article but it is a useful network to
know. The width of the output pulse
will either be that of the input pulse
or that length in seconds given by
multiplying the value in ohms of the
resistor by the value of the capacitor
in farads. The latter value, by a math-
ematical trick or two, is always a time
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o cuit we have just seen, pin 2 is con-

g

—Ijm- s TR

=1-1]

ouT et

il 1

in seconds. The output pulse width
will be the shorter of the two times.

If we look back to an earlier part of
the series, it was noted that the pas-
sage of a signal through a logic gate
took a certain time, called the propa-
gation delay of the gate. That fact,
however, is used very rarely to set up
a practical time delay circuit as the
exact value of the delay varies from
gate to gate and it is extremely short.

From figure two it can be seen that
we can acquire pulses of a given pulse
length via a suitable RC network.
That is done rarely in practice, except
in very few cases where the exact
length of the pulse is not very import-
ant. It is much better to use black box
units, such as the 74121, which uses
an RC network to give pulse widths
of accurately-defined lengths.

Integrated circuits, or circuits com-
prising transistors and other devices
which are used to generate pulses or
time delays, are called monostables.
The name is derived from the fact
that they have only one stable state —
that is the circuit is in before and after
an output pulse is generated. The
state of the circuit after an output has
been received — while the pulse or
time delay is being generated — is
short-lived, the length of that state
being dependent on the design of the
circuit and, for a 74121, the RC net-
work employed.

Another monostable device is the
highly-popular 555 integrated circuit.
Both the 74121 and the 555 use RC
networks for timing and they can
both be used directly with TTL de-
vices, I shall concentrate mainly on

the use of the 555. The 74121 is most
useful when we wish to generate very
short time delays, as the 555 cannot
manage very short output pulses or
time delays. Figure three shows a 535
configuration to give an output pulse
of a given pulse width. I will not deal
with the internal construction of the
device except where it is necessary to

Figure 4.
o
GROUND []1 8| |vee
TRIGGER |2 7 _]DISCHARGE
ouTpuT[ |3 555 & [ | THRESHOLD
RESET[ |4 5| _JconTROL
VOLTAGE

permit the effective use of the device.

Figure four shows the pin-out of
the device. The names given to some
of the pins of the device may worry
you but they need not. Let us look at
the role of each pin on the chip. The
ground pin is connected to the 0 volts
line. Pin 2 is the input of the device; a
negative-going pulse there will initiate
the generation at pin 3 of an output
pulse. The length of that pulse de-
pends on the wvalues of R and C
connected to pins 6 and 7. The volt-
age which pin 3 attains while in that
active state is within two volts of the
power supply

Pin 4 enables the user to cut short
output pulses by taking that pin to a
logic low momentarily. In practice,
that pin should be taken to Vcc if you
want to avoid that happening acci-
dentally. Because a low applied to
that pin leads to the 555 returning to
its resting state, the pin is called the

nected to pin 4. That means that
whenever pin 2 is taken low to initiate
another pulse at the output, pin 4 is
taken low to ensure that the device
first assumes its resting state. Thus
the duration of the output pulse is
always the same.

Pin 5 is interesting; if we apply a
voltage to it, we can vary the duration
of the output pulse generated without
altering the values of the resistor or
capacitor involved in the timing net-
work of the circuit. From a practical
point of view, pins 6 and 7 are best
looked at as the timing pins of the
device; we connect a resistor and ca-
pacitor to give the desired pulse width
at the output. Pin 8 is the connection
to Vcc. The 555 is a very versatile
device, running satisfactorily from
any supply between five and 15 volts.

The width of the output pulse ob-
tained from a given combination of
resistor (R) and capacitor (C) is given
by the equation:

iR
where R is the resistor value in ohms,
C is the capacitor value in farads and
T is the pulse width in seconds.

Two important points are that the
555 is not designed to give very short
pulse widths and the lowest pulse
width obtainable is around 10 micro-
seconds. There is no theoretical upper
limit to the pulse width which can be
obtained but that is usually limited by
the quality of the capacitor used.

An upper limit is usually in the
region of a few hundredths of a sec-
ond. Longer delays can be generated
in other ways, such as cascading 555
chips, where the output of one device
is used to trigger the next in the
sequence. The total time delay is the
sum of that of the two separate cir-
cuits,

Figure 5.
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You might like to consider how to
obtain a continuous train of pulses
using two 555 devices, connecting the
output of the second to the input of
the first. A much neater way to ob-
tain longer delays is to use a circuit
which counts a given number of
pulses and then triggers an output.

We look at counter circuits later,
Several chips are available which
work on this principle and they give
time delays which can be measured in
months or even years. Pulse widths of
high accuracy can be attained only if
we use good-quality resistors and ca-
pacitors in the timing part of the
circuit. The pulse widths given by a
555 circuit are remarkably unaffected
by the supply voltage being fed to the
device.

A package is available which pro-
vides two 555 timers in one chip. It is
a 556 and its pin-out is shown in
figure five. The 74121 deviceisa TTL
monostable which can generate pulses
much shorter than those obtainable
from a 555. It is not particularly good
at generating long pulses and so the
555 and the 74121 form a good team,
the 121 dealing with the short pulses
and the 555 being used for longer
ones.

Figure six shows the pin-out and
internal arrangement of the 74121. It
also shows how to use the device in a
circuit. Rx and Cx are the timing
components and if we connect pin 9
to 5 volts and omit Rx, the timing
depends on the value of Cx and the
internal resistor, Rj,;. That internal
resistor has a value of about 2k. The

pulse duration at the output is given
by the equation:
T=0-694*Cx*Rx

Again, Cx is in farads and Rx in
ohms. If we use the internal resistor,
then put 2000 in the equation instead
of Rx. There are three input pins to
the chip, called Al, A2 and B. Should
B be at a logic high, an output pulse is
generated when Al OR A2 OR both
go to a logic low. If, however, we

the need for using such discrete de-
vices in this area of digital electronics.

A natural extension of the mono-
stable was hinted at earlier — a means
of generating a continuous train of
pulses. A device to do the task is
called an astable, an oscillator or a
clock. The latter name is derived
from the computing field, where cry-
stal-controlled oscillators generate
steady pulse trains at great speed. The
function of those pulses is to synch-
ronise the activities of large circuits;
they help the machine keep proper
time.

For a more detailed description of
a crystal oscillator, the reader is di-
rected to a text book on general elec-
tronics or radio. The erystal is used in
very accurate applications to replace
the RC networks we have examined
so far. A crystal-controlled clock cir-
cuit generating more than three mil-
lion pulses each second is at the heart
of the Spectrum, where it keeps the
electronics functioning smoothly.

In the remainder of this article I

Figure 7.
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take B low, the device does not care
about the states of Al and A2,

The 74123 integrated circuit has
two of those versatile devices in it.
The 74121 and the 555 are the most
commonly-used methods of generat-
ing pulses in digital circuits. It can be
seen easily how they can also be used
to generate time delays, another im-
portant feature of digital electronics.

Five years ago transistors and other -

components would still, be used to
generate time delays or pulses; the
black box approach has now removed

will be looking at clock or astable
circuits which use RC networks but
the reader should be aware also of
crystal-controlled clocks. The fre-
quency of the astable is controlled by
the RC network or crystal and there
are many circuit configurations which
can be used to put together a clock
circuit.

Some use transistors, others use
gates and, of course, there are chips
whose sole role is to be an astable
circuit. Figure seven shows two such

continued on page 38
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continued from page 35

configurations, one using the 7404
inverter and the other using the 555
chip. Of those, the 555 is the easiest
to use.

If high-frequency pulse trains are
needed, i.e., those with frequencies of
greater than 100,000 pulses per sec-
ond — 100kHz — the inverter-based
circuit, or one of its close relations,
can be used.

For any great accuracy from that
type of circuit, crystal control will
have to be used but back to the 555.
The frequency of the waveform gen-
erated is given by the equation:

fe 1.4

C; (Ra+2*Rp)

Notes on the practical design of 555
oscillators will be given in the practi-
cal notes at the end of this article. It
should be noted that pin 5 of the chip
can again be used to vary the frequen-
cy of the waveform generated. A
CMOS 555-type device is available,
the 7555, which has the great advan-
tage over the standard 555 of not
requiring much power when it is do-
ing nothing. Having said that, the
power consumption of the standard
555 is not very high.

Once we can generate pulses in that

way it soon becomes useful to have
ways of counting them. The subject
of pulse counting and digital counter
circuits will now be explored.

Let us begin by examining the flip-
flop circuit is shown in figure eight. It
is a T-type flip-flop, synthesised from
a master slave flip-flop, and it has
some rather interesting capabilities.
The frequency of the pulse train ap-
plied to the input is halved by the
circuit, producing one output pulse
for every two input pulses. The truth
table for such a configuration is
shown in figure nine.

It can be seen that the circuit has
two output states, 0 and 1, and the
circuit is thus said to have the charac-
teristics of a counter with a modulus

It is very easy to extend the cascad-
ing of flip-flops to give us, in theory,
a counter of any modulus. There are,
however, practical difficulties to be
overcome with cascading many flip-
flops together and we very rarely need
to cascade more than 32 or so flip-
flops together. Usually, instead of
using separate flip-flops, we use chips
which are designed specially to be
counters. Examination of counters
wired from flip-flops shows that a
modulus 4 counter has two outputs, a
modulus 8 counter has three outputs
and a modulus 16 counter four out-
puts.

We can thus put together a general
rule which relates the modulus of a
counter and the number of outputs it

Figure 9.
L1 a
CLK No. of
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of two. If we add another flip-flop,
we have the arrangement shown in
figure 10. The counter has a modulus
of 4; note how the outputs give a
binary representation of the number
of pulses applied to the input. Thus
effectively we are counting the input
pulses.

The second flip-flop toggles when
the output of the first flip-flop goes
from high to low and so the logic
states at various points in the circuit
at various times are as shown in fig-
ure 11.

Figure 10.
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will possess. The number of outputs
for a counter with a modulus m is
given by:

m=2n

As there is one output to each flip-
flop, the n is also the number of flip-
flops required for the counter.

If we remember the previous article
which gave details about master-slave
flip-flops, we can see that there are
various control signals we can apply
to the flip-flops which make up the
counters to control how they behave.
Look at figure 12. It is a modification
of the circuit shown in figure 10, the
simple modulus 4 counter. After four
pulses, the outputs are both at logic
low again.

In this new circuit we can put both
outputs to logic low at any point
during the counting cycle using the
CLR input to each flip-flop. By con-
necting all the inputs together, a pro-
cess known as commoning, and
taking them low, the outputs of the
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flip-flops are all set to zero. For as
long as that line is held low, no
counting will occur but as soon as it
zoes back to a logic high the counting
process will start again from 0.

More alterations can be made to
the circuit which give even greater
control over it; if we take both J and
K inputs to a logic low, that particu-
lar flip-flop will retain its current
output state for as long as the two
inputs are held low. If we common all
the J and K lines in the counter we
can have a “*hold’’ function on the
counter.

Figure 13 shows how that might be
accomplished. It is not necessary to
tzke all the J and K lines to a logic
low — only those of the first flip-flop

Figure 11.
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clock pulse would need to be pro-
vided.

It is possible to produce counters
which can either be up or down
counters depending on the state of a
control signal applied to the circuit.
They are fairly complex circuits and

usually in a given application we will
need only one of the two types, up or
down, and very rarely both.

Before we look at some real
counter chips, a final type of counter
to examine is the pre-settable counter.
It is a circuit in which we can set up
the flip-flops with whatever output

F'g"reo_l:; o a. states we want and then we can allow
the counter to count from there.
Those types of counter can also be up
Hm or down counters. A fundamental
a e circuit block in the pre-settable
= e S s counter is a type of latch, shown in
e nno—+—d> > figure 15 along with its truth table.
FF & Outputs A and B from the circuit
[ are connected to the pre-set and clear
i s > f T inputs of flip-flops in the counter.
=L One of the latches is needed for each
flip-flop in the counter.
on the chain. Taking the input Etiue 13,
marked STOP to a logic low will
inhibit counting until that line goes
high again. . 5
The simple two-stage counters we L ; e ;
have examined so far have been con- H
figured so that the counting starts at 0
and each pulse at the input incre- nrn
ments the binary value shown at the > 5 9>
output of the counter. Counters of Master Master
that type are called UP counters. By Slave Slave
altering the wiring to flip-flops, it is 2 i
Veo r——K

possible to produce DOWN counters
— circuits which start at the binary
value obtained with all the outputs at
a logic high and count down towards
zero with each pulse.

A modulus 4 down counter will
start with a value of decimal 3 repre-
sented on its outputs and will count
down to zero with each pulse. A
circuit for it is shown in figure 14,
Note how clear will set all the outputs
to zero and so to return to the starting
state for down counting an extra

STOP

CLR
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Figure 16 shows how a pre-settable | Figure 14.
two-stage counter can be implement- O+ 5v o, O+ 5¢ a,
ed. C is a control line; if it is at logic
1, the Q1 and Q2 outputs will be the
same as the D1 and D2 inputs respec-
tively. Taking line C low, with clock
pulses being applied, results in nor- Sty Ep q> L \ e o
mal up counting occurring from the Maacior Mo
value set by the DI and D2 inputs , S K st
when the line was high. i > i

Note the absence of a clear func- el
tion; it is not really needed, as we set

PRE CLR
both D1 and D2 to logic low and then el I e O]

C high and then low again, placing
the data on to the flip-flop outputs. CLRO
We have seen how we can have
counters made up of chains of flip-
flops. They can have any modulus |Figure 15.
but, so far, the modulus has always T
been a power of two. So how do we
get counter circuits with moduli
which are not powers of two? We
need to use some combinatorial logic
gates to provide control. Figure 17 \ [~ e
shows how we can implement a i
counter with a modulus of 10. |
As we work in the decimal system, ‘

—0

i

it is obvious that such counters are

popular. When the binary for 10 —

1010 — is displayed at the outputs, [—0—0s
the counter is set back to zero by e

means of the NAND gate, which
takes the CLR inputs of the flip-flops
low. It would appear from this des- |[Figure 16.
cription that the binary code for 10 is
displayed on the outputs, where in
fact we should go from 9 to zero. ik %
That is true but the outputs of the Oves

flip-flops display 10 only for an ex-
tremely short time, the propagation
time of the NAND gate and the time | nnr————4> : o >
needed for the flip-flops to clear to
zero. That usually is not noticeable. s i J e
Q1 is the least significant bit of the FF #F
binary number represented on the
counter and Q4 is the most significant
bit of the number. PEER

Let us now look at some of the
available counter chips. The most a
popular ones are probably the TTL s
counters and [ shall concentrate on Fig. 15 ["_ el
those devices. I shall also mention % : | [Fan
some of the more popular and inter- T T L’a
esting CMOS devices.

The 7490 and the 7493 are both
very popular. The full name of the
7490 is a BCD up counter. BCD o 5]
stands for binary coded decimal and
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all that means is that the counter has
2 modulus of 10. On the tenth pulse,
the counter will re-set to zero.

The 7493 is a counter with a modu-
lus of 16. The pin-outs of the two
devices are effectively the same, al-
though the 7493 does not possess the
control lines of the 7490, as can be
seen in figure 18. On the 7490, R3 and
R4, if taken high, stop counting
occurring, and on both chips R1 and
R2 will clear the counter. Note how
the flip-flops have two clock inputs,
one serving flip-flop one and the
other serving the other three,.

Figure 19 shows the basic configu-
ration for the 7490 as a BCD counter,
as well as how to utilise the 7490 as a

T

i)

CLA

:L_

power supply must be around five
volts for definite and reliable oper-
ation. When testing the circuits, al-
ways provide the input pulses from a
pulse generator circuit, like the ones
we have looked at this time, or from a
switch debouncing circuit like that we
examined in the last issue. Using a
non-debounced switch will give multi-

Figure 18.
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divide-by-10 circuit. Before looking
at more counters, I would like to
pause for a few practical hints for
counter circuits.

Decoupling the power supply lines
with capacitors is important, as the
rapid operation of the counters can
lead to problems with rogue pulses
appearing on the power supply lines.
Second, when you apply power to a
counter circuit, you will not always
power-up with the outputs in the zero
state.

It is vitally important that one of
the first things your circuit does on
power-up is to re-set all the counters
to the initial state you require. That
can be done by a manual re-set
switch, or a device like a 555 confi-
gured to provide a re-set pulse shortly
after turn-on. Those devices also tend
to be more power-supply-conscious
than the combinatorial devices.

You can do work with NAND gates
using 4.5 volts but for counters the

ple input pulses which will provide
unreliable results.

There are some other interesting
TTL counter circuits I mention brief-
ly in passing. The 7492 offers a mo-
dulus 6 or modulus 12 counter, in the
same way the 7490 gives a mod 5 or
mod 10 counter. That quality is pro-
vided by the two clock inputs to the
counters and it is useful to experiment
by applying pulses to the two clock
inputs and observing the effects of

the outputs. The 74176 is a BCD up
counter with pre-set and clear func-
tions. The pin-out is shown in figure
20. It can therefore be considered as a
7490 with pre-set and clear. The
74177 similarily can be seen as a 7493
with pre-set and clear functions and
its pin-out is the same as for the
74176.

Figure 21 shows how the counter is
controlled by the CLR and LOAD
lines. The 74196 and 74197 are ver-
sions of those two counters which can
operate at higher clock frequencies.
Remember if you choose to use LS
series counters in any circuits they
will be slower than their standard
TTL counterparts.

With regard to CMOS counters,
two deserve brief mention. The first is
the 4020, a 14-stage counter with re-
set. The 4024 is a similar seven-stage
counter.

An interesting variation on the
counters is the 4017. It is a modulus
10 counter, with 10 outputs. Instead
of displaying the result of counting in
binary, one of the output lines is
active. Thus for five pulses the 5
output will be active and the rest
inactive. The binary numbers have
been decoded to give a single output
representing a certain count. Thus the
counter is said to have a decoded
output.

A short time ago I mentioned brief-

Figure 19.
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ly the use of a divide-by-10 circuit
formed from a 7490 counter. I
showed how a T-type flip-flop could
be used as a frequency divider circuit.
In recent years, many circuits have
needed various clock rates at differ-
ent points in them. Often those clock
rates are all derived from a master
clock oscillator by dividing the fre-
quency using flip-flops or counters.
In the example shown in figure 19, we
divided the input frequency by 10
using the 7490.

If we connected the output of it to
the input of a similar circuit, the
frequency obtained from the output
of the second circuit would again be
divided by 10, giving a total frequen-

Figure 21.
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cy division by 100. That cascading of
counters and flip-flops makes it poss-
ible to generate a wide range of fre-
quencies from a single clock
oscillator, such as a crystal oscillator
or a 555 astable. Those who are inter-
ested might like to make a 555 astable
circuit and use it to drive two 7490
counters to obtain frequency outputs
of f, £/10 and f/100. When doing any
work with computers, frequency di-
vider circuits are often employed to
obtain a clock signal for the add-on
circuit from the computer clock sig-
nal.

Monitoring of flip-flop and
counter circuit outputs is best done
using the inverter-LED combination.
The main problem you may encoun-
ter is the sheer number of LEDs you
may want. A good method of avoid-
ing having dozens of LEDs is to use
one of the DIL packages available
containing about 10 small LEDs,
They can be treated as single LEDs
but they are all together in one pack-
age and so they make life easier.

Another method is to convert the
binary read-out from the flip-flops or
counters into decimal numbers, using
a special decoder chip and a seven-

segment display. I will now give a
brief introduction to design using the
555 device. It is very versatile, en-
abling the user to generate pulses and
square waves of a wide range of fre-
quencies. To look at the problems of
design of monostable circuits, first
the pulse width desired must be great-
er than 10pS and preferably less than
100S. The value of R is then worked
out by picking a value of C from what
you have available and putting the
numbers into the equation below.

If the value of R obtained is less
than 1K and greater than 1Mohms a
new value of capacitor must be select-
ed-and the process repeated. R and C
in the calculations refer to the dia-
gram in figure three. For high values
of capacitors — values above 1uF or
s0 — tantalum bead capacitors give
superior results to electrolytic capaci-
tors, due to having more accurate
values and being better at holding
electrical charge. i

The duty cycle, which is the ratio of
mark to mark and space, must always
be greater than 0.5 due to a design
peculiarity of the 555. So the pro-
cedure is to select a value of C for the

frequency of interest. To do so, use
the graph in figure 22. The lines of
resistance value represent the resis-
tance given by Ra+ 2*Rb.

We read this value of resistance
from the point at which the capaci-
tance value selected from the frequen-
cy required intersects the resistance
line. The equations which describe
555 operation can then be re-arranged
to calculate values for Ra and Rb.
These are given without going
through the arithmetic involved in re-
arranging the equations. Once Rb is
obtained in that fashion, Ra follows
naturally from the fact R is equal to
Ra+2*Rb:

Rb=R*(1-D)
Where R = (Ra+ 2*Rb)—value from
graph
D = Duty Cycle wanted

Duty cycles of 50 percent can be
obtained by the use of a flip-flop in
the T configuration. That is shown in
figure 23. For duty cycles of less than
50 percent the easiest method is prob-
ably to put an inverter on the output
of the 555.

Figure 23.
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Interfacing with less
expensive peripherals

In his second article on the Motorola circuit, which forms the |

basis for the QL, John Mellor considers its capabilities when
linked to the 6800 family of peripherals, although there are
other chips which can provide greater facilities

ONTINUING the series on
Cthe 68008, we look at how the

processor and hence the QL
can be interfaced with the 6800 family
of peripherals. A growing number of
very powerful chips are being devel-
oped specifically for use with the
£8000. The 68230 and the 68901 are
two examples. The 68230 is a parallel
interface/timer which has 24-bit bi-
directional [/O and a 24-bit counter/
rimer. It can perform direct memory
access and is, therefore, able to trans-
fer data into memory directly without
involving the CPU.

The other chip is called a multi-
function peripheral. It has eight 1/0
lines, each of which can be pro-
grammed as an interrupt line. Also
contained in the 48-pin package of

the 68901 are four timers, a USART
and 24 control and status registers.
So why use a chip which is old
technology and which is not able to
make full use of the 68008 facilities or
power? One reason is that the 6821 is
easy to program and use but a more
important reason is that the 68000
family of peripherals are 50 to 100
times more expensive. Realising that
it takes time to design, market and
obtain high yields from complex per-
ipheral chips, the 68000 designers
have provided facilities for it to be
able to interface with 6800 peripherals.
Two signals on the 68008 processor
provide the 6800 interface. They are
the enable output signal and the valid
peripheral address input signal. They
are used to synchronise the transfer

1
]

10.1 PIN ASSIGNMENTS 68008

a3
A4
As O
AB [
AT [
AB [
A9
AloC
A11[
A2 10
A1z0 1
Ala 12
vec O 13
A16 [ 14
GND [ 15
A6 [] 16
a17 0 17
Ae ] 18
Al1a 19
D? O 20
DE [ 21
DE [ 22
D4 O 23
D3 24

FCO
FC1
FC2
IPLZ/0

[1-0: ORI BT T - T U~ ]

Figure 1. Comparison of pin layouts for 68008
and 68000, showing absence of YMA on 68008,

Figure 3. Word Read Cycle Timing
S0 51 52 §3 S4 55 S6 57 SO S1 S2 53.54 55 56 S7 S0 S1
CLK
A1-A19 <

R/W

DTACK \ 7 \ /

FCO-FC2 A
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e i

Word Read

f+————— High Byte ————s}+———— Low Byte——|

PIN ASSIGNMENT 63000

pac]1e 64 [0 D5
D3] 2 63 [ D6
p2] 3 62 D7
D1 4 61 D8
Do) s 60 D9
AS[] 6 59 [ D10
ups[C] 7 58 D11
b5 s 57 D12
WL 2 56 [ D13
DTACK[] 10 55 D14
BG] 11 54 [ D15
BGACKL] 12 53 GNC
BRI] 13 52 A23
v, ] 14 51 A22
CLK] 15 50 A21
GND[] 18 49 V..
HALTL] 17 48 AZD
RESETL] 18 47 [ A19
VMALC] 19 46 A18
E] 20 45 [ a17
VPA L] 21 44 [ A16
BERR] 22 4SEA15
P2 23 42 O A14
PLiC] 24 41 A13
TPLOC] 25 40 A12
FCz2[] 26 39 Al1
Fci1] 27 38 [ A10
Fco] 28 37 [ A9
A1) 29 36 [1 A8
AZ[] 30 35 AT
A3 31 34 [ A6
A4 [ 32 33 AS

Figure 2.
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of data between the 68008 and 6800
peripherals, because normally the
68008 works in an asynchronouse
fashion.

We must investigate how the 68008
transfers data. With asynchronous
data transfer the CPU does not con-
trol the rate of transfer but relies on
handshaking with the device, so that
the device can transfer the data at its
maximum speed. Each device ac-
cessed is told when the address is
valid by the address strobe AS. As
soon as valid data has been placed on
the data bus by the accessed device it
will signal to the CPU by taking the
data  transfer acknowledge —
DTACK — line low.

When the processor recognises
DTACK during a read cycle, data is
latched into the CPU and the bus
cycle is terminated. In a similar way
during a write cycle that input indi-
cates to the CPU that the data trans-
fer is completed. After asserting AS
the CPU will wait until DTACK is
recognised so that the speed of data
transfer is controlled by the slave
device — memory or peripheral.

It is possible that a software fault
results in a read or write to an invalid
address or that a hardware fault re-

Figure 4.
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Word Write Cycle Timing
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sults in DTACK not being asserted.
In that case the CPU would wait for
ever. To avoid that situation external
logic can be added to the 68008 system
which will assert BERR, or BERR
and HALT to abort or re-run the bus

cycle should no DTACK occur after a
given time or if the access was-invalid.

A simple watchdog timer using a
monostable circuit can be arranged to
terminate access by asserting DTACK
and BERR simultaneously should

Figure 5.
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DTACK not occur if, for example, an
snpopulated address space is ac-
cessed. A great advantage of having
those signals is when error-detection
circuitry is used, for example a parity
checker. Should a parity error occur
during a read, taking BERR and
HALT low at the same time will cause
that cycle — the memory read — to
be terminated and re-run.

The fastest bus cycle time possible
with the 68008 is four clock periods
— 500, 400 and 320nS with the &, 10
and 12.5MHz devices respectively.

Now we can look at the timing
diagrams and the hardware required
1o interface synchronous devices to
the 68008. Figures three and four
show how a 16-bit processor copes
with an 8-bit bus. As can be seen
from figure three the processor per-
forms two successive read operations
to read a 16-bit word. A single com-
mand or op code cycles the CPU
through SO to S7 to read the high byte
and then S0 to S7 again to read the
low byte.

The high byte is always stored at an
even address — see figure six in the
previous issue and, therefore, AQ is
low. Al to Al9 will remain the same
for both bytes. Figure five shows the
byte read and write cycles side by
side. All the signals shown originate
from the CPU, except D0O-D7 and
DTACK.

During the read the slave device
asserts DTACK after it has placed
valid data on DO0-D7. The CPU
laiches the data from DO0-D7 and
then negates the AS and DS lines. The
slave device will release DTACK and
disconnect itself from the data bus
when AS or DS goes high. During the
write cycle it is the CPU which places
the data on the data bus and then it
asserts DS,

The slave device will decode the
address and latch-in the data when it
sees DS. Having latched-in the data
the slave will assert DTACK. The
CPU then knows that a transfer has
taken place, negates DS and AS and
removes the data from D0-D7. As DS
or AS rise, the slave device negates
DTACK.

Spend some time studying the next
timing diagram — figure six — as it

Figure 6.
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2 clock periods after E goes high
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MEBOO cycle timing

shows how a synchronous transfer is
made to take place. The diagrams are
the industry-standard way of showing
how and when communication takes
place in a computer system, so it is
well worth the effort involved in
learning how to read them.

When the 6821 is addressed, this is
what happens. The 68008 processor
starts a normal read or write cycle.
The external hardware — ICs 1, 2 and
3 in figure seven — recognise the 6821
address and when AS goes low it
asserts the Valid Peripheral Address
DECODE. The processor is waiting
for its DTACK signal: instead it
receives the VPA signal.

The 68008 VPA input signals the
processor that the address it has just
placed on the address bus is the ad-
dress of a 6800 device — 6821 — and
that the bus should conform to the
transfer characteristics of the 6800
bus. The 6821 normally is selected by
a combination of a valid address with
the VMA signal.

The 68000 has a VMA pin — figure
one — but because of pin limitations
the 68008 has not. Valid memory
address is, therefore, generated by the

circuitry of figure seven and that is
used to enable the chip select of the
6821.

The VPA DECODE is gated with
the Enable (E) signal, which is a slow
clock signal with a cycle equal to 10
clock cycles — six low, four high —
of the 68008. When VPA DECODE
is high and E goes low, the VPA
signal is sent to the processor and one
clock cycle later the flip-flop 1C3
generates the VMA signal. The 6821
will then be selected.

During a read cycle, the processor
latches-in the peripheral data during
state six. The read will be terminated
in state seven. During a write cycle
the data bus is put into the high-
impedance state until S6. The periph-
eral logic must remove VPA from the
processor within one clock after the
address strobe is negated.

DTACK should not go low while
VPA is low. If an active low VMA is
required, the Q output of IC3 can be
used. Full construction details will be
given in the next issue. We will also
give details of where to buy the edge
connectors and the prototyping boards
on which to build QL projects.
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The good author’s guide
to explaining projects

to Sinclair Projects we would ap-

preciate it if you adhere to the
following rules. Although they are
not exclusive it would help us to
evaluate projects if there is some ele-
ment of compatibility between differ-
ent presentations.

It would also make it much easier
for us to publish the articles without
errors as there would be less chance
of confusion about meanings. The
main points to note are:

@ All manuscripts should be typed
with double-line spacing.

IF YOU WISH to submit articles

® Logic symbols shoild follow in-
ternational standards.

® Circuit symbols should follow in-
ternational standards.

@ Circuit diagrams should have the
values of the components shown,
not a reference to a component
table.

® Parts of integrated circuits should
be designated with a note on the
diagrams—ICS5 - 74LS14, for
example.

@ All circuits should be designed for
construction using standard Vero-
board. Any printed circuit board
designs are likely to be returned
for conversion. Submission of a
project on a PCB will not exclude
future publication.

® Any constructional detail which is
unusual or slightly complicated
should be illustrated with simple
hand-drawn diagrams, showing
how it can be implemented.

For those who are familiar with Brit-
ish Standards logic symbols, they are
shown here, along with the interna-
tional symbols.

® Where projects are designed to
plug into the rear of the computer
they should be built on the 36
strips x 50 holes size of Veroboard
with the board vertical and an ex-
tender card at the rear to allow
other projects to be stacked. For
Spectrum projects the connector
should be central on the board
with four strips spare at each side
and one row of holes spare beneath
the connector. For ZX-81 projects

the connector should have two
rows of holes spare beneath it with
seven spare strips at the right-hand
side. Where that is impracticable,
boards may be remote and con-
nected by ribbon cable to a socket
and extender card assembly.

@ Components should be available to
hobbyists through the normal re-
tail channels and where a com-
poneni is not a widely-stocked
item, sources should be given.

INTERNATIONAL
AND

NOR

NOT
L=

EXCLUSIVE OR

e

BRITISH STANDARD
AND

NOT

EXCLUSIVE
OR =]
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ZX PROGRAMMERS. . -
look no further than E

Whether you write MACHINE CODE or BASIC we

have the very latest “state of the art” programming

tools for you, try them and see why our product is

widely regarded by professionals as the very best

available.

FULL SCREEN EDITOR/ASSEMBLER

(16/48K) voted THE MOST POWERFUL

MACHINE CODE PROGRAMMING TOOL YET

SEEN by HOME COMPUTER WEEKLY

® Editing facilities comparable to the most
sophisticated word processor with MOVE. COPY
and/or DELETE lines or blocks of code.

® [OCATE, CHANGE or DELETE specified
strings or characters, full Z80 instruction set
supported, comprehensive syntax check.:
powerful expression evaluator, 8 derivatives
including stand alone and quash, symbol table
display. assembly to screen, printer or save to
tape and “SNAKE", a fully notated source code
demonstration program.
(PLUS 80 version for the KEMPSTON
CENTRONICS 80 COLUMN PRINTER
INTERFACE now available).

MACHINE CODE TEST TOOL (16/48K)

tutor and de-bug program, co-resides with the FULL

SCREEN EDITOR/ASSEMBLER in 48K to give a

COMPLETE MACHINE CODE DEVELOPMENT

ENVIRONMENT that is second to none. The

programmer can switch between programs within

moments,

® Allows easy entry and testing of machine coded
Instructions.

® Pages and displays memory registers so you
actually see what's happening. displays Main and
Alternate register sets. Breakpoints can be Set.
Viewed and Nullified. HEX:DECIMAL
conversion. STOP and return to BASIC. MOVE
a memory block. GOTO address. Character
Generator and full supporting documentation
and tutoriai

MASTER TOOLKIT (16/48K). YOUR

BASIC WILL NEVER BE THE SAME AGAIN!

This program adds a whole range of really powerful

commands and facilities for your Spectrum

® Real time clock and alarm with off on set and
print commands

® BLOCK MOVE. COPY. DELETE and MERGE
two lines. FINID and CHANGE character string.
RENUMBER . 10) programmalile kevs (up to 255
chars. each). TRACE with continuous execution
display. VARIABLL display and dump.
COMPRESS. REMKILL and PACK to minimise
program bytes, CHANGE CASE upper to lower
ardd vice versa. RAMTOP ADDRESS and
PRINTER output for vectirs. Comprehensive
manual and instructions stupplied

Auvailable from selecied branches of
W T SMITTL BOOTS and MENZIES and other

good software stockists

“SOFTWARE . . .
SIMPLY THE BEST

Il you expenence any dificulty obtaimng your copy or these programs. send a
cheque or pastal order for £9.95 per program £19.95 for the PLUS 80 version of

FULL SCREEN EDITORIASSEMBLER)
Oxford Computer Publishing Ltd. g
4 High Street, Chalfont St. Peter, Bucks. SL9 908
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VELLEMAN

INTERFACE SYSTEM FOR SINCLAIR
ZX 81 AND ZX SPECTRUM

Turn your computer into a practical and useful instrument . . .

- Velleman introduce their interface system consisting of a
specific motherboard for each type of computer, and interface cards
that can be plugged onto the motherboards.

The systems for the ZX81 and Spectrum are now available, sach
motherboard provides space for four interface cards and is supplied
with a 23 pole edge connector making it possible to connect the ZX
printer or to stack more motherboards.

Interface cards now available:
K2609—DC output board with 8 open collector outputs (25 V/50

A s e e S T £19.01
K2810—A/D converter, 8 bit precision. .. ..£E28.26
K2611—8 optocoupler inputs ....................... £20.55

K2614— Centronics parallel printer interface...................£30.83
K2618—D/A converter, 8 hit PIegISiON. ...t e B2 .66
OTHER NEW KITS IN THE VELLEMAN RANGE
K2B0T=—Stroboscope...ood i/ e S e aaa £10.79
K2B602 —4 channel running light with modulator................£20.55
K2804~Kalak Sirenito ol B0 B £ 6.94
K26068—LED Audio power meter.............................o..o.. £12.48

tall prices inclusive of VAT)

SEND FOR NEW FULL COLOUR SHEET DETAILING
COMPLETE RAMNGE available free from:

VELLEMAN UK..

P.O. Box 30, St. Leonards-on-Sea,
East Sussex TN37 7NL, England.
Telephone: (0424) 763246

Velleman kits are also available from the following:

AVON: L.F. Hanney 77 Lower Road, Bath.

BERKS: Lovering Bros. 76 King’s Road, Reading.

BLACKPOOL: Eteson Electronics, 158 Lower Green, Poulton-Le-

Fylde.

DEVON: 5 & R Brewster, Union Street, Plymouth.

ESSEX: R. Jones Electronics, 267 Rectory Road, Grays.

GLASGOW: Marshalls Electronics, 86 West Regent Street.

HERTS: Hemmings Electronics 15 Brand Street, Hitchin.

IRELAND: Baxol Tele Exports, Co. Wicklow.

LIVERPOOL: Progressive Radio, 93 Dale Street.

LONDON: Bradlay Marshall, 325 Edgware Road.

MANCHESTER: Spectron Electronics, 7 Oldfield Road, Salford.

NORTHANTS: M.W. Associates, 10 Crown Street, Kettering.

SURREY: D.R. & J.G. Taylor, 24 Beckenshaw Gardens, Woodman-
starne.

WILTS: Camlab Electronics, 27 Faringdon Road, Swindon.

Retail enquiries welcome.
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FLOPPY DISC SYSTEM FOR
SPECTRUM

Our new model — BETA DISK is even better
than ever.

Some of the main features:

*Disc Operating System in EPROM

*Uses ONLY 128 bytes of Spectrum Memory
*Locates below BASIC programs

*Uses Spectrum Keywaords

* Supports up to FOUR disc drives

*Compatible with 40, B0, single or double sided drives
*Up to 400K storage for 80 tracks, double sided drive
*Random access is provided ;

*BASIC programs can be merged

*Duplicated Spectrum connector is provided
*Password protected

£85.00 ex VAT
£2.00 p.&p.

[
1 Technology Research Limited

Unit 18 Central Trading Estate, Staines, Middlesex.
Tel: Staines (0784) 63547

MAIL ORDER PROTECTION SCHEME

Advertisements in this magazine are required to conform to
the British Code of Advertising Practice. In respect of mail
order advertisements where money is sought in advance of
the despatch of goods the Code requires the advertiser to
despatch goods within 28 days, unless a longer period is
stated. Where goods are returned to an advertiser, unda-
maged, within 7 days, the purchaser's morey must be
refunded, plus the cost of returning the goods. The reader
should retain evidence of despatch.

If vou order goods from mail order advertisements in this
magazine and pay in advance of delivery you will be
considered for compensation under the Scheme if the
advertiser becomes insolvent or ceases to trade provided
that:

{a} you have not received the goods, or a refund in

respect of returning same, AND:

(b} you write to the Advertisement Manager of this
magazine, stating the facts, not earlier than 28 days from
the date of the order and NOT LATER THAN THREE
MONTHS from the date on which the advertisement ap-
peared.

THE SCHEME ONLY COVERS ADVANCE PAYMENT SENT
IN DIRECT RESPONSE TO AN ADVERTISEMENT IN THIS
MAGAZINE. IT DOES NOT COVER:—

(a) Classified adwvertising;

(b) payment made in response to catalogues, brochures,
etc. received as a result of responding to such adver-
tisements;

(c) advertisers offering services as opposed to goods,

(d) claims where payment is made with Access or

Barclaycard and where the cost of the goods is over
£30. In this case claims should be made to the Credit
Card Company concerned.
Full details of the Scheme are available by sending a
stamped and addressed envelope to Mail Order Protection
Scheme, Periodical Publishers Association, Imperial
House, Kingsway, London WC2B 6UN.

SINCLAIR
PROJECTS

Sinclair Projects broadens its horizons

Subscription Form

More hardware news
In-depth analysis of peripherals

Mail to: ECC Publications Limited: 196-200 Balls Pond Road, N1 e Luet I :
4AQ. Yes — I'd like to subscribe to Sinclair Projects (6 issues — Plus the regular projects and advice to

price £6.60 including P&P). | enclose a cheque for £

Please charge my credit card:
Card name

Signature

help you get the most from your
Sinclair Spectrum or ZX-81

THE COMPLETE SINCLAIR
HARDWARE COMPANION

NB This offer applies 1o LK subscribers only. Overseas rates available on request.
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about computing . . .

R BEGINY

If you want to know

BORING!

An entertaining, but thorough reference source
with the most readable, comprehensive glossary
you'll find anywhere. The Good Computing Book
for Beginners is an essential A-Z of all the facts you
need to know about computing — and none you

don’t!

Whether you're brand new to computing, or an old
hand keen to stay ahead, you'll score by keeping this
classic, top-selling book within reach to use again and
again.

The author, Dennis Jarrett, is a successful journalist
who was also founder editor of Which Computer?
magazine — so his first edition quickly became a
standard work. Now this new, substantially

enlarged and revised edition covers the latest
trends, terms and technology with the relevant facts
— and ONLY the relevant facts — in plain English.

Here's another fact you'll find fascinating: it will
only cost you £2.95!

Use the coupon below to get your copy right away
— or buy it soon from your bookshop. It's the no-
nonsense book you'll turn to again and again.
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' 3'Disk Drive
> for your _ l
Spectrum...

~for £199

The Thurnall disk drive is a fully developed -
professional model, available now. It converts .
your SPECTRUM into a professional
computer with no loss of memory.

%* 150K formatted capacity per disk expanded to 300K

with a second drive. !

% Typically less than one second to LOAD/SAVE or ;
ERASE a file. : i
=

¥ Simple—just plug into your SPECTRUM and you’re 5
away. 4

% Built in interface includes full DISK BASIC operating |
system—no computer memory used. -

% High speed random access to files means faster
programme development.

¥ Latest format 3" disks—fully protected against o
shocks and dust. Z

% Can be used with 16K or 48K SPECTRUM.

The Thurnall drive comes complete with DISK BASIC
manual, programmer's reference card, disk with free

introductory programmes, power supply (including
plug), and all necessary connecting leads.

Telephone sales by Access or Barclaycard only on

061-775-7922

Complete and send to :- Thurnall Electronics Ltd Freepost (no stamp required) Cadishead, Manchester, M30 6DX

Please send me :- 1 enclose a cheque/postal order for £ T e PRt

- e [T [ = —1  OR Please debit my
= 5 rice*  |Total |  Access/Barclaycard No. _
isk Dri £199.00
Disk Drive £199.00 - iaval

o Jigee 2 the . Signature_ e O e
| Additional 2nd Drive | Il-g_ag.m ' foigha M
|3 : [ R Address

*Price includes VAT, postage Total
and packing. _ e
Delivery within 28 days of receipt of order. & {please print)

All drives ordered by 30th September 1984 will receive a second free disk wo.rl-l;luﬂ-d.ﬁo.




