February/March 1983 The magazine for the serious Sinclair user

Sircl=ir=
arOoEcs

ECTS TO IMPROVE YOUR MACHINE

o . Slnfiffoutput Port
. Spectrum-Control-Cofsale™"
— Machine code logical @pe
¥y s




TEC Telford Electronics & Computing

The ZX8100 Deal |

Send your ZX81, and for £39.50 (plus £2.50 p&p)
you will get back a computer 100 times better

RESET button — avoids having topull
outthepowerplug

Normal edge connector
for RAM pack, printer gtc
N

Extra SHIFTkey — for
sy RUBOUT etc

42movingkeys
insidea
sturdy case

Switch for
inverse TV
much easier on
theeyes

allothers repeat while
this one held down

Power-onlight

All the above features for less than the amount some others charge for a keyboard you have to solder
yourself. Optional extras are:

2 joystick sockets pl le g . = e £9
*Your 16K RAM pack fitted nside case I no charge, butsee below
*Our 16K RAM packsugp\ledﬁhtled inside case. £25

Two-slot motherboard.
Three-slot motherboard
*1/0 board supplied £ fitted inside with connectors at back
Video outputsocket for computer monitor.
Character-graphics board

“These items require a motherboard to be ordered at the same time, and willtake up one slot each

There is a 6-month guarantee given against any fault or defect on the ZX81 main board as well as any
items fitted by TEC (Excludes normal wear & tear)

TED Visit our showrooms at 26 Bradford St, Shifnal,
Used ZX81's — up to £25 paid. Shropshire. For Oric's, software, books,
Write or call for details. components etc. etc.
7o. TELFORD ELECTRONICS & COMPUTING From

26 Bradford Street,
Shifnal, Shropshire

2X8100 conversion £39.50
Opt. Extras
pEp £250

TOTAL Send your 16K RAM if you want it fitted.
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A software project which helps the taking
of major financial decisions

10 PRINTER OUTLINE
We take a close look at the ZX Printer
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A way to get the international news direct
on your television
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SPECTRUM CONSOLE
How to hide all those unsightly wires

24 INPUT/OUTPUT PORT
A new use for the cassette player port
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An easy way to overcome the major
problems of learning machine code
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A cheap way to allow you to connect
your ZX-81 to a large printer
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Our regular page illustrating the
connections from both the ZX-81 and the
Spectrum

47 UPDATE
We look back at our first issue and make
some additions and corrections

FROM THE EDITOR

ELCOME to the second edition of Sinclair

Projects. We hope that you find this more

stimulating than the first one. Although a
number of problems in the first issue meant that some
diagrams were omitted, we hope that we have over-
come those problems. Thank you to all those who
wrote to offer valuable advice on how the magazine
could be improved; there is obviously a need for a
magazine such as this, as the response was beyond
our expectations.

In this issue we are concentrating on a number of
projects which, although slightly less hardware-based
than those in the last issue, still provide the construc-
tor with plenty to do. For example, we look at how
we can use a ZX-81 to run a radio teleprinter. That
will allow those with an appropriate receiver to
intercept signals from news-agencies such as Reuters
and TASS, without having to wait for the morning
papers. We also look at a very simple input/output
port which uses the cassette interface.

For those of you who are disenchanted with all the
bits and pieces needed to get a Sinclair system going
but do not want to pay £30 or more for a console to
put them in, we offer a very simple control console
for you to make.

Finally, on the construction side, we look at an
interface, mainly in software, which will let you use
commonly-available RS232 printers with Sinclair
computers.

On the software side an interesting article on
financial decision-making is coupled with a series of
demonstration programs which illustrate the logical
operations of the Z-80 processor. We also look at the
inner workings of the ZX printer.

This marvellous list of items is supplemented by
your letters an update on our first issue and our usual
page illustrating the edge connections of the ZX-81
and the Spectrum. If you would like to contribute
articles to Sinclair Projects we intend to publish
guidelines for their writing in a future edition.
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Bazyle Butcher

Production editor Harold Mayes MBE Design Elaine Bishop and Bill Scolding Editorial director John Sterlicchi Advertisement director

Simon Horgan manager John Ross

Hawkins Managing director Terry Cartwright Chairman Richard He

Sinelair Projects is published bi-monthly by ECC Public

Executive Annette Burrows Editorial/production assistant Margaret

no way connected with Sinclair Research Ltd.

i in
Telephone all departments: 01-359 7481 1f 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 Prejects, ECC Publications, 30-31 Islington Green, London N1 8BJ. We pay £50 per

1,000 words for each article used.

@ Copyright 1983 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

SINCLAIR PROJECTS  February/March 1983




Sinclair ZX Spectr

16K or 48K RAM.
full-size moving-

key keyboard.

colour and sound.
high-resolution

graphics...
From only

£125!1

First, there was the world-beating
Sinclair ZX80. The first personal computer
forunder £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
powerand more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclairworld leadersin personal
computing. And the ZX81 remains the
ideal low-cost ntroduction to computing.

Now there's the ZX Spectrum! With

Ready to use today,
easy to expand tomorrow

four ZX Spec(rum comes with amains

cm‘g‘ e e

Key features of the |
Sinclair ZX Spectrum

adaplurand leads to

connectto mosl cassette recorders

and TVs (colour or black and white).
Employing Sinclair BASIC (now used

upto 48K of RAM. A full-size
keyboard.Vivid colourand sound. High-
resolution graphics. And alow price that's
unrivalled.

Professional power- :

inover
the X Spectrum comes complete with
twomanuals which together representa

foreground, backgroundand border,
plus flashing and brightness-intensity
control.

® Sound-BEEP command with variable
pitchand duration

° 16K or 48K,

Whetheryou're abeginner or a competent

programmer, you(l find them both of im-

price!

The ZX Spect; i

experience, you'll quickly be moving
rid of ZX Spectru

ur computer

® Full-size moving-key keyboard - all
keysatnormal typewriter pitch, with
repeatfacility on each key.

the proven features of the ZX81. Butits
new 16K BASIC ROM dramatically
increases your computing power.

You have access toarange of 8
colours for

192vertically, each

There's no need to stop there. The
ZX Printer-available now~ is fully.
compatible with the ZX Spectrum. And

individually addressable for true high- |
resolution graphics.

later this year fi

® ASCI character set-with upper-and

border, together
andhigh- resalution grapmcs
You have 0 support
separate daiames
You have a choice of storage capa-
cities (governed by the amount of RAM)
16K of RAM (which you can uprate later
10 48K of RAM) or a massive 48K of RAM.
Yetthe price of the Spectrum 16K
is an amazing £125! Even the popular
48K version costs only £175!
Youmay decide to begin with the
16K version. Ifso, you canstill returnt later
foran upgrade. The cost? Around £60.

4

plusan RS232/,

® Tel ftware

line

orother settings.

@ High speed LOAD & SAVE -16K in 100
seconds via cassette, with VERIFY &
MERGE for programs and separate
datafiles

@ Sinclair16K extended BASIC-
incorporating unique ‘one-touch’
keyword entry, syntax check, and
report codes.
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The ZX Printer— The ZX Microdrive—
available now coming soon
Designed foruse with the

SinclairZX range of computers, (he

The L de:
especially for the ZX Spectrum, re set to

printer offers ZX full
ASCll characterset-including mwev case

Each Microdrive is capable ofhu\dmg
100K

A speclal featureis COPYwhich
prints out exactly whatis on the whole
screen without the need for further
instructions. Printing speedis 50 charac-
ters persecond,

upto
changeable microfioppy.

The transfer rate is 16K bytes per
second, with average access time of3.5
seconds. Andyou'lbe able o connect up
082X

perline and 9 lines per vertical inch
The ZX Printer connects tothe rear of
your2X Spectrum Arol ofpaper &5t

to

Allthe: BASICcommands required for
the Microdrives are included on the
Spectrum.

d, along with

a

full ther supplies g paper
are available in packs of ive olls.

available later this year, foraround £50,

How to order your ZX Spectrum

BY PHOI Trustcard,
ZX on EITHER pto28
P 0 4 every  daysfor delivery. And there'sa4-day
cassettes—available now &5, 3V FREEGS! -usetnono: s(am;:y money ack option,of course. Wewant
payby  you we

WT"S I L G2 L Eo cheque, Access, have no doubt that you will be.

Produced by CL and Psion, subjects e S O e R T Y o
include games, education, and business/ —|
household management. Galactic OBt Order;
Invasion... Flight Simulation...Chess... Imm Price Total |
History...inventions....VU-CALC....VU-3D [

47 programs i al. There's something 125 [ ‘
g’{‘:fs'gggfmﬂg theyallmakefuluse | " SinciarzXSpectrum-48KRAMversion 101 17500 |
graphics capabilities. You'll receive a | SinclairZX Printer 1458 TE0T5: 5 §9.9555 |
Getaiedcataogue wihyourspectum. Printer paper (packof 5olls) 16 —

Postage and packing: ord 28
R?:gﬁé:m‘:ak | orders over £100 29 RSO |
in
This interface, available later this || prease tickifyou require a VAT receipt ] |
year, will enable you to connect your ‘ " ResearchlLtdfor€ \
ZXSpectrumtoawhole host of printers e
terminals and other computers. Bteasahd |
The potentialis enormous. And the Isaso delote/completa (L e T R B T )
astonishingly low price of only £20is | asappicable |
possible only because the operating | ISignature isaits | |
Systems are already designediinto the PLEASEPRINT
| : [ S T | |
22 i | \Address B | A |
sincl=ir | TR B r—y

Sinclair Research Ltd, Stanhope Road,
Camberiey, Surrey GU15 3PS.
Tel: Camberley (0276) 685311.

L | | mecen ] |

SINCLAIR PROJECTS  February/March 1983



e N B e | i
=\ | \ E =y

OST PEOPLE consider the
Moplions carefully before de-

ciding how and on what to
spend their income. It is usually only
in business decisions that a financial
plan is made, considering carefully
the probable income/expenditure and
hence profit, resulting from various
courses of action.

Those plans often require many
repetitive calculations to derive a fi-
nal figure which indicates whether or
not a project appears financially via-
ble. Computers now provide con-
siderable help in carrying-out the
calculations and so speed the de-
cision-making process. While the Sin-
clair ZX-81 cannot match the
convenience and flexibility of more
expensive micros, there is no reason
why it cannot also carry-out the re-
petitive  business ~calculations and
present the results in a form which
| may be used in making decisions.

A program called Investment Ap-
praisal uses the technique of dis-
counted cashflow and allows the ZX-
81 to become a modest business
machine.

When we want to decide whether a
project is worth considering, a finan-
cial plan is made on the cashflow
expected from that project. That is,
for cach year of the project, all items
of income and expenditure are esti-
mated and the nett cash flow for each
year is calculated.

A simple approach in making the
final decision would then be to sum
all the individual nett cashflows to
derive a figure which indicates
whether the project will or will not
show an overall profit.

In real terms, the approach s unre-
alistic as it ignores the time value of
money. That may sound confusing
but consider that, in most cases, we
| will want to invest money now to

Planning the cash
for better decisions

Despite its size the ZX-81 can be made into a useful business
tool. David Nowotnik details how this can be done

make a profit in the future. Say the
investment is £1,000 this year and the
profit we expect to derive from our
project in five years is also £1,000. A
100 percent return sounds good but it
is over five years. In the same period,
we could have put the money in a
building society and without all the
problems of producing and selling a
product, made almost as much.

The way in which the individual
annual cashflows of our financial
plan can be adjusted for their time
value is by the technique of discount-
ed cashflow. To consider how it
works, szy we invested £100 at 10
percent interest. At the end of one
vear we would have £110. So we
could say that £110 in one year’s time
is worth £100 now, i.c., the discount-
ed value of £110 in the second year of
the project is £100. In that way, all
cashflows of our financial plan can be
discounted to year one, so that their
time value is eliminated.

The ZX-81 program Investment
Appraisal appears in figure one. The
first part of the program sets up the
matrix for all the data, then allows
for entry of that data. When the
program is RUN, the project name
and term are the first two pieces of
information required. The project
term is, usually, the development
time plus the product life, in years.

The next piece of information re-
quired is the number of income/ex-
penditure items. That is the total
number of items which will contrib-
ute to the individual annual cash-
flows—e.g., sales, overheads, pro-
duction  costs,  development,
advertising. The final piece of infor-
mation required on the first page is
the factor for discount. Arguments
for the choice of discount factor are
complex but a simple solution would
be to choose a figure which reflects

the percentage cost of borrowing
money to finance the project. Di
count factors of between 10-25 per-
cent are typical. The discount factor
can be altered, if desired, later in the
program.

On the second page of the pro-
gram, you will be asked (o name the
specific income/expenditure items. In
the remaining pages of the first part
of the program the table is completed
with entry of all the data, i.e., nu-
merical values for all the income/
expenditure items for all the individ-
ual years of the project.

The unit of this data is not spec
fied; it could be £ or £2000. Whatever
is selected as the unit, all data is
expected to be integer. There is little
point in decimal-point accuracy in
values which are predicted. Essential-
ly they are a mixture of sales fore-
casts, historical data, and experience.
Items of income should be entered as
positive values; items of expenditure
should be negative.

Once the data entry is complete, a
year-by-year cashflow forecast will be
produced. That will include the dis-
counted cashflow, and the cumulative
discounted cashflow which is the sum
of all the annual cashflows up to the
year shown on the screen.

In many projects, the initial CDCF
will be negative as development
outweighs nett income. When CDCF
becomes zero, the break-even point
has been reached. CDCF on the final
year of the project provides a guide of
the overall profitability of the pro-
ject. The 32-column format of the ZX
printer does not allow the complete
table of results to be printed in one
attempt. Instead, each page of results
on the screen may be copied, then
scissors plus Sellotape used to obtain
a table of results if required, say, for
a report.

When the results sequence has been
completed, several options are avail-
able. The results display can be re-
peated, the data modified, or the
program plus data saved on tape. The
ability to modify the data allows for
“‘what if”” tests to be made; e.g., what
if the procuction costs are 10 percent
greater than expected? What if ad-
ditional sales are generated? That
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seconds on

flexibility allows the decisit ki
to test the project at the possible
extremes of variation from that ex-
pected. Results are available within
the computer, which
would take minutes or hours calculat-
ed manually.

The save program and data facility

ker may want to
the figures at a later date and avoid
the tedious re-entry of data.
Although much of the foregoing
considers projects over several years,
many projects for which a financial
assessment is required may last only a
few months. The technique of dis-
counted cashflow is equally valid in

these cases; interest still has to be paid
on money borrowed to finance the
project.

In this situation, the program
Investment Appraisal can be used in
much the same way, reading months
count factor instead of an annual
figure.

are added for convenience; the de-
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MOREIDEASTHA
MORE PROGRAMS THA
LESS MONEY THA

N e
PROGRAMS FOR EDUCATION, HOME, BUSINESS, AND GAMES - FOR
SINCLAIR, BBC, RESEARCH MACHINES, APPLE, COMMODORE,

ACTSIRIUS, TRS-80, IBM, ICL, and more each month. . .
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ATHINK-TANK.
A SOFTWARE HOUSE.
YOU'D EXPECT.

Whether you bought your computer for
games, business, or education, you can spend a
lot of ime wondering what to do with it. And then
spend a lot of money on packaged games and
applications software.

NOW you can bring your computer to life -
economically - by joining the amazing new
MICRONET 800 service: a vast database with
hundreds of FREE games, plus business and
education software, computer news, special offers
and ‘big prize” oppoﬂuniﬁes for you to compete
against the system - and wi

MICRONET 800 is packed with ideas and
information. And there’s no waiting - you get
programs straight down the phone line! Updates on
operating systems. .. school and college programs

..gobble man....invaders. .. business
packages. They're constantly renewed.
And hundreds of them are free: you simply turn
on your micro, dial up MICRONET 800 and
LOAD.

Sounds expensive? Here's the surprise!

All you pay for is a low-cost adaptor (in most
cases just £49) fo link your computer to your
telephone, plus @ MICRONET 800 subscription of
about £1 per week. Then, via your computer and
telephone line you will be able to access over
30,000 ideas-packed ‘pages’ of the MICRONET
800 service, and call down the software you want
to your own computer! Look at just a FEW of the
services already available on Micronet for you to
call on:

I, holidays, efc.

® Froe Telesoftware:

e o mcr, 0 ge secion con be looded

Gown ont mputer.
& B g b Schools and

don . ifany
MICRONET servie you're plonning o use crries o

chorge.
© Elecironic Moil: A mailbox service on Prestel
Prestel

® Product ond Service Guide: Ammvumiy

pdeted frence source - covering proc

comporisons,software reviews, m\m».pu.‘a price
best

S iga Ao e il just e
luding jobs and clossified ads. IF
through

® Bullein Boord:

Hicioner

i e e

el e e

© Phone.in lfy P

a

manufocturer, the dealers, e prices, and even
order the product via your microl
© Vs Crous e, Tho Anciowr Computer Gl

You - privately

ssage fo o

C, BASUG, ICPUG, TUG,
RSB0 6.

the softwore pac
undmwm@m or e sre it's

- s Bkt i i
‘telesoftware’

send the.
© Frosel. Ove2 c»efzw 000 pogesofnformation on
riish! Facts ond

® BigPrize o_m( Micronef offers  range of

your micro. But

business, entertainment, features

involved ~ and there'll be big prizes fool

SOUNDS FANTASTIC? THAT’S JUST THE START!

MICRONET 800 is a completely new service
and we'll be adding to it all the time. Find out

you:return thiscoupon TODAY and we’ll send you
a FREE FACTS FOLDER on Micronet 800services
qnd demlls of how you can |om'

more about what Micronet 800 has in store for

T Sand for MICRONET 800, Petersham House, 57a Hafton Garder
London EC1B 1DT.
O Yes L am inerested in the MICRONET 800 seric, lecse keepme |
| i touch withdevelopments and send me detals of the low-cost

Micronet 800 adaptor.

1 am interested in earning money on software | develop for the system. |
ml r‘one I [ mE AN T o e

!
SRR P00 [ , |
e 1

IT BRINGS YOUR | —  Telephone ?%v :

COMPUTER TO LIFE!

L e i i



HE ZX PRINTER is one of the

I cheapest hard-copy devices

available. It would obviously
be useful to be able to interface it to
non-Sinclair computers. So it is use-
ful to describe the printer operation
and interface. One warning—much
of the detail is from the printer man-
ual but there is educated guesswork
for some things, especially the pin-
outs.

The printer uses thermo-sensitive
paper and has two styli on a continu-
ous belt. The belt and paper feed
roller are driven by the same motor;
the belt, presumably is angled up-
wards across the paper to compensate
for the paper movement. The styli are
on opposite sides of the belt, so that
while one is printing the other is
moving round for the next line. It
follows that the printer has no such
thing as a ‘carriage return’.

The styli generate individual dots
on the paper. The position and hori-
zontal width of a dot is controlled
entirely by the timing and duration of
power applied to the stylus; that, in
turn, is entirely software-controlled
by the host computer. Thus the print-
er naturally is suited to graphics but
will need some kind of external char-
acter generator for text.

The printer interface appears as a
standard Z-80 1/0 port with an ad-
dress of FB (hex). Timing diagrams
for read and write are in figure one.

Write bit assignments:

D7 (msb): ‘1’ stylus on (print)

“0” stylus off (blank)
: ‘I’ stop motor

‘0 start motor
: ‘1’ motor slow

‘0’ motor normal speed.

D2

D1
B

Data latched till next write; can
produce continuous line by leaving
stylus on. DI and D7 low on power-
ter pressing feed button; D2
high after feed.

Read bit assignments:

=
S

D7 : I’ stylus on paper
D6 : 0 printer connected
DO : Encoder pulses; low to high

transition defines start of print col-

n.

DO and D7 latched on going high
till write to printer re-sets them. For
valid timing, follow every detected
high with a write. D7 is high when-
ever stylus is on.

The Sinclair manual says that each
pen is on the paper for 32ms at full
speed and off it for 16ms. In fact, the

Figure 1: Printer 1/O

Taking an educated look
inside the ZX printer

Sinclair Research’s printer is one of the cheapest hard-copy devices on the market. At the
moment it can only be used on Sinclair machines—the ZX-81 and the Spectrum—but it would
be useful if it could be interfaced with other companies computers. Here John Connor
describes how the machine works on the basis of both printed information and guesswork.

individual stylus must be off the
paper longer than it is on; i.c., on for
16ms and off for 32ms. Taking that
and the stylus inter-lacing into ac-
count, D7 will have the timing shown
in figure two

DO is fed by an ENCODER disc
giving 256 pulses across the printable
width allows 4mm. margins. The
minimum period between successive
pulses is 60ps at full speed. They key
to using the printer is using DO pulses
t0 align dots on successive lines. DO
timing is shown in figure two.

There are two basic areas for gener-
ating text—generating a dot matrix
representation of a line of characters,
as for a VDU; and writing the dots to
the printer with precise synchronisa-

IOREQ R

DataBus

WR
(RDHigh)

1
DataBus E

CLOCK
(B ATZETYP)N [ e S e
Line A2 "\ /i
SOEFENS06 & kT
A
(WgHigh) D \ //

_—®_
R s

=

Data out
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tion to preserve the character shapes.

The dot matrix rows could be pro-
duced by pure software; by access to
the output of the VDU character gen-
erator—that seems possible on the
BBC machine—or by making a hard-
ware character generator.

A natural representation would be
8 x 8 for each character, giving 32
characters per line; 6 X 8 should also
be possible, giving 42 characters per
line.

‘Writing dots to the printer must be
done in tight time sync to the encoder
translations. Timing jitter will appear
as jitter in the horizontal dot posi-
tion; 30ms will shift a dot by half a
dot column, so it cannot use inter-
rupts except in a ‘wait for interrupt’
loop. The basic algorithm for a row
of dots will be:

Detect stylus on paper (D7 high);
detect encoder pulse (DO high); write
high (print) or low (no print) to sty-
lus—this also re-sets DO and D7
ready for next ion; write low

PINOUT

Pin Top  Botom Pin Top BottomPin Top Bottom
1D SVADGST W91 D3 i HADHE B |9 SRS AT

2 OVipos: 1100 DA S o

3 SEn— 11-14 £ Sl =R B

4 DO ov 15 TOREQ Sl o

5 DI ov 16 W RDiie — s = e

6 D2 CLOGCKI 17 S WR

7 D6 A0 ISR

BRRDS Al

pulse until there have been 256 pulses;
look for stylus off paper (D7 low); get
set up next row—if last two rows
before stopping set motor to slow (D1
high) so that stylus will stop off paper
when printer is stopped; if not, last
row go to detect stylus, or stop.

The first two can be done with
polling loops. The loop duration will
produce its own jitter relative to the
iti on DO and

to stylus; go back to detect encoder

Figure 2: DO/D7 timing

D7, so the loops should be as short as.

possible. The third and fourth are
best done using the same instructions
for dot and no dot, i.., no branches.
You may need NOPs between those
10 to ensure the stylus is on for long
enough.

If you do not have a Z-80 system
you will have to arrange to generate
the signals shown in figure one, either
using your existing bus signals plus
logic or by programming a PIA or
equivalent port.

16ms e
07 LINE 1
(o
Stylus 1
on paper ';'é“:g 71 32ms
Stylus 2
on paper (_ 32ms L:grisz
Encoder
Pulses 256
puises pulses
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Getting the latest [
news by ZX-81 |;

To permit reception al radlo teletype signals on a ZX-81 four
o be

Figure 1: Hex loader.
REM (170 characters long)

20 FORI=16528 TO 16684
INPUT H:
LETD=CODEHS (1)-28

Eggleton gives, in detall, rhs instructions needed to find the
solutions and build an interface which allows the ZX-81 to
translate the Murray code used by teleprinters with the
television replacing the normal paper.

HE SYSTEM still in use to
I transmit printed information
telegraphically was invented in
1874 by Emile Baudot. At each end
of a link is a teleprinter, capable of
converting the key depressions into a
code. That code is then converted
into audio tones and transmitted by
radio to the distant terminal, where
the reverse process takes place.
It is important to

Press, broadcast almost continually
using  this

LETHS ()=
Those sources can be monitored easi- CHRS ®1-16:D2+28)
ly using the hardware and program | 80  LET Di-

described in this article, with radio | %
amateurs being found easily around
14,080kHz during most of the day.
The RTTY transmission produces its
own particular sound, consisting of
two audio

. In this article John

% FORI-2T01STER 1
@ EmeNoue
form of transmission. | o

EXT Z
SCROLL
NEXT I

the
formation of the Murray code char-
acter as shown in figure eleven. It
consists of five information elements
which can either be ‘I’ or ‘0", depend-
ing on the individual character. They
are preceded by a start ‘0", otherwise
known as the start space, and fol-
lowed by astop ‘I’, or mark. As there
are only five information clements,
only 32 combinations are available.
To overcome that difficulty the in-
dividual codes are used twice, once
for a letter character and once for a
figure or punctuation character. Two.
of the possible 32 combinations are
reserved to change between the two
sets of characters; they are the letter
and figure shift characters. The
length of the elements is also import-
ant, as the start space is used to
synchronise the _information which
follows. A continuous mark is sent
when the keyboard is not being used.
That is used by mechanical printers to
hold everything in a ready condition.
The transmissions from commer-
cial stations, as well as by radio ama-
teurs are known as RTTY—
RadioTeleType. The major news
agencies like Reuter and Associated

5, 10 i 20 25 30

|
|
E : .

RS =i

s
74124
optional
74365 15

UIN 914

I Edge Connector leading to ZX-81 Edge Connector.
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Figure 5:

Audio to logic level conversion.
The RTTY signal output at the ear-
phone jack of a receiver consists of
two tones. In the amateur case the
mark tone is 1,275kHz and the space
tone is 1,445kHz. Unfortunately a
computer cannot distinguish between
the tones and so conversion is neces-

The circuit needed to perform the

7RG st s ) B (MR 0 2R cx ort
T S (s (ein ) Printer
TS 1T OB [ D Fast mode sary.
R e o R B [0 B FE Slow mode

| e T R el G FE

| w2 0 o 0 o e Daa

| Pon Ot (RIS OB 7 Control

|

With any extra port, bits 0 and 1 must both be logical ‘1’ because only partial decoding is

used for the slow and fast modes. Likewise,

conflict with the printer and tape ports

bits 2 and 3 should be logical ‘0’ to avoid

consists usually of a filter
which ensures that only the two tones
are used, followed by a detector cir-
cuit. The detector in most cases is a
Phase Locked Loop (PLL) with the
frequency of operation adjusted to
one of the two frequencies in use.
The output of the cir-

continuously while characters are sent
and a single tone during conditions of
no information.

Nowadays mechanical _printers
have been replaced by VDUs and
some systems have dispensed with
Murray code and use ASCII instead.
The system which is described uses
the ZX-81 IK to translate Murray
code with the TV replacing the tele-

printer paper, therefore making it
much quieter. It is now possible to
have the news direct from the corre-
spondents in the living room using a
ZX-81. Figure seven shows a block
diagram of the complete system.

To permit reception of RTTY sig-
nals on a ZX-81 or any other com-
puter, four separate problems have to
be overcome.

Figure 4: Veroboard.
25

l““ EEEEEE
S EEEE

R
EEHEEEE LHELEE

000 000

555 E

EEEEEEEEEEEEEEE@

20

anE ﬂ 0000

0000

cuit is then high or low depending on
whether the PLL is in

frequency in equals frequency ior
PLL—or out of lock—i.e., frequency
in equals other frequcncy in use. A
number of circuits are available to
achieve this, one of which can be
found in the Teleprinter Handbook
published by the Radio Society of
Great Britain.

Start of character detection. While
the sending keyboard is not active a
continous mark is sent and so to
detect the start of a character all that
is needed is to sample the input to the
computer looking for a space or logi-
cal ‘O’. Once that change of state is
detected it is usual to check a few
milliseconds later to confirm that the
input is still a space and therefore not
noise.

Having confirmed that a start
space has been received, the next five
elements will arrive later at known
time intervals. Therefore timing is
needed and this can be done by the
computer, or as in this case, by hard-
ware.

Serial to parallel. The incoming
Murray code character is in serial
form; each of the five elements is sent
sequentially. Inside a computer, char-
acters are dealt with in parallel, as all
the elements or bits needed are used
at the same time. Therefore it is nec-
essary temporarily to store the incom-
ing elements until all five have been
received and then they can be placed

on the system data lines as a complete
character.

SINCLAIR PROJECTS  February/March 1983
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There is another difficulty, for in-
stance that the letter ‘a’ is not the
same in Murray code as it is in ZX-81
code and so translation is required.

Display results. Once the ZX-81
character has been formed from the
original Murray one, all that remains
to be done s to call the appropriate
routine in the ZX-81 ROM. The dis-
play should also be examined to place
NEWLINEs where appropriate and
scroll the display when the screen is
full. That is because a teleprinter page
is about 60 characters wide compared
to the 32 of the ZX-81.

To deal with these four problem
areas, a mixture of hardware and
software is utilised which can again
be split into three areas.

Terminal unit. This is the device
which changes the incoming tones
into logic levels. Any design on the
market can be used so long as it

produces logic levels at the output.
Two such circuits can be found on
page 93 of June 1981 Personal Com-
puter World or on page 62 of Septem-
ber, 1979 Wireless World. The lead
from the device to the computer
should be kept reasonably short to
avoid noise being induced into the
circuit.

8251 port. The heart of the solution
is the chip and interfacing to the ZX-
81 is minimal. The 8251 is a Universal
Asynchronous Receiver Transmit-
ter—UART—and is very flexible,
having the added advantage of re-
quiring only +5V to power it. As its
name suggests, it is capable of trans-
mitting as well as receiving and there-
fore with some addition to the
hardware and software it will be poss-
ible to transmit RTTY from the ZX-
81 keyboard.

The 8251 is a programmable device

and as such requires two words to set
it up; the machine code initialisation
routine achieves this. The mode word
is set up for one-and-a-half stop bits,
no parity, five-bit character length
and 64 times baud rate.

The baud rate indicates the speed
of the incoming information and in
this case the hardware clock input on
TXC pin 9 and RxC pin 25 is 64 times
the chosen input speed. In the case of
amateur transmissions, the baud rate
is 45.5 and commercial ones are 50
and 75. The clock produced by the
74LS124 is varied by means of a 20k
multi-turn potentiometer to enable
various speeds of transmission to be
copied.

The command word is set for error
reset and receive enable, all other
options being off. Once the 8251 has
been programmed it remains o until
powered down or it is re-set.

Figure 6:

Numbers Letters Hexadecimal Decimal
Murray zX81 zX-81 ZX-81
code. numbers letters numbers letters

3 E o1 IF 24 31 2

L/F L/F ) EE EE 238 28

— A 03 16 2% 2 38

SPACE SPACE 04 0 o 0 0

-» 05 [ 38 1 36

8 1 06 2 2E £ 46

7 U o 2 3A 35 58

C/R C/R 08 76 76 118 118

WRU D ) EE 29 238 4

4 R 0A 20 37 2 55

BELL J 0B EE 2F 28 e

g N oc 1A 3 2% s1

@ F oD EE 28 238 a

: c 0E OE 28 14 o}

« K OF 10 30 16 48

s T 10 21 39 3 57

none % i1 EE 3F 28 6

) i 12 1 31 7 49

2 w 13 IE 3ic 30 6

o H 14 oc 2D 12 45

6 Y 15 2 3E 3 62

0 P 16 ic 3 23 53

1 Q 17 1D 3% 29 54

9 o 18 25 34 37 52

2 B 19 OF 27 1s 39

@ G 1A EE 2¢ 238 44

FIGS FIGS 1B EE EE 238 238

3 M ic 1B 2 27 50

/ X 1D 18 3D 2 61

v IE 14 3B 20 59

LETTERS  LETTERS  IF EE EE 238 238

EE=code for no direct ZX-81 equivalent.
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As the other 1/0 ports of the ZX-
81 are not fully-decoded it is import-
ant to ensure that there is no conflict
of addresses, and figure five shows
how that is achieved. The 8251 re-
quires two I/0 ports to operate, one
for control and the other for normal
data transfer. i

The chip is enabled by CS pin 11
when the 74LS30 output goes low,
which corresponds to an address of
cither 63H or 73H. A4, which deter-
mines whether it_is 63H or 73H, is
connected to C/D pin 12 and that
puts the 8251 into the control or data
mode.

The data bus is connected directly
to ZX-81 data lines, as are the RD &
WR lines. The re-set has to be invert-
ed as the 8251 expects that line to
remain low; that is done by part of
the 74LS14. The clock line is connect-
ed to @ of the ZX-81; that is because
that 8251 is a dynamic device. A gate

on the 74LS14 is used to buffer the
8251 from the terminal unit and has a
limiting diode on its input.

All the other pins are not used and
not connected. The circuit can be
built on Veroboard and the supply
taken from the +5V on the ZX-81
edge connector.

Driving program. The program-
ming necessary to receive RTTY by
way of the 8251 is written in machine
code and a listing is given in figure
nine. Figures one and two give the
only Basic programming needed. One
is in the form of a hexadecimal loader
and figure two can be used to check
that the machine code has been en-
tered correctly.

Once the machine code has been
POKEd into the REM statement in
line 1 and it has been checked it
should then be SAVEd.

Machine code programming is
needed for two reasons. First, the

8251 is not on the ZX-81 memory
map and so it is not possible to send
or receive instructions by PEEK and
POKE commands. The second reason
is that a 50 baud character takes a
total time of 150msec to receive,
which is too fast for Basic.

If it were used, characters would be
lost while the ROM Basic interpreter
was still determining what the next
line number should be. The whole
machine codz program is re-locatable
except for the underlined values
which require altering if the program
is placed elsewhere in memory. The
program is split into four seperate
areas:

Look-up table. The first 14 bytes of
the REM statement are not used by
the program but are there so that the
look-up table starts at a round hexa-
decimal figure. If the table is placed
eslewhere in memory, say in EPROM
in the 8-16K area, it is essential that

Figure 7: Block diagram.

DATA BUS

Ldra

ZX81 EDGE CONNECTOR

LmlSa s 6 ¢

47aLS1a

DATA
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the top pair of the hexadecimal ad-
dress of the look-up table remain the
same throughout the table—40H in
this case. That is because the value is
stored in the H register and is used
together with the L register to form
an address. The relationship between
address, Murray code and ZX-81
characters is given in figure five.

Initialise. This routine sets up the
8251 for use by sending the two words
AYSNC and READIN to the control
port (73H). It also ensures that the
ZX-81 is in the slow mode and it puts
the look-up table address into the HL
register pair.

Control routine. This collects in the
A register a ZX-81 character from the
Murray routine and checks to see if it
is a NEWLINE. Then it checks the
character position on the screen, first
by column and then by line, taking
action as required. To fetch the infor-
mation use is made of the fact that
the 1Y register in the ZX-81 is always
4000H, which is the start of RAM
and the variable area in particular.

If the screen is full it is SCROLLed
by calling the Sinclair ROM routine.
The POP and PUSH is needed either
side of the SCROLL because those

registers are used in this routine.

Murray decode. This routine over-
comes the three problems of detecting
when a character is ready, remember-
ing whether a figure or letter shift has
been sent and, finally, conversion be-
tween Murray and ZX-81 codes.
‘When a character has been assembled
inside the 8251 it signals the program
by raising bit 1 of the status word to a
high. All that is then needed is to loop
continuously reading the status word,
inspecting that flag until it is set; at
that point the program moves on to
read in the assembled Murray code
character. The character is then
checked to see if it is the letter shift
(IFH) or figure shift (1BH).

If it is one of those, the appropriate
value is loaded into the L register,
which contains the lower part of the
look-up table address. If it is not,
conversion from Murray code value
to ZX-81 is performed by adding the
Murray code value to the sum as a
pointer to a position in the look-up
table and extracting the value found
at that location. A final check is made
to ensure that it is not an error code
(EEH) before returning to the control
routine.

To run the program all that is
required is the direct command
RAND USR 16592. Control will then
be passed to the machine code and the
only way to return to Basic is to pull
out the power plug. Ensure therefore
that a copy of the program is on tape
before running. The screen will then
clear and random characters appear
at the top left, running across the
screen, if pin 1 of the 74LS14 is
continuously and rapidly taken to
OV, thereby simulating a Murray
character.

Set the 20K multi-turn potentiom-
eter, which should be of the clockface

Components

1 IKEWS Y resistor
120k muli-turn variable resistor
1% IN914 diode

10.15uF tantalum capacitor
Veroboard

Verowire

23-way edge connector

Figure 8:

the
measured across the 20K pot.
ringed fixed preferred values could be
| used instead, if operation on only one

values
The

These are actual

speed was required.

In some cases it might be wise to
connect the Reset line to a power-on
reset circuit, as shown, rather than

56k

pin13of 7414

the ZX-81 Reset line to ensure correct
operation of the 8251.

16
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Figure 9: Machine code program.

Hex
4082

Data Assembler Comment
00,00,00,00,00,00
00,00,00,00,00,00,00
EE,2A EE 26,00,38,2E,3A ilook up table
76,29,37,2F,33,2B,28,30
39,3F,31,3C,2D,3E,35,36
34,27,2C EE,32,3D,3B,EE
EE, IF,EE, 16,00,08,24,23
76,EE,20,EE, 1A EE, 0E, 10
21,EE,11,1E ,0C,22,1C,1D
25,0F EE,EE, 1B, 18,14,EE.
Initialise

E, LD A, AYSNC ;mode for 8251
D3,73 OUT A (73)
3E,14 LD A, READIN scommand 8251
D3,73 OUT A (73)
CD,28,0F CALL SLOW ssinclair ROM
21,90,40 LD HL,4090 SHL :=look up add.
Control routine
€D,09.41 STARTECALLMURRAY fetch character
FE,76 X
28,IF Rz LB
Fs PUSH
FD,7E,39 IDA 0Y+39)
FE,03 CP.03

X JRNZ, LB2
FD,7E,3A LBI: LD A (Y+3A) unt
FE,03 CP,03 bottom line?
20,08 JRNZ, LB3 G
ES PUSH HL save table add.
CD,0E,0C CALL SCROLL
El POP HL
Fl LB2: POP AF
CD,F5,07 LBS: CALL PRINT
18,DF JR START
FI LB3: POP AF sfetch character
3E,76 LD A,76 newline
18,F6 JR, LBS
3E,00 LB4: LD A,00 sreplace newline
s PUSH AF vith space so that
18,E4 JR LBI scroll will work
Maalii

MURRAY: INA (13) sread status 8251

Es i char. complete flag
28FA JRZ MURRAY sno—jump
DB,63 IN A (63) sfetch char. 8251
E6,IF AND, IF
FE,IF ! smurray letter?
20,04 IRNZ NUMB
2E.90 LDL, %
18,EE IR MURRAY
FE,IB NUMB: CP,IB
20,04 JRNZ LET
2E,B0 LD L, B0
18,E6 JR MURRAY iz
ES PUSH HL Sconvert from
85 ADD AL murray
6F LDL,
TE LD A (HL)
El POP HL.
FEEE CP,EE sis it error codde?
28,DD JRZ MURRAY syes—jump

9 RET
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type, t0.3.30 for 45.5/50 baud or 1.00  Some practice is necessary for the s still unintelligible, switch to the
for 75 baud transmissions. Then con-  proper balance but if an oscilloscope ~other sideband on the receiver and try
nect the terminal unit, connect to a is available, connect it to the output again. After a short time it should be
receiver and tune into a RTTY broad- of the terminal unit and tune for an possible to tune the signal by ear and

cast. equal mark/space ratio. If the display dispense with the oscilloscope.
Figure 10:
1275
RECEIVER |1445HZ | TERMINAL v
ELemENTS
. T 3 5 \

START | STOP

SPACE! MARK LETTER ‘A"
TYPICAL CHARACTER
AY'50 BAUD

20 Ms) 20x5=100MS 120x 1} =30MsS

Keyboard with
Electronics
for ZX81

S
.u“ q:

Al vl ke kyird s il 136 10 s 2181 1

requires 0 soldering n the ZXB1

Compete with the e\enmmu 1o make “Shit Lock’, “Function’,and “Graphics 2

singe key slections making enry far easi

Fowered flom 2X81's own standard power supply -with specil adaptor suppled.

Tworcalour pin for key caps

Aaing low price fo complte bt yousel K,

only £19.95 ncl. VAT and caiage Orter As WI2P
Jome 92isie ol B

2 o s s S, st of iy snd 60 Ed

ox 248 for s bt 5

& A ) ———

0. Box 3, Rayleigh, Essex SS6 8LR. Tel (0702) 552911

Retail shops at

1E5King 51 Mammersmin London W Tel 01 480826
284 London Rd. Westciff on Sea, Essex. Te: (0702) 554001
DoniomSaure. Pery Bt Bermimam To (08 356 7395

Shops closed Mondaysl. Allmai 1o Rayleigh address.

[ dr [ Ty g ] N [ i ]

LA Ay I o
M/CROSFHERE COMPUTER SERVICES LTD
LONDONNIO 2LA

TI_ I'I’HOM‘ UI 8839411

OMNICALC (48K Spectrum) - The very best spreadshoet analysis
groaram you can by (o ine Specti Uses nclade nania
Planning, home budgets etc - in fact any work with figu
Up t0 96 columns or 250 1ows » supports ALL the maihematical
functions Al Input is prompted - Separate hoadings aways

facilts raduce the time spent in selling up modls Alows
onditional expressions (for tax bands etc) and RND

Simulaions) Totaling and sut-toralling acies Comsletawih

comprehensive manual. £9.9¢

32 characters on a line with your Sinclair printer. Using ZX-
SIDEPRINT you can print sideways togive any line-width. It is easy
(0 add to existing programs, includes routines to take print lines
direct from the screen, and can even print in lower case from a

tate version rqd) £4.95
CREVASSE + HOTFOOT (Spectrum 16K) - Two original games.
using the Spectrum’s abilities to the full. In CREVASSE you are on
the ice-cap with chasms opening and closing all around you. Can
you make it across the perilous ice? In HOTFOOT you must helpa.

e field:

are dangerous, and the plumper the rabbit the greater the danger.
The only safety (and the only way to scorel) is to get back to the
burrow. N £4.95

EVOLUTION (48K Spectrum) - Starting from the primaeval soup,
canyou etrace the courseof evolutionand end up with man’ Can
you keep the earth's eco-systems in balance, respond to climatic
changes and survive the odd cataclysm? T shauid 5o easy - lter
all it has been done befor

CASSETTE LABELS - If you write programs yourself, or want fo
find a special gift for someone who does, why not have your own
cassette labels pinted compiste with logo? Prices star at oy

S e
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FLET-ELEC

OIFFICULT CALCULATIONS ? WE CAN HELP.

TIMATING £25-00
» EDITION (EE REGS

VOLT DROP £4-95

TRNKING SIZE CALCULATING ol
oo &
casounme cacuaTie ) & o ¥
% o w-cost purchase you
STUDENT, VOLT DROP & LIGHTING can obtain the following outstanding improvements
CALCULATIONS £4-95 each 10 your ZX SPECTRUM
© THREE CHANNEL sound PROGRAM three
ZX81 COMPUTER PROGRAMS FOR THE e e el
ELECTRICAL INDUSTRY @ AMPLIFICATION of the standard sound output
ALSO AVAILABLE FOR - SPECTAUM -V IC 20-COMMADORE PETS @ PROVISION of JOYSTICK PORTS to allow simple
SHARP MZ 80A - APPLE I1- BBC MICRO: PRICES ON REQUEST comnection of one or two sultable joystcks (see
EASTLANDS The ‘ADD-ON' uses the amazing AY-3.8910 SOUND

FLET-ELEC 3 u

COMPUTER PROGRAMS. JUBILEE LANE Chip, which gives you an enormous rangs of sound
TEL, 0934 / 852576 LANGFORD
BRISTOL BS18 7€)
continue 10 be produced without any naticeable effect

d of your program!
D-ON’ contains its own speaker and amplifier

chip and is supplied with a cassette containing sound
demonstration routines and some sampie sounds.

The "ADD ON' simply plugs siraight onto the back of
your SPECTRUM. No soiderin red

The ‘ADD-ON is offered at the incredibly low price of
£1950 + VA

| COMPLETE YOUR
NOW AVAILABLE FROM SPECTRUM NOW!!
HILTON COMPUTER SERVICES LTD JOYSTICK KiTS m;

are offering |
potentiometer joysiick

Sank roconlaton s baeved 0 o the st suh program 1o ba
avaiable for the Sinclair ZXB1, the 2X Spectrum and Dray ORIGINAL SPECTRUM SOFTWARE

using the "ADD.ON 10 great effect!]
Just ook o some o s feaures:

Autonascll matches bak staigmen s with tansactios ecorded in e wis. A .“ i compet
' Porsonal Borking Sys i you. i you it e oad, 1 ey
Sdieed 1o you, berk chaces <. Teoliofta o iscrepancies: No more o hey e he amount you s pr conpletd
expected.
* Fullsearch faclites allowing on-screen correction of any item. ATTENTION MAGHINE CODE PROGRAMMERS!
* Saves and loads data to and from tape (2XB1 version, at double speed) the

con now offer SPEC
Exchanges data with the main P.8.5. program. No need 1o save programs. o5 :
Singla key operation — uses m) c keyboard scan for singleleter commands
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Ecromay sy o use. No jrgon to wade though before you gt stated o u‘;;;;‘;;‘ 1 (Assomblr
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Please specify whether ZXB1 (16K) or ZX Spectrum (48K) or Drag |
Guaranteed software available from.
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Spectrum console tidies
vast numbers of
annoying trailing leads

When Bruce Binder

his

but found the

he by it il
number of loose wires a problem. Here he deta//s his solution by building a special unit to
house his machine and the other items he hopes to add to it.

HEN 1 received my Spec-
trum I was delighted with it
once I had it set up but like

so many of the micros there are al-
ways wires trailing all over the place.
I decided to design a control console
to house it and all the other items I
hope to add to it. First, let me say
that this project will not cost a for-
tune. In fact, most of the timber was
offcuts from my workshop. The mea-
surements may have to be adjusted to
suit the dimensions of the tape deck
you are using.

I started with a piece of }in. block-
board 27}in. x 113in. Looking down
on the board I marked the location of
the power pack in the top right-hand
side. A hole 24in. x 33in. is cut with
the sides of the hole sloping inwards
so that the power pack fits in like a
wedge. The hole should be 1%in.
down and 2}in. in from the edge.
Next to that I fitted a small terminal
block to handle all the power cables—
see circuit diagram.

The next thing is to construct the
first of the hinge-up panel units; the
angle of slope of the panel is gov-
erned by the height of the ZX power
pack. I found 3in. sufficient but if

your tape unit is taller you will have
t0 adjust accordingly if you want the
line of the console to follow through.

Once that has been decided, cut out
three triangular pieces from jin.
blockboard—see Figure three. One of
them will have two holes cut in it to
accommodate the input/output feeds
from the tape unit and a bigger hole
for the mains feed to the tape unit.
Once again you may have to adjust to
suit your tape deck. Next is the back
piece. It is of din. ply, 3in. x 18in. I
cut one large hole of lin. and a small
one for the mains cable—I used a
curly cable from Habitat. Then pin
and glue the two end-picces to the
back and check for square. At the
front 1 used a piece %in.xZ}in. by
18in. long with pin and glue put to
one side to stick.

For the top I used }in. ply. Cut to
size approximately 19}in. X 12in. and
on it mark the position of the Spec-
trum. If you look on the underside of
the Spectrum you will sce a lip run-
ning down each side. Cut the hole to
that width, about 83in., then it will fi¢
neatly. At the top cut the hole a good

lin.” bigger than the Spectrum so
that all the plugs have plenty of

room. To the right and left of that I
drilled two lin. holes for power ca-
bles. Once all holes are cut and you
have tried the Spectrum for size, pin
and glue into place. Then place the
completed unit on the base board so
that it lines up with the front, back
and right-hand side. On the back you
can mark the positions for the hinges
and screw into place.

The top switch panel took a little
time to make because of all the funny
angles. I did not want it to look just
like a box on top, so I made the front
panel slope back by Fin. at the top
and the whole unit tapers down to the
back. The construction is much the
same as the bottom unit—two end-
pieces, a top, and a back.

The front panel is a little more
involved. As most panel-mounted
switches are designed only to go
through thin-gauge metal and will not
20 through 4in. ply, I had to cut out
the ply to the correct size and a piece
of Formica to match. Then I worked-
out the positions of all the switches
but before sticking the Formica to the
ply T cut the holes in the ply big
enough for the switches, body and all
to go through, then drilled the fixing
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holes for the switches in the Formica.

When they are stuck together you
have the thin panel to take the switch-
es but supported by the ply for
strength. The switches can be bought
from any good electronics shop.
Those required are a double-pole
change-over one-off, two single-pole
on-off for tape and computer power,
two neons (240V), one press to break
push-button, a 1%in. 8ohm speaker
and one terminal block.

The front panel is screwed to two
strips of wood 4in. x }in. glued at an
angle inside the top unit. When you
have completed the construction
work of the top unit, place it on top
| of the bottom unit so that it lines up
with the left-hand side and back.
Then mark the second set of hinge
positions but do not fit hinges yet, as
the thickness of the Formica on the
bottom unit will make a difference.

When all glue is dry, sand ready for
laminating. If laminating is not your
forte you could use a Fablon ma-
terial. Do not laminate the back of
the unit—it only makes it more diffi-
cult to cut holes later. It is best paint-
ed matt black. When you have fitted
the hinges on the top unit cut a slot
between them to allow the TV cable
to pass through.

All that is then left to do on the top
unit is to drill the speaker holes in the
left-hand end-panel. That is best done
by putting masking tape over the For-
mica. Draw two circles, mark the
holes and drill. The tape prevents the
drill slipping on the Formica.

The tape unit I used had the output
on the left-hand side and the power
feed on the right, so putting the tape
unit tight to the left-hand side of the
bottom penel left me with about 2in.
on the left, just sufficient to take the

third of the triangular pieces with
space for the jack plugs.

To make it easy to remove the tape
unit the whole of the end section
hinges down sideways. I will not go
into much detail for that part of the
console, as it all depends on the tape
unit used.

The wiring is reasonably straight-
forward. Starting with the power
feeds, the curly mains cable is passed
through the lower back panel and
strapped down; the live and neutral
are fed in to the terminal block. From
the other side of the live terminal a
feed is taken to the poles of the two
on/off switches. The other side of the
switches are run back to the next two
spare terminals on the terminal block.

Cut down the cables on the ZX
power pack and tape unit mains lead
and attach them to the same two
terminals. Run the two neutrals into

Figure 2:

SPECTRUM
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the incoming neutral terminal. Take
two other wires from the output side
of the switches and link to the neons,
then a lead from the other side of the
neons to neutral. That completes the
power side of things.

In the re-set button, take the low-
voltage output lead from the ZX
power pack. Cut off one of them and
solder it across the press button, so
that if the computer is completely
hung-up, pressing that button mo-
mentarily cuts off all power to the
Spectrum.

When you are saving a program on
tape it is necessary to pull out the
earphone plug from the Spectrum be-
cause when the tape unit is recording
the earphone output acts as a moni-
tor. The save-load switch does the
same as pulling-out the plug but in-
stead of letting the feedback go into
thin air, it feeds it into the speaker so
that you can hear the data transfer.

Figure 3:

8
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Making

another

useful port
for the ZX-81

Since the ZX-81 was introduced people have added peripherals.
Most have used the rear socket but here Stephen Huckstepp
shows how the cassette output port can be used.

DDING PERIPHERALS to
Athe ZX-81 can prove to be a

cumbersome and daunting
task with all those connections to be
made to the rear socket, especially if
the printer and/or RAM pack is to be
used, too. So what can be done?

The ZX-81 is already equipped
with three ports, two in and one out,
for the cassette recorder and key-
board. They can be exploited in many
ways, as has been done with the key-
board input. Very little use of the
cassette output port has been made,
however, apart from the elementary
tone generator. That is because its
main disadvantage is that it is serial
rather than parallel.

To overcome it, first the theory.
The cassette output port can, by
nature, produce square waves. Let it
produce the waveform shown in fig-
ure 10 as “out””. By causing each
pulse to trigger a monostable and
comparing the two pulses using Bool-
ean algebra, a clock-pulse can be
formed only when the ZX-81 pulse is
longer than the monostable pulse.

That can gate a latch and can be
considered as an “‘on”” level. A pulse
shorter than the monostable pulse can
be considered as an “‘off"’ level. The
duration between each new pulse—
i.e., HIGH time plus LOW time—as
produced by the ZX-81 has to be
longer than the monostable HIGH
time, so as to allow it to re-set, or
chaos reigns.

The output from the computer, a
square wave, is taken to a high-im-
pedance load—IMQ pre-set potenti-
ometer—from which a proportion is

tapped-off and amplified, using a
pair of BCI84L transistors. The
choice of transistors is not compul-
sory and various configurations of
BC107-9 and 2N3704 have been tried
in the prototype stage. The inverting
amplifier then feeds a schmitt trigger
buffer, made from two inverters.
That then feeds the monostable—
Ic4— and one input of a diode OR
gate—figure four.

An output signal will trigger the
monostable and also clock a
counter—Icl. Because that is nega-
tive edge-triggered, the Q output of
the monostable is used. The
counter—four counts maximum but
adjustable—is decoded by Ic2 and
presents latch Ic3 with the correct bit
being dealt with. The Q output of the
monostable is fed into the second
input of the diode OR gate. The result
is then converted back to TTL levels
using an inverter, which in turn drives
the clock inputs of the latch.

To ‘beat propogation times when
the clock pulse goes low, a capacitor
charge circuit is included—C2,R3.
The values of those two components
are correct only for Ic3 being a
74LS device; other devices require
different values of C2 and R3. There-
fore the respective output—0-3—is
switched on using the multiplexing
system.

All clock lines on Ic3 are connected
together and when one latch bit is
switched on, all others go off. That is
because for the original application
of the circuit—flashing lights

high speed reduced the independent
switching effect.

It can be arranged, by the duplica-
tion of circuits, to latch only one bit
at a time, perhaps using the 74LS273
device. Also in the design shown one
is not limited to using the 74LS75 for
Ic3; experiment with the 74LS173.

No synchronisation of the output
channels to the ZX-81 signal was em-
ployed because it was unnecessary in
this example but by comparing an
extra-long pulse to one from a re-
triggerable monostable, a re-set pulse
for the counter—Icl—can be generat-

o
2

Expansion is logical by increasing
the count of Icl and hence taking
further outputs from Ic2; for more
than ten outputs the device will have
10 be a 74LS154.

Outputs are in their non-inverted
form when using Q.
verted form, as used in this_appli-
cation, can be obtained with Q,-Q,.
That is because the Ic2 outputs are
inverte

The circuit is built on a piece of
Verostrip Veroboard with a

latch only needed to be clocked.
Strobing all outputs continuously at

break do\m the centre—with dimen-
sions of 43 by 15 holes. Start by
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LT u“m

0
IN""p

Progmm 1
REM—any character, 62 of them

10 1652

120

130 i

140

150

160

170

Program 2

16514 211 255 OUT@55) A

0 L
1648 Kol Z-1
20 254 INA, @59
6 2 B, 32
NOP

16 253 DINZ-l
201 RET

Program 3

1 REV—machine code

10 FAST

20 POKE 16517,

30 POKE 1652432

40 LETL=USR 16514

S0 POKE 16517,128
60 POKE 16524,160

.o LETL-USR 16514
8  GOTO X

Figure 1: Output port—circuit diagram

uics 4ics

gnd

outputs
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Program 4

16514 17 17 17 LD DE, 4369
16517 6 16 LD B, 16
16519 122 LD A, D
1620 211 255 OUT(255), A
16522 163 AND E
16523 230 240 AND240
1625 490 s Z +7
1627 14 128 LDC 128
16529 13 DEC C
16530 32 253 IRNZ -1
16532 14 128 LDC, 128
1654 13 ECC
16535 32 253 JRNZ -1
iy 2 a INA s
16539 122 LD A, D
16540 163 AND E
16541 230 240 AND240
16543 32 s IRNZ +7
16545 14 e,
16547 13 DEC ¢
16548 32 JRNZ -1
16550 14 LD C, 32
16552 13 EC C
16553 32 3 RNZ -1
16555 203 LC

16557 16 N6 DINZ -3
16559 21 EC D
16560 122 LD A, D
16561 230 IS AND 15
16563 32 208 JRNZ —46
16565 201 T

Program 5
REM—machine code
sT

20 LET A=16xINT (IS%RND)
30 POKE 16516,10+ 5% RND + A
LE

) T L=USR 16514
50 GOTO20
Program 6
16559 219 254 INA, (254)
03 71 BIT O,A
200
203 95
Aol
03 34
48 201
203 26
2 197

making all the breaks on the under-
side, followed by the insertion of all
the above-board links—26 of them—
with insulated wire for the long links
and bare component wire for the
short links.

Note that some go round corners—
Ic5 pin 8 to D2—and others have
multiple connections made to them—
Ic2 pin 8 to GND (in) to Tr2 emitter,

and Ic5 pins 1,3 and 7 to Icd pin 7.
One link goes between the board and
the IC sockets—when using sockets.
Most sockets have a notch beneath
each end and they can contain the
wire link comfortably. Alternatively
use Soldercon IC pins.

Add sockets and all components
except the integrated clrcuils ncling
that three compon b
It e s lmk Fmal]y,
add connectors—Veropins—to coi
nect to the outside world and the five
below-board links using insulated
wire. Then insert all integrated cir-
Guits the correct way round.

The power supply—that is indepen-
dent of the ZX-81 PSU 5o as not to
overload it—was one which happened
to be spare and was fully-regulated
and smoothed at SV. If the supply
you use is not smoothed, place a
470uF 10V electrolytic _capacitor
across the supply. Obviously the cur-
rent capacity of the power supply
depends on what is being driven at the
outputs, through buffers if necessary.

The ZX-81 cassette output is a sine

Figure 2: Music interface—top of PCB

Lol b
+5v GND 1) | S
4 24 o . IR E]
o] M = mﬁm

‘k o IN914
‘ED CH
15 {

o1y

mk? ka
kil
=

To
[EARPHONE
ISOCKET
:wnw (Audio in)

Figure 3a: Music interface—Wiring Diagram
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00000000000

J000000

000000000
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0Q000000

Figure 3b: Veroboard

o
O IO
o
o

SINCLAIR PROJECTS  February/March 1983



wave of a low magnitude, resulting
from the alterations made to the
square wave by R27/29 C11/12 inside
the computer. Thus a change has to
be made. There are two ways and one
is shown in figure seven. All the cir-
cuitry to the right of the R29-C12
junction is removed and placed in a
small adaptor made up of a 3imm.
jack plug and socket. The new output
is taken from R29, by putting a short
link across the C12 position.

When using the output port, the
port input is plugged straight into the
MIC output. For saving a program,
the adaptor is plugged into the com-
puter and tape into the adaptor. Note
that the automatic protection built
into the computer if the incorrect
plugs are put into the wrong sockets is
now no longer there for the MIC
socket. There is some protection evi-
dent. Whether or not it is sufficient
has not been tested, so be cautious
when plugging and unplugging.

Alternatively, two connections can
be made to ground and the junction
of R29-C12 can be run to an extra

Figure 6

aLS93 E? Cr2 out to tape
R27 H
grx Old Computer

Output

Figure 7

IC

§§ ouhocldapior
|
géd

New Computer Output

Figure 4: Output por(—(op of PCB
our

Figure 5: Output port—Veroboard
a3 __4p

30,

15

3
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Com ponen'r posmons
on the ZX8l' PCB

socket just for use by the port. That
method is safer.

Once all alterations are complete,
connect everything including power
and four outputs, e.g., a light emit-
ting diode and a 1k resistor connect-
ed to SV. Do not switch on the port
power supply yet.

Enter program one, a machine-
code entry program, and, using it,
input the numbers listed in program
two. Then enter the Basic lines in test
program three and RUN. The pro-
gram lights every second lamp once
the unit is switched-on. Adjusting
pre-set Vrl—its position is not criti-

cal—will ensure this. If not, switch-
off and check for faults.

By BREAKing the program and
RUNning again, it is possible, be-
cause of no synchronisation, to light
alternate LEDs.

Once everything is working, it is
possible to move to a more useful
program. Change line 110 to:

110 FOR F=16514 TO 16565
and enter the data listed in program
four by RUNning line 110.

That program in machine-code
looks at the last four bits in location
16516, where each bit is a respective
output. If a bit is high (1), that output
is switched-on, and vice versa if it is
low (0). Therefore the decimal num-
ber 240—16x 15 and binary 1111—is
all outputs on, and zero—16x 0 and
binary 0000—is all outputs off. There
is also a duration counter in the first
four bits of 16516. Enter lines 20-50
of program five and that will turn on
a random four bits—line 20—for a
random time—line 30—when RUN.
That gives a random pattern of flash-
ing lights if still connected to the test
LEDs.

The limits of that output port are
endless. Model railways can be auto-
mated or there can be communication
with other computers via a parallel

Figure 10: Timing Diagrams
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input. For example by building the

five but change line 110 to
110 FOR F=16559 TO 16575
and enter the data and program six by
IN 110.

Erase lines 20-60 and enter the

command:
POKE 16516, 17

Then connect the music interface
once the program is running; it hangs
up the keyboard otherwise. Pressing
BREAK will still allow one to escape
from the program. Adjust the pre-set

so that the lights do not fly about too
much when in use. In testing, a signal
was taken from one channel of a
stereo cassette deck giving 550mV at
““0"’dB. Therefore anything in that
range should be suitable. No con-
struction details have been given,
since one has to be experienced in
machine code programming and elec-
tronics construction to proceed so
far.

This music program is a very sim-
ple example of what can be done.
More programming dealing with the
analysis of the music and the sequenc-
ing of the lights can make this unit far
superior to anything else available.

Figure 9
from az to tape
Computer
cn
R27
nd
Adaptor

Parts List—Output port
14 O.IuF ceramic capacitor

€23 O.IuF polyester capacitor

CS  4704F 10V electrolytic—optional, sce
text

D12 IN4148 diode

Iel 741593

12 4LS4;

I3 74LS75

Ied 74121

IS 74LS14

Rl Resistor 4W I5kQ

R2  Resistor {W 4700

R3  Resistor iW IkQ

R4S Resistor {W 10k

Trl2  Transistor BCIS4L

Vil

‘Sub-miniature preset potentiometer
M0

Miscellaneous
IC sockets (3 14 pin, 2 16 pin)
Veropins (8)

Power supply (Sv regulated)

34mm. jack plug and socket—optional

s
IN914 diode

Sub-miniature pre-set
potentiometer 1kQ

Music Interface
gram does not show the modifications
diagrams to construct the complete circuit, wit

made by the author, but the basi
h Cs and Rs to complete the interface

circuit only. Follow the Veroboard wiring component

gnd
Music In

P
pinsas7

gnd
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Operating
logically to
improve Basic

David Nowotnik explains how to overcome two problem areas
when using machine code to speed up the working of hardware
projects. The programs apply to the ZX-81 but can be adapted for

the Spectrum.

ANY OF the machine
language instructions can be
compared to the simple Ba-

sic commands e.g., LD can be com-
pared to POKE or LET, RET with
ETURN. That helps considerably in
learning but there are some which are
more difficult to comprehend.

Logical operators—AND, OR,
XOR—and the shift and rotate
instructions can be troublesome. To
help overcome that hurdle, two pro-
grams will help the understanding of
those concepts. The ZX-81 listings
for the programs are shown in figures
two and four.

The first program—figure two—
demonstrates how the logical opera-
tors combine two bytes to get another
value. Although the operators AND
and OR are available in Basic, XOR
is not. So, to be consistent, a very
simple machine code routine is used
to carry-out each of the three possible
operations.

The routine is held in a REM line
and it is advisable that this is entered
first, before the main part of the
program in figure two. The machine
code loading routine is shown in fig-
ure one. Enter the program in figure

Figure 1
i

855

]

ot 1

one, then, on RUNning, enter the
values in the order shown. When
complete, type-in the listing in figure
two. All lines of the machine code
loader, apart from the all-important
machine code routine, will be re-
placed by the main routine.

AND, OR, and XOR carry-out a
bit-by-bit comparison of two bytes.
The program log op demonstrates
that in a convenient way. In running
the program, you are asked to enter
two values to be compared. They
must be integer and between 0 and
255. You may enter the values in
decimal or hexadecimal; add the suf-
fix D or H to the value entered to let
the computer know which base you
are using, e.g., 23D,

The program then carries-out a
fairly standard hcx/dec!ma]/bmaly
conversion and the number is dis-
played on the screen in all three
forms. The second number is treated
in exactly the same way. The import-
ant thing to note is that the binary
values are lined-up on the screen. You
are then requested to enter AND,
OR, or XOR. The POKE instruction
in line 270 enters into the machine
code routine the appropriate machine
language instruction; the machine
code is called, and the result is shown
on the screen, again in hex, decimal,
and binary.

You will see how the result is calcu-
lated by checking through the binary
result with the tables in figure three.
Those tables show the result of com-
bining two bits. Work through the

Figure 2
140 PRINT AT 4,5, "DEMONSTRATION

150 PRINT AT 4.3)"0F LOGICAL OF
ERATORS”
170 LET N=g
180 GOSU
150 POKE 165
(220 PRINT o710, rrmar opeRen

“205 LET peta

 PRINT e

Se U ns
IF HOT CAS="AND" OR AS="OR"
OR" > THEN GOTO 240

i=C A8=AND' JK166+( AB="0)
RY 5%182+CA8a"XOR" 3%174

270 POKE 16!
250 RAND USR 16516

298 FRINT AT 21,0:"

300 PRINT AT 12,5)A8;" ="
318 LET %ePEEK 16515

320 LeT Neiz

333 Gosus

355 ERINT AT 21,0 vANY MORE Cv
N7

419 LeT maenicevs
NOT. ' OR ANRUN'> T

EN 28)="H" OR
THEN GOTO 1000
mza 1F Z8CLEN Z8>="D" THEN GOTO

130 LET zaezac TO CLEN 28-1)
18821 LeN 28052 TN soTo oo
183 LeT ¥e18HCiDE 28ecioe 2a

Tscs 17 ¥<e o8 %253 OR KOINT X
102

1160 &7 IR czac To cven za

,,,B IE ¥<B 08 10255 OR KOOINT X
122

a-Clie CINT (/16420
i )
e
AT £.1207H

¥
i

200"

OR 1=8 TO 1 STEP -
6 TF ks sy THEN LET

INT (x/2)

1500 FRINT AT .21 “BNARY
1310 PRINT AT K,20,v8
1320 RETURN

two starting numbers, comparing ver-
tically-aligned bits, and the corre-
sponding result bit should agree with
the appropriate logical operation in
figure three.

The Z-80 CPU has nine instruc-
tions which carry-out operations in-
volving moving bits left or_right
within the internal registers or RAM.
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Figure 3: AND, OR and XOR
AN

0 AND 0
0AND 1
1AND 1=1
OR
0OR0=0
0OR1=1
10R1=1
XOR
0XOR 0=0
0XOR 1=1
1XOR 1=0

How they differ can be very confus-
ing. The purpose of the program
*Shift/Rotate’'—figure four—is to
demonstrate exactly how each one
works. Type-in the program as
listed, then RUN. You will get
menu asking which of the nine you
would like to have demonstrated.
Press a key, 1-9. The instructions 1-7
involve a single byte—which repre-
sents either a register or a byte in
RAM—and the CARRY flag. Enter a

®

value for the byte—0 to 255, in deci-
mal only—and 0 or I for the CARRY
flag. Then watch the screen. You will
sce a slow-motion display of the bits
in the register/byte and CARRY
moving about to create new values.
The program also converts the new
binary value in the register to deci-
mal. Trying each i

Figure 5
59 g2 70 seo
2 S5cE 2288,
S FORE 32883

aeamanaaoy,
ZHAnARIuRLLL
238508585855 :

X
)

RANGONIZE '0%n savee:

will demonstrate the differences. If
you select 8 or 9, you will obtain the
machine language instructions which
shuffle the value in the A register and
a byte in RAM.

Enter again, in decimal, the two
values for the register and byte, and
the program will do the rest, moving
the bits around in slow motion and
calculating the two results of the op-
eration.

When you have outgrown the need
to have all these instructions demon-
strated, you should find that both
programs will still be of value. They
serve as useful calculators for these
machine language instructions, so
when writing a machine code pro-
gram you can use them to check that

your use of the instructions produces
the desired effect.

As a final note for Spectrum own-
ers, the program ‘Shift/Rotate’ can
be entered unchanged, although you
may want to add a little colour. Be-
cause the program storage area
a convenient place to store machine
code on the Spectrum, ““log op” will
have to be altered slightly, with the
machine code held above RAMTOP.

For the Spectrum, do not use the
routine in figure one to enter the
machine code routine. Instead enter
the program as listed in figure two,
with the changes and additions listed
in figure five. The program can be
started with RUN.

Figure 4
59 cogue se0

100 Cl
105 PRINT AT 2,1,

118 PRINT AT &8 e eer
125 i

130 "iARCE)
132 "iR8C2)
134 TiASC3)
135 PRI "iA8C4)
137 "3A8C5)
138 "iA8CE)
133 P "iARC7)
140 sinsced

143 P
150 1 THEN goro 15
138 (5 THeER0E nieva-co

160 IF C<1 OR C>3 THEN GOTO 150

Saa
38

cl
180 GOSUB (C¥208)
190 GOTO 100
200 GOSUB 2000
210 GOSUB 4808
220~GOSUB 4400
230
240 RETURN
a0 GOSUB 2000
403
410
413
420
425 RET
€00
61
£20
630
G

&

aan

342

388
2

GOS
305

810
820 GOSUB 5208

830 GOSUB 6902
TURN

sse
1028 GOSUB 2028

PRI A7 352 MeEarsrery
J11,71620 RETURN

2009 PRINT AT 1,1,83
205 PRINT AT 4,2)R8(C)

2007 PRINT AT 7,12, "REGISTER"

2615 PRINT AT 91t "srarhic E,5P
ACEXS, Sraph:

2220 PRINT T w 11y7eraphic W9
raphic 6%3,9rp.

Dazs BRINT BT 11,12, vresaazion
2030 PRINT AT 13,16;"C"

TR 13y “Sraphic E:sra

o PRINT 38 T8 varashic 5,50
CEX2, oraphic 8"
3650 PRINT TAB 15 "araphic W rs

A=
"CIX#DY, OR CIY4DO"
B P

T 8,0, "ENTER"
"REGISTER"
UT D

PRINT AT
5155 BRINT AT 15-0) venTeR chRRYY
Ziz3INeUT €

IF NOT CE=1 OR E=8) THEN GO

25 e ar 1me0m0a 10 95,

2155 RETURN
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\ \x =
41 ¥ | %

M@%ve

NG iDE

4299 FOR 121 To 25

4018 NE)
P
4100 LET Y8="00000000"
dez L =D

410! 1=8 T0 1 STEP

4110 17 D/2GINT (b/2) hen et

e et cov2s

4220 HEXT 1

4225 RETURN

4308 PRINT AT 9,12,CHR8 CCODE Y8
5o cosue ¢

4320 PRINT 9,12," ";AT 9,6:CHRS

3,6 5,19,CH
2aChe TaliasyiAr 15 16 cte ¢
CODE Y8+128)

4493 GOSUB P

4410 PRINT AT 3,19;Y8C1)/AT 15,1
65 Y8C1)

4415 LET vamyac
4420 Gosus ¢ So00
4425 RETL

as00 an AT 15, 161CHRN (E+1%6>
4585 G

4518 PR‘(NY BT 1s160 AT 9,19
4315

2 To yHvact>

iz ERTNE Br 9,650 AT 151610
s (CODE Y8(1)+12
Se2s Eoan p

4538 PRINT AT 15,16, Y8C1)5AT 3,1
3,CHRS CE+28)
a0 LET v8=78C2 TO )+CHRS (E+28

>
4550 RETURN
4600 PRINT AT 9,13;CHRS (CODE Y8

@iz

4505 G

5% R0t 21910 1IAT 9,26iC
faaCcCobe vat 513

461% GOSUE

4620 FOR 1n7 TO 1

4625 PRINT AT 3, L1+1;" "+Y8C
4638 FOR J=1 TO

4635 NEXT J

4645 NEWT 1

T 924" "iAT 9,
P R et
Re CCODE v8<@>+ize)

4705 GOSUB

4719 PRINT BT s tzvacanaT 13

& vaca>
4715 LET va=vaca>vac T0 7>
4720 RETUS

47350 vnmr Nar 15,16, cRe cesrzes
475% GOSUE

4760 mm' AT 15, 16)AT 5,12 CHRS
CE+15

<6 Toaus ¢

4765+GOSUB P

4770 PRINT AT 9,24;" "/AT 15,16)
CHRe CCODE Yaca+ize)
4775 GOS|

i7aa PRINT AT 9.12CHR CE+2821R
T 13,16, v8c8

4785 LET v.-cn:- CE+28)478(7)
4750 RET

235 PRINT AT 5,600 AT 15,1600
HRS CCODE ve+128)
4310 GOSUB

4813 PRINT AT 9,20, inveras "
¢szg BT A szs var s1s0

%230 cosu
4835 mnr Bt siisimenaT 15,16
1260 'LeT vamvacz To sevor

4845 RETURN

4850 PRINT AT 9,24;" ")AT 15,16;
CHRS (CODE Y8(8)+128)

4855 Gt

4868 PRINT AT 9,6,8"

486% GOTO P
4870 PRINT AT 9,6:" ",AT 9.12,"8

4875 GOSUB P
4880 PRINT AT 3,12;"0")AT 15,16;
4885 LET Y8="g"4v8C TO 75

4850 RETURN

4909 PRINT AT 5, 12)CHRR <CODE v

i35 cosus
1se7 FRENT A 5.6 cume ccove ver

550 cosus »

315 BRI A7 s, 120ve

4528 cosus ¢

4525

4930 PRINT AT 9,24;" ",AT 15,16)
in CcoDE Vacariizer

4935 GOSUB P

4935~GOSUB P

3345 FRINT AT 2.6,n AT Su1zi0n
RS _CCODE Vs

4950 PRINT S iz vac AT 15,1

=8¢ 1)+v8C TO 7

1=8 TO 1 STEP
s210 LT Rl Bobe T 15z 2n

Sez0 ext

5030 PRINT AT 9,22;"= "%

5040 RETURN

G000 PRINT AT 21,2) "PRESS ANY KE

" THEN GOTO €010

18
RSy
n "araphic E o
S as aranhie
P o e {5 vorapnic 5,50
CEXS. Sraphic

o 19,11 srephic w8

raphic 643, 3raph

G130 PRINT AT 11, 12w-ss»zzw

6135 PRINT AT 13.1

£135 FRINT AT 14,105 vararhic €10

raphicExS, sraphic k'

§145 PRINT BT 13,11, araphic 5.8

PACEXS, araphic

R Ly eraphic us
643, 6raphic

s R B

£122 cosue

€165 PRINT &

6543210"

1 T 9,05 " INPUT CHLY"
2% T

Sigo ir bl 08 05255 08 DOINT D
THEN GOTO 61

€190 PRINT AT 5,0,C8+" ".AT 3.2
6157 PRINT AT 9, 12:%8

6200 LET 28m

&zes PRI 11,0, 1eUT At
€210 NP1

S8 B O 07255 0R DOINT D
THEN_GOT

250 Goos 4106

€225 PRINT AT 13,2,CHIAT 15,12,

AT 15,200

6235 LET =128

£330 LET RE=CHRS (CODE ZE+K)4CHR
8 SCODE 28¢2>4X)+CHRR (CODE 28¢3

Sacs sy

807 24X YCHRE 8+
&340 LT Ta=0 ODE_YACS 54k 54
ODE 8¢ >+X>+CHRE CCODE ¥

6495 GO

£410 PRINT BT 13,16)" "1 15,
£415-G0S|

6428 FRINT m 5,12/R8

€425 GOSUE

s RRINT AT s.120 wAT 13,1
£433 cosue P

6440 PRINT AT 5,16;"  "AT 9,12

28
5445 GOSUB P
6450 PRINT AT 15,23,C8/AT 9,16:T

€455 LET THe28¢5 TO >

6460 LET R8=YA(S TO >

6463 LET YE=YS( TO 4>+28¢ TO 4>
6470 LET Z8=Ta+Rs

€472 GOSUB P

€473 PRINT AT 5,12,28/AT 15,12

430 RETURN
6300 PRINT AT 15,1678

6305 G
SO L o

“AT 15,
6515 GoSU

232 mw m 5.16:58

£525 Gos

55 FRINT AT s 160 AT 15,1
€535 Gosue P

€340 PRINT AT 3,12,% 128 T0
&24s cosue ¢

655 PRINT AT 15,20,C8,8T 9,12)7

5535 LET Teezacs 10
€560

e T 45T

575 BRIR BT oL 1zizminT 18,12,
sssB RETURN

700 LET X=2
7085 FOR 1=8 TO 1 STEP

TOLELET NeKe(OODE 2R I>-ERNC 2K

7558 B o 828, ik
7049 LET ¥:
7945 FOR
7543 T2 RosRooe Ve 1omze owea
#8155

7058 NEXT

7055 mn- AT 15,23,"=
7860 RE

2350 b1 )

3270 27 hmc i pevmLcA/RLe!
9020 LET AS(2)="RLA/RL"
9830 LET AmC3miRRCA/RRC”

3130 Reruen
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It mayrepel
extraterrestrials,
butcan it

witch onthe light
in the lo?lgll

If you're getting bored playing  expand your microand gives you new
games and runningsimple programs ideas for computer fun. Project by
Electronics and Computing Monthly  project we add another dimension to
can show you how to put a lot of fun your computer.

back into your micro. With the addition On the cover of the latest issue are

of some easy-to-build electronic the circuit cards for 10 projects,and on

circuits,your computer could drive the inside we show you what you can

much mote than a TV screen. do with them. All you need is a hot
Like your Scalextric, or train-set.It soldering iron and a cool 75p.

could control the lights in your house, WHERE ELECTRONICS AND

the central heating system, talk to the
budgie while you're out and water the /-
houseplants when you're away.

And you can build all these
things yourself-the simple circuits for
pennies rather than pounds. Each
month Electronics and Computing
magazine shows you how to 4

COMPUTING INTERFACE
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LTHOUGH  the Sinclair
Aprinler is excellent value at

£60, it has a number of limita-
tions which make it less than ideal for
prot-acted heavy-duty use. The me-
tallised paper which it uses becomes
expensive if you need reams of output
instead of just the odd program list-
ing, and the 32-column format is not
suitable for word processing. In
on, the print quality tends to
deteriorate from time to time, which
can play havoc with machine code
listings where absolute accuracy is
vital.

The interface described was de-
signed for use with a KSR 33 terminal
which fortunately was acquired for
£50, although they are generally sold
at prices around the £100 mark. Dur-
ing 1960s and 1970s the KSR 33 was
one of the mainstays of the computer
industry and consequently many of
them are available second-hand. They
are rather slow and noisy by today’s
standards but produce clear upper-
case print on 8.Smm. plain paper in
up to 80-column format and are fairly
robust.

If your are fortunate enough to
own something more sophisticated in
the way of printers, this interface
should still be suitable provided that
it uses an RS232 ASCII code input.

Construction cost should be less
than £8, the most expensive item be-
ing a suitable rear edge connector
adaptor to enable you to use the
interface in conjunction with the
RAM pack and other expansions.
The software enables you to produce
complete program listings, or listings
| between selected line numbers and to

output messages and variables to the
printer under program control in any
desired column setting.
‘ The task of converting parallel data
| to serial format is carried-out by soft-
| ware, which outputs one bit at a time

Although the ZX-printer is
comparatively cheap it has its
limitations for heavy use.
John Cussons shows how to
make a RS 232 interface to
allow a better printer to be
used with the ZX-81 with at
least 4K RAM.

on the least significant bit of the data
bus (DO). With reference to figure
one, this data is stored in a latch
formed by two cross-coupled NAND.
gates, 1C2(8,9,10) and I1C2(11,12,13).
Gates 1C1(1,2,3) and ICI1(4,5,6) are
address decode logic, requiring that
IORQ, WR and A2 be simultaneously
low 0 produce a ‘low’ output on
IC1(4). That ‘low’ allows gates
1C1(8,9,10) and IC1(11,12,13) to gate
data and ‘not data’ signals through to
both halves of the latch—gate
1C2(1,2,3) acts as an invertor to pro-
vide the ‘not data’ signal

IC3 is an op-amp which converts
the OV and 5V logic levels to + 10V
and — 10V as required by the printer.

The most straightforward method
of construction is to use 0.2in. Vero-
board, the layout illustrated being on
a piece 3.5in. by 3.75in. That is a
fairly generous size to make construc-
tion easier and you could probably
condense the layout on to a much
smaller board if required.

It is best first to solder the two ICs
to the board, followed by VRI and
the two resistors, since they can then
be used as a guide to the correct
location of the PVC insulated wire
links. That sequence has the disad-
vantage that the ICs could be over-
heated when soldering nearby links,
so care should be exercised. If you do
not wish to take the risk, the ICs
could be replaced by DIL sockets into
which the ICs are plugged only when
construction is complete.

All the tracks which pass beneath

High quality printing
at a reasonable cost

the three ICs should be cut to avoid
shorting IC pins and another track
cut should be made between VRI
upper connection and IC3 pin 2 in the
position marked.

Inputs from the ZX-81 are on the
left hand side and they should be
taken to the appropriate points on the
edge connector adaptor. Multicore
cable is ideal for it but might be
difficult to obtain in short lengths, in
which case you could use a bundle of
separate wires held neatly together
with insulating tape or cable ties. The
connections should be kept short, 1ft.
o less, since they are effectively an
extension of the CPU bus which is
sensitive to electric:

Two connections on the right hand
side, ‘data out’ and ‘common’, go to
the printer. The standard RS232 con-
nector is a 25-way ‘D’ type plug, and
‘data out’ should be taken to pin 3,
‘common’ to pin 7.

The +10V and — 10V power sup-
plies for IC3 are only nominal values,
since an RS232 interface should func-
tion in the range —3V:0:+3V to
—15V:0: +15V. A pair of small 9V
batteries therefore would make a suit-
able power supply; alternatively you
could make up a mains power supply.
Whatever you use the OV rail should
be connected to the ‘common’ track.

In the case of the KSR 33, +10V
and — 10V are available on the selec-
tor magnet drive board and they
could be brought-out externally and
connected o the interface. That
should be undertaken, however, only
by an experienced constructor with
access to the printer technical man-
ual.

Potentiometer VRI provides a ref-
erence level for IC3 and that should
be adjusted so that the voltage on IC3
pin 3 is +2.5V.

The program consists of 1,049

bytes of machine code which initially

34
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2
'ﬁ%ﬁ

£9090 PRINT "“INPUT STARTING

S5%0 b yaca>
3020 INPUT

90000k x-ﬁ TO 17559 STEP 5
3040 SCR

363 LeT ESe0

3660 PRINT AT 20,8, "

3070 FOR Y=1 TO 5

3080 INPUT Y8

9090 PRINT ve," "5

3100 POKE A, VAL Y8

9110 LET AmAsi

3128 LET CSecewAL Yo

3130
2180 PRINT nce a0
5158 PRINT AT 21,0, 18 THE CECK

SUM CORRECT7CY OF

510 Lot BaxTNKEYS

F SROINY D Bac> Ty THEN
9160

91an PRINT AT 21,8,

Ten coro 230

$too 1
o210, PRINT AT 21,8, "LOADING COMP

5520 sror
9230 PRINT AT 20,0;"
3240 LET A=A-5

5250 GOTO 9250

12 SAVE "PRINTER DRIVE"
20 POKE 16365, 12
LET]

D 7O RESET
50~STOP

is resident in a REM statement in line,
then down-loaded to above RAM-
TOP. There is an ‘organiser’ routine
for program listings and another for
writing under program control, called
LISORG and RITORG. The organ-
isers work by making calls to a com-
mon set of subroutines, performing
‘housekeeping’ tasks such as stack
control where necessary.

Conversation of Sinclair codes to
ASCII codes is done with the aid of
two look-up tables, one for upper-
case characters and one for lower-
case—the latter is not used for the
KSR 33, which produces upper-case
print only . A more detailed descrip-
tion of the various routines is in the
appendix.

To load the software, enter a REM

the following direct commands:
POKE 16511,27
POKE 16512,4

That effectively converts the 21
lines you have entered into a single
large REM statement with 1,049 bytes
of space available for machine code
storage; when listed it will still appear
to be separate lines and the cursor
may finish occasionally in the middle
of it, but do not worry about that.

A word of caution at this point;
when editing programs containing
REM statements bigger than 768
bytes, never delete the line immedi-
ately following the REM statement,
since that causes the ROM to be
caught in an endless LIST/CLS loop
and the only way of recovering is to
pull out the power supply jack plug.

You should then enter the loader
program—program 1—and use it to
enter machine code into the REM
statement from the decimal listing—
figure four. The numbers in brackets
after each block of five bytes are
checksums and they should not be
entered but simply compared to the
checksums produced by the loader.

fter each block the program will
output: *“Is the checksum correct? (Y
or N)”. Pressing Y allows you to
enter the next block and pressing N
erases the last block and allows you to
re-enter it.

Once all the machine code is en-
tered, key-in the Basic section of the
printer drive routine, lines 10 to 50—
program 2. The machine code loader
can then be deleted and the completed
routine saved on tape using the com-
mand GOTO I
The format for uslng the printer is a
program line with a USR call to either
LISORG or RITORG, followed im-
mediately by a REM statement con-

statement at line number
44 dummy characters—Xs, Ys or
anything else. The total length of the
line is then S0 bytes, allowing five
bytes for the line overhead—two for
line number, two for line length and
one for final NL character—and one
byte for the REM code. Use the edit
facilities to produce a copy of this line
and repeat until you have a total of 20
lines numbered 1 to 20. Enter line 21
with 49 dummy characters, then use

taining
mode must always be entered before
calling LISORG or RITORG.

The listing
10 LET L=USR 31930
20 REM 0,9999, will list the the entire
Basic program in memory. If you
wish to list only part of a program,
insert the appropriate start and finish
line numbers in the REM statement.
Note that both commas must be
present in this statement—it is very
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easy to omit the final comma which
will result in an incorrect listing.

Graphics characters in the listing
will be replaced by spaces, so that you
have the opportunity to draw them by
hand should you desire. Printer out-
put for program listings is in 32 col-
umns, the same as the TV screen.
Although more columns could be
used, it is easier to check listings
against the screen if both use the same
format. Sinclair ZX-81 Basic does not
allow multi-statement lines, and most
lines are consequently short; an 80-
column output, therefore, would con-
sist mainly of short lines with an
occasional long line, which looks very
untidy.

Terminating a program listing
manually can be done by holding-
down the Break key; printing then
finishes at the end of the current line.

General-purpose  output to the
printer, such as strings, variables,
messages, must first be written to the
display file, then copied to the printer
as follows:

500 LET L=USR 31690
501 REM 60,10,

Here line 500 calls RITORG, while
line 501 sets the number of columns
to 60 and copies the first 10 charac-
ters of the display file top line. If you
wanted to copy the complete top line
you should use:

501 REM 60,32,

The limit to the size of the second
argument is 768 characters, i.e., the
size of the complete display file.
Using that value is equivalent to the
Copy command.

Calling RITORG at address 31690
causes the printhead position to re-
main unchanged between calls—i.c.,
a carriage return/line feed occurs
only when the specified number of
characters have been printed. To start
each print output with a CR/LF, line
500 should be amended to:

500 LET L=USR 31698.

There may be occasions on which
the number of characters to be sent to
the printer is unknown. Loading ar-
gument two in the REM statement
with a large value is one way of
dealing with it, but the print may then
contain unwanted trailing spaces. To

solve the problem the ‘£’ character is

used as a field limiter, e.g.:
600 CLS

610 PRINT AT 0,0;X;CHS 12
620 LET L =USR 31690
630 REM 60,768,

That program will not copy the
complete screen; instead, print output
is terminated when all the characters
of variable X have been printed. It is
possible to alter the particular charac-
ter used for limiting by entering in
command mode:

POKE 31775,Y
where Y is the code of the desired
character.

Outputting blank lines to the print-
er for the purpose of spacing can be
achieved by:

1010 LET L=USR 31698
1020 REM 0,5,

Those two lines cause two CR/LFs
to be output. Setting the first argu-
ment to zero causes the second argu-
ment to be interpreted as the desired
number of CR/LFs, up to a maxi-
mum of 255. Note that RITORG
must be called at address 31698 to use
this facility.

The drive routine was written
specifically for a KSR 33 operating at
110 baud, equivalent to 10 characters
per second—11 bits/char. To drive

different printers some software
modifications may be required.

The baud rate is determined by the
DELAY subroutine which is called-
up after outputting each bit of a
character. DELAY consists of two
nested loops, an inner one which is
executed 35 times and an outer one
which is executed nine times. Those
values produce the required 9.1msec
delay for 110 baud operation but can
be changed to give different baud
rates, using the outer loop for coarse
tuning and the inner one for fine
tuning. The following calculations il-
lustrate this:

Total no. of times inner loop is
executed is 9x 135=1,215

This corresponds to 9.1msec delay,
thus inner loop execution time is 9.1
1,215=7.5s

For a 300 baud rate, say, |he re-
quired  bit time is  1/300
sec.=3.333msec. Thus the number
of times the inner loop must be ex-
ecuted is=3,333+7.5=444,

That could be achieved with an
outer loop value of five, and an inner
value of 89, or an outer value of six
and an inner value 74. Which of the
many possible combinations you
choose is arbitrary but the inner loop

[

Figure
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will require some final adjustment to
match the printer exactly, since the
calculations are only approximate.
The final trimming is done on a trial-
and-error basis. Note that the range
for the loop values is 1 to 255.

To alter the inner loop, POKE lo-
cation 17370 and for the outer POKE

have to modify LISORG and RI-
TORG to output a CR character—
decimal 13—after each LF charac-
ter—decimal 10. To find the locations
where that is necessary, check the
listings for the instruction LD A,10
followed by CALL 32275.

location 17376. To d. load the
modification to RAMTOP use the
command RAND USR 16514.

The software includes no provision
for setting parity; the first three bytes
of the character output routine—
CHOUT—merely set the parity bit to
1. Should you require to set odd or
even parity, those three bytes should
be replaced by a call to a subroutine.
Most printers have settable parity—
i.e., odd, even or none—and the last
option should be chosen if available.

A carriage return/line feed combi-
nation on the KSR-33 is achieved by
outputting decimal 10 to the interface
but some printers may execute only a
line feed in response to it. If that
occurs check your printer manual;
you may find that the CR/LF combi-
nation response is available as a hard-
ware option, either on switches or
wire links.

If you are unfortunate you might

Look-up tables are used by the

STRANS, to
convert Sinclair codes to ASCII.
There are two tables, one for upper-
and one for lower-case, both 64 bytes
long. STRANS adds the Sinclair code
to the table base address; the resulting
address then contains the ASCII
equivalent code.

Location 32725 contains a flag,
CSFLAG, which determines whether
or not the lower-case table should be
used by STRANS. If CSFLAG is not

are then output to the printer as up-
per-case and normal characters as
lower-case.

If CSFLAG is zero, however, only
the upper-case table is used, both
inverse and normal characters being
printed as upper-case. To use lower-
case, therefore, you must enter the
command POKE 32725,1.

Figure 2: Top of PCB.

DO/ OY 45y AW IORQ a
i

TO ZX EDGE CONNECTOR.

1 r=r— o
|as
BZX s
[owF ] T ) e |20
BZXM
s
fo

7
TO PB2s EDGE CONNECTOR

Appendix

Each of the programs following
has two addresses, a REM address at
which it is initially resident and a
RAMTOP address which it occupies
after down-loading; to convert be-
tween those addresses add or subtract
15164. The dissembled program list-
ing gives REM addresses. A few of
the instructions, those prefixed ED or
CB, are not dissembled, since the
program used to produce the listings
requires that they be done manually.

DOWNLOADER

16514-16525; 31678-31689 12 bytes.
Simple routine using the Z-80

LDIR instruction to transfer the rest

of the routine to RAMTOP

RITORG
16526-16636:
bytes.

Organiser program for copying dis-
play file to printer.

LCLUT
16637-16700; 31801-31864; 64 bytes.

Table used to convert Sinclair code
to ASCII lower-case. Identical to up-
per-case table (UCLUT) except that
the addresses corresponding (o letter
codes have contents incremented by
decimal 32—hex 20. Some printers
may have slight variations from stan-
dard ASCII, particularly punctuation
marks.

31690-31800; 111

CSHIFT
16701-16749; 31865-31913; 49 bytes.

Routine to enter UCLUT or
LCLUT address into the Sinclair
translation routine — STRANS.

CSHIFT is not used directly by the
organisers but is called-up by the sub-
routine which loads Sinclair charac-
ters into the output buffer—
SCLOAD. Uses location 32725 as
CSFLAG. If CSFLAG iz zero, only
UCLUT is used.

LISTING COMPLETE
16750-16765; 31914-31929; 16 bytes.
Sixteen-byte memory area contain-
ing above message, which is output
after completing a program listing.

LISORG
16766-16960, 31930-32124; 195 bytes.
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Main organiser routine for pro-
gram listing.

SCLOAD
16961-16994; 32125-32158; 34 bytes.
Subroutine to load Sinclair charac-
ters to the output buffer—32757-
32767. Loads only a single character
at a time, which must be in the A
register when SCLOAD is called. If A
register contains a keyword code,
however, the complete expansion is
loaded to the buffer. If A register
contains a graphics code, loads a
single space to buffer; control codes
and unused codes are loaded as a
Sinclair “?” character; otherwise the
character is loaded unchanged. Uses
subroutines EXPAND and CSHIFT.
Returns with a count in the B register
of the number of characters loaded to
the buffer—normally one unless a
keyword expanded.

GETARG
16995-17092; 32159-32256; 98 bytes.
Subroutine to obtain two argu-
ments from the REM statement fol-
lowing the USR call to LISORG OR
RITORG. Uses location 32746 to flag
first or second argument. Returns
with binary value of first argument in
32747 and 32748, value of second in
32749 and 32750. Uses Subroutine
DECADE for multiplication by 10.

OUT
17093-17130; 32257-32294; 38 bytes.
Outputs a single character to the

interface at address FB. The charac-
ter must be in the A register when
CHOUT is called. Outputs one start
bit, eight data bits and two stop bits-
(mark) on the least significant bit of
the data bus. Uses DELAY to pro-
duce correct bit timings.

DUN
17131-17162; 32295-32326; 32 bytes.
Program used by LISORG to ter-
minate listings. When called DUN
outputs 20 CR/LFs followed by the
message ‘Listing complete’, then ex-
ecutes a ‘dummy’ POP to return pro-
gram control to the Basic interpreter.
Uses CHOUT and DELAY.

BINASC
17163-17240; 32327-32404; 78 bytes.
Subroutine which takes a binary
value in the DE register pair and
converts it into its ASCII equivalent
in the output buffer. Returns with a
count of the number of ASCII char-
acters in the B register. Uses location
32745 as a leading zero suppression
flag.

PRINT
17241-17322; 32405-32486; 82 bytes.
Prints the ASCII contents of the
output buffer, which should be either
a single character or a keyword ex-
pansion. Number of characters to be
printed should be in the B register on
entry. Corrects keyword spacing by
checking B; if B is greater than one
and the first character in the buffer is

a space, will suppress this if the last
character printed was also a space.
Formats printed lines by reference
to COLSET and PCOUNT. COL-
SET (32754) is the number of col-
umns  specified in the REM
statement—loaded in by the organ-
iser; PCOUNT (32755) is the number
of characters which reamin to be
printed in the current line and is
updated by PRINT before returning.
Should PCOUNT go to zero, PRINT
outputs a CR/LF and re-sets
PCOUNT to equal COLSET. Uses
DELAY when printing CR/LFs.

LOCLIN
17323-17364; 32487-32528; 42 bytes.
Used by LISORG to locate the first
line to be listed, by searching the
program file for a match with the
binary line number stored in location
32747 and 32748. Returns with the
address of the line start in the HL
register pair. Calls DUN to return to
Basic if line not found.

DELAY
17365-17382; 32529-32546; 18 bytes.
Produces time delays in 9.1m sec;
increments according to the value in
the B register—i.e., if B=10 on entry
provides a 91m sec delay. Used to set
the “Bit time’ for serial output and
also for time delays after outputting
CR/LFs.

EXPAND
17383-17435; 32547-32599; 53 bytes.

Figure 3: Cireuit diagram.

14078
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Takes a keyword code in the A DOWNLOADER iy oo R PXiERY
register and loads the expanded code
along with appropriate leading and 33 14264 16514 LD HL 1652
s Eep S 17 202123 16517 LD DE 3ie50  CSHIFT
trailing spaces to the output buffer. 17 202 LS T
Uses monitor routine 2421 (decimal) Ly, 12 16523 () 16701 PUSH HL
10 locate the expanded form from 201 16525 RET 16702 PUSH AF
with the monitor tables. 2 :gzgé (IED 3 (32725)
254 3
RITORG 21 16708 IR Nz 12
CHECK 33 148127 16710 LD  HL 32660
17436-17464; 32600-32628; 29 bytes. 24 0 16526 JR 0 312127 16713 LD (32634) HL
& s1 1628 LD A sl 241 16716 POP  AF
oL i G un. (& T (0 GIeNA s 16717 POP  HL
nature of a character in the A regis- 16533 NOP 20588 127 16718 CALL 32600
ter. Sets or re-sets the carry and zero 205 159 125 16534 CALL 32159 201 16721 RET
flags before return to differentiate 33 235 127 16537 LD HL 32747 241 16722 POP  AF
tween printable characters, graph- 1650 LD A (HL) 254166 16723 CP 166
o e Soaren a0 16541 CP O 56 12 625 R C 12
e e OO icod cST0] 32 21 16543 JR Nz 21 254 192 16727 CP 192
trol codes. 35 16545 INC  HL 48 16729 )R NC 8
35 16546 INC  HL 3 148127 16731 LD HL 32660
70 16547 LD B (HL) 3 122127 16734 LD (32634) HL
FERANS ¥ 16548 INC 6 16737 JR 6
17465-17479; 32629-32643; 15 bytes. 34 |, 16549 JR 12 33 57 124 16739 LD  HL 31801
Translates the output buffer con- 197 16551 PUSH BC 34 122127 16742 LD (32634) HL
tents from Sinclair to ASCII. Num- 62 10 16552 LD A 10 25 16745 POP  HI
berfot clieraciers 10 be tranilated: 2091 105 (e CATL 3y e D L AL 2280
must be set into the B register before 20517 127 16559 CALL 32529
entry. 193 16362 POP
16 202 1653 DINZ -4 LISORG
201 16365 RET
DECADE 50 243127 16566 LD (32755) A 33 213127 16766 LD  HL 32725
17480-17495; 32644-32659; 16 bytes. &2 16569 LD 10 540 16769 LD (HL)0
Multiplies the initial contents of the 2051 126 16571 CALL 32257 33 242127 16771 LD  HL 32754
DE register pair by 10 to the power C, 6 20 16574 LD 20 5432 741D - (L3
here C is the content of the C regis. 20517 127 16576 CALL 3259 43 16776 DEC  HL
bl 81" 205159125 16579 CALL 215 43 16777 DEC  HL
ter on entry. Increments C before s 235127 16382 LD A (2747) 43 16778 DEC  HL
return so that multiplication in the 50 242127 16585 LD  (32754) A 540 16779 LD (HL)0
e e e AR s e B e
be scheved S'ml;'y by e iR 16595 LD A (HL) 197 16785 PUSH BC
C register value between calls. 3 1659 INC  BC 2051 126 16786 CALL 32057
% 2 16597 JR 32 6 20 1689 LD B 20
UCLUT 126 16599 LD A (HL) 20517 127 16791 CALL 32529
. . 97 16600 PUSH BC 193 1679 POP  BC
17496-17559; 32660-32723; 64 bytes. 5, 16601 PUSH HL 16 202 1695 DINZ ~ -14
Table used to convert Sinclair 354118 16602 CP 118 205 159125 16797 CALL 32159
codes to ASCII for upper-case out- 32 4 16604 JR ~ NZ 4 205231126 16800 CALL 32487
put. 225 16606 POP  HL 29 16803 PUSH HL
35 16607 INC  HL $8239127 16804 LD A (32751)
229 16608 PUSH HL 2540 16807 CP O
PARTS LIST 126 6609 LD A (HL) 32 10 16809 JR Nz 10
IC1 — 40718 quad 2 input OR gate. 254 12 16610 CP 12 62 10 16811 LD A 10
IC2  — 40118 quad 2 input NAND gate. 3 3 16612 JR Nz 3 2051 126 16813 CALL 32257
IC3  — 741 operational amplifier. 25 16614 POP  HL 40 16816 LD 0
Rl — 47k }-watt resistor. 193 16615 POP  BC 20517 127 16818 CALL 32529
R2  — 470k }-watt resistor. 201 16616 RET 225 16821 POP  HI
VR — 100k miniature skeleton pre-set, 205 125 125 16617 CALL 32125 86 16822 LD D (HL)
horizontal mounting. 197 16620 PUSH BC 35 16823 INC  HI
Miscellaneous 205117127 16621 CALL 32620 94 16824 LD E  (HL)
0.1in. pitch Veroboard, 3.5in, by 3.75in. 16624 POP  BC 35 16825 INC  HL
Edge connector adaptor to use inteface with 205 149 126 16625 CALL 32405 229 16826 PUSH HL
RAM pack. 25 16628 POP  HL 20571 126 16827 CALL 32327
Socket to match printer plug. 35 16629 INC  HL 197 16830 PUSH BC
214 pin DIL 193 16630 POP  BC 33 243127 16831 LD HL 32755
sockets. | for IC mounting — 11 16631 DEC BC 62 28 16834 LD A 28
18-pinDIL | optional. 120 1662 LD A B 128 1683 ADD A B
socket. ) 17 16633 OR  C 19 16837 LD (HL)A
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6 s 16833 LD A 5 25 16956 POP  HL 209 17069 POP  DE
144 16840 SUB B 192 16957 RET  NZ 122 17070 LD A D
71 16341LD B A 195223 124 16958 IP 31967 145 17071 SUB C
2% 7 16342 JR 7 2 215 1702 IR Nz -41
62 2 16844 LD A 32 58 234127 17074 LD A (32746)
197 16346 PUSH BC 2542 17077 CP 2
2051 126 16847 CALL 32257 SCLOAD 323 17079 JR NZ 3
19 16850 POP  BC 205121 124 1691 CALL 31365 225 17081 POP  HL
16 247 16851 DINZ -9 122 16964 D A D 167 17082 AND A
193 16853 POP  BC 33 245127 16965 LD  HL 32757 201 17083 RET
205149126 16854 CALL 32405 ¢ | 1696 LD B 1 6 2 17084 LD 2
25 16857 POP  HL 40 7 16970 0R  z 7 S0 234127 17086 LD (32746) A
16858 LD E (HL) 6 2 192JR  C 2 25 17089 POP  HL
35 loess INC HL 119 16974 LD (HD)A 35 17090 INC ~ HL
86 6360 LD D (HL) 201 16975 RET 24 17 17091 JR -79
23783 240 127 16861 (ED) 540 16976 LD (HL)O
3 6865 INC  HL 201 16978 RET
126 ‘63“ LD A (HD 56 3 16979 JR Cinta CHOUT
254 126 16867 CP 126 5415 16981 LD (HL)1S 203 255 17093 (CB)
218 16869 JR  NZ 18 201 16983 RET SR
176 0 16871 LD DE 6 20: 2 17093 NOE,
535 127 16984 CALL 32547 245 1709 PUSH AF
25 L6 DRSS HERPE] 17 245127 16987 LD DE 32757 7
& 16875 LD B H 173 I XOR e
167 1699 AND A 211 251 17098 OUT 251 A
7 6876 LD C. T, 237 82 16991 (ED) 17100 LD i
2R S I DG HTRO DR o) 1693LD B L St . At
o7 e D 201 16994 RET 241 17105 POP  AF
2782 16381 (ED) s 1706 1D B 8
% Mo 168D GSHHL S S oo BT
% 16886 LD 197 17110 PUSH BC
105 16887 LD GETARG Gl I7H1LD B 1
126 16388 LD A (HL) 175 16995 XOR A 20517 127 17113 CALL 32529
23791 240 127 16389 (ED) 11 1696 LD L A G 17116 ©B)
e DECREDE! 103 16997 LD A 3 17118 POP  BC
23783 240 127 16894 (ED) 3 235127 1698 LD GZMNHL 16 243 17119 DINZ 3
71 16898 LD B A 34 237127 17001 LD G249 HL 03 jo9 17121 (CB)
122 1689 LD A D 34 234127 17004 LD (2O HL 311 251 171230UT 251 A
179 16900 OR E 42 41 64 17007 LD HL (16425)
40 17 16901 R Z 17 3 2 LD Baid
L7 43550 DE 5 20517 127 17127 CALL 32529
120 16903LD A B 25 201 17130 RE
229 16904 PUSH HL 20
205125125 16905 CALL 32125 74
16908 PUSH BC 6 7 A
205117127 16909 CALL 3269 16 2 DON
6912 POP  BC 58 6 20 17131 LD 20
205149126 16913 CALL 32405 201 197 171333 RUSH BC
2 16916 POP  HL 126 62 10 17134 LD 10
16917 INC  HL 254 26 2051 126 17136 CALL 32257
24 202 16918 JR 54 40 4 ohE20) 17139 LD 20
16920 INC HL 20 17028 INC D 20517 127 17181 CALL 32529
237 91 12 64 16921 (ED) 35 17029 INC  HL 193 144 FOR BC
16925 EXX DE HL 24 243 17030 JR -13 16 242 17145 DINZ 14
5 16926 AND A 2 17032 PUSH HL 33 1701124~ 17147 LD'  HL 31914
237 82 16927 (ED) 43 17033 DEC  HL (370 17150 LD B 16
25 16929 EXX DE HL 126 17034 LD A (HL) 126 17152 LD A (HL)
20439 126 16930 CALL Z 32295 21428 17035 SUB 28 197/ 17153 PUSH BC
86 16933 LD D (HL) 213 17037 PUSH DE 2051 126 17154 CALL 32257
35 16934 INC  HL 2 0 17038 LD D 0 193 17157 POP . BC
9 16935 LD E  (HL) 95 17040 LD E A B3 17158 INC  HL
235 16936 EXX DE HL 229 17041 PUSH HI I 247 17159 DINZ =5
68 16937 LD B H 205132127 17042 CALL 32644 z 1716ISROR AT
7 6933 LD C L S8 234127 1745 LD A (32746 20! 17162 RET
42 237127 16939 LD HL (32749) 17048 CP 2
67 16942 AND A 29 17050 IR~ Nz
237 66 16943 (ED) 42 237127 1702 LD HL (32749y BINASC
2039 126 16945 CALL C 32295 25 17055 ADD  HL 7 17163 XOR A
235 16948 EXX DE HL 34 237127 1703 LD \327497 HL 50 233127 17164 LD  (32745) A
3 16949 DEC  HL 2% 7 17059 JR 7 767D B A
29 6950 PUSH HL 2 ssizig AUl bl HO Gy 17188LD C A
205 1872 16951 CALL 699 17064 ADD HL DE 33 245127 17169 LD HL 32757
124 16954 LD A ;4 235127 17065 LD (G2MDHL 229 17172 PUSH HL
173 16955 XOR L 17068 POP  HL 3 23 17173 LD HL 1000
) SINCLAIR PROJECTS
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25 17176 EXX DE HL 4 17297 DEC  HL 205 1179 17403 CALL 2421
167 17177 AND A 126 I72981D A HD) 10 17406 LD A (BC)
27 82 17178 (ED) 25432 11299 CP 32 203 127 17407 (CB)
56 8 17180 R C 8 200 17301 RET 7 203 191 17409 (CB)
12 17182 INC  C 62 0 321D A O 19 17411 LD (HL)A
& 17183LD A 1 50 244127 1B04LD  (2756)A 3 17412 INC  BC
50 233127 17185 LD (32745) A 17307 RET 35 17413 INC  HL
24 243 17188 JR & S8 244127 1738LD A (32756 40 246 1414 IR Z 10
25 17190 ADD HL DE 2541 Bl @ 24 17416 POP  AF
S8 233127 I791LD A (2745 32 191 IB3 IR NZ -65 254 216 17417 CP_ 216
2540 17194 CP 0 126 I3SLD A (HL) 200 17419 RET %
0 14 17196 R Z 14 254 32 17316 CP 32 254219 17420 CP 219
29 7198 PUSH HL 32 186 1318 JR Nz -70 200 17422 RET z
25 17199 POP  HL 17320 INC  HL 254 220 17423 CP 220
25 17200 POP HL 24 184 17321 IR -2 200 17425 RET 7z
4 17201 INC B LOCLIN 254 221 1746 CP 221
121 021D A C 1712564  17323LD  DE 16509 17428 RET z
198 48 17203 ADD A 26 1726 LD A (DE) 254 193 1749 CP 193
119 17205 LD (HL)A 103 1727LD H A 216 17431 RET  C
35 17206 INC  HL 19 17328 INC  DE 175 17432 XOR A
229 17207 PUSH HL 26 173291D A (DB 119 17433 LD (HD)A
59 17208 DEC  SP 11 17330LD L A 35 17434 INC  HL
59 17209 DEC  SP 23775 235 127 17331 (ED) 201 17435 RET
225 17210 POP  HL 167 17335 AND CHECK
40 mILLD C o 237 66 17336 (ED) 24 17436 PUSH AF
2 231D D 0 3 2 17338 JR ~ NC 22 203 119 17437 (CB)
203 123 17215 (CB) 19 17340 INC  DE 0 8 1749 Rz 8
0 4 1217 TR 7 ) 2 17341LD A (DE) 203 127 17441 (CB)
30 100 mI9LD  E 100 i 321D C A 40 13 143 Rz 13
24 211 17221 R 45 19 17343 INC  DE 175 17445 XOR A
203 83 17223 (CB) 2% 17344 1LD A (OF) 6 17446 CCF
40 4 I722SSTRIEENZ 71 17345 LD A 209 17447 POP  DE
0 10 m27LD E 10 235 17346 EXX DE HL 201 17448 RET
24203 17229 JR -53 9 17347 ADD HL BC 209 17449 POP  DE
203 75 17231 (CB) 35 17348 INC  HL 203 186 17450 (CB)
0 4 33R Z 4 235 17349 EXX DE HL 122 1742 LD A D
30 1 351D E 1 42 12 64 ITSOLD  HL (1639) 254 11 17453 CP 11
24 195 17237 JR -61 167 17353 AND A 192 17455 RET  NZ
25 17239 POP  HL 278 17354 (ED) 183 1745 OR A
201 17240 RET 2 24 17356 IR NZ -32 201 17457 RET
PRINT 241 17358 POP  AF 254 43 17438 CP 43
5§ 243127 I41LD A (32755) 20539 126 17359 CALL 3295 48 239 17460 IR NC -17
5 17244 LD D 27 17362 DEC  DE 175 17462 XOR A
33 245127 1245 LD HL 32757 235 17363 EXX DE HL 209 17463 POP  DE
16 58 17248 DINZ 58 201 17364 RET 201 17464 RET
4 17250 INC B DELAY STRANS
88 1251 LD E B 197 17365 PUSH BC 33 245127 17465 LD HL 32757
126 17252 LD A (HL) G329 17366 LD B 9 F8sRATDISE A (HL)
2051 126 11253 CALL 3257 197 17368 PUSH BC 17 57 124 17469 LD DE 31801
030400 17256 LD BC 32751 6 135 17369 LD B 135 131 17472 ADD E
175 17259 XOR A 0 17371 NOP 95 17473 1D E A
2 17260 LD (BOA 0 17372 NOP 26 1474 LD A (DE)
6 1261 ID B D [ 17373 NOP 119 17475 LD (HD)A
16 19 17262 DINZ 19 16 251 17374 DINZ -5 3 17476 INC  HL
& 10 171264 LD 10 193 17376 POP_ BC 16 245 17477 DINZ -1
2051 126 17266 CALL 32257 16 245 17377 DINZ =i L GARET,
1 239127 17269 LD BC 32751 193 17379 POP_ BC DECADE
2 172 LD (BOA 16 239 17380 DINZ 17 12 17480 INC  C
0 17273 NOP 201 17382 RET 65 17481 LD B C
6 4 17274 LD W0 EXPAND 16 1 17482 DINZ 1
20517 127 17276 CALL 2520 245 17383 PUSH AF 201 17484 RET
58 242127 1279LD A (32754) 33 245127 17384 LD HL 32157 235 17485 EXX DE HL
7 12821D B 17387 CP 217 41 17486 ADD HL HL
35 17283 INC  HL 40 8 11389 R 2z 84 I47LD D H
80 184 LD D B 254 218 17391 CP 218 9 1748 1D E L
6 12851D B E 40 4 3B IR Z 4 a1 17489 ADD HL HL
16 219 17286 DINZ 37 254222 17395 CP 22 a 1749 ADD HL HL
122 1288 LD A D 56 4 17397 0R  C 4 25 17491 ADD HL DE
50 243127 189 LD (32755 A 6 0 IT39 LD B 0 8 1742 LD D H
2 m20D A 1 112 17401 LD (HL)B 9 143D E L
S0 244121 94 LD (2756 A 35 17402 INC  HL 24 20 17494 IR 14
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16514 33 14264 17 202 (458) 16789 6 20 20517 127 (375) 17064 25 34 235127225 (646) 17339 22 19 26 79 19 (165)
16519 1231 12 4 237 (377) 16794 193 16 242 205 159 (815) 17069 209 122 14532 215 (723) 17344 26 71 2359 35 (376)
16524 17620124 0 62 (463) 16799 125205 231 126 229 (916) 17074 58 234 1272542 (675) 17349 23542 12 64 167 (520)
16529 S1 S0 203 1230 (427) 16804 S8 2391272540 (678) 17079 32 3 225167201 (628) 17354 23782 32 224 241 (816)
16534 205 159 125 33 235 (157) 16809 32 10 62 10 205 (319) 17084 62 2 50 234 127 (475) 17359 20539 12627 235 (632)

16539 1271262540 32 (539) 16814 1 1266 40 205 (378) 17089 22535 24 177 203 (664)

16544 21 35 35 70 4 (165 16819 17 12722586 35 (490) 17094 2550 245 175 211 (886)

16549 24 12 19762 10 (305) 16824 94 35 22920571 (634) 1709 2516 1 20517 (480) 17364 2001976 9 197 (610)

16554 2051 1266 20 (358) 16829 12619733 243127 (726) 17104 1272416 § 211(s93) 17369 6 1350 0 0 (141

16559 205 17 127193 16 (558) 16834 62 28 128 119,62 (399) 17109 251197 6 Zisi(Cy) et 00 eI b )
17379 193 16 239 201 245 (894)
17384 33 245 127 254 217 (876)

16564 242201 50 243 127 (863) 16839 5 14471 24 7 (51) 17114 17 12720347 193 (S87)

16569 62 10 2051 126 (404) 16844 62 32 1972051 (497) 17119 16 243 203 199 211 (872)

16574 6 20 20517 127 (375) 16849 126193 16 247193 (175) 17124 2516 2 20517 (481)

16579 205 159 125 58 235 (782) 16854 205 149126 22594 (199) 17129 1272016 20 197 (5S1) 1389

16584 12750 242 127 237 (783) 16859 35 86 23783 240 (681) 17134 62 10 2051 126 (404) 17304

2o

40 8 254 218 40 (560)
4 25422256 4 (540)
6 0 11235 205 (358)
16589 75 23712742 12 (493) 16864 12735 126254126 (668) 17139 6 20 20517 127 (375) 17404 1179 10 203 127 (466)
263 24 32 (4 16869 32 18 17 6 0 (73) 17144 19316 24233 170 (654) 17409 203 1911193 35 (551)
16599 126 197 229 254 118 (924) 16874 25 68 77 42 240 (452) 17149 1246 16 126 197 (469)
16604 32 4 22535 229 (525) 16879 127 167 237 82 34 (647) 17154 205 126 193 35 (560)
16609 126254 12 32 3 (427) 16884 240 127 96 105 126 (694) 17159 16 247 241 201 175 (880)

b4

17414 40 246 241 254 216 (997)
17419 200 254 219 200 254 (1127)
17424 220 200 254 221 200 (1095)
17429 254 193 216 175 119 (957)
17434 35 201 245 203 119 (803)

16614 225 193 201 205 125 (949) 16889 23791 240 12727 (722) 17164 S0 233 12771 79 (560)
16619 125 197 205 117 127 (171) 16894 237 83 240 12771 (758) 17169 33 245 127 229 33 (667)
16624 193 205 149 126 225 (898) 16899 12217940 17 120 (478) 17174 2323 235 167 237 (874)
16629 35 193 11 120 177 (536) 16904 229 205 125 125 197 (881) 17179 82 S6 8 12 62 (220)
16634 32 21920132 0 (484) 16909 205 117 127 193 205 (847) 17184 1 S0 233 12724 (435)

16639 0 0 0 0 0 (0) 16914 14912622535 24 (559) 17189 24325 S8 233127 (686) 17439 40 8 203 12740 (418)
16644 0 0 0 0 34 (34) 16919 20235 23791 12 (577) 17194 2540 40 14 229 (537) 17444 13 17563 209 201 (661)
16649 35 36 S8 63 40 (232) 16924 64 235 16723782 (785) 17199 2252254 121198 (773) 17449 209 203 186 122 254 (974)
16654 41 62 60 61 43 (267) 16929 235204 39 12686 (690) 17204 48 11935 22959 (490) 17454 11 192 183 201 254 (841)
16659 45 42 47 59 44 (237) 16934 35 94 23568 77 (509) 17209 59 22514 0 22 (320) 17459 43 48 239 175 209 (714)

16664 46 48 49 SO S (244) 16939 42 237127 167237 (810) 17214 0 203 12340 4 (370)

16669 52 53 54 55 56 (270) 16944 66 22039 126235 (686) 17219 30 10024 211 203 (568)

16674 57 97 98 99 100 (451) 16949 43 229205 1872 (666) 17224 83 40 4 10 (167) 17464 20133 245 127 126 (732)

16679 101 102 103 104 105 (S15) 16954 124 173 225 192 195 (909) 17229 24 203203 75 40 (545) 17469 17 57 124 3195 (424)

16684 106 107 108 109 110 (540) 16959 223 124 205 121 124 (797) 17234 4 30 1 24 195 (254) 17474 26 11935 16 245 (441)
17479 201 12 65 16 1 (295
17484 201 235 41 84 93 (654)

losss 1112 13 114 115 (69 16964 12233 245 1216 (s3) 17239 225201 58 243 121 (659

16694 116 117 118 119 120 (590) 16969 1 56 2 (106) 17244 87 33 24512716 (508)
lo9. L1z 2924558 (1) 169 119 101 3400 201 (579 1 S i s 126208 @81
16704 213 1272540 32 (626) 16979 5415 201(29) 17254 1 1261 239127499 17489 41 41 25 84 93 (284)
16709 1 53 1 12734 (59 leona 0535 13717 245 (620) 1739 1752 66 16 1o (79 1749 24 2232 0 0 (298)
1749 0 0 0 0 0 (O
0

[
16714 122 127 241 225 205 (920) 16989 127 167 237 82 69 (682) 17264 62 10 2051 126 (404) 17504 0 0 34 35 (69)
16719 88 127 201 241 254 (911) 16994 201 175 111 103 34 (624) 17269 1 2391272 0 (369) 17509 36 S8 63 40 41 (238)
16724 166 56 12 254 192 (680) 16999 235 12734 237 127 (160) 17274 6 ‘40 205 17 127 (395)
16729 48 8 148 127 (364) 17004 34 234 127 42 41 (478) 17279 58 242 12771 35 (533)
16734 34 12212724 6 (313) 17009 64 17 5 0 25 (111) 17284 80 67 16 219 122 (504)

17514 62 60 61 43 45 (7))
16739 33 57 12434 12070 17014 22 0 T4 6 7 (109) 17289 50 243121 1 (8Y 11030 4x 43 50 & o e
o Riznzss ansias ian ) SIODATERS Sss 20 sy Buoasd sl it BasiCo0) SR Rtttz
16749 20176 73 83 84 (SI7) 17024 25426 40 4 20 (344) 17299 25432 20062 0 (49 1753 65 66 67 63 69 (335

16754 73 78 71 32 67 (321) 17029 35 24 24322943 (S74) 17304 50 244 127 201 sx (630)
16759 79 77 80 76 69 (381) 17034 12621428 21322 (603) 17309 2441272541 32 (658)

16764 84 69 33 213127 (526) 17039 0 95 229205 132 (661) 17314 191 12625432 32 (635) 17539 70 71 72 73 74 (360)
16769 54 0 33 242127 (456) 17044 127 58 234127254 (800) 17319 18635 24 18417 (446) 17544) 75 76 77 78 2
16774 54 32 43 43 43 (215) 17049 2 32 9 42 237 (322) 173: 6426 10319 (337) 17549 80 m xz 83 84 (410)
16779 S4 0 6 5 62 (127) 17054 12725 34 237127 (550) 17329 26 11123775 235 (684) 17554 85 & 6 (435)
16784 10 197205 1 126 (539) 17059 24 7 42 235127 (435) 17334 127 167 23766 48 (645) 17559 90 000 ©0)
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Good idea is damaged
by a number of errors

AS AN OWNER of a ZX-
81, I have bought Sinclair
User since its first issue, in
the hope that you would
deal with add-ons for home
construction. So I was de-
lighted to read about the
advent of Sinclair Projects;
it sounded just what I want-
ed. So I was disappointed,
not by the contents but by
the mistakes.

Page 14, figure 5. TORQ
and RD transposed; RD is

in 18.

Page 16, figure 2B. Pin C
is common to both joy-
sticks; therefore the lead
from the top left should go
to pm C and the wiper to
pin B.

Page 20, figure 1. MBEQ
on the connector should be
MREQ. The 74LS373 is
omitted from the parts list
and the 74LS04 is omitted
from the cost list.

Page 22, line 5, 3682 is
incorrect.

Page 27, figure 7. The
motor when in reverse will
run until the battery runs
down. Many figure num-
bers do not agree with those
in the text.

Page 28, figure 12. I sug-
gest this is added to the
soldering article and enti-
tled How not to Solder. Fig-
ure 11 looks as if they are
removing the solder bridges
shown in figure 12. Figure
I14—connections to 12-way
connector strip are incor-
rectly marked.

Please ask Dave Buckley
where he can get edge con-
nectors for £2.25 and ex-
tender cards for 25p; I
should be interested. Inci-
dentally, Watford seems the

We have received a large number of com-
ments and interesting points about our first
issue. Here David Buckley answers many of ¥
the more important questions raised.

cheapest for 74LS373 at 60p
plus VAT,
D. S. Anthes,
Bridport,
Dorset
® Thanks for your com-
ments. Unfortunate pro-
duction  problems meant
that unchecked diagrams
were published. Regarding
the edge connector, £2
was the Maplin ((Alulogu?
price in September. In the
new catalogue it is £2.39.
The extender card was ob-
tained from Technomatic;
unfortunately it now seems
to be discontinued.

Soldering on

THERE IS great need for a
magazine to cater mainly
for owners of Sinclair com-
puters, so news of the Sin-
clair Projects was welcome
and the first issue eagerly
anticipated. But there are
problems, more specifically
soldering for a perfect fin-
ish—a mixture of good and
bad advice and no photo-
graphs of good and dry
joints.
Joystick controll

scription of circuit
operation is poor.
Christmas __lights—dia-

grams poor; T1 T2 T3 and
T4 have some odd connec-
tions. The use of mains
equipment in the manner
shown is to be discouraged;
mains and low voltage
equipment, not specifically
insulated for mains oper-
ation such as the ZX-81,
should not share the same
PCB. Optical separation
would be better.

Graphics  generator,—
again poor diagrams. No
circuit of connections be-
tween RAM ROM.
Some ZX-81s have a 1K
RAM, so what do I do? The
logic circuit uses too many
components, the require-
ment can be achieved with
two ICs, a 74LS30 and a
74LS10 and also not give
two positions in the mem-
ory map for the CHRS
RAMCS.

rom blower—diagram
titles incorrect; logic circuit
poor.

Why do I have to read two
inches of text to discover
that it is for the Spectrum?

Word processor, very
good; but then Randle Hur-
ley is good.

Latch Card Errors in
text, e.g., where is 7415373
in parts list and 741s04 in
cost. What is a KB914? Dia-
gram is poor and the de-

® Thank you for your let-
ter which contains some
valid  points.  Regarding
some of them, dry joints do
not always look dry and the
sketch was intended 1o de-
pict a good solder fillet.
People who can solder will
develop their own style but
beginners do not need
style—they  need  clear

instructions which, if fol-
lowed, will produce a sound
Joint.

There is a limit to the
amount of circuit explana-
tion which can be included
in an article; figure two and
table one give a complete
picture of the theory and

practice for operating the
Latch Card. The input and
outputs of opto-isolators
share the same PCB in the
way the connections to re-
lays do, so where is the ad-
vantage except in speed of
operation?

The Graphics Generator
Jfigure nine is the program
in the centre column. Those
with a IK RAM chip will
have to wait for a future
article. If you built your
ZX-81 from a kit and have
the circuit diagram  the
changes are obvious but are
100 lengthy to detail. Re-
garding the component
count, almost any circuit
can be improved either by
head-scratching or using the
latest super-whizz-bang
chip; for the hobbyist the
most important thing is that
it can be built easily and if it
does what the designer in-
tended.

Most people would not
wish to solder on the ZX-81
board and so add-ons for £1
or £2 are difficult to devise.

Thank you for your sug-
gestions, which we will bear
in mind for future issues.

. Graphic

AT LAST, a completely
different type of magazine
and if you can keep up the
range of projects in subse-
quent issues, you are sure to
have a best-seller.

I built the ZX-81 charac-
ter generator from the first
issue and can describe it as
unbelievable, especially as it
costs less than £5, including

Continued on page 44
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Continued from page 43
everything from solder to
ICs.

1 encountered several
problems in construction
which  perhaps  cause

others to hesitate building
the project. I have listed
them:

A lack of a wiring/cut-
ting diagram for the board.
There are no track-cuts ex-
cept between IC pins.

I found it necessary to cut
the track on either side of
pin 20 of the ROM. Also.
the connection to ROMCS
would not work when con-
nected to pin 23B of the
edge connector—I had to

just has to be seen to be
believed. Keep up the good
work.
David Oram,
Liversedge,
West Yorks.
® Thank you for you
praise of the project. I can-
not agree with your com-
ments except about the lack
of a wiring/cutting dia-
gram. You state that all
track cuts are between IC
pins but the two track cuts
necessary are between the
ICs and the rear edge con-
nector. Cutting the track on
the R28 side of ROM pin 20
will prevent the ULA con-
trolling the ROM and the

fasten it to the right-hand ZX-81 will never work.
side of the resistor
above the heatsink.

After that modification

track between pin 20

Are you sure you cut the

and

R28 and not one of the ad-

The article says that the
ROMCS output from the
CHRS  circuit should go to
ROM pin 20; connecting it
to the edge connector 23B
will not work, since one of
the track breaks is between
ROM pin 20 and edge con-
nector 23B.

Latch card

I WAS very interested on
reading the Latch Card pro-
ject. As I understand it the
Latch Card effectively gives
the ZX-81 output ports
from anyone of the memory
locations 36832 to 36863.
Being something of a
novice I wonder if you
would be able to offer ad-
vice, as I also wish to input
signals to memory location?
The application of such a

switching to send a signal/

pulse to each circuit to be
tested.

P W Beddoes,

Uxbridge, Middlesex.

® To input signals to the

computer you could use ba-

sically the same circuit

using the RD line instead of

the WR line at the edge

mrwmm, swapping  the
0,-Q; and Dy-D; lines to
the 741.5173, connecting

pin 11 directly to +5V in-
stead of to the IK resistor
and connecting OE pin 1 to
the output of the 74LS133
leaving the invertor, IK re-
sistor and diode connected
as before.

If you can afford to wait,
a future project will be a
more versatile input/output
memory-mapped port with

the circuit worked. Honest- joining tracks to pins 5 and device would for se- 24 lines of input/output
ly, the effect of this board 62 quence circuit testing by (three bytes).
| 4
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Mankind’s been a long time discovering microcomputers. If you
have just discovered them, you may well be feeling about as
lonely as the first human to fall out of the trees.

While he could hardly scamper along to his prehistoric
newsagent for a copy of Practical Bped and Walking Monthly,
you are luckier . . . Luckier because February’s issue of
Computer & Video Games has a Free 48 page Book of
Games stapled to it. It is packed with games programs

and ideas for your new micro.

Computer & Video Games takes the loneliness out of
being a micro owner. It has pages of programs written by
people like yourself who are gradually evolving along
the programming path. with pointers and tips.

It has a Mailbag section where you can approach
experts to help sort out any problems you may have.
Computer & Video Games also takes the jargon
out of computing, offering easy to understand articles
with examples and series which build your knowledge
the fun way, like Warpath and Machine Code

And starting this issue, The Seventh
Empire, which invites you to take
on the rest of Computer & Video
Games’ readership in our version
of a Star Wars type conflict. With a
Colour Genie computer going to
the best space commander.
There’s news and reviews of
professional games programs, news
and tips on arcade games, plus
Britain’s best guide to TV games
centres.

If you own a Spectrum, ZX81,
Texas 99/4a, Atari, BBC, Atom,
Sharp, Dragon, Vic or can put your
hands on any kind of computer,
you'll find something for you in
Computer & Video Games the
magazine that brought micros down

o

payabe tg Compuier &
To guarantee receiving a copy of 7
Computer & Video Games Peasepos i sesed emvigo 0
every month, just clip the - Compuiay & Vi
coupon and send with your
cheque for a 12 month Mater o0

subscription L7 Tetcastoranie

3,
2
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IN THE first issue of Sinclair Projects there were a few unfortunate errors in some
| of the diagrams. In this section we have reprinted the diagrams with the necessary

corrections. We also inadvertently omitted the Veroboard layout in the graphics
| generator. This is now shown below.

CHRISTMAS LIGHTS: Power-card schematic
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EPROM BLOWER:
PCB layout for large board Veroboard

26v  5v/26v S ov

' 3 I
o o 13 $
5K6 5
4%.4:}
BC108- 8uF 120

5v1 ﬁﬁr) y’b
m@_@ed Cbyr B

it
]'ﬁo#oz' 700 Wmooz

1 5 10 5 0

SINCLAIR PROJECTS  February/March 1983 47



R

 for the small board of the eprom blower. The dotted lines denote the liries o e of the type of
used. The lines are equally spaced with four holes between them. They are not shown as such because the components
are not drawn (0 seale.
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CHRISTMAS LIGHTS: Veroboard
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GRAPHICS GENERATOR: PCB layout

ROM CHR$ RAM (c
ROMCS
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Direction of copper tracks
GRAPHICS GENERATOR: Adaptation for ZX-81s with single 4118 RAM chip
VERY FEW ZX-81s were made with  identifying notch. 7 6 A
a single 4118 RAM chip. The follow-  Using fine insulated single-core ! i Al
A0

ing modifications to the article in the
December issue of Sinclair Projects
should be made for those with these
machines

Bend the address pins AQ to A8—
DIIS 8 5 7)) 2200623 05 A s
upwards until they are at right angles.
Re-insert the IC, ensuring that it is
orientated correctly, as shown by the

wire and a fine-tipped soldering iron,

link the RAM IC to the address pins

A0 to A8 of the ROM, as follows:

RAMIC pin ROMIC pin  Address line
3 23 A8

4 1 A7
s 2 A6
2 3 AS
6 4 Al
2 s A3

Then continue as detailed previously.

Some 2114 RAM chips are soldered
into the PCB. In this case, unless you
are very good at de-soldering ICs, it is
best to cut out the ICs with wire
cutters, clear the holes of any leads,
solder in some IC holders and then
insert some new 2114s.
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We’ve got big ideas about
you and your
e Sinclair

F@r o

R Because we know you're always looking for

el new ideas to make the most of your Sinclair
5 / computer, we'remaking sure youneverrunout
of steam!

Just announced — and due out in December - is
Sinclair Projects magazine, full of fascinating
schemes to tax your skills and reveal the practical
potential of your Sinclair in applications like con-
trolling lights, upgrading computer graphics, house-
hold security, and many more.

Whether you're new to computing, or an old hand, you're

certain to be an enthusiast. That's why we introduced

Sinclair User magazine for the latest news, techniques
y i

B 3 i
Sinclair Programs, became an overnight success with 40
NEW programs, ready for you to key, in every issue.

Now the exciting new Sinclair Projects completes your store of
ou

%

" toexplore.

Sinclair Projects is published on alternate months to Sinclair

Programs, so there’s always something new to test your skill. But

here’s the best news: when you g

subscribe to all three Sinclair P
magazines, you get the first
three issues of new Sin-
clair Projects absolutely
free!

Weknow you" i yourSinclair. y
live up to them with threefold computing pleasure. Fill out the
order form now and we'll send you the first ideas-packed Sinclair
Projects — hot off the press.

Mail to: ECC Publications Limited; 30-31 Islington Green,
London N1 8BJ

Sinclair User/Spectrum User; Sinclair Prog Sinclai i

Yes - I'd like to subscribe to:

[ Sinclair User (12 issues — price £9.00) including special ‘Spectrum User’ supplement in each issue.

[ Sinclair Programs (6 issues — price £6.60)

[ Sinclair Projects (6 issues — price £6.60) you get the first i if ibing toall
three magazines!

o g (deduct£3.
publications)

it card Cardname Number
Name
Address
Signature Date

NB This offer applies to UK subscribers only. Overseas rates available on request.
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QUOTES
“Michael Orwin's £5 Cassette Two s very good value.
Itcontains 10stolid well designed games which work, offer
plenty of variety and choice, and are fun."”

From the ZX Software review in

Your Computer, May ‘82 issue.

I was

CASSETTE 2
Ten games in Basic for 16k ZX81

Cassette Two contains Reversi, Awari, Laser Bases, Word
Mastermind, Rectangles, Crash, Roulette, Pontoon,
Penny Shoot and Gun Command.

Cassette Two costs £5.

“I had your Invaders/React cassette . . .
delighted with this first cassette.”
P.Rubython, London NW10
“I have been intending to write to you for some days
to say how much | enjoy the games on ‘Cassette One’
which you supplied me with earlier this month.”
E.H., London SW4
“... | previously bought your Cassette One and
consider it to be good value for money!"
Richard Ross-Langley
Managing Director
Mine of Information Ltd.

CASSETTE 1
(eleven 1k programs)

machine code:

React, Invaders, Phantom aliens, Maze of death, Planet
lander, Bouncing letters, Bug splat.

Basic:

| Ching, Mastermind, Robots, Basic Hangman. PLUS
Large screen versions of Invaders and Maze of Death,
Ready for when you get 16k.

Cassette One costs £3.80

CASSETTE 3
8 programs for 16k ZX81

STARSHIP TROJAN

Repair your Starship before
disaster strikes. Hazards include
asphyxiation, radiation, escaped
biological specimens and plunging
into a Supernova.

STARTREK This version of the well known space
adventure game features variable Klingon mobillity, and
graphic photon torpedo tracking.

PRINCESS OF KRAAL An adventure game.

BATTLE Strategy game for 1 to 4 players.
KALABRIASZ World's silliest card game, full of pointless.
complicated rules.

CUBE Rubik Cube simulator, with lots of functions
including ‘Backstep’.

SECRET MESSAGES This message coding program is
very txlp qexi jf.

MARTIAN CRICKET A simple but addictive game
(totally unlike Earth cricket) in machine code. The speed is
variable, and its top speed is very fast.

Cassette 3 costs £5.

CASSETTE4
ZX-SCRAMBLE (machine code) with 3 stages.

Bomb and shoot your way through the fortified caves.

]

8 games for 16k ZX81

GUNFIGHT
(machine code)

INVADERS
(machine code)

GALAXY INVADERS (machine code)

Fleets of swooping and diving alien craft to fight off.

SNAKEBITE (machine code)

Eat the snake before it eats you. Variable speed.

(very fast at top speed).
LIFE (machine code)

A ZX81 version of the well known game.

3D TIC-TAC-TOE (Basic)

Played on a 4 % 4 x 4 board, this is a game for the

brain. it is very hard to beat the computer at it.

7 of the 8 games are in machine code, because this is much faster than Basic. (Some
of these games were previously available from J. Steadman). Cassette 4 costs £5.




Nterface ynj
it
SMPly plug in for
InStant arcade
action,

Outstanding Features

® Super strong nylon and steel construction,
built to last

® A total of 8 directions plus 2 large fire
buttons.

 Arcade proven moulded leaf switches ensure
incredible reliabilty.

® Complete with self contained boxed
interface which simply plugs into the

ol e e Spectrum expansion port (with or without
[ Iwish to order \ printer)
| [Quntiey tem Pice | | Easly programmed in BASIC or MIC
These arcade games, designed exclusively for
| | the Joystick by leading software houses, are
now available for Spectrum
| T a0 | | Time Game MC 48K £695
;M&ﬂ"’o“;" orders should Post & Packing Meteroids MIC 16K £495
e payable to {
|| Kempsion (Hiro) Eiectromies Total (VAT inclusive) | é’g’:gsm” wg :2E 7
| Name e S et | Watch this space for new software!
’ Address b A I
| s s e o vHE PTO|
| 180a Bedford Road, Kempston, Bedford MKa2 8BL ) MICRO ELECTRONICS

180a Bedford Road, Kempston, Bedford MK42 8BL
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