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for Sinclair machines.
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Your easy-to-find list of suppliers.

13 READERS’ TIPS
An easy-to-make program reader.
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ing this time on Boolean algebra.

21 AUTOMATIC RE-START
Raymond Hopkins shows how to build a de-
vice which is invaluable for anyone wishing to
use a machine as a controller.

26 WEATHER STATION
Graham Bradley writes about a wind direction
indicator as part of his series on building a
weather station.

30 TAPE HEAD REPLACEMENT
Loading and saving problems can be eased by
fitting new heads to your cassette recorder.

32 CHARACTER GENERATOR
Mike Biddell improves on the Spectrum char-
acters set in a software project.

35 SOUND BOARD
The board built for the Spectrum in our last
issue has been adapted for the ZX-81.

41 AUTHOR’S GUIDE
If you wish to write for Sinclair Projects, this
indicates the best way to present your ideas.

42 RAM RESET
How to re-set routines easily from the battery-
backed RAM described in the last issue.

47 EDGE CONNECTOR
Our regular page showing the connections to
the Spectrum and the ZX-81.

FROM THE EDITOR

URING the warm summer months you may wish
D\o be reminded of the poor weather at the begin-

ning of the year. Graham Bradley, in the second
article in his series on building a weather station controlled
by a Spectrum, shows how to make a wind direction
indicator.

The device allows you to record the differing directions
of the wind and the length of time it has been blowing from
a particular direction. This month we concentrate on the
hardware part of the project and in future issues we will be
publishing software systems which will allow you to make
use of the information which has been collected.

Bradley has also returned to another of our previous
issues for a project. Last month we showed how to make a
sound generator to improve the sound capabilities for the
Spectrum. That has now been adapted for the ZX-81. We
include two sample programs to show how good use can be
made of this peripheral.

Two of this month’s projects allow programs to be
stored in RAM after the power has been cut off either
deliberately or accidentally. Raymond Hopkins® device is
important for anyone wishing to use a ZX-81 as a perma-
nent control system, when an interruption in power would
cause it to crash with consequences which could be disas-
trous. As soon as power is restored, the peripheral ensures
that the system starts up again automatically.

Bradley has taken the battery-backed RAM from the
previous issue and enhanced it by adding a device which,
when switched-on, runs a machine code program by
pressing a single key.

Our final two projects are simple articles which help to
improve your ability to use your machines. Charles Bar-
natt deals with a subject with which many people have
difficulty — the SAVEing and LOADing of tapes. One of
the reasons for many problems is the poor state of cassette
recorder heads. We show how to replace them to give your
recorder a longer life.

Mike Biddell has written a software project for improv-
ing the letters on the screen and printouts.

Sinclaur Projects is now more than one year old and
during our first 12 months we have learned a great deal
about what people are doing with their Spectrums and ZX-
81 and have been pleasantly surprised at the wide variety of
uses which are being made of what many people consider
to be only toys.
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Look at some of the
if you don't visit the

Are you missing out on everything that’'s right for your ZX machine?
Do you want to see the latest developments in hardware, software,
books, peripherals and gizmos?
Then there’s only one venue that’s a must for you.
The 10th ZX MICROFAIR at ALLY PALLY on the 4th February 1984!

«*| 10th ZX Microfair.
AIIy PuIIy Februury4|l|

Saturday 4th February 10am-6pi
ALEXANDRA PAVILION, ALEXANDRA PARK, WOOD GREEN LONDON N22

Advance Tickets from: Mike Johnston, 71 Park Lane, Tottenham, London N17 OHG.
Prices: Adults £1 Kids (under 14) 50p. Parties of 10 or more at 10% discount!
Please make cheques payable to ZX MICROFAIR and enclose S.A.E.

Prices at the door: Adults £1.25, Kids 60p
Exhibitors — phone Mike Johnston on 01-801 9172 for details!
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things you'll miss
next ZX Microfair.

There’s hundreds of exhibitions, lots of bargains, and usual friendly
atmosphere with a Bring-and-Buy Sale, User Groups, Refreshment
areas, and bars!

Allin all a good day out...and a good chance to see everything
concerned with Sinclair Machines!
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FEBRUARY 4th1984
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THE
CLASSIC!

An entertaining, but thorough reference source
with the most readable, comprehensive glossary
you'll find anywhere. The Good Computing Book
for Beginners is an essential A-Z of all the facts you
need to know about computing — and none you
don't!

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

again.

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

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

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

Use the coupon below to get your copy right away
— or buy it soon from your bookshop. It’s the one
book you'll turn to again and again.
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Interface 2
lacks thought

SINCLAIR has announced
the Interface Two, which
followed the Interface One
within a few weeks. Interface
Two provides two joystick
sockets which take standard
Atari joysticks and a ROM
cartridge slot. The joystick
ports are non-standard, as
the only software to work
with them is from Sinclair
or Psion.

They operate the number
key only and each joystick
operates the first or last set

of numbers. Despite the
advertisements there is no
software built into it as

Interface Two is only a

ULA to act as a port for
the joysticks. The ROM
cartridge socket is also a
disappointment, as it pro-
vides no special switching to
page ROMs in and out as
happens on the BBC micro.

The cartridge has all 16
address lines and eight data
lines on it but because of
the way Sinclair designed
the Spectrum, none of the
internal memory can be
switched off, so the only
programs which can be pro-
vided can be 16K-long ver-
sions which will replace the
Basic ROM.

They are available by

turning-off the power to the
Spectrum, plugging-in the
cartridge and turning-on
the power. The games then
autostart — only three were
available at the time of the
launch, with another set
available the following
week. The cartridges avail-
able were Space Raiders (in-
vaders), Backgammon and
Planetoids (asteroids). All
would become uninteresting

after a few attempts.

At £19.95 for the Inter-
face Two and £14.95 for
each ROM cartridge, they
may not be in great demand
unless the price is reduced
dramatically. The joysticks
are also out of step with the
current trend of software
manufacturers who program
their games to work with
the Kempston-type joystick
interface.

Counting the cost of making
use of Glanmire’s time

GLANMIRE Electronics of
the Republic of Ireland has
produced a real-time clock
and eight-bit 1/0 port for
the Spectrum or ZX-81.
The crystal-controlled clock
is battery-driven and is re-
charged when connected to
the computer power supply
— a maximum of 40ma
according to the booklet.
It is set to compensate for
various months but not leap

years. It can be adjusted by
a screwdriver control on the
board to go faster or
slower. A 256-byte PROM
mounted on the board pro-
vides the software to read
and write to the clock from
within Basic and the time is
returned in a Basic variable
called TS.

That contains month
number — characters 1 and
2; day number — next three

characters; date — next two;
our — next two; minutes
— next two; and seconds —
last two. Print TS (x TO y)
will produce the parts of
the clock required for the
program.

Each access to the clock
is via a call to a USR
routine which loads T$ with
the time. TS will not be
changed until the next USR
call. TS is also used to set
the time by writing it into
the clock via another user
call.

Any writing to the clock
can be prevented by omit-
ting the write peg on the
board. That should also be
disconnected when power-
ing the computer up and
down. It has no effect on
reading the clock and also
NEW has no effect on the
clock routine.

The board also has a
single eight-bit read-and-
write 1/0 port which seems
to cover all the address lines
A7-A5 not used by the

clock. They appear as 16
Molex-type connector pins
on the side of the board.
Examples of programs using
the clock and the 1/0 port
are given in great detail but
only three projects which
the user can build are listed.

They are a moving-hand
clock, a stopwatch using the
port and an intruder alarm.
Various other circuit dia-
grams for sensors and
switches are given but no
real explanation of how
they work.

It provides a good basis
for experimenting but at a
cost. It is also incompatible
with most other 1/0 equip-
ment for the Spectrum, as it
uses all the spare addresses.

From Glanmire Elec-
tronics  Ltd, Meenane,
Watergrasshill, Co. Cork,
Ireland, the clock and 1/0
ports costs £40 for the Spec-
trum version and for the
ZX-81 version £36. They
are not interchangeable.
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THE CURRAH U Speech
Module is a black plastic
box which plugs into the
back of a Spectrum and
ives an amazing range of
facilities. The unit i
approximately 3in. square
and Jin. high. Once plugged
into the Spectrum expan-
sion port, no_more expan-
sion is possible unless a
motherboard is used, as it
lies flat behind the Spec-
trum.

There are two leads from
the unit. One goes into the
aerial socket and the other
into the MIC socket. The
lead to the TV is plugged
into the socket on the back
of the unit. That must be
done before powering-up
the Spectrum.

The unit provides its own
copyright message at the
top of the screen when
powered-up and pressin
key will also start the unit
into its keyvoice mode.
That is where every key
used is spoken by the unit.
All the keywords except the
tilth () are spoken — even
the direction arrows which
come out as CURSOR. The
colours, of course, are not
spoken or the various
modes.

The keyvoice is con-
trolled by a variable called
KEYS and can be turned-
off by LET KEYS=0. That
can be used directly or in
the program and the key-
voice can be turned on
again by LET KEYS=1.
‘The keyvoice also works for
keys pressed in the INPUT
or INKEYS unless disabled.

Learning to
speak currah

Another useful feature is
that S$ has been allocated
as a speech buffer and the
LET S$ command makes S$
into a spoken string. Only
letters are allowed, which is
a pity, since numbers would
be useful. Letters can also
be used in brackets to give
single or double allophones.
An allophone is a sound
rather than a letter in
speech and words must be
programmed to sound cor-
rect.

Most words will be satis-
factory if typed-in directly
but Os, As and some others
may need a set of allo-
phones instead. In that re-
spect the booklet with the
unit is very good, giving
clear examples and a list of
suitable alternatives. Un-
fortunately the variable
KEYS does not effect the
speaking of SS.

For the technically-mind-
ed, the unit contains a ULA
which works on a WRITE

command from the micro-
processor, a ROM contain-
ing the keyword speech
patterns and SP0256-AL2
speech processor. It also
contains a clock for clear
speech and an audio modu-
lator to transfer the sound
to the TV lead. The sound
can be adjusted by using a
screwdriver on the screw
showing on the top at the
right-hand side of the box.

The U-Speech allocates
itself the top 256 bytes of
memory at switch-on and
moves down the USR
graphics and RAMTOP.

More can be allocated to
that buffer by the use of
CLEAR. That makes it in-
compatible with some pro-
grams which use that space
for machine code. Details
of the buffer are given at
the back of the book for
machine code users.

A cassette containing
demonstration  programs
and a game should accom-
pany the unit but it was not
sent with our copy so that
all tests were done from the
manual.

Time must be allowed in
all programs for the speech,
as it is updated only by the
keyboard interrupt routine
every S0ms. That also
means that during SAVE/
LOAD/VERIFY/BEEP and
dealings with any device
connected to interface one
— i.e., Microdrive, RS232
or network — no speech
should be in progress. That
is because the speech will

continue as one sound until
the operation s finished.

The unit is extremely use-
ful but time has not permit-
ted it to be tested with any
other units to see if they
clash. What is presented is a
very good clear speech box,
with a very easy way of
programming it and, even
more useful, a spoken
response to any key input.
That might become a more
than essential unit for some.
disabled users.

The lack of numbers and
other characters which are
not spoken on output will
have to be tolerated.

The Currah U Speech
unit costs £29.95 and is
inexpensive compared to
what it offers. Currah
Computer Components. is
at  Greythorp Industrial
Estate, Hartlepool, Cleve-
land TS25 2DF. The com-
pany is intending to make it
usable for the ZX-81, BBC
and other computers.
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Ideal growth at
high cost

U-MICROCOMPUTERS, an
Apple card manufacturer,
has decided to do the same
thing for the Spectrum. One
of the things for which the
Apple computer is famous
is the internal motherboard-
type slots, which allow you
to plug-in things like
RS232s, parallel ports and
disc drives. All are on
separate cards, which need
only to be plugged into the
system. They are also
expensive and some have to
be put in particular slots.
The same kind of system
has been adopted by U-
Micro on its Spectrum
range. There is a three-slot
motherboard which is com-
pletely buffered to reduce
the load on the Spectrum.
An extension is also offered
which will extend it up to
seven. That, however, must
be supplied by a separate
power supply using a stan-
dard — non-standard to

Sinclair users — multi-way
plug. The power supply
must also supply + 12 volts,
+9 volts and - 12 volts for
things like RS232s.

There are, however, ad-
vantages. One is that a
spare, unbuffered printed
circuit board edge on the
right-hand side of the board
is provided; all edge con-
nectors and cards are gold-
plated as a matter of
course. That can take the
Interface One satisfactorily
and would solve a problem
for users whose Spectrum is
in a case.

The other advantages are
complete  Spectrum  bus
compatability, unlike some
other systems, and an alter-
native decoding system for
1/0  devices which will
allow seven boards to be
added to one system with-

out clashes.
That is because the
motherboard provides for

Simple add-on gives new
use for power supply

A SIMPLE device is avail-
able which allows you to
use the ZX-81 or Spectrum
+9 volt power supply to
power other equipment
while you are not using
your computer.

Two versions are avail-
able, one as a standard +5
volt regulated power supply
and the other adjustable
from +9 volts to +5 volts.
Two screw terminals are
provided for the output to
your circuits.

It can be used to supply

more power to any extra
boards on a motherboard
system if you have two

power supplies. Versions
are available for ZX-81 and
Spectrum.

The unit is in a small
black plastic box 24 x 14
x lin. and has an LED on
top to indicate power on.
The cost is £6.95 for the
non-adjustable version and
£1.95 for the variable ver-
sion. Centec Electronic Sys-
tems is at 47 Spur Road,
Orpington, Kent BR6 0QR.
Tel: 0689-35353.

each edge connector, or
slot, to have adifferent
chip-select signal on edge
connector position 4A.

That is derived from the
top three address lines A7-
AS. Internal addresses on
each card use the upper
three address lines A8-A10.

All that, of course,
increases the cost but U-
Micro also compensates for
that by detailing in a glossy
booklet all the information
you want to know about the
card you have bought. The
booklet contains not only
details on how to set up and
use the card but also a cir-
cuit diagram and specifica-
tions of the major chip
used.

Listings are also given of
any software included in the
package.

For serious work using a
Spectrum the board is ideal;
it relieves the Spectrum of
power supply problems and
loading of the edge connec-
tor by too many devices. It
also allows you more cards
than any other _systems
which are compatible with
Sinclair equipment.

Fiemei
The only problem is that
the ideal solution is not
inexpensive. An adaptor is
required to fit the Spectrum
and motherboard printed
circuit board edges together
costs £6.90, three-slot back-
plane £35.65, four-slot ex-
tension — if required —
£25.30. A power supply was
not available at the time of
writing; a £70 alternative
was supplied. The Spectrum
one should be half the
price, U-Micro says. There
should be an additional
£1.50 for postage and pack-
ing.

Cards available from U-
Micro are dual RS232, dual
parallel ports — with a Cen-
tronics kit as an extra —
and a prototyping card.
Other producers’ Spectrum
cards can also be used but
may restrict the use of
addresses.

All equipment has a 12-
month guarantee and can
be obtained from U-Micro-
computers Ltd, Winstanley
Industrial Estate, Long
Lane, Warrington, Cheshire
WA2 8PR. Tel: 0925-
54117.
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nalogue conversion

EPROM SERVICES has
produced two digital-to-
analogue converters for the
ZX-81 and Spectrum. They
allow you to program an
output voltage up to +9
volts by outputting a num-
ber from the computer. One
of them is an independent
unit which has three A/D
converters and requires no
extra port to use it. It is a
bare board and an edge
connector must be soldered
on if you are not using a
motherboard. The unit is
incompatible with the Inter-
face One, which controls
the Microdrive, as both use
the same address line A4.
The three outputs appear
on screw terminals at the
top of the board and there

are three sets of variable
resistors to adjust the zero
volts and the maximum volts
setting.

The maximum is pre-set
t0 3.25 volts but can be
raised t0 9 volts by cutting a
track on the printed circuit
board and inserting a resis-
tor in the holes provided. A
simple calculation, which is
detailed in the instructions,
is all that is required to find
a suitable resistor. All the
outputs are buffered and
can be short-circuited acci-
dentally but that is not rec-
ommended.

The other D/A is very
similar but will it only on
to the Mk 1 version of the
company’s 1/0 port. It
clips on via its own edge

connector to port ‘C’ and
provides one output on the
same screw terminals. Ad-
justment is in the same way
via two variable resistors.

There is a disadvantage
to the set zero volts resistor
on both versions. Both vari
able resistors are set imme-
diately above one another
and so the lower one is
accessible only from the un-
derneath, about 2in. away
from the edge connector, if
using a motherboard.

The three-output D/A
board costs £27 and the
single output one for use
with a MK 1 port only £10.

Eprom Services is at 3
Wedgewood Drive, Leeds
LS8 IEF. Tel: 0532-667183.

Regulated
power
for ZX-81

PR ELECTRONICS has
produced a small alumin-
ium box which regulates the
power supply to a ZX-81 or
Spectrum, thus reducing the
amount of heat generated
inside the computer.

It will help with problems
in using the Spectrum with
a TV display, as it elimi-
nates most of the dot crawl.

The power pack plugs
into the socket on the box
and a lead from the box
plugs into the computer.
All the heat is dissipated
through the aluminium box
and so a warning label is
included.

PR Electronics is at 14
Bretby Close, Bessacar,
Doncaster, Yorkshire.

Adaptable
variations

TWO MONTHS ago you
published an amplification
method of which I already
knew. I wondered why I did
not send the method in
first. Now I have furthered
my research in amplifica-
tion and found a way of
obtaining a really loud
sound from the Spectrum.
It is done with the aid of
an ear plug. To amplify,
connect the black jack plug
to the MIC socket of a
Spectrum and the  white
jack plug to the EAR sock-
et; connect the other white
jack plug into the MIC
socket of the tape recorder
and connect an ear plug to
the EAR socket. Then place
a blank tape in your record-
er, press pause, and set the

recorder to record. There is

no need to place the ear

plug into your ear. I have

also found that there is no

need to use the MIC sockets

when LOADing software.
James Collins, aged 13,

L

 You omitted (o say what
make of tape recorder you
use but when it was tried on
a very old Sanyo, connect-
ing the EAR or MIC sock-
ets of the Spectrum 1o the
MIC input of the recorder
and setting the recorder to
PLAY without a tape
worked well. It did not
work when on RECORD. If
you try this be careful of
over-loading the MIC input
to the tape recorder. The

sound will be distorted if
that is happening and it
could damage the recorder.

Hi-res board
THERE IS a short machine
code program which will be
of interest to any ZX-81
owner who has fitted the
Sinclair ~ Projects hi-res
board to a computer. With
the Sinclair Projects board
the hi-res has to be
switched-on manually with
a switch fitted to the case
but that can now be
switched on automatically
with these extra two lines of
program:

Put a REM at line 1 just
five characters long, e.g., 1
REM AAAAA Then:

N Normal dispay

dia
Poke 16518201 1ol

The number poked into
address 16515 determines
whether hi-res is switched

on or off. Use Poke
16515,30 for a normal dis-
play and poke 16515,62 for
hi-res display.

To call the short machine
code program put this extra
line in your main program:
2 RAND USR 16514,

The Sinclair Projects hi-
res board is wired into the
ZX-81 at address 15872.

Design guide
IN MY article Design Guide
in Sinclair Projects October/
November 1983, several
slight errors have crept in as
follows: page 37, line 7540
““SP” should be ‘‘sp’’; line
7620 has *‘P” p) should be
missing; line 7630 ‘‘isp’”
should be “2%isp’’;
7720 ““go”’ should be “‘io’

M Farnsworth,
Bournemouth.

12
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Project buyers’ guide

HEREIS st of supples for, it to.cbtain tems whichihava

been used in project

Weather Station anemometer
Ribbon cable
DIL headers

Innovonics

PCB mounting 3.5mm. jack sockets as used in the Central Heating

Controller project.
MS Components Ltd

Replacement tape heads
Maplin Electronic Supplies Ltd

Edge connectors 23-way for ZX-81 and
8-way for Spectrum
Innovonics

MS Components Ltd, Zephyr House, Waring Street, West Norwood,
Tel: 01-670 4466.

London SE27.

Ambit International, 200 North Service Road, Brentwood, Essex.

Tel: 0277-230909

Extender cards for fitting to rear of edge connector o allow stacking

ad
23-way for ZX-81
28-way for Spectrum
Innovonics

AY-3-8910 Sound Chip
Cricklewood Electronics
Watford Electronics

— ZXTONGUE
SPECTONGUE

Tel: 0923-40588.

Innovonics, 147 Upland Road, East Dulwich, London SE22.

Cricklewood Electronics Ltd, 40 Cricklewood Broadway, London
Tel

NW2 3ET.

Shudehill Supply Co Ltd, 53 Shudehill, Manchester M 4AW.

Watford Electronics, 33-34 Cardiff Road, Watford, Herts.

: 01-452 0161.

Reading listings

5
i

made much easier =

RAYMOND ROSE of Devizes, Wilt-
shire sends a good idea which could
help when reading listings printed on
the Sinclair printer. It needs only an
unused cassette case and a piece of
twin card or paper 105 x 68mm. cut
as shown in the diagram.

Rose suggests printing on the card
Sinclair Projects ZX-printout line
reader but we are more modest and
will leave the wording to readers.

Attach the card to the inside of the
cassette cover lid. Break off the two
protruding lugs from the base of the
tray. With the case opened, lid to the

right, thread the printout, face-up
and from below, through the hinge
aperture. Close the lid and the print-
out will be trapped sufficiently to
enable it o be drawn through, one
line at a time, without slipping. The
reader can be hand-held or attached
to the monitor with a sticky pad.
For this simple idea, Rose will re-
ceive our special fee of £10. Other
readers who have similar good ideas
should sent them to Sinclair Projects,
196-200 Balls Pond Road, Islington,
London NI 4AQ. S
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N THE LAST issue I looked
briefly at logic gates and logic
integrated circuit families. This

time I consider Boolean Algebra,

some more logic functions and the

Schmitt trigger circuit.

Like the rest of electronics, which
utilises many mathematical equations

1o describe the behavi i

work. This branch of

basics of digital logic. 0 is said to be
the complement of 1 and vice-versa.
We can write this using symbols as;

We can also say that;
IfA=1

Here we have used a simple logical
variable and have assigned a value to

Playing Boole boosts
circuit understanding

In the second of his series of articles to help explain the theory behind many of our projects,
Joe Pritchard considers Boolean Algebra, more logic functions and the Schmitt trigger circuit.

tion we met last time, i.c., a variable
with the value of 1 becomes 0 and a
variable with value 0 becomes 1.
Before proceeding further, let us
say for what we use Boolean Algebra.
It is to help us analyse what kind of
function an already existing logic cir-
cuit performs and to help decide
whether such a circuit can be simpli-

Figure 1.

devoted to digital logic, is called
Boolean Algebra, after its creator,
George Boole. It was formulated long
before the advent of computers and
5o Boole had no idea to what use his
creation would be put.

There are variables as in normal
algebra. They are called logical varia-
bles and may assume one of two
values — 0 or 1. That should not
surprise us as we are familiar with the
two-state system from the previous
article, which explained some of the

&

AlsB
B 1|
o | &

it. It should be noted that the variable
A is pronounced as “‘A bar” or as
““Not A””. The act of complementing
a logical variable can be seen by in-
spection of the foregoing to be the
same as inverting the value of the
variable, using the logical invert func-

Figure 2.
A B AlB
ra
L il | 8%
Figure 3.
Figure 4.

fied. We also use it to design logic
circuits, given that we know what
kind of logic function we wish the
circuit to perform on its input signals.

In Boolean Algebra, a series of
general rules are called Boolean Pos-
tulates. It is around those rules that
the algebra revolves and they are
shown in table one. In the table, the
4+ symbol indicates the inclusive
OR function and the *“.” symbol
indicates the AND function.

If we replace one of the constants
with a variable, which can be cither 0
or 1, we can draw the conclusions in
table two.

They are called Boolean Theorems.
If we consider table one further we
can say that the following is true —
remember that 0 is 1:

X-Y=Y-X 7 Commutative
Property

X+Y=Y+X

Those algebraic properties, as they
are known, are the same as those
which exist in normal arithmetic. A
second is called the Associative Prop-
erty and the following equations
show that. The final property to be
considered is called the Distributive
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Figure 5.

Semnd Theorem — NAND
2.D-E=D+
The bar, when over both variables

as shown, means
that you first perform the AND or
OR operation and then take the com-
plement of the result of that oper-
ation. That is the type of situation
which exists in relation to the NAND
function we encountered last time —

Note that DeMorgans Theorems
link the concepts of OR and AND

5 : ; | : in an

w5
1 |e |
1| Sl

. o le |F | figure four.
AR
oE Ll sy
1|8 |e
1 Li Y

Property. It is the same as the con-
ventional arithmetic process of fac-
toring a bracketed expression.
Associative property
A+(B+C)=(A+B)+C
A-(B:C)=(A'B)-C

Distributive property
A:(B+CO)=(A-B)+(A-C)

It is possible to demonstrate the
properties and theorems by using sim-
ple logic circuits. For example, figure
one shows how we might demonstrate
the theorem A-0=0:

Similarly, figure two shows the cir-
cuit for demonstrating the comple-
menting of a variable.

Examining the idea of comple-
‘menting a variable twice, we find that
if we perform the function on a vari-

Table 1.

accs
—ocool
el

za o

Table 2.

ssoco| »
soa0
sco=

Label out to be C

able twice, the variable is left with the
same value with which it started.
Thus we can state a new theorem;
A=A

We could prove that by building
the circuit shown in figure three. So
far, the properties and theorems at

mathematically, thus indicating the
possibility of creating the logical OR.
function from the logical AND func-
tion and vice versa. That confirms
what we found by experiment in part
one of the series, when we did that
using logic gates. Now let us examine
these two theorems in more detail
using logic gates and truth tables.
Considering D+ i

Figure 6.
D

D-E OE blE|F

E F R

a0l

s el

ailgaElee

T+E DUl Ed]sE

7| el

r THF T

i

TR o

which we have looked have followed
from the rules set out in table one.
‘We will now view some of the more
powerful rules of Boolean Algebra,
which are slightly more difficult to
follow. For our purposes, which are
to put them to work in logic design,
suffice to say that they work and that
they can be shown to work by the use
of truth tables and logic circuits.

The first of the theorems we shall
consider are called DeMorgans Theo-
rems. There are two of them and they
are commonly called DeMorgans
NAND theorem and DeMorgans
NOR theorem. They are written alge-
braically as:

___ First Theorem — NOR

1.D+E=DE

true we should be able to construct
two circuits to perform the logic oper-
ations in the foregoing expression on
the variables D and E. One circuit will
perform the function D+E on the
variables and the other will perform
the function D-E. If the theorem is
correct, the truth tables for both cir-
cuits will be the same.

Remembering part one, we can try
the circuits shown in figure two.
Breadboard them if you wish, using a
7432 for the OR gate, a 7404 for the
inverters and a 7408 for the AND
gate. Details of how to monitor the
outputs from the circuits can be
found in part one.

Using similar techniques, it is poss-
ible to repeat the experiment for De-
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Morgans second theorem, using the
circuits shown in figure six.

In both examples, note the ident-
ical behaviour of the two circuits in
each case.

The final theorem we need to ex-
amine before we can study how we
can use Boolean Algebra practically is
called the Law of Consencus. It is
another of the theorems best proved
by using logic circuits and truth
tables. The Law of Consencus states:

(A+B):(A+C)=A-C+A-B

From that equation, we can de-
velop two circuits in the same way.
The circuits are shown in figures sev-
en and eight. Note again the fact that
the truth tables are the same.

One concept which has become ap-
parent from the examinations of
theorems is that we can have different

strated in a practical fashion in part
one. There we constructed and AND
function from an inverter function
and a NAND function. Analysing
this using Boolean Algebra:

AB=C

AB=A'B
. A-B=C

Thus we get the function AND.
After a little practice, it becomes
possible to build circuits to perform a
given logic function using only a logic
equation and Boolean Algebra. We
shall now examine a simple example
of how it is done.

The process of synthesising a logic
circuit from scratch goes via a verbal
or written description of what we

Table 4.
oAl |EAN|Ns i [EcHEo)
< [ofofo [
e [RosRotlE o
& o101
|0k | sl eend 1
G=e+F [ 1[0 |0 |0
: maieng | Baiel ol [l isn
G-E®+T| 1 (1[0 |0
tid i B

Table 5.

TIL 7413 DUAL 4INPUT  NAND
7414 INVERTER
74132 QUAD 2 INPUT NAND

CMOS 4093  QUAD 2 INPUT NAND
40106 HEX  SCHMITT TRIGGER

Table 6.

want the device to do, to a truth table
which results from this description,
then to a logic equation and, finally,
to the circuit.

If we want to design a logic func-
tion to give a high output when both
of its two inputs are the same, it is
easy to see that the truth table for this
function is that in table three.

The next step is to list the circum-
stances which give a high output in
the form of Boolean equations. When
both A and B are equal to 0 we get a
high output and when both A and B
are equal to 1 we get a high output.
So how can we write those facts in the
form of equations? First, we treat any
input with a value of 0 as a NOT-ed
term and any input with a value of 1
as a non-NOT-ed term in the equa-
tion. So we can write:

-B=C
Either one of those conditions aris-
ing at the input will give rise to a high
state at the output. Thus we can relate
those two equations by use of the OR

(A“B)+(A-B)=C
We then have a logic equation
which describes the function we wish
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to implement. We can see if the equa-
tion is correct by substituting into the
expression in the way normal algebra-
ic expressions are checked.

Now, to the circuit. If we look at
the tables of postulates we can con-
vert this equation into a logic dia-
gram. Figure nine shows that and it
also shows how the values of the
variables A and B are modified on
their passage through the circuit:

Practically the circuit can be built
using two gates from a 7404 chip, two
from a 7408 chip and one gate from a
7432 chip. We have already seen that
there are usually more methods of
synthesising a logic function than
usually are apparent. Let us see if we
can find another say of performing
this logic function but with the use of
fewer logic devices. We will be using
some of the more complex Boolena
theorems:

=({A"B)+(A'B)
Using DeMorgans First Theorem;

|
| Figure 11.

oo P

=

Figure 12.

5v]

TTL gate

[330R

Figure 13.

0
v
22

Second Theorem;
A-B)=(A+B
and noting the fact that what we do to
one side of an expression we must do
to the other side to maintain equality,
and remembering figure three, we will
NOT both sides of the expression.
(A‘B)=(A+B)

.. C=ATB+(A+B)

The significance of the bar over
both of the functions in the brackets
is that we carry-out the function in
the brackets on the variables first and
then we invert the result. The result-
ing circuit for this expression is in
figure 10.

We are now using only OR gates
and inverters and that reduces the
chip count needed to build the circuit.
The chip count is the number of
integrated circuit packages required
to build the circuit. In figure 10 we
have a chip count of two rather than
the three of figure nine. That reduc-
tion in chip count obviously is useful
where we require a circuit small in
size.

The circuit could have been imple-
mented using an exclusive OR chip
and an inverter but if the OR circuits
were already on the circuit board
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being made it would make sense to
use them.

It is hoped that this example has
shown how we can use Boolean Alge-
bra to design a logic circuit and how
we can use it to simplify already
existing ones in some cases.

The simplification procedure leads
us to the second use of Boolean Alge-
bra, to analyse circuits to simplify
them or to find what logic function
they perform on their inputs. That is
effectively the reverse of the pro-
cedure we have just examined. Let us
analyse the circuit of figure 11.

The first task is to label the inputs
and outputs of each gate in the logic
network. We then evaluate the logic
functions for each point on the logic
circuit diagram we have labelled.

Thus we have now worked out a
logic equation for the circuit, describ-
ing the output G in terms of combi-
nation of the inputs A,B,C. The final
stage of the analysis is to draw-up a
truth table. We do so by substituting
the values 1 and 0 into the equation
Figure 17.

To TTL Schmitt
trigger

instead of A, B and C. Take for
example, the situation when all three
input variables are equal to 0:

Figure 16.

orP12 To TTL Schmitt

igger

aps
tinear |

The truth table we obtain for the
circuit is shown in table four. With
logic systems with many inputs, there
are obviously different ways in which
the truth table can be drawn, depend-
ing on how we label the inputs.

We will now study some techniques
a little more closely regarding the
practicalities of digital electronics —
the realities of connecting the TTL
and CMOS gates to the outside
world.

Last time we looked briefly at how
to input signals to a TTK gate. Now
we look a the problem in greater
detail. If we take a typical TTL gate
we find that the input voltage level
for a low input to be recorded, V,,
must be less than about 0.8 volts. The

voltage needed for a high input to be
recorded is called V,, and is any voli-
age between about two and five volts.

Figure 12 shows a method of inter-
facing a switch to a TTL input in such
a way that when the switch is closed,
the TTL gate sees a high input. The
330R resistor is to ensure a low input
on the gate when the switch is open. It
is called a PULL DOWN resistor.

The circuit in figure 13 gives a low
input when the switch is closed. The
resistor supplies a high signal to the
gate until the switch is closed. If you
refer to part one you may remember
that an unconnected TTL gate will
assume the high value naturally. It is
good design practice, however, to tie
all loose ends when working in a field
so intricate as digital electronics.

The resistor in figure 13 is to pull
the TTL input up to a high level and
hence is called a PULL UP resistor. If
we are utilising CMOS devices instead
of TTL, we can use the same resistor
values in the circuits. As a rule of
thumb, pull up resistors should be
between 1K and 70K for TTL inputs
and between 2K2 and 1M5 for CMOS
inputs.

Pull down resistors should be be-
tween 100 and 500 ohms for TTL
inputs and between 100 ohms and
IMS for CMOS. Note that direct
connection between the gate and ei-
ther ground or SV, omitting the resis-
tor, is not possible, because as soon
as you depress the switch, the power
lines are short-circuited — figure 14.

It may occur occasionally that we
wish to drive the input of a TTL
device from a non-TTL electronic de-
vice. Some devices have what are
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| Figure 18.

21X300

known as TTL level compatable in-
puts and outputs, which means that
the device sees voltage inputs on it in
the same way as TTL devices and
gives outputs of the same voltage
levels as the TTL O and 1 voltage
levels.

The Z-80 processor at the heart of
the ZX series computers is such a
device but not everything is like that.
Two typical devices we need to treat
specially are transistors and CMOS
devices.

1 would like to examine the prob-
lems associated with transistors and
in part three we will look at interfac-
ing CMOS devices to TTL devices.

With regard to interfacing transis-
tors to the inputs of TTL and CMOS
gates, the two circuits in figure 15 can
be used. The transistor should be of
reasonable guality. Typical devices to
use are the ZTX300 or any high-gain
fairly fast NPN switching transistors.

Note that depressing the switch will
cause a logic condition 0 at point A
on the circuit. That will result in a
logic 0 being applied to the CMOS
gate and a logic 1 will be applied to
the input of a TTL gate connected to
the output of the Schmitt trigger. The
latter device ensures a good switching
signal to the TTL gate connected to
its output and will be described later.
The value of Ry is typically about
10K.

You might like to try connecting a
sensor in place of the Rx. A light
Dependent Resistor — LDR — would
give the circuit shown in figure 16.
One point to note about the use of

transistors in that way is that the
typical voltage across the collector-
emitter circuit of the transistor when
current is flowing through it is about
0.6 volts. That is the situation which
exists when the switch is depressed
and that voltage is a little close to the
upper limit of the 0 condition for a
TTL gate.

That is why a high gain switching
transistor is needed. The potentio-
meter shown in figure 16 enables you
to adjust the sensitivity of the circuit.
As the light level changes, it alters the
resistance of the LDR. As it rises, the
resistance falls. Thus you can set the
brightness level at which the transis-
tor switches. To get a circuit which
switches as the light level falls we use
figure 17.

As well as these simple circuits

P Figure 20.

source

Figure 19,

there are more advanced techniques
of interfacing transducers to logic cir-
cuits which use other integrated cir-
cuit_packages instead of transistors

Y
1

and they will be looked at in a future

article.

Transistors are also used to switch
output devices. When used in that
role they enable the switching of high-
er currents — figure 18.

R, is the load of the transistor
circuit and should take no more than
40-60mA of current when turned on.
That is still a considerable improve-
ment on the current available when a
TTL gate is sinking or sourcing cur-
rent. The load could be a light bulb, a
loudspeaker or a relay. The latter
would enable the logic circuit to
switch even higher currents and vol-
tages. The circuit shown in figure 19
will switch a relay when a logic 1 is
applied to the input. The diode is to
protect the transistor from damage
when the circuit switches off the re-
lay.
One thing to note is the concept of
bypassing. It is a technique in which
we connect a capacitor of, say, 47uF
or 50 across the power lines of every
second chip. The capacitor should be
wired close to the chip in question. Its
role is to dispose of any electrical
noise reaching the power lines of the
circuit from the switching action of
the TTL or CMOS gate.

The noise could possibly cause
trouble and so these capacitors pass
all the noise to the 0 volts line where it
can do no harm. Devices such as
relays and motors should have, as
well as the diode, a larger value ca-
pacitor across them. A typical value is
about 0.1 to 0.47uF.

It is useful to consider in detail a
device we have alread; idered in

Figure 21.

OUTPUT OF DEVICE

time
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passing, the Schmitt trigger, which
can be described technically as a de-
vice which changes its state only
whenever the voltage on its input goes
beyond a certain value, That value is

If we examine figure 22 we see one
of the main uses for Schmitt triggers
in cleaning noisy signals, such as
those which might result from being
passed along a long run of cable in an

different for p and nega-
tive-going voltages. A typical TTL
Schmitt trigger is the 7414 device
which has & built-in inverter function.
The symbol for it is shown in figure

Flgulc 21 shows what happens to
the output when we apply a changing
voltage to the input.

V* is the voltage at which the
threshold is reached which will cause
a change in the output state from 1 to
0 in this case. It is usually about two
volts. V- is the voltage at which we get
a reversion from the 0 state to the 1
state. That s typically about 0.6 volts
for a TTL device. Thus the 7414 gives
a TTL low output signal for input
voltages above two volts and TTL
high output signal for input voltages
below 0.6 volts. The voltage range
between 0.6 and two volts is called the
Hysteresis Interval.

noisy

Another use of these devices is to
convert sinusoidal waveforms  into
square waves so that they can drive
logic circuitry. A typical example is a
transformer used to reduce the mains
voltage t0 a value of about 6 volts.
After being partially rectified, the re-
sulting signal is applied to a Schmitt
trigger, from which emerges a SOHz
TTL-compatible square wave.

There are several TT and CMOS
packages which contain Schmitt Trig-
ger devices, and these are shown be-

g

w.
The values of V* and V- are shown
for CMOS and TTL devices in table
six. In the 7413 and the 74132 and the
CMOS 4093, the gate performs a
logic function on the signals applied
to its input assuming they are of a
high enough voltage to activate the
circuit.

In the next article we will look at
buffers and three-state devices, the
computer data bus and some exam-
ples of interfacing.

Figure 22.
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Making sure you
do not lose control

boot facility on the ZX-81 is an
invaluable feature normally found
only on expensive, professional com-
puter/controllers. It provides for the
automatic execution of user-pre-
scribed software on power-up. The
most significant advantage of auto-
boot is that, where the computer is
being used as a controller, it allows
ordered recovery from a power fail-
ure of whatever duration.
Such an ability is vital in any seri-
ous control application, of course;
without it, even a momentary hiatus
in the mains supply would suffice for
control to be lost, possibly with dis
trous consequences. The ZX-81 im-
plementation described does not
interfere with normal operation of
the computer, relies on a standard
| cassette player for mass storage back-
up, and can be housed comfortably in
the computer case with no elaborate
connections. Further, it can be built
from standard parts for less than £5.

Once this autoboot circuit has been
constructed and installed — for a

I\IPLEMENTATI()N of an auto-

In many of the serious uses of
Sinclair machines it is import-
ant that programs do not stop
running if there has been a
power stoppage. Raymond
Hopkins reports

simulating key presses on the ZX-81
keyboard. Figure 2a illustrates the
normal manner of keyboard oper-
ation from a matrix of simple key
switches; individual key presses are
decoded by detecting which KBD —
KeyBoarD — line has been connected
to which address line. Figure 2b, on
the other hand, demonstrates how the
same end can be achieved using an
inexpensive analogue gate; a 4016 or
4066 CMOS IC contains four such
switches.

With its control line at logic zero,
the gate appears open circuit from
either direction, in which condition it
has no effect on anything connected
to either signal terminal. That means
that such gates may be wired in paral-
lel with the normal keyboard switch-
es.

When the control line is set to logic
one, on the other hand, a low resis-
tance path is created between the sig-
nal terminals. The gate behaves, in
effect, like a single-pole relay but is
far cheaper, more compact and easier
to drive. So what the bootstrap circuit
does is to connect the keyboard and
address lines used when manually
typing in ‘LOAD ” » (NEWLINEY’,
1o the signal terminals of four ana-
logue gates — cf, figure three, IC5.
Then, at the proper time, at a man-
ageable speed and in the correct or-
der, it ‘opens’ the appropriate gates
and the computer behaves as if a
phantom typist were at work. Refer-
ring to the right-hand side of the
circuit diagram in figure three you
will notice that only three address
lines and two KBD lines are used.
KBD 3 connected to Al4 decodes
‘LOAD’ (in ‘K’ mode); KBD 0 con-
nected to A8 & Al3 decodes ‘ '’y
KDB 0 connected to Al4 decodes
‘NEWLINE’.

The rest of the circuit handles the
orderly operation of the analogue

preview see figure one —
for its use is simple. A lead with
| miniature jack plugs at either end is
connected between the new remote
socket on the ZX-81 and the remote
socket on a tape recorder. The con-
trol program should have been saved
in autorun mode, several times on the
same side of a fairly long tape — a
€90 for example. Link the computer
and recorder ear sockets, depress the
play switch on the tape recorder, and
all is ready. Automatically, at switch-
on, the ZX-81 will set the recorder
player load and run_the control
program and switch off the cassette
motor when loading is finished. In
the event of a mains failure, when
power is restored the same process
will be repeated automatically. What
could be more straightforward?

The autoboot performs its wonders

through the cunning stratagem of

B
Computer
! P.CB.
!
1 Remove
1 socket
l in
0 upper
connections to casing
| pin-side of computer
l
T o
T | e il
Heat et Autoboot
1 o
| e 122
HH €8
| 88
1 =1 e
! L
1k eo IS R

Figure 1. Installation of ZX-81 Autoboot facility
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gates and switches the cassette motor
at the required times. C1 and RI re-
set the whole autoboot circuit at
power-up, holding it in that_state
until the ZX-81 has had sufficient
time to run through its initialisation
procedure. The initialisation period is
longer on a 16K machine, so in that
case R1 should be a 270K resistor,
while on an_unexpanded machine
100K will suffice.

IC3 is a decimal counter if pulses
are applied to its clock input — CLK
— it will set high each of its 10
outputs in turn, repeating the cycle as
more pulses are received. That input
is driven by an oscillator built around
ICla and ICIb and running at about
1Hz, the frequency being determined
by the values of C4 and R3. C5 is
included to de-couple unwanted high-
frequency oscillation when the whole
circuit is de-activated. With the help
of the two remaining exclusive-or
gates of ICI, the decimal outputs of
IC3 are used to switch the analogue
gates of ICS in the correct sequence.

The highest and last output, QI0,
clocks D-type flipflop IC2 with sev-
eral resulis. In the first place the
oscillator is disabled by the Q output
of IC2 and, second, just to make sure
that everything grinds to a halt, the
same signal disables IC3. Finally,
flipflop output takes pin 2 of 1C4, a
555 timer, to zero volts, initiating a
single shot — one pulse.

At this point, only that part of the
circuit involving 1C4 and RL1 is ac-
tive; the rest is in a stable and quies-
cent state. Having performed their
role, all analogue gates are open-
circuit. The single-shot pulse appear-
ing at IC4 pin 3 energises the coil of
RLI and so completes the motor cir-
cuit in the tape recorder via its remote
socket.

How long the motor remains on is
determined by the value of C3 and the

will last about eight minutes.

Since the rest of the circuit remains
inactive; meanwhile, IC2 Q output
will still be at logic zero, the condition
which triggered the single shot. You
may well wonder why further pulses
are not generated. Two components

Figure 3: Circuit diagram of ZX-Autoboot board
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Figure 2a: Normal keyboard operation

Keyswitch

KBD ling O—————0" O—————0  Address line

have been included in the line-driving
IC4 pin 2 to avoid that state of af-
fairs. C2 and R2 consitute a differen-
tiating network which transmits the
changing signal as IC2 pin 12 drives
low, thus allowing the triggering of
the desired pulse. C2 very quickly
charges through R2, however, and

carthed — most of them are — and
discharge any static you may be car-
rying through some large metal ob-
ject, or a copper water pipe, before
starting work. The prototype circuit
was built without IC sockets. Taking
the precautions outlined, the reader is
unlikely to encounter difficulties in

following the same course. If sockets
are used, however, low profile ones
would be advisable.

Construction might follow this
procedure. First, cut a piece of 0.1in.
pitch Veroboard to size, i.e. 20 cop-
per strips by 27 holes long. Following
figure four cut the tracks where indi-
cated, using a spot cutter or a sharp
scalpel blade. In cither case, centre
the cuts on the holes indicated, re-
moving a minimum of copper to
break continuity. Brush away copper
swarf and check all cuts carefully
before continuing.

Then improvise SKTI by cutting in
half a 16-pin, turned-pin DIL socket.

prevents further activity.

Before leaping into the fray with
your soldering iron, spend a little
time studying all the illustrations to
obtain a feel for the general assembly
of the autoboot facility. It will be
noted that four CMOS ICs are in the
circuit design. Mere mention of
CMOS brings flutters to many but
there is no cause to be nervous at all.
Modern CMOS is  well-protected
against reasonable levels of static, so
the simplest of precautions should
allow you to work confidently with it.

Check that your soldering iron is

Analogue

KBD fine O

Gate control

A logic ‘1"
closes the switch

Fgure 2. Emulaton of keyboard switches

Signal terminals.

gate

O Address line

g analogue gates
Figure 4. Component layout — excluding insulated fnks =
1 - 5V bus
T
2
3
o
s
s
j ~— oV bus
g - 5vbus
sk2
~— ovihus
20 :
1 < Divection of racks 27
2
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Remove pin 6 and blank-off its posi-
tion to serve as a locating guide.
Referring to figures four and five,
solder SKT1 to the track side of the
Veroboard in a horizontal position.
There, as elsewhere, confine the flow
of solder to the area immediately
surrounding the hole being used; oth-
erwise it could be a messy job fitting
later components into the fairly com-
pact layout.

Next solder in the IC sockets — or
the ICs themselves — along with
RLI, precisely according to the lay-
out orientation in figure four fol-
lowed by power links from the ICs to
the 5V and OV buses. Remember to
connect each bus pair together.

Then the discrete resistors and ca-
pacitors can be added and, finally,
the connections shown schematically
on the circuit diagram — figure three
— should be made with single-strand,
insulated wire. Note that C3 has been
specified as having a working voltage
of 6.3V, with good reason — any
higher operating voltage would in-
volve too bulky a component.

‘When tackling the wiring, inciden-
tally, it would be a good idea to tick
each link on the circuit diagram as it
is soldered to avoid confusion. To
complete the board, two flexible leads
should be taken from pins 14 and 8 or
RL1 to a panel-mounting jack-socket
— 31 or 24mm.

Refer then to figure five. If you

have a finetipped soldering iron,the
second half of the turned-pin DIL
socket used to construct SKT1 might
serve for PL1, wires being soldered
into the wells of the socket. That is a
fairly delicate operation, so the less
experienced will possibly prefer to use
half of a 16-pin DIL header plug. In
either case, remove pin 6. That done,
take off the bottom half of the ZX-81
casing. Leaving the computer PCB in
the upper half of the case with key-
board attached, wire PL1 in accor-
dance with figure five, using flexible,
stranded leads each about 4in. long.

The final step is to drill a hole to
accept the autoboot jack socket in the
upper casing of the ZX-81, on the
right-hand side and near the back of
the computer. It should be unneces-
sary to remove the computer PCB
from the upper moulding. A piece of
light, non-conductive foam, spot-
tacked into the front right of the
lower moulding, would provide a se-
cure seating for the autoboot board in
its final position.

Before installing the circuit and
connecting it, if you have not already
done so, check your work carefully.
If you have a multimeter, set it to a
low ohms range and ensure that no
short exists across the power rails of
the board 5V to OV. If all is well, fix
the jack socket into its mounting
hole, connect PL1 to SKT1, and seat-
ing the autoboot card comfortably on

the foam as you lower the upper half
of the computer case on to the lower,
ensure that no part of the circuit can
short to the heatsink as you do so.

Switch on and after a short delay,
‘LOAD " * should appear on the
screen, disappearing quickly as
‘NEWLINE’ is pressed by the boot-
strap circuit. If nothing happens,
switch off and double-check every-
thing carefully. Should an incorrect
command appear on the screen, ver-
ify the wiring of IC3,ICS,PL1 and
SKTI. If everything has performed as
planned, connect a lead with appro-
priate plugs between the new remote
socket on the computer and the re-
corder remote socket.

Power-down the computer, engage
the ‘PLAY’ switch on the recorder,
switch on the ZX-81, and verify that
the recorder starts playing at the end
of the LOAD command sequence. All
that remains is to adjust VR1 so that
the tape recorder is switched on for a
period appropriate to the size of your
bootstrap program. There is no reason,
in principle, why the autoboot circuit
should not work with a Spectrum,
though I must confess that I have not
tried it. The wiring from PL1 would,
of course, need to be modified to suit
the layout of the Spectrum PCB.

Figure 5: View of pin side of ZX.81 PCB (X2)
showing points connocting o PLI

Heat Constructed from

+ 16-pin DIL heater

} 16-pin DIL,
tumed pin socket

PARTS LIST
ic1 4077

ic2 4013

ic3 4017

1ca NES55

Ics 4066

RL1 Form A,1 pole, 5V e.g.,
Maplin FX88V RS 349-383,
Ambit 46-61500

VR1 1M lin, submin., e.g., Ambit
48-10501

c1 22F 16VW or less.

c2 10nf

c3 470uF, 6.3VW e.g., Ambit
05-47705

ca 220nF

c5 820pF

ce 100nF

R1 100K 1K ZX-81 — or 270K
— 16K zX-81

R2

R3
All resistors } watt o less.

PL1 16-pin, turned-pin, DIL
socket

SKT2  3.5mm or 2.5mm, panel
mounting, mono jack socket.

Veroboard

0.1in. pitch, 20 tracks by 27
holes.
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to try and

E CONTINUE the series on
\ x ; the ZX weather station with
details of the construction
of a wind direction indicator. A
primitive form of the device is to be
found mounted on the top of many
church spires. When a flat vane is
pivoted off-centre it will turn so that
the biggest area of the vane is down-
wind. The vane need not be rectangu-
lar; some possible shapes are shown
in figure one. The vane should be
counter-balanced to reduce turning
moments about point X
The remote measurement of wind
direction involves the use of a coded

A vane attempt

catch the wind

In the second of his series of articles on how to build a simple weather station controlled by
the Spectrum, Graham Bradley shows how to build a device to measure wind direction

dise. If a transparent disc is divided
into segments, each segment can have
areas blocked-out so that each posi-
tion of the disc has a special code
associated with it. That is the prin-
ciple behind many rotary or shaft-
encoding devices. The pattern in each
segment is detected using photo-tran-
sistors, photo diodes or photo-resis-
tors. The most obvious code to use
would be the binary code and in this
situation it will work satisfactorily.
An alternative code which is more
commonly-used in practice is the
Gray code, named after the man who
developed it to overcome the prob-

Figure 4. Wind rose.

10

20

This wind rose should be res

From N: 32 percent, force 4
From NE: 20 percent, force 3

Calms, light airs,

Scale of wind percentages

nd variables, 29 percent.

From W: 1 percent, force 6
From NW: 18 percent, force 2

lems of ‘race’ which can occur in
more than two bits of a counter or
logic circuit change at once. There is a
possibility that one bit will change
slightly before the other because of
slight misalignment of the code detec-
tors or because of propagation delays
through the logic gates.

In the transition from binary eleven
to binary twelve it is possible that bit
2 may change before bit 1 5o that an
illegal pattern will exist momentarily
— see table two.

In going from one number in the
Gray code sequence to the next num-
ber, only one bit position changes
value, so eliminating the problem.
There are other patterns which will
perform the same function; you may
like to try and discover them.

The four-bit Gray code arranged to

possible, which is adequate for our
purposes. A five-bit Gray code will
give 11.25 degrees resolution if you
require it. The sequence for a five-bit
code is to be found in many textbooks

Table 1. Beaufort Scale with corresponding.
wind values.

Beaufort  Knots s Speed

Number porhour  Symbol

o o o

1 R —o

2 46 4 e

3 710 81 =

3 1116 1318

5 1721 1924 $5»—0

6 221 2851 M0

7 2833 323 peca

8 40  39-46 s0)

9 41-47  47-54

10 4855 5563 MW>>-0

1 56-63 64-73 23>0

12 6471 7483  »w»0
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Commercially-available 5-bit encoded disc, suitable for connection to weather vane.

or you can work it out by observing
the pattern of ones and zeros in the
four-bit code and extending it.

The first column starts with a zero
and then alternating groups of two
ones and two zeros occur as you go
down the columns. The second least-
significant-digit column starts with
two zeros and then has alternating
groups of four ones and four zeros.
The third column starts with four
zeros and has alternating groups of
eight ones and eight zeros. An eight-
bit code produced in this way will
have a resolution of one part in 2* or
1.4 degrees.

Photo-transistors and diodes from

Table 2.

Binary Gray
0 00 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
10 1010 111
1 1011 1110
12 1100 1010
3 1101 1011
14 1110 1001
15 111 1000

General view of a simple weather vane.

Table 3. Wind direction and speed symbols.

Wind Direcs
i Wind from N

Wind from NNE
Wind from NE
Wind from ENE
Wind from E
Wind from ESE
Wind from SE

Wind from SSE

e e de &

Wind Speed:

it

Direction

Location

fff e [ e

Speed

Wind from S

Wind from SSW

Wind from SW

Wind from WSW.

Wind from W

Wind from WNW.

Wind from NW

Wind from NNW.

Knots  mph
3337 3843
3842 44-48
4347 4954
4852 5560
5357 61-66
62 6771
6367 7277
6872 7883

SINCLAIR PROJECTS  February/March 1984




T
TR
Tt

various sources were used in the pro-
totype. The only change required is
that the load resistor will have a dif-
ferent value, depending on the light
current of the device used. With the
light source used the collector voltage
of the photo-transistor should fall
below 2V when illuminated, so that it
effectively operates the Schmitt buff-
er. The outputs of the Schmitt buffer
can be fed to an input port on the
computer.

For the prototype the four-code
outputs and the pulse output from the
anemometer were connected through
a single buffer IC to five bits of an
input port. If the port is bi-direction-
al, one bit of it can be used to drive
the watchdog circuit described pre-
viously, so that the weather station
can be disconnected from the TV and
left running, or the TV switched to
another channel.

‘Wind direction is always reported
as from a direction — a north-east
wind is one blowing from the north-
east. The wind arrows on weather
maps use the shaft to indicate direc-
tion and the feathers to show wind
speed. Wind velocities are sometimes
reported in terms of the Beaufort
Scale numbers as shown in table one.

Accumulated wind data for all the

Electronics required to produce a wind direction indicator.

oceans is available in a series of Pilot
Charts. There is a chart for every
month of the year. For each five-
degree square on the chart there is a
wind rose which provides graphically
a detailed history of wind directions
and speeds for that specific area and
month.

To produce a wind rose for your
area, collect data for one month. A
wind rose has the wind percentage
concentrated on to eight points of the
compass, so angle the base of the
wind direction indicator so that each
point straddles two of the 16 direc-
tions as shown in figure three. The
length of the arrow for each direction

will show the percentage of time for
which the wind has been blowing
from that direction during the month.
The feathers on the end of the arrow
show the average force of the wind on
the Beaufort Scale.

‘The figure in the centre of the circle
gives the percentage of calms, light
airs and variable winds. When the
arrow is t0o long to be shown conve-
niently, the shaft is broken and the
percentage is indicated by numerals.
When the arrow is too short to fit all
the feathers, the feathers are shown
beyond its end — see figure four.
Comparisons of the wind roses for
each month will show variations.

Figure 2. Wind direction circuit diagram.

sv
6V Bub 2 2 2 2
N ¥ N N
TRY TR2 TR3 THe
¢ ¢ ¢ o o
11 40106 1 | ]
TRI-4 MEL 12
icla Ic1b Ic1c Ic1d
To input port
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5-bit Grey coded disc.

‘Simple vane

i

Countarbalance weight

Complox shape

Figure 3.
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Alignment of wind direction indicator whon only eight points are o be read:
.9 N — 1000 and/or 0000
.9 NE — 0001 and/or 0011
0.9, E — 0010 andlor 0110
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. Pinoutof 40108

)
i

0P160 (R.S. No. 306-083)

Collector
Emittor

Light current 20mA (20mW/cm?)
Dark current 100nA.

b
Mel 12 (Maplin No. HQ 61R) ‘
Light current 3mA (2mWijcm’)

Dark current 100nA
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Heading away from the
usual worn-out problems

There are many reasons for poor saving and loading of cassette tapes. One of them is the
condition of the tape heads. Charles Barnatt shows, simply, how to fit new heads to your

recorder.

NE OF THE major problems
Oexp:rienced by owners of Sin-
clair and other computers is
the successful recording and retriev-
ing of programs and data on cassette
tape. As computers offer no control
to aid in loading or saving, all adjust-
ments for reliable cassette operation
must lie with the tape recorder.
Although the settings of the vol-
ume and tone controls are critical, the
condition of the tape heads on the
recorder is equally important. The
volume and tone controls may deter-
mine whether the computer will load
the program from the tape but it is
the tape head which make the cassette
output available in the first place.
Tape recorders have one or two
heads to record, play back and erase
information — sounds — on cassette.
Sound is stored by passing varying
currents through an electromagnet in
contact with a magnetic tape. Those
currents produce varying magnetic
fields in the electromagnet — or cas-
sette head — which, in turn, cause
iron particles on the plastic tape to
become magnetised to varying de-

rees.

To read back those signals a small,
steady current is passed through the
head. The magnetised particles on the
tape cause fluctuations of the current,
which are sensed and amplified. The
erase head, which is also the record
and playback head on cheaper re-
corders, is another small electromag-
net used to set the level of magnetism
of the iron particles on the tape to
zero.

The tape heads must be in good
condition if they are to work proper-
ly, especially for computer use when
the accuracy of recording and repro-
duction is so critical. A head in good

condition has a clean, unworn sur-
face. Worn or dirty heads produce
distorted and/or faint signals, which
cause programs to load with data
errors or not at all. If the heads are
dirty, the correct use of one of the
many available cassette head cleaner
kits will solve the problem. If the
heads are worn, they will need replac-

-}

2.

Worn heads will have lost the sharp
edges round their centre portions —
figure one — and will have a dull
brown and tarnished surface. As
computers use higher frequencies
than are used normally in audio re-
production, and because the higher
frequencies are first to be affected
when heads wear, heads may be worn
even if little difference in audio play-
back has been noticed.

Soiif you have a recorder which has
stopped working properly with your
computer and head cleaning does not
solve the difficulty, you can save the
cost of a new recorder for the price of
a new set of tape heads.

‘The replacement of cassette record-
er heads can be summarised in the
following steps:

Buy the correct head(s) for your
recorder; dismantle and clean the re-
corder; replace the heads; align the
new heads for optimum signal re-
sponse; re-assemble the recorder.

To replace the heads a small-tip
soldering iron, screw-drivers and
pliers will be needed.

To buy the correct replacement
heads, first you should check whether
your recorder has one or two. If it has

ne, a universal record/playback/
erase head should be bought. I it has
two, a record/playback head and a
separate erase head will be needed. In
the latter case be careful to buy a

mono record/playback head — virtu-
ally any erase head will do.

If you can see any reference num-
bers on the present heads you can
check easily if you are buying the
correct replacements. If the numbers
on the replacement do not match, do
not worry; if the sizes are the same
you should have no difficulties. You
are most likely to obtain heads from
mail order companies.

To dismantle and clean, work on a
flat surface such as a table or tray and
remove all flexes, cassettes and bat-
teries from the recorder. Locate and
remove the screws holding together
the recorder case and part the two

Figure 2.
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Figure 1.

halves. If they do not part easily,
check for any screws which have not
been removed — such as in the base
of the battery compartment — and, if
that fails, try moving the case in a
different way, e.g., sliding instead of
pulling.

As the recorder is taken apart, be
careful not to damage wires connect-
ing components to the case — c.g.,
connectors, condenser micro-
phone, speaker. The wires connecting
them are usually short and only just
allow the recorder to come apart. If
the wires are very short you may have
1o de-solder them at one end to allow
the recorder to come apari

Do that carefully, place the solder-
ing iron tip on the connection, pull
away the connecting wire, and re-
move the iron tip as soon as the wire
comes away. Make notes where all
disconnected wires came from. Tap-
ing labels to the wires can be helpful.

Once the case is open and in two
pieces it is time to locate the tape
heads. Most manufacturers assemble
their recorders with the controls/cas-
sette opening, and thus the heads, on
the opposite side of the chassis to that
exposed when the recorder comes
apart. That means you have more
screws to undo, so that the whole
cassette mechanism can be removed.

Usually external controls such as
volume knobs have to be removed
before the works come out. Those are

usually push-fit and will just lever off
with a srewdriver, or have a small
screw in their base which needs to be
released. Once they are removed and
all screws undone, the recorder chas-
sis should come out. Take the same
precautions as before and be even
more careful to watch for connected
wires.

When all that is done you should
have easy access to the heads; putting
the recorder into the play position
will make them even more accessible.
You will almost certainly find dust
and dirt, which should be removed
with a soft cloth or fine brush.

The moment has then arrived to
replace the heads. If the recorder has
a separate erase head replace it first,
as it is easier to fit than the other one.
Remove the screws holding the heads,
together with any washers, taking
careful note of where they came
from. Then fix the new head in posi-
tion just like the old one.

I found that two new washers were
necessary to hold it solid, as the new
head had a thin metal mount and the
old one had a thicker plastic one. For
placement of the washers see figure
two.

Then de-solder one wire from the
old head and re-solder it on to the
corresponding terminal on the new
head. Be careful not to keep the iron
tip on the terminal for more than
about five seconds. Next transfer the
other wire from head to head. Using
that method there is no possibi
incorrect connections, because not
more than one wire is disconnected at
the same time. Never touch the sur-
face of the head with a metal object
as it can damage it.

The main head will be spring-
mounted on one side so that its angle
to the tape can be adjusted. Therefore
when removing the head, be careful
that the spring assembly does not fly
into the air. I suggest removing the
spring assembly first, taking care to
note the order of any washers and the
spring.

Next take off the other screw, re-
move the head, and replace it with the
new one. First fit the solid side and
then the spring-loaded one, tighten-
ing down the spring until the head

looks horizontal. As before, transfer
the wires from head to head, one at a
ti

ime.

Cassette heads must be aligned so
that they are parallel to the tape. To
align the heads one side of the mout-
ing is fitted above an adjustable
spring mechanism. By tightening or
loosening the screw above the spring,
it is possible to adjust the angle of the
tape head to the tape. The easiest way
todoit is to listen to a tape. While the
recorder is still apart, connect power
to it, preferably using batteries. Put
in a good-quality commerical music
cassette or program cassette and lis-
ten to the sound while adjusting the
screw above the spring. Adjust it until
you get the sharpest sound. As you
adjust the screw either way from that
position, the sound will go dull and
lose sparkle.

Then check that you can load pro-
grams into the computer. Place a
commerical tape which you know
loads properly into the recorder.
Connect the computer to the recorder
via the ear socket — if you have de-
soldered, tape the wires from the
socket to the computer lead. Place the
recorder in play mode and set the
volume/tone controls for normal
computer use. Set the computer to
load the program. If the program will
not load, turn the adjusting screw
slowly either way until the best load-
ing pattern is obtained. Then re-wind
the tape and check that the computer
will load the program. If not, repeat
the adjusting procedure until satisfac-
tory loading is obtained. Your re-
corder is then working properly.

All that is then required is to re-
assemble the recorder. Do that care-
fully, taking care not to knock the

ds. Re-connect any wires which
you have had to de-solder. It is advis-
able to check the recorder again be-
fore fitting the final screws, since the
heads may have been knocked during
assembly and need more alignment.
Also connections may have pulled
apart during assembly. When every-
ing is working perfectly, tighten the
case, put away your tools, and return
to happy programming.

@ See the Shopping Page for tape
head suppliers.
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HERE ARE many simple pro-
Tgrm SR W o P

new character sets/fonts for
the Spectrum. If you have used one of
them you will understand that there is
a good deal of work involved in re-
shaping each letter individually for
the lower- and upper-case character
sets — 52 characters in all.

Being by nature computer-lazy —
if the computer can do it you avoid a
good deal of work — I wondered
whether the computer could be per-
suaded to take on the whole task, if
given a suitable set of rules. At the
outset, I was not sure whether it
would be possible but discovered, to
my surprise, that two simple sets of
transforms would produce a new
chunky character set which reduced
colour crawl on the VDU and gave
more legible, reproducible print from
the printer. In addition, given a cas-
sette of pre-recorded software, when
loaded it could be converted instantly
to the new text with a single poke.

Before determining the rules for
transforming the existing character
set, it was necessary to examine close-
ly the cight bytes making up each
character and the decimal equivalent
of those bytes. To do it, I developed
the program shown in figure one.
When it is entered, pressing any key
reveals cach letter as a giant 8X8
matrix in the middle of the screen.
Some typical screen views are shown
in figure two.

I examined all the upper- and low-
er-case letters and tabulated the deci-
mal values of all the 416 bytes
involved. It became apparent imme-
diately that tranforms for the upper-
case characters would be

to the lower-case and vice versa. The
final program would therefore nced
10 operate on lower- and upper-case
separately.

As an example of how a transform
is to be achieved, let us examine the
capital F — see figure three.

To give the capital F a chunky
vertical, we would need to block in
the points marked with an X. It
should be apparent that a single
transform on bytes 3, 5, 6 and 7 —
which are all decimal 64, 01000000
binary — incorporated in a program
line such as:

10 IF byte=64 then let byte =96
would achieve the desired result.

That would produce a binary digit
01100000 in place of the binary digit
01000000 and, in effect, that single
program line could double the width
of the vertical stem of the F, once the

Easy guide to generate
new character sets

Many people criticise the printing of the Sinclair printer,
ike Biddell has discovered a method
to improve the character font to make reading printouts easier

character set is moved to RAM,
where you can get at .

It is something of a headache work-
ing-out the set of transforms to pro-
duce the desired result. Some which
you might think are front-runners
work well on the characters at which
they are aimed but reduce others to
Chinese. So, after many hours of trial
and error — mostly error — the first
automatic new character generator
was born. As an example of the new
character font, together with the Sin-
clair font, see figure four.

The main program is listed in fig-
ure five and the following notes will
help to complete your understanding
of how it works:

Line 10 sets RAMTOP to 63999 to
allow room for the character set to be
copied out of ROM to 64000 on-
wards.

Figure 1. A programme (0 examine the Spect

32
iSsie

o
e
@;
S

E
BRINT AT 23

62
i

ESRCERC=—c &1

7@ N

8@ IF CODE INK
19

S8 6O TO &2

trum character set.

Ki=a THEN PRINT
INUERSE
k3= THEN PRINT

- (183-K}..i+10:PE

EY$3@ THEN GO 7o
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Lines 40, 50, 60 ensure that the
ea of RAM to be used is empty to
I

Line 70 points variable ‘a’ at start
of RAM storage.

Line 80 defines a ‘j loop” for all the
addresses of the upper-case letters in
the ROM.

Lines 90 to 210 peek the ROM
bytes, transform them and store them
above RAMTOP.

Lines 215 to 520 repeat that pro-
cedure for the lower-case letters,
which are stored from addresses
16136 to 16383 in the ROM.

Lines 620 and 630 poke the system
variable ‘CHARS’ 23606 and
23607, see page 173 of the Sinclair
manual — and that points the charac-
ter generator at 64000 in RAM to
read the new set.

Figure 3.
Byte Decimal
SRR A

2 <126

4 64
a . 124
JES5iRs 64
o - 64
‘ Tai - 64
8 0

The balance of the program pro-
duces a little demonstration — attach
your printer — and clears the Basic
program, leaving the characters safe
above RAMTOP. You can save the
new character set as described in line
1080 of the program.

It has therefore been possible to
instruct the computer to produce a
new set of characters which can be
used to good effect in games. In
addition, if you require black bold
print from your printer, which repro-
duces well, the program will convert
all existing cassette-based software,
excluding machine code, for immedi-
ate listing from your printer. It is also
an interesting exercise which will ex-
pand your understanding of character
construction using binary notation.

a

Figure 4.

New character font, followed by

ANSTRUCT I0US -NEM CHARACTER FauT

i. AFter this progcam _has Sl
Sestructed, poke 23607,248 io
turn on the new character set:

2. Then load yousr own in
aihe nermat uag.pm&e 25687, 245
it is instant (3
use LLIST
enhan eutput
from the zx-printer.
How POke 23607,60 and LLIST.
Compare this normai Listing
Mith the enhanced one.

e

4. SAVE “text- copE. 64020 1536
ithis also saves U.D.

INSTRUCT IONS-NEU CHARACTER FONT

After this program_has self
tructed, poke 236@87,243 to
n o0 the new character set.
2. Then Load your OWN_Program _in
the normal way.poke 238@7,249
and it is instantly convertfed
to the new text. No use LLIST
ic se= the enhanced utput
from the Zx-prinfer.
3. Now poke 2360760 and LLIST.
are this normat Listing
with the Sahanisd ane
4. SAVE ‘text” COpE 64000, 1536
ithis also saves
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48 FOR J=e4860 TU cSomE

50 POKE 4,8
68 HEXT J
78 LET a=£4008

98 FOR J=13616 T0 18135

26 LET b=(PEEK i
91 IF b=128 THEN
92 IF b=98 THEHW
U HER S CE T
Yo iF b=7B THEM

1e1 IF b"bﬁ THEM
165 IF & THEN
118 IF 4 THEH
126 IFE THEM
139 IF & THEM
L3S IE THEN
148 IF THEM
158 IF THEM
166 IF b

178 IF b=8 THEH
186 POKE a,b

LET a=a+l

THEN
THEM
THEH
THEM
5 THEMN
THEH
THEH
THEM
THEM

LET a=a+i

84 T HI_N

»

LET b=b+e4
LET b=182:
114

LE‘I

LET b=b+4
LET b=b+2
LET b=b+4

55 THEW LU T 208

Lo TO 208

1F

A\ ~ ~
\ & \ \ Y
\ s =\
HHHHHHHCL
T
T i
HHT i
T
T
T
H {EREEEEmn
iSEEEAEAREEELE
iRRAAAENENENEERERE AuSi
Figure 5: Main listing.
16 CLEAR &3939 528 MEXT o
15 PAPER @ RUER @0 CLS 20 POKE 23€67,249
2B PRINT AT 1B,8, IHK 75 FLFASH £30 POKE 23696,00
1i LEASE WALT-CREAT1H &35 PAPER @
i MNEW SCRIPT® 636 BORDER @
22 POKE 23e87,156 €646 CLS

€50 PRINT AT 18.8;

8, "CHARACTERS loads
ell"

666 PRINT

673 PAUSE 208

680 (LS

698 GO SUB 1600
7B5 PAUSE 106

588 COPY

Bl POKE 23607, 60
B15 CLS

826 G0 SUB 1000
84@ COPY

B850 PAUSE 160

B68 HEW

1688 PRINT  IMK €;"

MEW CHARACTER FOMT"
1918 GO SUB 2608
1828 PRINT IHK 5;"
Program has self
oke Z3EE7,249 to
ew character szet."
1438 GO SUB 2600
1340 PRINT 1HK 55"
your awn Prosram in
ay,Poke Z36G7,243
tantley converted

b, How use LLIST
hanced  outPut
rinter."

1856 G0 SUB
1968 PRINT
3607,60 and LLIST.
his normal listing
need one. "

1876 LU SUB 2006
1686 PRINT IMK 5;"
! LCODE, 64088, 1536
wes U.D.G' s, 3"

2686

1393 GO SUB 2065
1166 RETURH

2888 PRIMT FOR s=
2818 BEEP .1,-J
20260 HEXT J

28368 RETURN

INK 55 "3

INK 55 PAPER
o= m.P.bidd

INSTRUCT 10M5-

1. After this
destructed, p
turn on the n

2. Then load
the normal w
and 1t 13 10
to the new te
to zex the en
from the zx=p

. How poke 2
Lompare f
the enha

with

4. SAVE ‘text
{thiz also =z3

26 TO 38
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Build your own Sinclair
Special ZX-81 Kit Offer
ONLY £25 (plus p&p)

A special offer open to readers
of Sinclair Projects has been
negotiated which means you can buy
the world-beating ZX-81 for just £25
(plus post and packing).

Stocks are limited, so be sure to place
your order soon. Allow 28 days for
delivery. Maximum four units per
applicant.

The kit is available by mail order only. No callers please.
The prices apply to United Kingdom only. Overseas
orders can be accepted but there will be an extra postal
charge. The full price can be obtained on application to

ECC Publications at the address on the coupon.
P = D e Ol e O e
|

| ECC Publications, 196-200 Balls Pond Road, Islington, London N1 4AQ

! Please send me ___ ZX-81 kit(s) at the special Sinclair Projects price of
| £25 plus £2.95 p&p.

| Please tick if you require a VAT receipt [ ]
| *I enclose a cheque/postal order payable to ECC Ltd for £
: *Please charge to my Access/Barclaycard/Trustcard account no.

| *Please delete/complete as applicable
: Signature
| Name Mr/Mrs/Miss
| Address.
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Making your ZX-81
into a big noise

Last issue we produced a sound generation board for the Spectrum. Graham Bradley
adapts that for the older of Sinclair’s machines

ONE OF the shortcomings of [ program 1.
the ZX-81 is that it has no

facilities for sound genera-

tion. You may be compelled by finan-
cial restraints to be content with
black-and-white low-resolution
graphics — just consider the cost of a
colour TV — but the addition of a
sophisticated sound output may cost
less than you think and this add-on
uses only four integrated circuits.

In addition to three channels of
sound with tone, duration and enve-
lope control independent of processor
operation, there are two input/output
ports available. If that is not enough | Table 1.
you can also use it with a Spectrum
when you can afford a colour TV.

S45

i MsC LOADER

NTER HEX DATA 2 DIG
INE"

65514 TO 16525

ENTER HEX DATA 2 DIGITS RT A

The full circuit diagram is shown in THEE T 5
figure one and the Veroboard layout s @8 2
is in figure two. If the sound gener- g 2 °
ator is for use solely with the ZX-81, e ; S
the clock circuit may be omitted and s FF a5
pin 22 of the PSG can be connected to 9 1y ED 2
the clock output of the ZX-81 — pin L 8
6 bottom on the edge connector. See 3 =4
edge connector signal allocation on 22 eD
page 47. = i

Table one from the original article
is reproduced to assist you with pro-
gramming the device. The first six
registers are grouped in pairs. Each
pair is used to provide a 12-bit word
which controls the tone period or the
pitch of the channel sound. A number
between 0 and 15 placed in R1 will
produce a big change in the output
pitch or frequency of channel A. d

A number greater than 15 will have et onT

Program 1A.

3 ¥ copPy GOSUB T:@ GO

ZIX-81 MsC_ LORDER
NTER HEX DRTR 2 DICG
GErEs
£514 TD 16526

10 additional effect because only the 88 PEINT N&icape nsi1y ccopE ns
bottom four bits of registers RI, R3 (2 To_1-4

and RS are used. The fine control of S En

pitch for channels A, B and C is 100 NEXT A

provided by the 8-bit binary number

36 SINCLAIR PROJECTS  February/March 1984



EDGE CONNECTOR

X8

1c3.7a1504
1ca.7aL502
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placed into the RO, R2 and R4 regis- | Figure 2.

ters respectively. Thus a number be- X=Track break 0=Verg

tween 0 and 255 placed in register RO

will enable you to make fine adjust- 50 &3 40 35 =

‘ments to the pitch of channel A. Each 4 : -

of the 15 coarse pitches selected by R1 1

will have 255 fine variations selected B

by RO.

The amplitude of the tone for

channels A, B and C can be con-

trolled by the lower four bits of regis-

ters, RS, R9, R10 — again a number 5

between 0 and 15. If the fifth bit is set

to one by placing 24 in registers RS,

RO or RI0 the output of the channel

will be affected by the envelope gen-

erator. The various envelope shapes

available are shown in figure three

from the original article and are ob- 10
tained by placing a number between 0 ¥
and 15 in RI13. S

Register R7 is very important as it @
is used to enable the tone generator or
the noise generator on the appropri- S in
ate channel. It is also used to deter- 2 * I
mine whether the 1/0 ports are used 15 () o *
for input or output. Putting a zero \:’ 2 \ 3
note, not a one, into the appropriate cs P T G q9Qx »

L P x |9 x e

Program 4. b % g b

1“REM "PHUTON CANMON" 1 S“I K

10 LET Z=1 q x o xold x >
20 FOR A=@ TU 15 20 3
30 PUKE 1€515,1

46 POKE 16516,A L X f'—”'\—-'
50 RAND USR 16514 I X 9
60 POKE 16515.0 —( — x

78 PUKE 16516,5 N L e 1
B0 RAND USR 16514 4 ica

90 POKE 165157 > 1 -~

108 POKE 16516,56 dx P 9

118 RAND USR 16514 x

128 POKE 16515,8 I

130 POKE 16516,24 4x p x

140 RAMD USR 16514 X T x

158 PUKE 1651512 30 3

160 POKE 16516,6

176 RANMD USR 16514

180 POKE 16515,13

196 PUKE 1e516.0

|206 RAMD USR 16514

216 HEXT A

226 LET z=2+1 S5 :

236 IF z=4 THEN STUP J 7

z4B GOTO 20

SINCLAIR PROJECTS  February/March 1984



2X-81 connector

T
rrT

T

T

Z

underboard link
to SK, and SK;

¢

\\ Reset Pitch
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bit will enable the tone or noise gener-
ators. Thus 7 — binary 00000111 — is
used to turn off the tone generator
and turn on the noise generator. A
decimal value of 56 — binary
00111000 — will turn on the tone
generators and turn off the noise gen-

The repetition rate of the envelope
is determined by the numbers placed
in registers R11 and R12. A number
from 0 to 255 in RI2 is the coarse
tune for the repetition rate.

The example listed will give some
idea of the use of the registers. If you
write programs which are of interest
to other readers we will be prepared
to publish them in future issues.

The board will work with both the
Spectrum and the ZX-81. A disad-
vantage of the ZX-81 is that it has no
Basic IN or OUT commands. We
shall overceme that omission with a
machine code routine held in the usu-
al place in a REM statement at the
start of the program.

Program one can be used to load

he data listed in table

one into the REM line. The appear-
ance of the program after the data
has been entered will change to that
of program la. Table one also lists
the hex and decimal data if you prefer

to use a decimal loader. Comparison
of the decimal data with the codes
listed at the back of the Sinclair ZX
manual will explain the appearance of
the REM statement in program la.

Program 5.

1-REM “NOTE MAKER"
10 PRINT AT 20,0) "PLTCHCB-15)"
26 INPUT

fi
30 PRINT AT 21,0 DURATION®
0

3 Pori 1esis.
60 POKE 16516,

98 POKE 1€516,15
108 RAND USR 16514
116 POKE 16515,7

156 RAND USR 1651
260 POKE 16515, 13
218 POKE 16516,0
Z2B RAND USR 16514
=30 (LS

248 GUTO 18

Program 2.
Subroutine.

Program 3.
Machine code.

Lo oE, 0000

20 oo
1328 51 82 ¥ Lp BE2PER
5

8
5988 £5 35 oT

4858 8 7R 2eTc ok
test gor & o

A world of activity for you
and your S\mclalr

= Zocrd ‘D“C\; e

Ma\\ 10 5\1\0\

eas e ©

Whether you have a ZX80, ZX81 or Spectrum — we can show you
there's far more to your Sinclair than you ever thought possible.

| That's lhe active, lively world of Sinclair User — the first magazine
ritten specially for everyone who owns or uses a Smclau

puter.

Every ot ere 1o & wiiolo tanut o gamss, bubiiiors ideas ail
bright new ways to learn. There is the Sinclair User Club, with
special exclusive member offers. There are technical facts,
development news and advice, plus hints from other users and
answers to queries — in fact everything you need to be an
interested, informed and ACTIVE Sinclair user.
ez el ondibeonentes
you don't miss your copy: order it today from your
N ewsagent — or complete the subscription r

form below and we will =
send it to you direct, every month.

inclair User sells out fast! So make
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The good author’s guide
to explaining projects

to Sinclair Projects we would ap-

preciate it if you adhere to the
following rules. Although they are
notexclusive it would help us to
evaluate projects if there is some ele-
ment of compatibility between differ-
ent presentations.

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

IF YOU WISH to submit articles

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

Logic symbols should follow in-
ternational standards.

Circuit symbols should follow in-
ternational standards.

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

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

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

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

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

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

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

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

INTERNATIONAL
D

79

R

z
4

IOR

¢5
S

O

f
-

EXCLUSIVE OR

i)

BRITISH STANDARD
ND

-3

ok

R

R

EXCLUSIVE
OR

5
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Running automatically
at the press of a switch

Following the battery backed RAM pm/ent in our last issue Graham Bradley has added a small

A low signal on the Z-80 RESET
line initialises the CPU. The CPU
initialisation includes: set the pro-
gram counter to zero; disable the

circuit which p two useful autorun and p.
THIS SMALL Cfrcull‘ when interrupt (INT); sets register I = Figure 7. How A13 is forced to go high.
used in conjunction with the sets register R = 00; sets interrupt
battery-backed RAM board mode
or a single EPROM provides two  During the re-set time the address ns|az a13 l“”
useful facilities. It enables programs and data bus go to a
in the CMOS RAM to be run by a state, all the control signals to the 110 o 1
single depression of a switch. That is inactive state, and no refresh occurs. b0 1
the autostart feature. It also enables a After a re-set the first operation of AglE==0 1
program to be interrupted, i.e., re- the CPU is to perform an opcode oF e 1 ol
set, without destroying the contents fetch from location 0000. The pro-
of RAM. That is particularly useful gram in the ZX-81 ROM beginning at
when writing and debugging pro- 0000 sets various initial states and NAND
grams in machine code or Basic. calls a routine which checks and

clears all memory from 16K upwards.
Because AIS of the battery-backed
RAM is not decoded it will also clear
that RAM. Thus it will effectively

Figure 5. Switch panel.

Warm reset button  Warm
sﬁ 1R
ov RESIN 5v

reset enable Write protect

sw2

wipe out any program in the normal
RAM space.

The circuit shown here causes A13
1o be pulled high until the second M1
cycle is received after a re-set. Instead
of fetching an opcode from 0000 the
opcode will come from 2000 — 8192
or 8K. That is the first location in the
battery-backed RAM. The instruc-
tion could be a jump to 2004, so that
the CPU performs the routine at that
location in RAM immediately after
the re-set signal, hence avoiding the
memory clear routine.

A Basic program will crash unless
certain variables are initialised, so
you will need a thorough understand-
ing of the ROM to use this feature
with a Basic program. It will prove
useful, however, for re-starting ma-

Figure 1. Circuit diagram of normal ZX-81 re-
set button.

Re-set button
——
Re-sot pin No. 26
or Edge connoctor 21

100

‘Table 1. Re-set programs.
Usual re-set
Decimal Hex Comments
Address Data Address Data
8192 195 2000 C3 JMP to
8193 0 2001 00 0000
8194 0 2002 00
8192 199 2000 c7 RST O
Warm re-set
8192 195 2000 C3 Jump to
8193 04 2001 03 8195d
81 32 2002 20 2003h
8195 (warm re-set) 2003 (warm re-set routine)
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chine code routines. The time con- Figure 8. Inverting A 13 switches from 0000H to 2000H.
stant of the power-on-re-set capa-
citor/resistor combination is too long A5 Ate a2 At a0
to work with this circuit. The 1uF 4000 16384
capacitor C5 which is near the CPU e e
on the ZX-81 PCB should be replaced

by a 47nF ceramic capacitor.

The computer should still re-set
correctly, if not increase the value of 77
C5 slightly. IC 8a and IC 8b are
configured as two monostables. The Battery backed RAM
input to IC 8a is pulled high by R2 so
that D2 is usually low. After two M1
pulses Q2 will be low and QI will be 7
high and they are normally in this ]
state A3 = Al3.

When SW1 is closed D2 goes high
for a short time. At the next M1 cycle 20008192
Q2 will go high and the output of IC | Feesien O
8b will go low causing a RESET. SW2 -~
must be closed to reduce the re-set =
time constant. It is opened to allow
power-on-re-set. M1 pulses are sus-
pended during a re-set but the delay 5
in discharging C5 on the ZX board
means that the high on D1 will be
clocked through to QI before the M1
pulses cease. Thus QI will be low,
causing A13 to be high.

When the reset line goes high
again the D2 input will be low and the - 7
Q2 output will be high and Q1 will be i e e
low. The first M1 pulse will clock the

Figure 2. Manual & power-on reset, circuit recommended by Mosiek for use with dynamic RAM

10K | |100,F

i

116 7414

+—‘>O_L

External reset (from Q2)

A1

A2 TReset
= = 1/6 7414
74121

684F
0 T monostable 2048

1/6 7414
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T
T

low on D2 to Q2 but Q1 will still be
Tow so that the first opcode fetch will
be from 2000H not 0000H — 8192D
not 0D. The second M1 pulse will
cause QI to go high, so releasing A13
50 that all subsequent addresses are
normal.

There is just sufficient room on the
battery RAM board to add this cir-
cuit, or it can be built on a separate
picce of Veroboard. The switches will
need to be mounted in a suitable place
as there is no room for them on the
RAM/PROM board.

The requirements for the RESET
pulse when dealing with dynamic
RAM are very stringent. The RESET
pulse must be synchronised with M1,
which in this case it is, so that a
memory access is not aborted in the
middle of its cycle causing a short
access of the dynamic RAM and
hence the destruction of data in the
RAM. The duration of the RESET
pulse must be less than 204S to avoid
suspending the CPU refresh of dy-
namic RAM for a sufficient time to
destroy data in the RAM. The circuit
recommended by the manufacturers
for a manual and power-on-re-set is
shown in figure two.

IC 2 is a monostable which gives a
much more predictable output period
than those in the circuit we have used.
If you decide to add the components
to the RAM board, first re-route the
output from Y7 (pin 7) of the
7418138 (IC1). Take it close to RAM
2 and then to pin 18 of RAM 4
socket.

Mount the IC sockets as shown on
the layout and solder in the com-
ponents and links. Underboard links
are made from the SV rail to pins
1,4,10,13, and 14 of IC9 and to pin 14
of IC8. Links are also made from 0V
to pin 7 of both ICs 8 and 9.

The write enable from pin 11 of
IC2 is taken to the write protect
switch (B) and from there to pin 21 of
RAM 1 (C). One pushbutton and two
toggle switches are required. They are
mounted on a separate board which
rests on top of the ZX-81 and is
connected to the RAM board by six
wires labelled OV, 5V, RESIN, A, B,
C on the diagrams — figure five.

Remove the link from pin 1 to pin

Figure 3. Circuit Layout
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T
H
st on a separate piece of veroboard. 14 of IC2 on the RAM board and fit
the link from 1C9 pin 6 to 1C2 pin 1.
x vee
i use under board links
Xyl oY o save s To test the operation of the circuit,
x c"; load the normal re-set program which
2 causes the computer to jump to
X 2000H and then back to 0000H. The
: o computer should re-set as usual and
iy NAND ga clear the memory. Then write a nor-
or RAM boar mal re-set routine, including instruc-
tions to load the I register with 1E.
<7 The CPU will re-set but will not clear
i AT the memory.
« Y
5 Bls A second pushbutton can be con-
i 0 pin 6 of 138 ¥ 2
x nected so that it takes the re-set line to
3 .
x i - oo ground |hr09gh a IOOOhm‘reSISlOr. It
x g5 can be used instead of pulling-out the
7414 power plug to provide a normal ZX-

Resot

81 reset.

The feature has already been fitted
to the author’s ZX-81 and so is not
shown on this add-on unit.

Figure 4. Rest cicut dingram.

E'swm

1c8 - 7aLs 18
1ca - 741574
ic2 - a0

08 — Siicon signal diode
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TrICKSTICK turns your Spectrum Into the most sopnisticats
machine In the world. YOUr fINGers rest on the THereTIy s o3 Sontive
ads (four directions and two fire BUTEONS) And the haraer Jou By the
faster you go or the harder you turn.
ICKSTICK WOrks by PICKINg up Mains hum from your body and
converting it by an Ingenious circuit design directly into. digital \input.
Proportionality gives vast possibilities for more Interesting games.

+ Each Trickstick comes with its own interface included in the price
for1-8

B interfaces can be stacked into each other

‘i&f\?\fa‘?\zéus players. (Own 1-8 player game Is Attaktics a\( :wu i
\th our ney
Kempston compatible software, and Wi
' \Slr()g;rsa\lrwf‘\:v‘\‘arg\oesgu:vtgr (£10 for Trickstick owners) it works with ANY
software

» Easy to program, even for proportional games.

4.50
+ I the ShoPs 500N NOW avaliable by mall/ telephone order at €3




|

PCRADE YOUR \SSUE 2 OR 3
PECTRUM FOR JUST £23
AND GET A £4.50 COPY OF
SEYOND HORIZONS
ABSOLUTELY FREE

The SPA8 SIMPIY PIUGS Into the sockets.

A8/89Q ro

RIW —
T
oD Rtest

Bt ana ass
ORI Tany i aGUARe Yo A verson
£0a N Uimes, tagter -4
B R R
Each oy
orovided by SINCIalr In your Spectrum. Easy to a DN Bt 2 Ak yersy
H1T.full Instructions provided anano. G‘Y:%?:a‘f;‘iﬁ"\{‘gr Use on Spectrgme” N0
5oidering. Fits both issue 2 and \ssue 3 OHered a part exc s 08 0
machines tissue 1 £35) and gives you a ungrade to go\
standard a8k Spectrum. And no other
£xpansion Kt allows You to upgrade later to
the 80K Spectrum. Over 20 000 16K S
‘owners have already upara
Joln them

wners ace

; 7CNaNGE Drice B TN Aty
Me manual prow
. S de o PR e
et \9 briet introgucte i
oSS Seglnner £ach tae 300 tacuais, e
DITOR Brogram to que
16 a8\ o

And you get a free copy of BEYOND
MORIZONS, 50 there's yet another angle to
\oOk at.

™

B or 32500 B

ORTM TooIt g

R
€ o

Ry B

2supery
YOU tuN oty
Sereens 0 O Whe

\CToaMNve Wil e

'BEYOND WORZONS - £A5Q
THis teaching program has
COMPUTING 1ess mystenous i

arsao e
oo
DEOBIe. \t quides you thr OUgN the Spectrum
48K memory, teathes you to PEEX. and POKE
systems varlabies snows
S
ECTRUM :
- £5750

our 16K Spectrum to a full 80k
w\\“g\gl'\:g E;“%h - a6ak e;ﬂnraé;z\ggk\}' t;‘\‘\gng
200Ve A i
two 32k pages J00ve AU

ers butidealfor
rec
the serious prograx

mmer. Pages
\ly, and an LED
ftware instructions ont
\\1\?\\3\2:&5 Which page you are on. x;\&oggzm
age \s \solated from the svstm\d e
%\\ \ts \nformation unti switc! e
ST A e
rul 2
‘uh\'eol?::un e\5‘\& 'easy to fit and no solderingls
required

gee 48/80 FORTH for another ang\e.

50
00
&3£23, Issue£35)
.95
—_ Programmable nterface £10 (with Trickstick)
Postage £0.65
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East Long Ltd,
Gate 11, Royal Albert Dock,
L

EAST LONDON
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@mom SERVICES

X hardware special

Industrial design and

EPROMS for ZXB1's

The 2X1 tac o
o116 A TeR

o
Costs £19.95 and comes complete with oither EPROM | or L.
Further preprogrammed EPROMS are_available priced £8.95
EPRON | 40 tooki rouines: EPROM I RAPID SAVE/LOKD, 16K in one
inui; EPROM X acds SPECTRUM commands (o the 2X61. EPROM IV a
mathine dode meniior EPROM 1 a 280 dssssemolo
EPROMS for ZX SPECTRUMS
The 8K SPECTRUM EPROM board is available complete with one pro-
4K

2732 EPROMS or 6116 RAM's ~ More software soon.

EPROM PROGRAMMER FOR ZX81 or SPECTRUM
Programs INTEL 2716,32, 32A 64 and 128 2IF sockel £54.75, AUTOSTART:

runs 2 programme stored in EPROM on power-up £9.95.

e
BOARDS: ZXB1 £15.95, SPECTRUM £16.95.
Also Available:

AUDIO GENERATOR £2005. 2481 GRAPHICS BOARD ¢24.50. iS22

75 way Eds Cards 75 Ancle Gards £1.25. 53 or 25 way God Eope
Gonnecors £250. Gold Edge Cards £2.50,

EPROM SERVICES
3 Wedgewood Drive. Leeds LS8 1EF (0532) 667183
€ for details Export and i os welcon
incde UK posiage — oucrson ploase add 5 appropria

MAIL ORDER ADVERTISING
British Code of Advertising Practice

Advertisements i this publication are required to conform to
\h‘eﬂnhs)\( ode of Adverlising Pr of
advrtisaments where m

order.
code

refunded. Please reta

preol of poslagaidespalch, as this may

Mail Order Protection Scheme
11 you ordor goads from Mail Ordor advortisemonts in this
pine and pay by postin advance o delivery, Sinclir User
will ¢ sation if the Advertiser should
Bocome insolvent or bankrupt. providec
(1) You have not received the goods or had your money
returned: and
(2) You Sinclair Us the

order and not later than two months from that day.
Please do not wait until the last moment to inform us. When you
do write, we will tell you how o make your claim and what
evidence of payment is required

We guarantos to moet claims from readers in accordance with

e e e e A e

annum for any one ser soaffocted and up 1o 10,000 por
m in respect of al insalvent Advertsers. C

paid or higher amounts.or when o pros adro g nol

od with at the discretion of Sinclair User, bul wedo
ot guaraniae 16dosoin view f the noed 10set somo il (o his
e eetmins a1 laaPn cuckly o readors' diheullion

This guarantee covers only advance payment sent in direct
i plmw!n(m.tlivl'rh\vm(nlmIhl«m.«puuwim)l for example.

rosuli
of )msw!‘nm. ‘such advertisements). Classified advertisements
are excluded.

If you’re a serious Sinclair user —
why don’t you stop playing games?

e y\a\\‘" = s“c\axx

et Gl U does'nt involve saving the universe from

ction, beating off green monsters or flying a spaceship — we can

bring you ORI el v sumulalmq il for the ZX81 and
e B

cts magazine!

In recent issues we have shown how e Won Sinchle R ool 1 ot
central heating

. improving the graphics . . . build a printer interface
many more ideas that tax your ability and ingenuity.

Sinclair Projects is published every two months as a glossy, instruction-
packed magazine that gives you all the encouragement you need to

exercise your talent and take a serious look at what
ur Sinclair can do for you.

Each issue can contain as many as FIVE step-by-step projects —
yet it's yours for JUST 95p.

the form below and we will send it direct B il
10 you, six times per year. = eio ]
1

|

|

1

|

1

!

et

I
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Upgrade your
16K

ZX SPECTRUM
Now!

The CHEETAH 32K RAMPACK simply plugs into the user port at the rear of
ur computer and increases the memory instantly to 48K

Fully compatible with all accessories via rear edge connector
eed to open computer and invalidate guarantee

Why send your computer away and wait weeks for upgrade

Fully cased tested and guaranteed.

Why wait any longer?

Only £39.95 including VAT and P&P.

* ok ok

Now make your
Spectrum and ZX-81 Talk

The Cheetah “SWEET TALKER" just plugs into the back of the computer using the existing power supply. Based on an
allophone system you can easily program any word sentence or phrase. Fully cased, tested guaranteed and compatible
with all accessories via rear edge connector. Complete with demonstration cassette and full instructions. No more lonely.
nights! Simply incredible at £29.75 (Please quote when ordering whether Spectrum or ZX81 owner)

16K RAM Pack for ZX-81 £19.75
64K RAM Pack for ZX-81 £44.75

Prices include VAT, postage & packing. Delivery normally 14 days. Export orders at no extra cost. Dealer enquiries
elcome.

Send cheque/PO now to:
CHEETAH MARKETING LTD

32K RAM Pack and ““SWEET TALKER" also available from larger Branches of

P o werzes | WH SMITH
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