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about time we put you 
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When we introduced our AMX Mouse to micro-users, the 
response was phenomenal.

And no wonder!
Hailed by the press as ‘probably the best input device that has 

arrived recently’, the AMX Mouse brings to Spectrum 48K users, the 
same sophisticated, positive control that has, until now, been the 
province of more expensive computers -  like the Macintosh.

The fantastic AMX Mouse Package opens up an entirely new and 
exciting world to Spectrum users and comes complete with Mouse, 
interface, which also includes a Centronics printer interface, and all 
these fabulous programs. . ,

AMX ART
This computer aided, drawing program has to be seen to be 

believed. Making full use of on-screen windows, icons, pull-down 
menus and pointers, you'll be astonished at the quality of the work you 
can produce, save and print using either ZX or Epson compatible 
printers. It's a program ideal for both hours of family fun or for serious 
professional applications.

AMX COLOUR PALETTE
The wonderful pictures you create w ith AMX ART can be brought 

vividly to life w ith rich vibrant colours -  using AMX COLOUR PALETTE. 
And w ith 8  Foreground and 8  Background colours you won’t be short 
of inspiration.

AMX CONTROL
Now you can create a ‘Mouse environment' in your 

own programs, AMX Control adds 28 commands to 
normal Sinclair Basic and contains three programs.
1. The machine code program to extend the Basic interpreter, which 

gives you full use of windows, icons, pull down menus, pointers and 
also supports AMX printer interface.

2. An Icon designer, an individual program for creating and storing icons 
" for use in your own programs, th e  number and variety of icons you

can create is limited only by your needs and imagination.
3. A demonstration program containing on screen calculator and 

puzzle.
This fabulous AMX Mouse Package costs only £69.95, a price as 

remarkable as the package itself and it includes a fully illustrated 
operating manual.

The software is supplied on cassette and a tape-to- 
microdrive transfer facility is included. The AMX Mouse 

package is compatible with the Spectrum 48K and 
Spectrum + .

Ordering couldn’t be easier.
This superb package is available from all good computer dealers 

or direct using the freepost order form below.
So what are you waiting for?
Get into the picture now!
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AMX MOUSE SPECTRUM 48K  PACKAGE/S 
AT £69.95 EACH INCL. VAT AND P &  P
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OR DEBIT MY |--------- 1 ACCESS |
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.(Quantity)
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EXPIRY DATE
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A  variable  
solution
Third in the series that aims to 
explain the elements of Basic for 
absolute beginners

W E’VE come a long way in our programming 
career in the last two articles. Although you can’t 
yet do anything spectacular with your Spectrum, 
you’ve learnt a lot of basic Basic that should 
stand you in good stead.

So far, we’ve explored how to use the PRINT 
command on both numbers and strings and seen 
the difference between both. We’ve seen how to 
let names stand for numbers as we used LET to 
create numeric variables and employed them in 
your first programs.

It’s from this solid groundwork that we’ll be 
taking off now. After seeing how strings can be 
held in variables we’ll be exploring two of Basic’s 
most fundamental, yet powerful, structures.

Previously our programs have been fairly fixed and 
rigid. Our use of INPUT to give values to variables 
while a program is actually running will put an end to 
that. And rather than having our programs go from one 
line to another in a relentless sequence, we’ll be seeing 
how the FOR . . .  NEXT loop structure can make our 
programs more efficient and powerful.

By the time we’ve finished your programming skills 
will have improved amazingly and you’ll be starting to 
tap the full potential of your Spectrum.

By now the program:

10 LET count=l 
20 LET count=count+l 
30 LET count=count*2 
40 PRINT count

should hold no problems for you. When you enter it 
into your Spectrum and set it going with a RUN 
command the micro finds the line with the lowest 
number and does what that line tells it to do.

In this case the first line is line 10 and it has the 
Spectrum setting up a variable count and giving it a 
value of 1. This doesn’t last long, however, for the next 
line in the sequence adds 1 to count. If:

20 LET count=count+1

seems a little odd, read it as “take the value that’s 
already in count, add one to it and store the new value 
back in count”.

The next line doubles the number it finds in count 
and, again, stores the resulting number back in count.

So, as the program has progressed, count has varied. It 
had a value of 1 in line 10, this became 2 after line 20 
and line 30 made it 4. The last line of the program just 
displays the result.

Strings can vary, too
If you’ve grasped the concept that variables stand for 
things and they can vary as a program progresses, 
you’ve made great strides. Variables are the life blood 
of computing. Without them most programs would be 
restricted to fairly trivial tasks.

So far we’ve only come across one kind of variable, 
numeric variables. This is where a variable stands for a 
number. So in:

LET cost=25

and:

LET time=12

both cost and time are numeric variables. Useful as 
they are, numeric variables have their limitations. For 
one thing, they can’t be used to store strings of 
characters.

Suppose you have a long program where there are 
several occasions when you have to tell the user to:

Press a key when ready

Of course you can use a PRINT command to do this 
whenever it’s needed, but it involves a lot of typing. It 
would be nice to be able to use something like:

LET message=“Press a key when ready”

to store the string in a variable and then use:

PRINT message

whenever you want. It would save a lot of typing. The 
trouble is you can’t do it, the Spectrum won’t accept:

LET message=“Press a key when ready”

The problem occurs because the m icro takes 
message as the name of a numeric variable, so it 
expects a number to be stored in it. This expectation 
seems reasonable. After all, the name you’ve tried to 
give the variable, message, obeys all the rules of a 
numeric variable name.

When you try to give it a string, it objects. The 
Spectrum thinks, quite rightly, that if you want to store 
a string then you should use a string variable. And a
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LET f$=“ 1234”

string variable name has to obey two rules. It has to:
•  Consist of a single letter
•  That letter must be followed directly by the dollar 
sign, $.

So A $, n$  and gS  are allowed as string variable 
names while AB C S, 1$  and message aren’t.

Now you can use variables to store strings using 
lines like:

A $=“any string 123”

and:

m$=“Press a key when ready”

and recall the strings with:

PRINT a$

and:

PRINT M$

From the last couple of lines you’ll see that the 
Spectrum makes no distinction between upper and 
lower case in string variable names. So, D $  is the same 
as d$.

All together now
You’ll remember that strings consist of collections of 
letters, punctuations, numbers and even spaces. So as 
well as having:

LET f$=“abcde”

it’s perfectly possible to have:

LET f$=“ $ 0”

and:

Don’t let the last example make you think that string 
variables can be used for maths. It’s quite possible to 
have:

LET a$=“2”

But try doing:

PRINT a$*a$

and see the results.
The Spectrum is quite right in not allowing you to 

multiply two strings. After all, while in this case the 
characters inside the inverted commas of the LET 
happen to be figures, the assignments could just as 
easily have been:

LET a$=“cat”

or:

LET a$=“$%&”

And what is:

cat*cat

or:

$%&*$%&

supposed to mean?
The rule is, if you want to do maths, use numeric 

variables. If you want to send messages, use string 
variables.

And now, having said you can’t do maths, we come

Strings, variables
and programs

Let’s put string variables to work in a program.

10 LET a$=“Happy”
20 LET b$=“Birthday”
30 LET c$=“Mum”
40 PRINT a$
50 PRINT b$
60 PRINT c$

The first three lines assign strings to three 
string variables. Once the micro has obeyed these 
lines a$  will stand for Happy, b$ for Birthday 
and c$  for Mum.

The next three lines tell the micro to display 
whatever is in these string variables. The 
greeting:

Happy
Birthday
Mum

appears on the screen. While simple, the program 
is flexible. If we want to alter the message it’s 
easy, we just change the string variables with a 
line such as:

30 LET c$=“Dad”

One problem with our birthday program is 
that it uses three string variables. Since string 
variable names can only go from a$  to z$  then

we only have 26 of them. While it doesn’t matter 
too much in this case, in longer programs you 
can find yourself running out of names.

A way round this is to use a string variable 
more than once in a program . W ith this 
technique our birthday program becomes:

10 LET a$=“Happy”
20 PRINT a$
30 LET a$=“Birthday”
40 PRINT a$
50 LET a$=“Mum”
60 PRINT a$

which uses only one string variable a$. You 
should be able to see how a $  stores different 
strings as the program progresses.

The trouble is that we lose the first two strings. 
By the time the program gets to line 60, a$  
contains only Mum. Its previous contents, first 
Happy and then Birthday, have been over­
written. And while this makes no difference in 
this program, in a longer one you might need to 
use Happy or Birthday again.

Of course, both programs could be made 
considerably shorter as:

10 LET a$=“Happy birthday, mum”
20 PRINT a$

shows. This only uses one LET, and one string 
variable a$  to hold the whole message and prints 
it all on one line. However, it’s not as flexible, as 
you’ll find if you try to alter it to send a birthday 
greeting to your dad.
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to something that looks suspiciously like adding two 
strings. Try entering:

LET a$=“abcd”
LET b$=“efgh”
LET c$=a$+b$

W hat is held in c$?  A quick:

PRINT c$

gives the answer:

abcdefgh

In other words c$  is made up of the contents of the 
other two strings. In formal terms the two strings a$  
and b$  have been concatenated to form a new string 
which has been placed in c$. Notice that:

LET’S use INPUT instead

The programs we’ve used so far have all been 
fairly rigid. They’ve consisted of LET and 
PRINT statements and what they do is decided 
before they run. Take a program like:

10 LET first=5 
20 LET result=first*2 
30 PRINT result

This multiplies 5 by 2 to give the answer 10. 
And that’s all it does. If we want to multiply 6 by 
2 then line 10 has to be replaced by:

LET c$=a$+b$

and:

LET c$=b$+a$

each give a different c$.
So by putting a plus sign between two strings we can 

join them together to form another string. The point to 
grasp, however, is that the plus sign is not our usual 
addition sign. Instead, it tells the Spectrum to take the 
strings it finds on either side of the plus and join them 
together. That this is not straightforward addition is 
clear if you compare:

PRINT 1+2

and:

PRINT “ l ”+“2”

In the first case the Spectrum finds numbers on 
either side of the plus so it does addition, giving the 
answer 3. In the second case it finds a string on either 
side of the plus. Being a bright beast, it knows that in 
this case all the plus means is that it is to “glue” the two 
strings together. It does this with the result that 12 
appears on screen. This is obviously not the answer to 
the sum 1 +2, but the joining together of two strings 1 
and 2 to produce another string, 12.

Don’t worry too much if you find the difference 
between number addition and string concatenation a 
bit vague. It’s one of those things that when you need to 
understand it, you will. In most cases your Spectrum is 
only too willing to tell you when you’ve got it wrong!

Going round loops
Suppose you wanted to send a message a number of 
times, such as:

You’ve won!
You’ve won!
You’ve won!

or imitate a policeman with:

Hello
Hello
Hello

how would you do it? One way is with a program such 
as:

10 PRINT “Hello”
20 PRINT “Hello”
30 PRINT “Hello”

This works, but it’s fairly limited. After all, what if 
we wanted (for reasons best known to ourselves) to 
have 15 Hellos? Using this method you’d have to have 
a 15 line program, which seems a bit silly. After all, the
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10 LET first=6

It would make life a lot easier if there was a 
way we could get the program to ask us what 
number we wanted to multiply when it was run. 
Then we could tell it 5 or 6 or whatever and the 
Spectrum would multiply our chosen figure by 
two.

There is such a statement, in the form of the

Spectrum is only doing the same job,

PRINT “Hello”

over and over again. Wouldn’t it be easier if there was a 
way to tell the Spectrum to repeat the instruction for a 
specified number of times?

There is such a way -  it’s the FOR . . .  NEXT loop 
used in the following program:

10 FOR n = l TO 15 
20 PRINT “Hello”
30 NEXT n

You’ll find the keywords FOR, TO and NEXT on 
the F, F and N keys respectively

The FOR . . .  NEXT structure is used to get the 
Spectrum to obey a statement a fixed number of times. 
When it comes across the FOR the micro knows that it 
will have to repeatedly obey all the lines between the 
FOR and the following NEXT. It follows what is 
known as a loop.

How many times these instructions are repeated 
depends on the loop control variable, the numeric 
variable that follows the FOR. This is given a range of 
values it can take. It starts at the lowest value and each 
tim e round the loop the co n tro l variab le is 
automatically increased by one, until it is out of range 
and the loop stops.

In this case the loop control variable is n and, as it 
varies from 1 to 15, the loop cycles 15 times in all. 
What happens is that when the Spectrum encounters 
the line:

10 FOR n = l TO 15

for the first time, it knows that it’s about to enter a loop 
with control variable n. It gives n the value 1 and then 
goes on to obey all the following lines in order (in this 
case printing Hello once) until it comes to the NEXT of 
line 30.

Here the micro adds 1 to the value o f n, making it 2, 
and the program goes back to the FOR of line 10 to see 
what it should do.

As line 10 has told the Spectrum that n is to take



keyword INPUT. Change line 10 to:

10 INPUT first
and run the program again. You’ll find that 
nothing happens except that there’s a flashing L 
cursor at the bottom of the screen.

W hat’s happened is that the INPUT has told 
the Spectrum to wait until you enter a number at 
the keyboard. When you’ve done this it puts this 
value in firs t and gets on with the program. The 
result is that the number you typed in is 
multiplied by 2. You can run the program over 
and over again, each time multiplying a different 
number.

You can use INPUT to give values to string 
variables as you’ll see if you enter:

INPUT a$

Type in the string of your choice in response to 
the flashing cursor and quotes at the bottom of 
the screen, and then use:

PRINT a$

Try using INPUT in your own programs -

you’ll be amazed how much better they become. 
However there are two things to watch out for 
when using it. The first is that at times you’ll be 
wondering why the program is doing nothing 
when in fact it’s waiting for you to enter 
something. You can get round this by getting the 
Spectrum to display a prompt to jog your 
memory, such as:

PRINT “Type in a number”
INPUT number

or more briefly:
INPUT “Type in a number”, number

The second is that you must be careful not to 
get your variable types mixed up. While:

INPUT a$

will accept a number, you won’t be able to do 
sums with a$. And if you try to give a non­
numeric character such as T to:

INPUT number
the Spectrum won’t like it.

values ranging from 1 to 15 and, at present, n is only 2, 
the loop goes on and another Hello appears. Only when 
15 Hellos have been displayed and the NEXT has 
added 1 to n does the loop stop.

The Spectrum goes back to the FOR and finds that 
n, at 16, is greater than the limit specified. It then 
ignores the rest of the loop and goes on with whatever 
line, if any, appears after the NEXT. Adding the lines:

25 PRINT n 
40 PRINT n

and running the program might make the loop process 
a little clearer.

There are two things to notice about this FOR . . .  
NEXT structure. The first is that whereas previously 
all our programs have consisted of one line being 
obeyed after another in sequence, now things are 
different. The FOR . . .  NEXT loop doubles back on 
itself, repeating the same bits of program over and over.

The second thing to note is the power of the loop. See 
how easy it is to increase the number of Hellos just by 
changing the range of the control variable with lines 
such as:

10 FOR n = l TO 100

or:

10 FOR n = l TO 1000

Only one line changes but look at the difference in 
output.

Round and round we go

The rules for using a FOR . . .  NEXT loop are fairly 
simple. The control variable whose range is specified 
after the FOR has to be a numeric variable. And unlike 
other numeric variables, it can only have a single letter 
name. So, d  and z can be used as loop control variables 
but a$  and number can’t. Also the NEXT that marks 
the end of the lines to be repeated must be followed by 
that loop’s control variable. So if a loop has control

variable k  then the loop ending can’t be marked with a 
solitary:

NEXT

it has to be:

NEXT k

Bearing that in mind, you should have no problem in 
seeing how:

10 LET number=0 
20 FOR p = l TO 10 
30 LET number=number+2 
40 PRINT number 
50 NEXT p

works. Now we have two lines inside the loop, 
sandwiched between the FOR and the NEXT. These 
are repeated each of the 10 times that the loop cycles, 
adding 2 to the value of number each time. Line 40 
displays the result of each calculation.

The fac t th a t the loop co n tro l variab le  is 
automatically increased by 1 each time round the loop 
can be very useful. We can actually use its value inside 
the lines that are to be repeated as:

10 FOR a = l TO 5 
20 PRINT a,a*a,
30 NEXT a

shows by giving the squares of the numbers from 1 to 5.
The next program shows how powerfully a FOR . . .  

NEXT loop can combine with INPUT. Only five lines 
long, it will print out the multiplication table for any 
number you want.

10 PRINT “Give me a number”
20 INPUT number 
30 FOR b = l TO 12 
40 PRINT b*number 
50 NEXT b

Here the loop control variable b goes from 1 to 12. 
Can you use another INPUT to make the program ask 
you to select the range it will vary over?
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Interfaces
The bare Spectrum can only drive 
dedicated printers, like the ZX 
printer, which work straight off 
the edge connector. So for full- 
size quality printing you’ll need a 
suitable interface. . .  read on!

Sinclair Interface I
Besides microdrive capability, Interface I gives 
you a serial RS232 interface suitable for use with 
almost any serial printer. It is easy to direct print 
via Interface I with Extended Basic commands, 
and a wide range of standard baud rates is 
available at the computer end to match up with 
the baud rate of the printer. Some software, like 
the Tasman range, will drive this interface

Who supply the p o p -  -  with that program. «
and is of course compaub ecting cable and
comes complete with‘ *  and is suitable for 
driving software on f inexpensive parallel
use with a 1 « ^  numbe 1 b,£ fot printing
printers. Extra software 
in different type styles.
Problems on cassette has to be loaded
Driving softwar nuisance. ____
before u s e w l u c b ^ ^ ^ ^ — — ^

Wafadrive
The Rotromcs wafadrive has both RS232 and 
Centronics parallel interfaces built in, so any 
printer can be connected. The printer can be

commands y Shad° W R° M eXte" ded Basic 
Problems
Again, non-standard connectors may mean 
trouble fitting a printer cable.

...and printers
Full size printers

Cheap dot matrix printers were once very likely to have 
a parallel interface, as it requires less electronics to 
build than a serial one. But electronics have now 
become very cheap and you are often given a choice, or 
may even find both fitted as standard. Daisywheel 
printers used to be more likely to come with a serial 
interface, but there are no rules anymore.

Before you buy make sure that the printer you want 
will work with the interface you have chosen, or which 
you already have as part of your system. This includes 
the all important connecting cable and driving 
software.

Printer prices have been dropping steadily for years, 
and will continue to do so. Don’t buy the first machine 
you see -  there are bargains to be had by shopping 
around. Decide on your priorities. It may be that you 
do not require speed so much as print quality, or vice 
versa. You are unlikely to get both cheaply. Dot matrix 
is faster than daisywheel, but even cheap daisywheel 
gives better quality.

Find out how much ribbons cost for the printer you 
are considering -  you might get a shock. Paper costs 
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RS232 serial printers
(various makes)

Three wires -  for data, ground, and handshake -  
are enough to drive serial printers, so a longish 
run of cable is possible. If you are happy to stick 
with microdrive, then no extra interlace need be 
bought. Otherwise, you had better go parallel. 
Problems
The RS232 standard is seldom adhered to strictly 
by manufacturers, particularly in the home 
computer area, so connection can be tricky. 
Sinclair’s implementation isn’t helpful, with 
backwards pin labelling in the Interface I 
documentation and a non-standard plug. You 
also have to remember to match baud rates 
between computer and printer.

are also important if a special thermal paper is 
required. Cheap printers sometimes rely on expensive 
consumables, some even require batteries.



directly, for easy word processing or fancy print. 
Problems
Interface I does not have a standard RS232 plug, 
so you could have trouble getting a cable to 
connect to the printer. However, Tasman and 
others do sell suitable cables. You won’t be able 
to connect both Interface I and a disc drive to the 
Spectrum, so upgrading to disc will leave you 
without a printer interface. Most other add-on 
printer interfaces are parallel.

............ i i i i i i i i i i i i t i i i 1

Opus Discovery

inexpensive printers with r v T  nUmber of 
in p ^ T h e  Opus shadow ROM provideT^''61

a m p h e n o % ^a U h rco m p u te ? e n d ^af th tandard

Kempston E
A parallel interface with the software in eprom, 
this one comes with the cable to connect to the 
printer. Automatically responds to LPRINT, 
LUST, and COPY.
Problems
There is an older model, the Kempston S, still 
around. This needs the driving software to be 
loaded from cassette. Make sure which one you 
are getting -  the S model should be cheaper.

!:. . .  ■ ■ ■ ■ ' ■ m a m
software ?  be dr' ^  by R S « 2  seria( 
LLIST j In and ,s ,nierface tj, r l*T and CO Pv d resPonds tn r n t ’ fhe 
features on Epson Commands. Co >v h RlNT' 
«"•a will even T  Con,Paiibies and “  extra
?UmPs on suitable"'y° U todo fo u rc o ,"  ° PU° nal Problems ab,e P e te rs. Co,OUr screen
Compatible with m

Centronics parallel printers (various makes)

The word “Centronics” is the brand name of a 
printer that first used this interface and 
established the standard. The brand names you 
are most likely to encounter now are Epson, 
Citizen, Star, Shinwa, Canon, Seikosha, Juki and 
Brother. Most Spectrum interfaces are parallel, 
so this type of printer is likely to be easier to 
interface than serial. Parallel interfacing does not 
require the matching of baud rates.

“Epson Compatibility” means that a printer 
will accept Epson control codes, and this is a 
good thing to have as many software packages 
are set up to drive an Epson.
Problems
Requires many more wires -  usually a ribbon 
cable -  to make the connection to the computer, 
so the printer and the computer cannot be very 
far apart.
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Dedicated Spectrum printers
These need no interface, but plug straight into the 
Spectrum edge connector and respond to LPRINT, 
LLIST, and COPY commands. Narrow paper width 
(around four inches) and minimal print quality is OK 
for listings, but no good for word processing or letter 
writing.

Floyd 40
in firmware to give 

A thermal printer wit t in 32 or 40
extra printing °Ph0" s. 1 ?, width, and

f t *  “  up To« « -  »  •“

Problems more than ZX or
Needs thermal paper. C 
Alphacom.

gave the S inclairn  des,gned ^ r t h e Z X R ^ ^  

longer being1 rn ^

blackf j' a°'r̂ m \ o ï d % a Urning

R e c t o r  on the ^ x ,niade for the narrower

Alphacom 32
A ZX act-alike thermal printer giving better 
quality than the ZX item. Recently it has been

selling for as little as £30 -  a real bargain.
Problems , . ,
Thermal printers need special paper, but at least
you won’t have to buy ribbons for it.

UK Suppliers

Floyd 40

Tasman Interface

Floyd 
PO Box 76 
Plymouth 
Devon PL1 1SQ 
(No phone).

Tasman Software 
Springfield House 
Hyde Terrace 
Leeds LS2 9LN 
(0532) 438301

Kempston Interface

Alphacom 32

Transform

Kempston Micro Electronics
Singer Way
Kempston
Bedford MK42 7AW 
(0234) 856633

Dean Electronics 
(0344) 885661

Transform 
24 West Oak 
Beckenham 
Kent BR3 2EZ 
01-658 6350
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Printers:
The fine details
Now you’re familiar with the 
general idea of printing, we look 
more closely at what’s involved

THE ability to produce program listings or print out 
text must come very high on the list of priorities of 
those Spectrum owners who wish to progress beyond 
just playing other people’s games.

With many micros standard interfaces are provided 
to allow a wide choice of printing systems to be 
attached. An interface, in computer jargon, is simply a 
means of connecting the computer to the world outside 
its box. In this instance we are concerned with 
connecting printers -  but it could equally be a cassette 
recorder, joystick or even another computer.

With the ZX Spectrum, as with earlier Sinclair 
models, no such standard interface is supplied, 
reducing the available choice to a handful of units. 
Although the printer interface provided on the 
Spectrum is a parallel one it doesn’t conform to the 
industry standard for such connections -  often called 
Centronics after the firm who invented it -  just as the 
internal character codes used by the Spectrum fail to 
conform to the internationally accepted Ascii codes.

These problems can be resolved in several ways, 
however, and certainly shouldn’t present a barrier to 
any user determined to get letter quality output from 
his word processing package.

Interfacing it

The simplest solution to the problem is to obtain a 
special interface unit which converts the Spectrum edge 
connector signals into ones that a conventional printer 
can understand. There are many commercially 
available interface units that allow the ZX Spectrum to

be connected to printers of one type or another. In the 
main these convert the signals provided on the 
expansion connector into the industry standard 
Centronics parallel interface although some do offer 
serial as an alternative.

There are two stages to this conversion -  that of 
altering the electrical characteristics of the ouput from 
the ZX Spectrum and that of converting the character 
codes from Sinclair’s own internal format to true Ascii.

Almost all the interfaces will be supplied with 
software drivers of one sort or another and in general 
they all work by intercepting the ZX Spectrum’s 
printer routine vector. This is the location in memory 
that stores the address of the routine that controls data 
being sent to the printer. By changing this address to 
that of the new driver all the data is re-routed through 
the interface. On its way each of the characters passes 
through a code conversion routine. While the normal 
alphanumeric codes closely follow the standard Ascii 
set all the control codes, pre-defined graphics and Basic 
tokens must be intercepted. (See Part I, Page 28, for an 
example of the Spectrum’s character set.)

The Basic tokens are converted into strings of Ascii 
letters before being listed. Because many of the 
currently available printers use sequences of control 
codes to change character fonts or to select graphics, 
provision must also be made to allow these to be sent 
without being trapped. Basic interfaces will provide the 
driver software on cassette which must be loaded into 
the Spectrum before it is used while the more 
sophisticated offerings contain all the necessary 
software in ROM inside the interface itself.

For the Spectrum owner who is either using or 
considering the purchase of a microdrive system an 
interface unit may be unnecessary as the microdrive 
interface itself is supplied with a serial interface which 
can be used to drive a printer. The alternative to some 
form of conversion system is to buy a printer which has 
been modified to operate directly with the Spectrum, 
just as Sinclair’s own ZX Printer does. These are 
generally either thermal or electrostatic units which

\
Each character generated by the Spectrum 
requires one byte o f storage space, each byte 
being made up of eight bits. In order to transfer 
each character all eight bits must be sent from the 
computer to the printer. With a parallel interface 
all eight can be sent together with one bit going 
down each of the eight wires. A serial interface, 
on the other hand, must send the bits down its 
single wire one after the other. In both the serial 
and parallel interface some extra wires are 
needed to provide control over the sending o f the 
information. These extra wires are generally 
known as the handshake connections and the 
method with which they control the flow of 
information is called the protocol.

Ascii A = 6510 = 010000012 

Parallel
r ~ m  1 1— 1— n  

0 ^ ^ ) ^ >  0 0 1̂

1__J__ L. - L 1__ 1 1 -1
^ ^ 0 1 0 0 0 0 0 1 2

al

1
0
0
0
0
0
1
0

Figure I: Parallel versus serial transmission
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tend to offer a cheaper solution than buying an 
interface and a good quality matrix printer but the 
results obtained tend to be less professional.

Hitting the page
Printers are generally divided into two main categories 
-  impact and non-impact. Each group is broken down 
into many different variants depending on the 
particular way in which the image is transferred on to 
the paper, such as daisy wheel, ink jet, thermal transfer 
and so on. Impact printers are the largest group and 
consist of three main sub categories -  dot matrix, daisy 
wheel and ink jet -  and, apart from the latter which 
actually fires its ink, these operate by pressing 
something hard through a ribbon in order to leave an 
impression on the sheet of paper.

Type Impact Price range Quality
Daisywheel Y £400 and up Excellent
Dot Matrix Y £150 and up Good to 

excellent
Thermal N £75 to £250 Average
Electrostatic N £30 to £75 Poor to 

average
Ink-jet Y £300 and up Average to 

good
Laser N £3,000 plus Excellent

\ : .......
Table I

The characters to be printed are sent from the 
computer along either a parallel (Centronics) or serial 
(RS232/V24) interface. Because the characters can be 
transmitted much faster than they can be printed they 
are stored, in the printer, in a block of memory known 
as a buffer. This will hold at least one or more complete 
lines of text and sometimes as much as 16k.

When the printer is ready to output the text stored in 
the buffer it is read out, one character at a time, and its 
Ascii code used as the address of a location in a 
character generator ROM. This contains the pattern of 
dots that, when printed on paper, will make up the 
actual character as shown in Figure II. It makes no 
difference at all, electronically speaking, whether the 
line is printed from left to right or from right to left and 
most modern printers are capable of bi-directional 
printing.

With a daisy wheel printer the process is slightly

different in that the ROM holds information relating to 
the position of the character on the spokes of the wheel. 
The character itself is made from either metal -  the best 
quality -  or plastic and is hammered through the 
ribbon leaving a complete impression on the paper.

Printers which create the whole character in one 
strike rather than from individual dots are sometimes 
called “character printers”. Although the daisy wheel 
system is fairly universal there are variations such as 
the thimble as used in the NEC Spinwriter series. Here 
the wheel is mounted horizontally rather than vertically 
and the spokes are bent up at the ends to form a cup 
shape. Regardless of the methods used, however, the 
quality of print is superb and is referred to as “letter” or 
“correspondence” quality, indicating that it is 
indistinguishable from that produced by a professional 
office typewriter.

Spray it again
The largest potential upset to the dominance of the 
matrix printer as a low-cost output device is, however, 
likely to come from an even more esoteric system. 
Imagine microscopic drops of ink being fired towards a 
sheet of paper in a defined and very carefully controlled 
pattern.

Already well established in the industrial and 
commercial marketplaces these devices are beginning 
to make an appearance in the home market. The 
system works by pumping liquid ink from a reservoir to 
the tip of a very fine jet. Here minute droplets are 
charged to very high voltage before being ejected. The 
jet is commonly made of a piezo-electric material and 
this shapes the droplets by very high frequency 
vibrations.

As the droplet leaves the jet it is held in position by 
an electric field which further propels it towards the 
paper. The sheet of paper is not stretched over a rubber 
roller or platen -  as it would be with an impact printer -  
but a sheet of metal.

This is charged to the opposite potential of that held 
by the droplet and attracts the ink into the paper. Very 
little mess occurs, about the worst that can happen is 
that the jet gets clogged causing the ink drops to get 
oversized or the reservoir is removed without being 
capped. The quality of printout depends mainly on the 
type of paper used -  the more absorbent it is the more 
the ink soaks in and the image blurs. At their best 
ink-jet printers can produce an output quality several 
times better than that of the average matrix printer.

The latest application of the ink-jet principle is that 
of colour printing. As well as printing in black these 
devices also contain reservoirs of red, blue and yellow 
inks. These colours may be unfamiliar to those used to 
working with graphics on a TV screen but they are the 
painter’s equivalent to red, green and blue as all other 
colours can be made by mixing them together.

Unlike the colour printing achieved from multi-rib­
bon matrix printers the results are really excellent. The 
penalty for this is not, somewhat surprisingly, the price 
but the fact that the paper used has to be slightly 
absorbent so the printout is of average quality.

Gently does it
An interesting variation on the liquid ink-jet printer, is 
the “Dry Ink” system based on the principle of spark 
erosion. Normally printers of this type are classified as 
non-impact but this version actually deposits carbon 
rather than burning away a layer of silvering.

The printer has several advantages over conven­
tional printers -  it is almost silent, the printhead is very
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Ascii =

Character table stored in ROM

1 2 3 4 5 6 7 8

Byte 1 = 00111111
Byte 2 = 01111111
Byte 3 = 01101100
Byte 4 = 11001100
Byte 5 = 01101100
Byte 6 = 01111111
Byte 7 = 00111111
Byte 8 = 00000000

Figure II: Character to printout, as stored in printer ROM

light so powerful motors are not needed and almost any 
kind of paper can be used. Its drawbacks are that the 
printing speed is low, the head only prints one dot of 
each character as it passes across the paper, and the ink 
does tend to smudge.

Non-impact printers get their name from the fact 
that they don’t hammer needles or shaped pieces of 
metal through a ribbon in order to leave their mark on a 
piece of paper. There are two main types -  thermal and 
electrostatic -  although there are other categories such 
as the laser, but this can hardly be classified as 
low-cost!

The thermal printer works in much the same way as 
an impact matrix printer except that instead of a 
column of needles in the printing head it has a column 
of heating elements. As each dot is required the 
respective element is rapidly heated and the minute 
area of paper under the element changes colour. The 
contrast between the dots and the background is good 
enough for most uses but hardly rates as high quality. 
The most endearing feature about these devices is their 
almost total silence.

In contrast, the electrostatic mechanism is 
j moderately noisy and initially failed to gain any real 

support. That was until Sir Clive Sinclair adopted the 
system for the ZX Printer, a dedicated peripheral for 
the ZX 81 and ZX Spectrum. The principle is that a 
single-wire printing head is dragged across a specially 
coated paper. For every dot needed to build up a 
character a spark is generated by the printer which 
burns away the thin silver coating revealing the black 
backing paper. Sinclair improved the system by using 
two heads on a continuous belt but it still takes four 
passes of each head to create a row of characters.

Electronically both types of printer operate in much 
the same way as a conventional impact matrix printer 

1 with the pattern of dots being taken from a ROM. The

P niiija . o

quality of the printing depends on the number of dots 
used to create each character -  typical values range 
from eight rows of eight dots to the so called, Near 
Letter Quality of 24 rows of 17 dots. The low cost 
thermal and electrostatic printing systems generally 
produce an 8 x 8 matrix printout which, while clearly 
legible, doesn’t give true descenders on lower case 
letters like ‘y’ and ‘g’ and cannot support high 
resolution graphics.

The main drawback with both types is that they use 
special paper which can be expensive and is only 
available in rolls. This can make storage difficult as the 
printer doesn’t produce separate pages. In the case of 
the thermal printer it is essential to get the correct grade 
of paper otherwise the image does not develop 
properly. Electrostatic paper is even more delicate and 
if handled with damp hands the image will blur as the 
silver coating dissolves. In both cases the best way to 
ensure a good, long-lasting image is to take a 
photocopy.
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Part II of this easy-to-follow  
series on animation techniques

A  sequenc 
o f events

Seeing is believing
BEFORE you can experiment with animation you 
need a method of playing back a sequence of frames so 
that the animation can be seen.

While there are any number of programs on the 
market that provide this they tend to be difficult to 
come to grips with or they limit the size of the frames -  
normally 16 x 16 pixels.

The program listed here is an aid I use extensively to 
check out my animation. Its main limitation is lack of

speed, but it has features that more than make up for 
this:
•  It’s in Basic so it is easily customised.
•  Its size is limited to 32 characters long (the entire 
screen width) by 10 characters high. The smaller the 
size of frame used, the faster the program runs, with 
correspondingly less flicker.
•  The program makes up frames from a SCREENS, 
so you can use any screen designer program on the 
market to create your frames. I use Grafpad and 
Melbourne Draw.

Listing I

1 REN CORRECT CHARS
2 POKE 23616,1
3 POKE 23617,61
4 STOP
5 REN 
II REN
11 REN FRANE NAKER
12 REN
13 REN
14 REN
15 REN
16 REN INITIALISE
17 REN
18 REN
21 CLEAR 39999i LET ADDRE8S-48BIB 
25 LET VERT«Bi LET H0R«l: LET FRANE

■1
3B LET FRAHES-81 REN NUNBER OF FRAN 

ES TO BE CONSTRUCTED 
35 DIN F(FRAMES)t DIN L(FRAMES): DI 

N I(FRAMES)
41 DIN V(FRAMES): DIN H(FRAMES)
58 LET LEN6TH-I: LET HI6HT-8 
6B LOAD 'Halkl'SCREEN*
7B 60 TO 2BBB 
81 REN 
91 REN
IBB REN FIND A FRANE 
1B1 REN
111 LET A-PEEK (22528+(VERT#32)+H0R) 
117 IF (22528+(VERT§32)+H0R)>22528+( 

24*32) THEN STOP
12B IF A*48 OR A-184 THEN LET f(fra

as)»ADDRESS: LET V(FRANE)»VERT: LET H 
(FRANE)-HOR: RETURN 
138 LET HDR-HOR+1
141 IF HOR>31 THEN LET HQR»I: LET V 

ERT«VERT+1 
158 60 TO 118 
191 REN 
195 REN
2BI REN FIND LEN6TH 
211 REN
215 LET LEN6TH-B
218 LET B«PEEK (22528+(VERT*32)+H0R+ 

LEN6TH)
228 IF HQR+LEN6TH»31 THEN RETURN
238 IF BOA THEN RETURN
241 LET LEN6TH-LENBTH+1
258 60 TO 211
291 REN
295 REN
311 REN FIND HIE6HT 
311 REN
315 LET HI6HT-8
311 LET B-PEEK (22528+<(VERT+HI6HT)* 
32)+HOR)
331 IF BOA THEN RETURN 
341 LET HI6HT*HI6HT+1 
351 60 TO 311 
391 REN 
395 REN
411 REN 'CHECK FRANE HAS NOT 

BEEN DONE BEFORE'
411 REN
411 LET DONE*!: IF VERT-B THEN RETU 
RN
425 IF PEEK (22528+((VERT-1>#32)+H0R 
)»PEEK (22528+(VERT*32)+H0R) THEN LE 
T D0NE«1

438 RETURN 
498 REN 
495 REN
518 REN FIND RELEVANT BIT 

NAPPED ADDRESS FOR 
COORDINATES

511 REN
511 IF M<8 THEN LET START*(16384+(H 
*32)+N): RETURN
521 IF H<16 THEN LET START»((16384+ 
(8*32*8))+((N-8)*32)+N)1 RETURN 
538 LET START-((16364+(16*32*8))+((H 
-16)*32)+N)
541 RETURN 
998 REN 
995 REN
1188 REN READ CHARACTER 

DEFINITIONS 
1811 REN
1111 FOR H-VERT TO (VERT+(HI6HT-1)) 
1828 FOR N-HOR TO (H0R+(LEN6TH-1)) 
1138 60 SUB 518 
1848 FOR X«8 TO 7
1151 POKE ADDRESS,PEEK (START+(32«X«8
))
1855 POKE 65368+X,PEEK ADDRESS 
1868 LET ADDRESS-ADDRESS+1 
1871 NEXT X
1875 PAPER 2: INK 8: OVER 1: PRINT AT 
H.N;'?';
1176 PAPER 5: INK 8: OVER 8: PRINT AT 
H.N;'?';
1878 PAPER 7: INK 8 
1888 NEXT N 
1191 NEXT N 
1188 RETURN 
2111 REN
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The program
Key in Listing I. Once it is entered and saved, you 
should make up a SCREENS to test the 
program.

The walk illustrated in this article is a good test 
(see section on using the walking figure). Almost 
anything that varies over several frames -  a 
flickering fire, a bouncing ball and so on -  will do.

Whatever you use the frames should be saved 
as a SCREENS and the following criteria 
observed during its preparation:
1. The attribute setting for the whole screen 
should be set to:

INK 0:PAPER 7:BRIGHT 0
2. Frames should be arranged in order left to 
right. If there is not enough room they can form a 
second or even third row down. Do not use the 
bottom two rows of the screen, which are 
reserved for error messages.
3. All frames should have their colour attributes 
set to:

INK 0:PAPER 5

4. The frames should not touch each other and 
should have the same dimensions.

If all these criteria are satisfied, then all the 
frames will be copied, in order, into an area of 
memory -  for use in the second half of the 
program -  when the program is run.

Before running the program however it is 
necessary to enter some variables into the listing.

Line 30 

Line 60

Line 3015

Number of frames to be con­
structed.
Name of SCREENS to be 
loaded in (Note that if you’re 
using a tape system line 60 will 
need the microdrive specifiers 
removing).
Make B$= the sequence in 
which frames are to appear. The 
sequence is repeated.

Lines 3020
to 3027 More variables to be set (see

REMs in the listing for details). 
The program is run by entering RUN 10

2811 REM
2882 REM MAIN LOOP
2883 REM
2884 REM 
2185 80 SUB 188 
2818 60 SUB 488
2828 IF DONE-1 THEN 80 SUB 131» 60 T 
0 2818
2838 60 SUB 288 
2848 60 SUB 388 
2838 LET H(FRAME)«H0R*LEN8TH 
2868 60 SUB 1888 
2865 LET 1(FRAME)«HI6HT: LET L(FRAME) 
■LEN6TH
2878 LET HOR-HOR+LEMBTH* LET VERT-VIF
RAME)! LET FRANE»FRANE*1
2875 IF FRAME8(FRAMES*1) THEN CLS !
60 TO 3888 
2888 60 TO 2888 
2895 REM 
3888 REM 
3881 REM
3885 REM SECOND HALF OF PR06
3886 REM
3818 LET AI8,,i FOR N-32 TO 127» LET
A*«Af*CHR* N: NEXT N
3815 LET B$8'12345676*! REM SEQUENCE
CODES
3828 LET 3EQ-8» REM NUMBER OF FRAMES 
IN SEQUENCE
3825 LET twt«3i REH H1EBHT OF FRAME
3826 LET l«3i REH NIDTH OF FRAME IN C 
HARACTERS
3827 LET VERT*B: LET H0R*18» REH P0S1 
TION ON SCREEN
3838 60 TO 3388 
3198 REM

3191 REM
3192 REM MAIN PR1NTIN6 ROUTINE
3193 REM
3194 REM
3288 REM POKE 23686,LOs POKE 23687,H

3285 PRINT AT VERT,HQR;it(l TO 1)
3286 IF t«st*l THEN RETURN
3218 PRINT AT VERT*l,H0R-,i$(l+l TO 2»
1)
3211 IF tt*t*2 THEN RETURN
3215 PRINT AT VERT*2,HQR;t*(2*l*l TO 
3§1)
3216 IF t«»t»3 THEN RETURN
3228 PRINT AT VERT*3,H0Rji*(3*l*l TO 
4*1)
3221 IF t«*t*4 THEN RETURN
3225 PRINT AT VERT*4,H0R|iN4*l*l TO 
5*1)
3226 IF t«it«5 THEN RETURN
3238 PRINT AT VERT*5,HQRjif(5*1*1 TO 
6* 1)

3231 IF t«*t*6 THEN RETURN
3235 PRINT AT VERT*6,H0Rjit 16*1*1 TO 
7*1)
3236 IF t*it*7 THEN RETURN
3248 PRINT AT VERT*7,HQR»it(7*1*1 TO 
6* 1)

3241 IF t«it«8 THEN RETURN
3245 PRINT AT VERT*8,H0R;it(8*1*1 TO 
9*1)
3246 IF twt«9 THEN RETURN 
3258 PRINT AT VERT+9.H0R;it(9*1*1 TO 
18*1)
3251 IF t«it«18 THEN RETURN 
3268 RETURN 
3291 REM

3388 REM 
3381 REM
3385 REM MAIN LOOP
3386 REM
3387 REM
3318 80 SUB 6888
3315 FOR n*l TO SEQt POKE 23686,*(n)i 
POKE 23687,w(n)
3328 60 SUB 3288i NEXT n 
3325 IF INKEYIO- THEN 80 TO 1 
3338 60 TO 3315 
6888 REN
6881 REN
6882 REN N0RK OUT ARRAY CONTENTS

FOR CHARS
6883 REN
6884 REN
6885 DIN N(fr«M)i DIN xUriM)t DIN 
y(fru«)t DIN z(friat)
6818 FOR >>1 TO SEQ 
6828 LET n«VAL btd)
6838 60 SUB 9888: LET w(i)«HI: LET x( 
■)-LQ: NEXT i 
6848 RETURN
9888 REN NQRK OUT HI/LO POKES 
9881 REN
9818 LET ADD*F(N)-256 
9828 LET H1-1NT (ADD/256)
9838 LET LQ*ADD-(HI*256)
9848 RETURN 
9988 STOP 
9998 REN
9995 SAVE *"N"|1J"FRANENAKR*
9996 STOP
9998 SAVE 'F.NAKER.l*
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Frame l

Using the walking character

There are eight frames each measuring three by three 
characters -  24 x 24 pixels. The head design is not 
important so you may customise that part of the figure, 
but everything below is critical to give the finished 
illusion.

The figure’s placing in the 24 x 24 grid is very 
important. You will see that it moves leftwards two 
pixels between each frame and that on frames one and 
four it is moved a whole character square to the right.

If you make up a SCREENS containing these called 
“walk 1”, and run the program, the figure will appear to 
jerk backwards each few frames when it gets to the 
second half of the program. To get round this just add 
the following lines:

3316 IF n=4 THEN LET HOR=HOR-l
3317 IF n=4 AND HOR=0 THEN LET HOR=28 
3321 LET HOR=HOR—1

The figure will now repeatedly march from right to 
left.

Method of printing used
The frames are printed to the screen using the method 
described last time as self matting. This is the easiest

Using BIN to input graphics

It is possible to use the BIN  function on the 
Spectrum to input data direct to memory.

I f  you choose this method fo r lack o f a screen 
drawing package, remember to take the top left 
hand character o f the frame first and then from  
that character poke into successive addresses 
each o f the eight bytes o f that character in binary 
format. Then do the same fo r each character, 
working from left to right andfrom top to bottom 
o f the frame.

The frames are stored in memory starting at 
Address 40000. All the frame addresses are to be 
found in the array F(n) -  where n is the frame 
number.

The frames can o f course be saved separately 
but you will need to make a note o f their 
addresses i f  you wish to use them in a different 
program.

and quickest way in Basic, but allows no use of 
background.

You might like to try adapting the program so that it 
prints using OVER 1. To do this you must remember to 
blot out the old frame before printing the new.

Animated SCREENS

One approach to experimenting with animation which 
is ideally suited to this program is that of an animated 
SCREENS. A good example of this is Durrel 
Software’s Combat Lynx.

The loading screen shows a picture very similar to 
the cassette inlay, a helicopter in flight. When the game 
has loaded the screen suddenly comes to life, the rotor 
blades spinning realistically. The effect is spectacular 
and can make a stunning demonstration.

It is of little importance whether you start with a 
complete SCREENS and then animate a small section, 
or do it the other way round, that is make up your 
animated frames and then compose a picture around 
them. Whichever way you decide to go start with 
something small, a bird singing in a tree for example. 
You will be surprised at how little needs to be animated 
in order to bring a whole picture to life.

Walking theory

Looking carefully at the walking frames you will notice 
that the silhouette of frames 1 and 5, frames 2 and 6 or 
frames 4 and 8 would be identical. The only variation is 
the highlighting on the arm or leg to show which is in 
front of which. You may also notice that frames 3 and 7 
are identical.

At this resolution and in this style it’s virtually 
impossible to show highlighting on this frame. So if 
computer memory is limited you could save the space 
used by frame 7 by using frame 3 whenever frame 7 
was needed. Frames 3 and 7 are known as a crossover, 
the leg bent and crossing the other in motion. This 
position is extremely important in giving character to a 
walk.

If you make the figure much smaller than this it 
becomes impossible to show highlights on the other 
frames and you can get away with an eight-phase walk 
using only four frames.

Similarly if the figure is enlarged it becomes 
increasingly easy to show detail on limbs which cover 
others and eight frames per cycle will always be 
needed.
•  Next time w ell look at the actual art of animation 
with illustrations from waterfalls to flying saucers to 

facial expressions.
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Frame 5

Finding things 

to anim ate

Eyes opening, closing or looking from side to 
side. Mouths talking, smiling, frowning. W ater, 
birds, or the ubiquitous throbbing of a space 
invader.

These are all grist to your mill.
Your sequence can contain up to 10 different 

frames. And since B$ (line 3015) actually codes 
the order in which they are printed and can be of 
any length, you can use B$ to print a complicated 
frame sequence. F or instance suppose you 
wanted to animate a m an’s face. You could have:

l= fram e of man with eyes open, mouth closed. 
2=fram e of man with eyes closed, mouth closed. 
3=fram e of man with mouth open, eyes open.

And if B$=“ l 1121113131313131111112111” 
what would the result be?

In particular try to program sequences with 
several frames -  anybody can do animation 
between two frames, so don’t run with the rest. 
Experiment with whatever you like, but I would 
recommend that you don’t move too much at a 
time.

There are three small differences between the 
Mexican face shown in Figure I and Figure II. 
A ny one o f these will give the illusion o f 
animation but if two or all three happen at 
exactly the same time the effect is nowhere near 
as good.
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Upgrading 
the keyboard

:rent keyboards, with a 
on ex tra  keys. The 
s 87 keys and costs as 
The 67 key “Emperor” 

O look at. Not only is it 
keywords printed on the 
has them on a separate

of the

Saga supply three dittei 
com mon em phasis < 
top-of-range “Elite hai 
much as the Transform, 
could be another one t< 
cheaper, but it has the 
keys while the ElitechLt at the top of the case.

Saga’s 52 key “Profile is a
“Lo-Profile” keyboard that used
bv a different company, but whic
taken over by Saga. Low ,t may 
very wide and long, covering i- 
snace than it ought.

redesign 
to be marketed 

;h has now been 
be, but it is also 

much more desk

We outline the qualities to look 
for in a replacement keyboard

IF you only use your Spectrum for entertainment, then 
the keyboard it was supplied with is perfectly adequate. 
Employing it for serious work though -  especially word 
processing -  will quickly show up its drawbacks and 
convince you that £30 or £40 is not really too much 
money to spend for a keyboard you can actually type 
on in comfort.

There are lots of replacement keyboards made for 
the Spectrum and any of them will be an improvement 
on the one you got with the computer. But it is still 
worth having a good shop around before you buy, and 
I mean you should actually look in the shops, not just 
survey the advertisements.

Computing hardware is notoriously difficult to 
produce on schedule, which means that new products 
are often not actually available when the advertising 
appears. This doesn’t apply just to keyboards of 
course, but with keyboards especially because it is 
difficult to tell from the adverts what the manufacturer 
has done about printing the complicated legends (with 
all those keywords) on the keys. One keyboard used to 
come with black stick-on legends that you had to apply 
yourself -  to black keys!

Adverts have been known to show misleadingly well 
marked keytops in their artwork that turned out not to 
exist in real life. This is not wilful deception, but is due 
to the need to prepare advertising material months in

advance of the scheduled release of the product. The 
problems with manufacture naturally turn up after the 
advert has been booked.

Besides this important consideration there is the 
subtler matter of the “feel” of the keys, which can be 
very important to touch typists, and which is much of 
the reason for buying a keyboard upgrade in the first 
place. This is something you can obviously only judge 
in a hands-on demonstration.

All of these keyboards come with more keys than the 
original rubber Sinclair keyboard, and some of them 
have many more than even the Spectrum Plus. Some of 
these extra keys provide single press access to 
punctuation or keywords that require the use of shifts 
on the standard keyboard. A full size spacebar is 
another obvious improvement.

Personally, I don’t like a lot of extra keys -  
especially not calculator style numeric pads -  because I 
have become used to the layout of the standard 
keyboard, but you may find this sort of thing very 
useful. The choice of keys and their layout may make a 
keyboard better suited to programming than word 
processing, or vice versa.

The Hard Part
Fitting a keyboard upgrade usually will not require the 
use of a soldering iron but you will have to open the 
computer up, detach the old keyboard, and remove the 
circuit board from the case. Then you have to install 
the circuit board in the new case and fit the connections 
from the new keyboard into the sockets on the 
Spectrum circuit board. Sometimes there is something 
extra like a reset button or an on/off switch that needs
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dk’tronics
The first keyboard from dk’tronics (not counting 
the ZX81 version!) simply reproduced the 
original Spectrum’s rubber keyboard layout with 
proper key switches. It didn’t even have a space 
bar. That was long ago, and the current model 
has spacebar and numeric pad as well as a few 
extra keys. This is one of the cheapest keyboards 
you can find for the Spectrum. But inexpensive 
needn’t mean low quality: this is a sturdy item 
with well marked keys and certainly worth

f r f ( / / ■  F

soldering, but even then it will probably be optional, 
and you can just leave the feature unconnected.

Common sense and the ability to follow the 
instructions is all you need for a successful installation. 
It is the digital wizards who get into trouble with these 
things, because they know all about electronics and 
therefore feel that they don’t need to read the 
instruction sheet.

If you don’t like the idea of doing the work yourself, 
the keyboard suppliers may offer a fitting service, or 
you can ask a specialist repairer to do it. It will 
probably cost extra either way. The Sinclair warranty 
will be invalidated when the computer’s case is opened, 
but a reputable repair centre should give you a 
warranty of their own.

Transform
Very upmarket, this keyboard is enclosed in a 
large steel case and has room for Interface I and 
the Spectrum power supply within it. It is quite 
expensive at about double the price of the 
cheaper keyboards. An early version did not 
have separate cursor keys, but they are now 
included in the 65 key total.

LMT 68FX2
A medium priced keyboard with -  as you can see 
from the name -  68 keys. LMT are a fairly new 
supplier, and the dreaded “Please allow 28 days 
for delivery” appears at the bottom of their 
adverts. LMT also make a disc interface and do a 
special price if you buy both keyboard and 
interface together. Worth considering. This 
keyboard is also available from Fox Electronics.

Sinclair Plus
This is only an upgrade if you have the original 
rubber keyboard, and even then I don’t 
recommend it. You get hard plastic keys 
concealing the same old membrane contacts 
instead of proper key switches. However, the 
keys are well marked and you do get extra keys 
for single press cursors, and so on. Rather 
expensive for what you get.

R e P l a c e m e n T p a r t s

Y0U Canmats, and metal tem oiat« T  ’ rubber

m m

If Z r ° u * l Prym* g,ued parts sunder 

Sinclair d L s n ' k e h "  * SUPP‘'er th° Ugh’ as

or £12.

Keyboard suppliers
dk’tronics dk’tronics

Longs Industrial Estate 
Gorleston 
Great Yarmouth 
Norfolk NR31 6BE 
(0493) 602926 

Fox Fox Electronics
Fox House 
35 Martham Road 
Hemsby
Great Yarmouth 
Norfolk NR29 4NQ 
(0493) 732420

LMT LMT Computers
South Street Commercial Centre 
Bishop’s Stortford 
Herts CM23 3AL 
(0279) 506801/54437 

Video Vault Video Vault
140 High Street West 
Glossop 
Derbyshire 
(04574) 66555/67761 

Saga Saga Systems
2 Eve Road 
Woking
Surrey GU21 4JT 
(04862) 22977 

Transform Transform
24 West Oak 
Beckenham 
Kent BR3 2EZ 
01-658 6350
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Databases

An in-depth look at these 
computerised filing systems

JUST what is a database? The word is part of the 
modern computer world’s jargon. You see it some­
where in every computer magazine. Modern hi-tec 
salesmen try to sell them every which way. This one is 
the best, this one has the largest, best, most versatile 
input -  just the thing for stock control, sales contacts, 
subscription lists or promotional analysis.

You would think that they were something new, 
hi-tech or just off the leading edge of modern 
technology. But it’s easy to forget that the Romans had 
them, and the Ancient Greeks before them -  databases 
are really only a set of records. Certainly early ones 
were carved on tablets of stone or crudely inked onto 
papyrus but they were still an early form of database.

So just what can your Spectrum do for you with one 
of the various databases available, installed and up and 
running?

With games software it is often possible to get a good
90  /  The Complete Spectrum

idea of whether a game is to your liking by asking to see 
it demonstrated in your local computer shop. With a 
database program this is not always so simple. Not 
only are these programs somewhat rarer than the top 
ten games but those that are available over the counter 
are often not so easy to judge on the spot.

As with any utility program that you are going to use 
as a tool rather than as an entertainment package, you 
should have some idea of what you will want to do with 
it before you actually dip into your pocket.

As we hinted earlier, a database is a system of filing 
records just like a box file or filing cabinet. Each 
individual entry can be looked on as a separate card 
containing all the information that you want to record 
about that person or thing. A simple address list may 
just have the following information:

NAME:
ADDRESS:
TELEPHONE NUMBER:

There is nothing wrong with this approach, but it’s a 
waste of time and money to put such a list on to your 
computer database just for reference purposes. An 
address book would be quicker and a darn sight more 
simple to access, maintain and update. But if you have



Helps you get 
much-more fun 

out of computing 
on your Spectrum!

•  One ZX Microdrive. •  One ZX Interface 1.
•  Fun-packed Microdrive demonstration cartridge.
•  Three blank cartridges.

' Connecting lead for Microdrive/Interface 1.
•  ZX Net lead. •  Full documentation.

SUITABLE FOR:
Spectrum 48k /
Spectrum + /

Please order using the coupon at the back

I N l b K b S l S :

This could give us six fields to examine during a
is severely limited. For any serious use a 48k machine 
is a must. Many programs have a sample database

The Complete Spectrum  /  91



Enhance your Spectrum with a new keyboard!

Top-selling DKTronics keyboard
For ea se  of use nothing can beat this 
M icrodrive-compatible keyboard. It 
offers m ore keys and functions than 
any other in its  price range -  and 
puts your hum ble Spectrum  into the  
professional league! Fitting it only 
takes a few m inutes, a screwdriver 
and the sim ple instructions supplied.

SUITABLE FOR:
S p e c tru m  4 8 k y
S p e c tru m  +

Rec. price 1 £37.50
O u r p ric e 1 £ 2 7 .5 0
S A V IN G | £ 1 0 .0 0

The Saga 3 
Elite Keyboard

Give your Spectrum  the sheer  
e legance it deserves with this 
top-of-the-range keyboard from  
Saga. It’s the finest you can buy. 
With the keyboard and the number 
pad you get a total of 87  keys, and 
a m assive 27  of them  are 
auto-shifted.

SUITABLE FOR:
S p e c tru m  4 8 k y
S p e c tru m  + j

*

Rec. price £79.95
O u r p ric e £ 6 9 .9 5
S A V IN G £ 1 0 .0 0

,. and make it talk, sing and play music!

DKTronics
Speech
Synthesiser

There’s an almost infinite 
vocabulary tucked away in this 
popular speech synthesiser. It’s 
extremely easy to use, as 
everything you want your 
Spectrum to say is entered in 
normal English. The result is 
realistic speech that 
instantly recognisable.

SUITABLE FOR:
S p e c tru m y
S p e c tru m  + y

Rec. price 1 £24 .95 |
O u r p ric e 1 £ 1 9 .9 5  1
S A V IN G | £ 5 .0 0  \

3 Channel 
Sound 

Synthesiser
Add a totally new dimension to 

your sound. Program music 
with harmonies, explosions, 

zaps, and more. Comes 
with an audio amplifier 

and a pad -  mounted 
4" speaker.

SUITABLE FOR:
S p e c tru m
S p e c tru m  +•

Rec. price 1 £29.95
O u r p ric e | £22 .95
S A V IN G | £ 7 .0 0

U i u ic  v m  lu u a  u a ia u a a c o  a v a n a u ic ,  m a ia u v u  a u u  u p  a i iu

running?
With games software it is often possible to get a good
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address book would be quicker and a darn sight more 
simple to access, maintain and update. But if you have



More savings on drives, printers, mice!

$ 0 Opus
Discovery

In one simple step you can 
transform your Spectrum into a 
complete computer system. It 
combines a powerful disc drive with 
a wide range of interfaces capable of 
running printers, monitors, joysticks 
and other peripherals. No other 
system can offer your Spectrum so  
many options.

SUITABLE FOR:
Spectrum 48k v/
Spectrum + >/

Rec. price I £199.95
Our price | £149.95
SAVING | £50.00

Latest 3£" 
disc drive

Onboard power supply

Video monitor port

Joystick
interface

Parallel 
printer port

Peripheral 
through connector

Put yourself in the picture with the 
most revolutionary add-on yet created 
for the Spectrum. Draw on the screen 
as you’ve never been able to before. 
Bring your pictures to life with 
glowing colours. And put windows, 
icons and pull-down menus into your 
own programs!

S t andard font single height

S t andard font double height
Bold font single height

Bold font double height
2301 TONT 5 INGLE HEIGHT
Mi  FORT DOUBLE HEIGHT

f o n t  s i n g l e  h e ig h t

i c  font doub le  heisht

P ackage  co m es co m p le te  
w ith  AMX M ouse, graph ics 
softw are, m o u se  po rt, 
cen tro n ic s  p rin te r in terface 
an d  a ll connec to rs.

SUITABLE FOR: Rec. price | £69.95
Spectrum 48k v/ Our price | £59.95
Spectrum + v/ SAVING 1 £10.00

Brother Printer /?
A feature-packed printer from one of 

Japan’s best-known manufacturers 
It prints on both thermal and 

ordinary plain paper.
•  Speed 130cps. •  Up to 132 characters per line. •
Bi-directional. •  Takes A4 size paper. •  Mains or 
battery operated. •  4  fonts with reduced, enlarged 
and bold inodes. •  Requires centronics interface -  
see offer overleaf.

SUITABLE FOR:
Spectrum n/
Spectrum +

Rec. price 1 £99.95
Our price 1 £89.95
SAVING | £10.00

INTERESTS:

This could give us six fields to examine during a

u u im /v i  v/i i v v v i u j  pv/ooiuiv  m u i  u iv  i v o u  iv iv u  u iv in u i  j

is severely limited. For any serious use a 48k machine 
is a must. M any programs have a sample database
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'FTNAÖ!

' M s m i

Database
Graphics

______  ■

More cut-price i
The only home 
business 
package ever 
to have
knocked games 
out of the Top 
Ten!
Four different 
programs, plus 
a 32-page easy- 
to-understand 
manual, for an 
incredible 
price.

SPECTRUM

The box-office smash 
hits your screen with all 
the high-energy drama 
that only Rambo can 
create. Take the role 
of Sylvester Stallone 
in explosive all-action 
battle scenes!

Rec. price £7.95
Our price | £5 .9 5  
SAVING  1 £2.00

Rec. price £5.95
Our price £3 .95
SAVING £2.00

Four classic games 
every Spectrum 
owner will want - 
and all on one 
cassette!

4

u i  u i v  v cii i u u j  u a iu v u i i v i ]  u  (  u u u v i v ;  i i im iu i v u  u u u  u p  UHU

running?
With games software it is often possible to get a good
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address book would be quicker and a darn sight more 
simple to access, maintain and update. But if you have



e software offers
Dawn of a new age!
Laser Basic is the first in a 
powerful range of developm ent 
to o ls  for fast programming.

jtesem̂ Mvanced games programmrg_

Create your own 
m achine code programs!
So  easy -  just ‘load and go!’

Our price I £7 .9 5
SAVING  ! £2.00

TRUM 48K

All the thrills 
and skills of 
the Olympic 
Games 
captured in 
this gripping 
simulation.

The chart-topping 
3 part adventure 
comes on 
two cassettes -  
and will give you 
many hours of 
enjoyment!

j  Our price I £3 .9 5
on the 48k
S p e c t n im

SAVING  I £2.00

LWiTHitsnivtr

Please order using the 
coupon at the back

Rec. price | £14.95
Our price 1 £1 0 .9 5
SAVING 1 £4.00

Rec. price £9.95
Our price £7 .9 5
SAVING £2.00

Rec. price £9.95
Our price £7 .95
SAVING £2.00

5

U N lb K b S lS :

This could give us six fields to examine during a
is severely limited. For any serious use a 48k machine 
is a must. Many programs have a sample database
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I mil mill

Save on joysticks, light pens and interfaces
Kempston Formula 1 Joystick and Interface

Undoubtedly the best joystick currently available. This 
latest version has eight-way micro sw itches for faster 
action and longer life. It’s  a firm favourite with games 
players because it helps achieve those high scores which 
before seem ed just out of your reach!

Joystick only
Rec. price 1 £16.95
Our price | £13.95
SAVING 1 £3.00

SUITABLE FOR:
Spectrum y
Spectrum + n/

Joystick and Interface
Rec. price 1 £26.90
Our price £18.90
SAVING £8.00

DKTroniks Light Pen
This best selling light pen plugs neatly into the rear 
of the Spectrum or the printer connector. The 
operating software now runs faster and supports 18 
pre-defined instructions. •  Save and load partially 
complete screens. •  Accuracy down to pixel level.
•  Change all colours (border, paper, ink). •  Draw 
circles, lines, boxes, arcs. •  Retain and animate 
screens. •  Insert text onto screen.

SUITABLE FOR:
Spectrum y
Spectrum + y

Rec. price £19.95 I
Our price £14.95
SAVING £5.00

Programmable Interface

i A fully p rogram m able  
joystick  in terface tha t 
allow s you to  run ANY 
softw are from ANY 
supplier. Easy program m ed 
in seconds to  give 8 
d irec tiona l joystick 
m ovem ents.

You can  use two joysticks 
s im ultaneously  with th is  
D ual Fort interface. It will 
run ANY softw are and 
accep t ANY Atari-type 
joystick.

SUITABLE FOR:
Spectrum v/
Spectrum + y

Rec. price 1 £22.95
Our price 1 £18.95
SAVING 1 £4.00

SUITABLE FOR:
Spectrum y
Spectrum +- y

Rec. price 1 £13.00\
Our price 1 £10.00
SAVING £3.00

DKTronics Parallel Centronics Interface
-N H  „

MEnables you to  link your ^
Spectrum to  any printer with a i 
standard centronics output, such  
as the Brother HR5 offered 
overleaf. It is  fully Microdrive 
com patible and supplied  
com plete with full instructions.

SUITABLE FOR: Rec. price 1 £39.95
Spectrum y Our price | £29.95
Spectrum -+- y SAVING 1 £10.00

VI 111V TUI 1VUJ UUIUVUJVJ U » UilU V1V) 111 JVU11VV* Uliu u p  U11U

e?running? address book would be quicker and a darn sight more
With games software it is often possible to get a good simple to access, maintain and update. But if you have
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A dust cover for your 
*Spectrum and 
*Spectrum Plus

Made of soft pliable 
water-resistant black 
vinyl and decorated 
with The Complete 
Spectrum logo in 
silver.

ONLY £3.95
* Please ensure that you order 

the correct dust cover for 
your model.

M ake sure you Ve got a 
COMPLETE set o f

A binder for The 
Complete Spectrum

Keep all your copies 
neat and clean in 
this handsome 
binder.

ON LY £3.95

Use the form below to order the next 
three parts -  delivered to you post 
free every month for just £4.50.

If you missed issues 1 and 2 you can 
order these together with issues 4 to 
6, for only £6.95.

Valid to April30, 1986 ORDER FORM
Please enter quantity as required in box

The Com plete S pectrum
Parts 4-6:

UK, Eire .................................................£4.50 9013
Europe ..................................................£7.50 9014
Overseas ............................................£13.50 9015

Single Issues:
No. 1 ...............................................................  9016
No. 2 ............................................................... 9017
UK £1.75, Europe £2.25, Overseas £2.75

Peripherals

Please allow up to 28  days fo r delivery.

£ P

B
Deduct £1.05 if you order all 5 issues 9103  I I

Speech Synthesiser...................... . £19.95 9043
Dual Joystick p o rt......................... .. £10.00 9044
Programmable Joystick Interface .. £18.95 9045
3 Channel Sound Synthesiser ..... .. £22.95 9046
Lightpen ........................................ .. £14.95 9047
Parallel Centronics Interface ....... .. £29.95 9048

.. £13.95 9049
Formula I Joystick and Interface . ..!£ 18.90 9062 '

Binder
UK ...

S o ftw a re^

Dust Covers
•Spectrum Dust Cover

£3.95
£6.95

9 030  I I
9031  I II

Micro Olympics ................... ............ £3.95
............ £7.95

9003.
9057 '
9055
9058
9059

Laser Basic ...........................
■Never Ending s to ry ...............

..........£10.95

............£7.95
f  7 95

Rambo .................................. ............£5.95 9060
Mini Office ........................... ............  £3.95 9001

T  5 or more item s — deduct £5.00 9099

•Spectrum Plus Dust Cover

£3.95 9035
£6.95 9036

£3.95 9037
£6.95 9038 B .

•Please ensu re  that yo u  orde r the 
correct dust cove r fo r y o u r  m ode l

D isc D riv e
OPUS DISCOVERY 1 
Includes all interfaces 
and power supply (UK only) £149.95 9100 □

Keyboards
Saga 3 Elite (UK on ly).................... £69.95 904
DK’Tronics Keyboard (UK only)......£27.50 9042i B .

ZX  Spectrum  
Expansion Pack

(UKonly) ........................................  £69.95 9040  □
' ■ O rder a t  a n y  tim e  o f  th e  d a y  o r n ig h t ---------------------

P rin te r
BROTHERHR5
Includes 4 fonts 
and paper (UK only) £89.95 9101 □

Telephone Orders: 
061-429 7931

Orders by  P reste i:
Key *89, then 614568383

A M X  M o u s e
Complete with
interface and software (UK on ly )............. £59.95 9102  □

Don't forget to g ive your nam e, address a n d  c red it card  nu m b er

A ll prices include postage, packing and VAT 
Overseas orders sent exclusively by A ir Mail

ENQUIRIES ONLY: 061-480 0171 9am-5pm

TOTAL

N O W  PLEASE CO M PLETE PAN ELS OVERLEAF

INTbKbSrS:

This could give us six fields to examine during a
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is severely limited. For any serious use a 48k machine 
is a must. Many programs have a sample database
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Payment: Please indicate method [V)

i | Access/Mastercharge/Eurocard

L - i—j-  i--J I—l i. i i L. I l . i i . i ■ I 

I J  Barclaycard/Visa

L .i i i I J L i i I I i I I

□ Cheque/PO made payable 
to Database Publications Ltd.

BLOCK CAPITALS PLEASE

Name______________________________

Address_____________________________

----------------------- Post Code

Signed________________
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running?
With games software it is often possible to get a good

address book would be quicker and a darn sight more 
simple to access, maintain and update. But if you have
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On file

a reason for wanting to write to all these people, 
Christmas cards for instance, then it becomes more 
attractive. Let your printer type out all those addresses 
on to those very convenient sticky labels. Perhaps you 
do not want to send Christmas cards to everyone on 
your list. Better and better, tell the computer which 
ones to miss out.

This is exactly the sort of thing a good database 
program can do. It can look at your records and 
arrange them in an order and a specific format, to suit 
you. Instead of just recording name, address and 
telephone number, you could also make a note to send 
a Christmas card.

On each of these records, certain bits of information 
are classed as key fields. These are used to facilitate the 
sorting of your records. So, looking again at our box of 
addresses, it may now look like this:

NAME:
ADDRESS:
TOWN:
COUNTY:
TELEPHONE NUMBER:
INTERESTS:

This could give us six fields to examine during a

FILING card systems are still available and are 
often quicker to use than their com puter 
controlled counterparts -  providing you only 
need a simple analysis o f  what they contain. Just 
think for a moment about those small filing boxes 
available from a well known High Street 
stationers, who uses them and what for.

The fairly obvious uses are address lists, club 
records and possibly Mum’s store of recipes. The 
address list normally works well because the 
records are usually kept in surname alphabetical 
order, so looking up Joe Brown’s address, or Zeri 
Sadwerski’s, is a fairly easy matter.

The club list or the recipes could prove to be a 
different matter. Both of these databases have 
more than one way in which they might be 
referenced. Not only will they need to be in some 
sort of alphabetical order -  Andrews, Askew, 
Barnes (or goulash, haggis, kebabs) -  but also in 
the case of the club you may need to list them by 
age, handicap or even if they have paid their club 
fees.

The recipes also have various different 
attributes that will make sorting them difficult for 
some needs. Perhaps you need to know which 
dishes could be cooked at the same oven settings 
or perhaps a friend coming to dinner is a 
vegetarian, so want to know which meals do not 
use meat.

Even our sim ple address list can  pose 
problems on occasions: Perhaps like me you can 
remember where someone lives but seem to have 
forgotten his name. They also seem to have an 
almost intelligent knack of falling to the floor and 
scattering all those neatly written cards to the 
four corners of the room. Then there is always 
the card you are sure is there but seems to have 
been put back in the wrong place.

Perhaps some of those salesmen have got the 
right idea after all -  you do need a computerised 
database.

search operation. Something like this format would suit 
a salesperson who had to travel around the country 
visiting clients. By extracting all the entries for a given 
TOWN or COUNTY, no client gets missed and in 
a d d itio n , th e  IN T E R E S T S  fie ld  w ill su p p ly  
information of either personal or business concern that 
will help that salesperson do his job properly.

A number o f database program s have been 
published for the Spectrum. Some are very versatile 
and can be tailored to suit your own needs exactly. 
Others are specialist programs such as address books 
or club records that are more restricted in what they 
will do but in theory should be a bit easier to use 
because of their more single-minded approach.

Still going strong

One of the earliest database programs for the Spectrum 
came out shortly after the launch of the machine itself 
and is a Sinclair program from Psion, Vu-File. It will 
run on a 16k Spectrum, but as with other databases the 
number of records possible with the restricted memory 
is severely limited. For any serious use a 48k machine 
is a must. Many programs have a sample database
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included within the package, either loaded with the 
main program or as a separate data file. These are 
always worth studying closely as they give you the 
bones of a database to play around with while you are 
learning how to access the various functions offered.

Vu-File has in addition to a blank database a world 
gazetteer (Europe-only in the 16k version), which lists 
151 countries together with their capital, languages, 
currency, gross national product and land area. This 
not only makes interesting reading but also shows the 
user how quick the sorting routine is. Vu-File will 
search for a specified character string either in a 
specified field or globally throughout the entire 
database. Either way it is darn fast.

On loading the program you are presented with the 
main menu, which offers you six options:

1. Enter Vu-File
2. Set record layout
3. Set printer layout
4. Save data file
5. Load a new data file
6. Erase current file

With a blank database you first have to define the 
record layout. This is a very straightforward operation, 
with clear on-screen instructions. Record “cards” are 
full screen width and 20 lines deep. Having completed

A cut-price database
THE packages reviewed in detail here are 
standalone databases. But i f  you have the Mini 
Office suite o f programs you already have a 
database that is perfectly adequate for most 
home computing purposes.

This is one o f four different modules that make 
up Mini Office. The other self-contained 
programs it contains are a word processor, a 
spreadsheet and a graphics creator.

Mini Office costs £5.95 fo r all four modules -  
which means this is the cheapest database you’re 
ever likely to find.

this you drop straight into the enter mode and have to 
enter your first set of records. Once this is done you 
may then either save them as a data file or access any 
other mode available.

You may step forwards or backwards through your 
records, already sorted alphabetically by the first field 
specified. Records may be added to, altered or deleted, 
search fields may be specified and the order of records 
displayed. Records may be printed either as a single 
page (copy) or as a complete set (using your 
search/select parameters if required) but including or 
excluding those fields you specify.

In fact, although Vu-File is one of the oldest 
databases available for the Spectrum, it still has a lot 
going for it. It lacks the more sophisticated printer 
commands of more modern programs and neither does 
it have the microdrive capabilities that some others 
have. But it is still a fairly versatile operation and very 
easy to use.

Modern magic

From ancient to modern, we now look at one of the
9 2  /  The C om p le te  S pectrum

latest versions of Campbell Systems’ Masterfile. This is 
a versatile database program that can be tailored to 
your own requirements. It is fast in operation and can 
hold a very creditable number of records. It also 
supplies full implementation instructions for using 
microdrives.

Masterfile will work with the ZX printer -  and other 
dot-matrix printers via several common interfaces -  
using the Spectrum COPY mode. As a compatible 
utility Campbell Systems also have MF-Print which, in 
conjunction with most printer interfaces for the 
Spectrum, allows the printing of full width reports on 
any printer that can be connected to the Spectrum.

On loading Masterfile, the first program is the 
equivalent of many business computer read-me files. It 
brings you up-to-date information on the program and 
any modifications that have been made. A good idea 
this, and it saves costs on updating the manual. This 
manual is 20 pages (150mm x 210mm) of fairly small 
print and needs careful reading to get the most out of 
the program.

Once you have the database proper in your 
Spectrum you will find records already entered for 
your perusal. Make use of them to learn what 
Masterfile can do. Note the different forms of report 
display: Five are shown but up to 36 may be specified. 
They all use data from the same record cards, but may 
be sorted or selected in whichever order you specify -  
quite impressive.

You may have up to 26 data fields for each entry, 
each coded A-Z (your choice) and each field may hold 
up to 128 characters. When data is shown in the 
display mode rudimentary word processing is 
performed so that the text is displayed in a very clean 
and readable manner with no word breaks at the end of 
lines. This makes entry that much easier, as you do not 
have to worry how the final result will look.

In addition to the standard Spectrum character set 
giving 32 columns there is also the option of specifying 
42 or 51 column micro-print. Although still limited to 
128 characters per data field, this does mean that more 
information can be squeezed into each individual 
report.

The different report formats give Masterfile a very 
great degree of flexibility. You can have your records 
displayed or printed and sorted in alphabetical or 
numeric order using any one of the 26 data fields as the 
master. Depending upon how much information you 
wish to display from each record, one or many records 
may be shown at any one time on the screen. You may 
then step through these “pages” either forwards or 
backwards by one page, or forwards by up to nine at a 
time.

The search facility will find a specified string of 
characters within a specified data field and present 
these records for display or printing. These selected 
records may be discarded and the remainder then 
become your selected batch for further searches. This 
is useful to eliminate, but not delete, records with 
certain attributes. If required, you may search selected 
records to further narrow down your choice.

Numeric searches also allow comparisons such as 
equal to, unequal to, greater than and less than. 
Masterfile can also compute and display the total and 
average of numeric items of selected records.

All these operations are menu-driven and are easy to 
access, but Masterfile is a versatile program and it will 
take a new user a little while to learn how to get the best 
out of it. There are even instructions on how to delve 
into the small Basic part of the program to tailor certain 
functions to your own use.
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The direct approach

If you do not want to bother with the sophistication of 
such a flexible database as Masterfile a more 
specialised database may be what you need. If 
addresses are the backbone of your requirements — for 
club records, business contacts or just a hi-tech address 
book, then look at Oxford Computer Publishing’s 
Address Manager.

Latest versions of this program from OCP are 
compatible with microdrives. There is also a version 
called +80 Address Manager to drive many of the 
numerous printer interfaces available for the Spectrum 
which will operate 80 column printers. A growing 
number of users have disc drives and OCP can help 
here too. 350 addresses can be stored on cassette and 
some 6,000 on disc.

The record format is pre-defined and allows eight 
data fields to be entered -  surname, forenames, 
address, postcode, phone number and three 3-letter 
index codes. These index codes allow you to ascribe up 
to three attributes to each record. These may then be 
sorted into groups dependent upon one or all of the 
index codes.

The program is menu-driven and is quite easy to use,

but once again a little time spent playing with the 
testfile database included is well spent. The +80 
Address Manager opens with several questions to 
enable the program to be set up for your selected 
printer interface. Instructions are also provided for 
those knowing some machine code to set up the 
program for their own printer driver.

The data field length for the surname, forenames and 
each line of the address is 20 characters long, so should 
be quite adequate for nearly everyone. The major 
operations such as locating, adding to or amending an 
entry are all immediately accessible from the main 
menu.

Printing records calls up another simple sub-menu to 
define which consecutive block of addresses will be 
printed. These may be printed in three pre-set formats: 
Full, where all information is printed; List, name and 
index only; or Edit, name and address only. There is 
provision to alter the left margin and the spacing 
between addresses to facilitate printing labels on 
continuous stationery.

Selecting any group of records also presents you 
with a sub-menu, this time requesting the input of the 
search index codes. The search facilities are rather 
limited but are probably in keeping with the simple 
approach of a single use database.
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Graphics
com m ands
Get to grips with your high 
resolution screen display

THE Spectrum’s screen is split into two distinct 
sections. The bottom two character lines are used for 
entering program lines or data in response to INPUT 
statements and the top 22 rows are used to print results 
from programs.

From this you can see the Spectrum screen has 24 
character rows in all. Each of these rows can display a 
maximum of 32 characters, therefore the screen is 32 
characters wide by 24 high.

If you cast your mind back to the first graphics 
article you will remember that each character is made 
up of dots or pixels on an 8 by 8 matrix. If we now use a 
bit of maths we can work out the total number of pixels 
along each side of the top section of the screen.

First we’ll work out the total number of dots across. 
Each row can display 32 characters and each character 
is 8 dots wide, therefore there are 256 (8*32) dots 
across the screen.

Multiplying the number of character rows by 8 now 
tells us the number of dots up the side of the screen; 
That is 22*8 =  176 ( the bottom two character rows are 
for input only). This leaves us with a grid 256 dots

Figure I: Pixel coordinates
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across by 176 down. In other words, there are 45056 
(256*176) dots on the screen. These dots, points or 
picture elements (pixels) as they’re known, make up 
what is called the high resolution screen.

Using special Spectrum Basic commands we can set 
particular points to the INK colour, connect two points 
with a line, draw circles and so on. There are four Basic 
commands associated with graphics on the Spectrum. 
They are PLOT, DRAW, CIRCLE and POINT.

This article examines how they work and how the 
screen’s laid out. By the time you’ve worked through 
the panels you’ll understand why the Spectrum has 
such a reputation for high quality graphics.

How the graphics screen works

IF you’re familiar with graphs then you’ll have a head 
start because the screen is mapped out in the same way 
as a graph. A pixel is specified -  computer buffs say 
“addressed” -  by giving its column and row position 
relative to the bottom left corner. These numbers are 
known as the pixel’s coordinates.

The column position is the column number of the 
pixel from the left edge of the screen. In fact the pixel 
number you give is one less than the actual physical 
position. In other words, the second column is one, and 
so on. This is because computers prefer to start 
counting from zero rather than one.

The row position is the row number of the pixel 
(minus 1) from the bottom edge of the screen. Figure 
I shows how this works. For example, the coordinates 
19,29 correspond to the pixel 20 across and 30 up from 
the bottom left of the screen -  this position is shown on
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When coordinates are specified the column position 

must always be given first, otherwise the wrong 
location will be chosen.

If the Spectrum tries to access a coordinate outside 
the screen area the error integer out of range will occur. 
This happens when the column position is less than 0 or 
greater than 255 or when the row position is less than 0 
or greater than 175.

Whenever characters are printed on the screen a 
marker called the text cursor points to the next free 
character location. This is where the next character will 
be positioned. However there’s another cursor which 
you probably haven’t met before -- the graphics cursor. 
This invisible cursor marks the position of the last pixel 
displayed. Unlike the text cursor it isn’t moved one 
place to the right after a graphics command has been 
used.

Whenever a CLS instruction is executed the 
graphics cursor is re-positioned, or homed, to the

bottom left corner (coordinate position 0,0).
As with text, the colour of the graphics can be 

changed using INK. This allows you to draw red 
circles and blue lines, for example. However things 
aren’t quite as easy as you may think. This is because 
of the way in which the Spectrum’s screen has been 
designed.

To cut down on the amount of memory required to 
store the screen display without losing the high 
resolution graphics, the Spectrum only permits two 
colours at each character position -  the foreground 
and background colour. This means that it isn’t 
possible to have more than two differently coloured 
pixels in the same character square.

Whenever a new pixel is placed on the screen any 
ink pixels in the same character cell as the new pixel 
will be changed to the current INK colour. This is 
limiting if you want to produce complex colour 
drawings, but it’s one of the things you have to live 
with, and it is not all that restricting in practice.
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DRAW
DRAW  C,R connects two screen coordinates with a 
continuous line. The line always starts at the graphics 
cursor’s current position. The end position is rather 
unusual in that the coordinate C,R isn’t the actual end 
position, but a relative location to the graphics cursor’s 
position. In other words C Jl gives an offset from the 
cursor position. This is best explained using an 
example.

If the graphics cursor is at coordinate 50,50 and a 
DRAW  20,20 command is executed, a line will be 
drawn between 50,50 and 70,70. The end position 
(70 ,70) is ca lcu la ted  by adding to g e th er the 
corresponding column and row positions of the two 
coordinates.

This is demonstrated by Program IV.

10 REM PROGRAM IV 
20 PLOT 50,50 
30 DRAW 20,20

O f course there will be times when a DRAW 
statement has a negative relative position change. This 
occurs when the end position of the line has a column

CIRCLE
PERHAPS the most interesting of all the graphics 
commands is CIRCLE. This draws the outline of a 
circle on the screen. The C IR C L E  statem ent is 
followed by three numbers:

CIRCLE C,R,RAD
where C and R are the column and row positions of the 
centre of the circle, and RAD is the radius, the distance 
between the centre point and the edge, in pixels. Thus 
the command:

CIRCLE 128,88,35
will draw a circle near the centre of the screen with a 35 
pixel radius.

You must be careful that no part of a circle leaves the 
screen, otherwise an integer out o f  range error will 
occur and your program will stop.

Program VII draws magenta circles in the centre of 
the screen, each one with a random radius between 0 
and 49.

10 REM PROGRAM VII 
20 INK 3
30 CIRCLE 128,88,INT (RND*50) 
40 GO TO 20

or row position less than the current graphics cursor’s. 
In this case a number has to be subtracted from the 
current position to get to the new one.

Suppose the graphics cursor is at 100,100. If we 
wanted to draw a line to position 80,40 we would use 
DRAW  - 2 0 ,-6 0 .  Program V shows this in action.

10 REM PROGRAM V 
20 INK 4 
30 PLOT 100,100 
40 DRAW -2 0 ,-6 0

After INK 4 (green) has been selected line 30 moves 
the graphics cursor to position 100,100 and PLOTs a 
single point. Line 40 draws the line using the relative 
position - 2 0 ,- 6 0 .  Since the graphics cursor is at 
100,100 the end position of the line will be 80,40 
(100—20=80, 100-60=40).

Program VI draws random lines on the screen. This 
is quite a tricky task to perform, since the Spectrum 
produces an error when an invalid screen coordinate is 
used. To complicate matters, the coordinates for 
DRAW are relative. Therefore a check must be made

Line 20 selects the colour magenta. Line 30 draws 
the actual circle. The last number in the CIRCLE 
command selects the random radius.

After a circle has been drawn the graphics cursor 
ends up at the right hand edge of the circle on the same 
row as the centre. This may seem rather an odd place to 
finish, but it is the last position visited by the graphics 
cursor.

The DRAW command can be used to draw part 
circles, although this is rather complex to understand if 
you’re not mathematically inclined. This is achieved by 
adding a third number to the DRAW  instruction 
indicating the angle being turned through in radians -  
where PI (3.1416) radians equals 180 degrees (a 
semi-circle).

For example:

10 REM PROGRAM VIII 
20 PLOT 70,70 
30 DRAW 50,30,PI

will draw a half circle between the coordinates 70,70 
and 120,100. If you change the PI in line 20 to PI/2 (PI 
divided by 2 - 90 degrees) a quarter circle will be drawn 
between the two points.
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to ensure that both the column and row positions of the 
next coordinate are valid.

10 REM PROGRAM VI 
20 PAPER 7: INK 4 
30 CLS 
40 LET r=0 
50 LET c=0
60 LET rc=INT (RN D *100)-50 
70 LET rr=IN T (RN D *80)-40 
80 IF (c+rc)<0 OR (c+rc)>255 THEN GO 
TO 60
90 IF (r+rr)<0 OR (r+rr)>175 THEN GO 
TO 60
100 DRAW rc,rr 
110 LET c=c+rc 
120 LET r= r+ rr 
130 GO TO 60

Lines 30 to 50 “home” the cursor and set up the 
current column and row variables to zero. Now lines 60

and 70 pick a random relative change for the column 
and row positions.

To ensure that no errors are produced the next two 
lines check that the coordinates are within the screen 
area. If they aren’t the program branches back to line 
60 to re-select the relative direction changes. Line 100 
draws the line on the screen. Lines 110 and 120 change 
the column and row positions so that they point to the 
end of the line. Finally, line 130 causes a loop back to 
60.

Some micros have a special command called MOVE 
which moves the graphics cursor to a certain position 
without displaying anything on the screen. However 
the Spectrum doesn’t have a MOVE instruction. This is 
because whenever you move to a position using PLOT 
you are almost certainly going to DRAW from that 
position. Therefore the stray dot that appeared when 
the PLOT was executed now becomes the first pixel in 
the line.

POINT

THE final command associated with Spectrum 
graphics is POINT. This allows you to test if a pixel is 
set in the INK (foreground) or PAPER (background) 
colour. If the pixel is in the INK  colour the value 1 is 
returned, otherwise the pixel is in the PAPER colour, in 
which case 0 results.

POINT is used to check if a pixel is being placed on 
top of another one. For example, if you wanted to place 
10 randomly positioned dots on the screen you would 
use POINT to ensure you don’t overprint another 
pixel. If not there’s a chance you’ll end up with less than 
10 dots due to the randomness of the column and row 
positions.

Unlike PLOT, DRAW  and CIRCLE, the column 
and row positions following the statement must be 
enclosed in brackets. Therefore,

LET a=PO IN T (100,100)

is valid, whereas:

LET a=PO IN T 100,100

is not. If you do forget the brackets the line will not be

accepted when you try to add it to your program.
POINT is a special instruction because it returns a 

result, therefore you must use it in the correct way.

10 POINT (100,100)

is an invalid line since you do not use the result 
returned. However if you alter the line to:

10 LET a=PO IN T (100,100)

the variable a will contain the number 1 or 0.
To show POINT in action here’s a program that 

counts the number of dots along a particular pixel row 
and prints out the result:

10 REM PROGRAM IX 
20 CLS : INK 2 
30 PLOT 20,50 
40 PLOT 72,50 
50 PLOT 153,50 
60 PLOT 210,50 
70 LET n=0 
80 FOR h=0 TO 255
90 IF POINT (h,50)=l THEN LET n = n + l 
100 NEXT h 
110 PRINT n

Lines 30 to 60 are responsible for placing four dots 
along pixel row 50 (the 51st row up). Line 70 sets the 
variable n to 0. This is used to count the number of 
pixels found. Finally all of row 50 is checked for INK 
coloured pixels and the result is printed out. If line 90 
finds an INK pixel, 1 is added to the variable n.

POINT does not alter the current position of the 
graphics cursor. Take a look at Program X.

10 REM PROGRAM  X
20 INK 4
30 PLOT 50,50
40 LET a=PO IN T (100,100)
50 DRAW 30,30

Line 40 doesn’t move the graphics cursor to position 
100,100, but leaves it at 50,50. The DRAW  in line 50 
proves this by drawing a diagonal line to position 
80,80. If the DRAW has started at 100,100 then a pixel 
would have been left at 50,50.
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Understanding
hexadecimal
Part Three of the series that 
helps to take the mystery out of 
the way your Spectrum handles 
numbers

T H E  S p ec tru m  — and  all o th er m achines based  on the 
Z 8 0  m ic ro p ro cesso r — handles its b in ary  num bers in 
g ro u p s o f  e ight bits a t  a  tim e. Such  a  g roup  o f  eight is 
called  a  by te .

However, while handling eight bits at a time is 
satisfactory from the machine’s point of view, from the 
human side of things it’s rather difficult to manage. 
Those Is and Os are far too prone to error. Look at 
Table I for instance. It contains an error -  can you find 
it?

It’s all too easy to slip up when handling binary 
numbers -  a single 1 in the wrong place and all is lost! 
To make things easier to deal with, when I am copying 
out binary numbers I put a wavy line between bits 3 
and 4 to split the byte into two equal groups of four. 
For example, if I were copying:

%  1 0 0 0 1 11 1 (=  143)

I would write:
% iooof u n

Actually, splitting the byte into two groups of four 
bits is standard practice -  each group of four bits is 
called a “nybble”, would you believe. It’s not too hard 
to see that the biggest number you can represent in a

% 1 0 1 1 1 0 1 1  =  187 \
% 1 0 1 0 1 1 0 1  =  1 7 3
% 1 0 0 0 1 U 1  =  151
% 1 1 1 1 0 1 1 0  =  246

\ n  ■—
T a b le  1  ' -------

nybble is 15, and the smallest is 0, % 1 111 and % 0000 
respectively. After all, you’ve only got four bits to play 
with! So we can split up our byte into two nybbles of 
four bits each.

Now when we split up a binary number in this 
manner we call the “left-hand” nybble the most 
significant nybble (MSN) and the “right hand” nybble 
the least significant nybble (LSN).

We have already created one new number system -  
the binary system. Let’s design another one that 
combines the advantages of the denary system with 
those of the binary. That is, it will be easy to read and 
write, yet will still allow us to perceive the binary 
manner in which the machine handles things.

The system we want is called hexadecimal. This 
consists of using our standard digits 0 to 9 for the 
number zero to nine respectively, and the letter A to F 
for the numbers 10 to 15. In this way it allows us to 
code the numbers available in a nybble (that is, 0 to 15) 
with just one digit. This digit will be in the range 0 to 9 
or A to F.

It may take a while to adjust to the idea of using 
letters of the alphabet for numbers, but it soon becomes 
second nature. You just have to get used to counting:

1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 ,A ,B ,C ,D ,E ,F

Remember, there are B people in a cricket team, D in 
a rugby league team and F in a rugby union team.

Hex to denary . . .

TO translate a Wo digit hexadecimal number 
into denary simply multiply the number in the 
left-hand column by 16 and add it to the number 
in the right-hand column -  remembering to 
translate A to F i f  necessary. The second column 
has the value 16 since the first column can only 
handle numbers up to 15 (&F) -  the largest you 
can f i t  into a nybble (%1111). After 15, you have 
to use a second column for 16, that is & 10.

Just as in denary, we “carry” at 10 since the 
largest value our columns can handle is 9, so in 
hexadecimal we carry at 16, since the largest 
value our columns can handle is 15 (&F). It is the 
fact that we carry at 16 that gives this number 
system its name “hexadecimal” -  here “hex” 
stands fo r 6, “decimal” for ten. “Hexadecimal” 
= 6 + 10 = 16.

Given a second column, &10, as we have seen 
is 16,17 will be &11, while &12 is 18 and so on

9 8  /  The C om p le te  S pectrum

until we reach 31, which is &1F. We have then 
run out o f legal digits for the units column, so if  
we want to go on to 32 we had better give 
ourselves another 16, and set the units column 
back to zero, that is &20.

Another way o f looking at the second column 
is that it comes from the most significant nybble. 
To turn the least significant nybble into the most 
significant nybble we have to shift it over to the 
left four times.

I f  you cast your mind back this is equivalent to 
multiplying it by two four times in succession, 
that is 2 x 2 x 2 x 2=16. This is why a hexadecimal 
digit representing the most significant nybble is 
16 times larger than the same digit representing 
the least significant nybble.

The largest number you can store in a 
two-digit hexadecimal number is &FF = 15 x 
16+15=255. This is, o f course, the same as the 
largest number we could store in a binary byte -  
we often refer to a two digit hexadecimal number 
simply as a byte.



There are C months in a year, and E days in a fortnight.
Now just as we prefix all our binary numbers with 

%, we prefix our hexadecimal numbers with &, to avoid 
confusion. So &F means 15, while &9 means 9. 
Studying Table II will really pay dividends - 1 suggest 
you practice writing down bit patterns of nybbles and 
their hexadecimal equivalents until it becomes second 
nature.

Given that we can encode a nybble in one 
hexadecimal digit, and that a byte consists of two 
nybbles, it should readily be apparent that we can 
encode a byte as two hexadecimal digits side by side, 
for example:

%1010f 1001

%1010
& A

%1001
& 9

& A 9  y

That is:

% 1 0101001  =  & A 9 =  169

You just split the byte up into two nybbles -  a left 
hand and a right hand nybble, encode each as a 
hexadecimal number, then put the two side by side. 
You can go from hexadecimal to binary just as easily:

& 8 D

%1000 %1101

1000 1101

That is:
& 8 D  =  % 1 0 0 0 1 1 0 1  =  141

Although you have probably never thought of it in 
these terms, you are well aware that the value a digit 
represents depends on the column it is in. The number 
230 is not as large as 320, though both numbers 
contain the same digits.

In hexadecimal coding too the column a digit is in is 
important. For example, &10 is far greater than &01. 
In binary each column is worth twice the preceding 
one. In denary, our usual number system, each column 
is worth 10 times the preceding one. In hexadecimal,

each column is Worth 16 times the preceding one.
Believe or not, the columns in a four digit 

hexadecimal number, from greatest to least, are worth 
4096 , 256 , 16 and 1 respectively. This means that:

&  1101 =  4096  +  256  +  1 =  4353

For the moment let’s concentrate on the two digit, 
that is, two column, hexadecimal number, as these are 
all we need to store our bytes in. In this case the 
left-hand column is the “sixteens” column, the right 
hand the units column.

So:
16 1

& 2 1 =  2*16+1 =  33 
16 1

& 2 D =  2*16+13 =  45 
16 1

& 8 0 =  8*16+0 =  128 
16 1

& C 0 =  12*16+0 =  192

As you’ll see from the relevant panels, translating 
from hexadecimal to denary and vice-versa isn’t too 
complicated -  it just needs practice. So get started for 
next time!

. . .  and back again

TO obtain the hexadecimal equivalent o f a 
positive integer (whole number) less than 256, we 
divide it by 16. The quotient is the left hand digit, 
the remainder the right hand, translating into A 
to F where necessary. For example: 174+16=10 
R 14

That is:
&A R & E  
Hence:
174=&AE

In case you aren't too hot at your sixteen times 
table, there's a program printed on the right 
which will do it for you.

See if you can follow it. It will do your 
understanding o f hexadecimal numbering a 
power of good, not to mention your knowledge o f 
Spectrum Basic!

10 REH Decimal 
20 R EM to 
30 R EM Hex
40 LET S $ = " 0 1 2 3 4 5 6 7 8 9 A B C D E F "
50 CLS
60 INPUT “Number ",number 
70 PRINT AT 8 , 9 ; "Decimal is *;number 
80 IF n u m b e r > 2 5 5  OR nu«b e r < 0  THEN 80 TO 50 
90 LET left=INT (nuaber/16)

100 LET right=nufflber-left*16 
110 L ET left=left +l 
120 L ET r i g h t=rig ht+l 
130 L ET L$=S$(lef t)
140 L ET R$=S$(rig ht)
150 PRINT AT 1 2 , 5 ; “Hex e q u ivalen t is 
160 PRINT L$;R$
170 IF I N K E Y I O " "  THEN GO TO 170 
180 IF INKEY$="" THE N  60 TO 180 
190 SO TO 50
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Spectrum  
128
A quick look at the 
features that distinguish 
the latest model in 
the Sinclair range

THE new Spectrum 128 is actually two computers in 
one. Rather than bring out a new model that would not 
have been able to use the mountains of software 
already written for the original Spectrum, Sinclair has 
come up with a machine that offers advanced features, 
but which can be turned back into a standard 48k 
Spectrum Plus merely by typing in the magic word 
Spectrum.

Best of both worlds
The idea is to give you the best of both worlds. In both 
128k mode and 48k mode you get improved sound 
output because the new machine sends the sound 
through the television speaker. If you can afford a 
monitor you will also get improved picture quality, as 
there are now video outputs to link to either RGB or 
composite type video monitors.

The other new facilities are only available when in 
128k mode, but two of these can still be useful to the 
48k mode, even if they can’t be used when the micro is 
actually in 48k mode.

The first is the built-in television pattern generator, 
which sends a m ulti-co loured  p a tte rn  and an 
intermittent audio tone to the TV. This is an aid to 
tuning in the TV and will be a great help to getting a 
good screen display, especially for first-time users.

The other feature will also be a big help to beginners. 
This is the Tape Tester, an aid to setting the cassette 
tape player volume to exactly the right volume for best 
loading of tape software.

The new 128k mode features a new Basic interpreter 
which supports almost all the features of the original 
Spectrum Basic, plus some new commands. In fact it is 
very similar to the original Basic except that you no 
longer use Sinclair’s idiosyncratic single key entry of 
keywords.

Instead you now have to spell out the keywords 
letter by letter in the manner used by every other 
computer. Many people will welcome this, and those 
that don’t like it can simply switch back to 48k mode 
and have single key entry again.

The new Basic retains the syntax checking feature of 
the original Sinclair Basic, and will not accept a line 
with an obvious error of Basic usage. This means that 
while it is now possible to mis-spell a Basic keyword the 
computer will latch the mistake and bring it to your 
attention when you try to enter the line.

The 128k Basic has many more editing functions

and features which make changing the program easier 
and quicker than with the single character delete on the 
48k.

The principle change is that you can now use the 
arrow keys to move around the whole screen instead of 
having to call each line down into the editing area for 
alteration.

There is also an optional extra add-on keypad which 
gives you a range of new editing keys that let you move 
around the program  in steps of more than one 
character or line per keypress.

Finally there is now a renumber command to tidy up 
those line numbers after a heated spell of editing.

It is possible to use part of the expanded memory of 
the new machine as a RAM disc which will allow you 
to have more than one Basic program in the memory at 
the same time, ready for instant loading into the active 
Basic area for use.

PLAYing with sound
One of the main improvements to the hardware is the 
addition of a three channel sound chip, and the 128k 
Basic takes full advantage of this facility by use of a 
single keyword, PLAY.

This is followed by a string containing any number 
of parameters for the PLAY to work with, and you can 
use these parameters to make your instructions as 
complicated as you like.

The simplest form of the command, PLAY “B”, will 
play the note B in the currently selected octave range. 
More notes can be added to the string, or you can put in 
specifiers for sharps, flats, sound effects, different 
sound channels, tempo and so on.

The PLAY command will also control up to eight 
channels of music via the new Midi port, which is 
actually the same socket as the RS232 port. This is an 
exciting new area for computing, and I expect to see 
some versatile Spectrum programs for composing and 
controlling synthesisers becoming available very soon.

Sinclair Research has made sure that the new 
computer is compatible with Interface 1 and the 
microdrives, but can’t be certain that all the devices 
made by other companies for the 48k Spectrum will 
work with the 128, so you are advised to ask the 
supplier if their add-on is compatible.
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Send for ft today
Name__

Address.

Post to: Micro Olympics offer. Database Publications, 
68 Chester Road, Hazel Grove, Stockport SK7 5NY.

Play M icro  O lym pics x  

-  and let your fingers  

do the running!

YOU can go for gold
..w iththe *MCft0

This is the package that broke all 
records! More than a game — its  a 
brilliantly written collection of 
ELEVEN great track and field events!

Ever imagined yourself as another Seb 
Coe? Then try to run against the world 
record holder at 1500 metres. And if that 
distance is too much for you then there's 
always the 100, 200, 400 and 800 metres 
to have a go at.

Not much good at running? Don't worry, 
MICRO O LYM PICS has many more 
challenges for you. Why not try your skill at 
the high jump or the long jump?

And if you can't beat the computer at 
running or jumping then you can always 
throw things around in frustration! The 
trouble is that it's just as hard to be a 
champion at the discus, the hammer or the 
javelin.

And the pole vault takes the event to 
new heights!

Yes, it's fast, furious fun, pitting 
yourself against the world's best times and 
distances on your micro.

You may not be another Steve Ovett or 
Alan Wells, but w ith practice you COULD 
become the Micro Olympics Champion!

Please send m e_____________ copy/copies of
Micro Olympics
□  I enclose cheque made payable to 

Database Publications Ltd. 
for £ __________________

I wish to pay by 
□  Access □  Visa No..

Spectrum 48k 
£5.95

Expiry date.
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QUICK TO LEA

JUST LOOK WHAT THIS 
PACKACt CAH DOT
W O R D  P R O C E S S O R  -  Idea l fo r  w r i t in g  
le tte rs  o r  re p o r ts ! Features: C o n s ta n t t im e  
d is p la y  •  C o n s ta n t w o rd  c o u n t (even 
s h o w s  w o rd s  pe r m in u te )  •  N o rm a l o r 
d o u b le -h e ig h t  te x t  on sc reen  o r p r in to u t.

S P R E A D S H E E T  -  U se y o u r  m ic ro  to  
m a n a g e  y o u r m o n e y ! Features: N u m b e r 
d is p la y  in ro w s  and c o lu m n s  •  C o n tin u o u s  
u p d a tin g  •  U p d a te  in s ta n t ly  re fle c te d  
th ro u g h o u t  sp re a d sh e e t •  S ave re s u lts  fo r  
fu tu re  a m e n d m e n ts .

G R A P H IC S  -  T u rn  th o s e  n u m b e rs  in to  
an e x c it in g  v isu a l d is p la y ! Features: 3 D  
b a r c h a r t •  Pie c h a rt •  G raph .

D A T A B A S E  -  U se it  like  an o ff ic e  f il in g  
c a b in e t !  Features: R e trieve  f ile s  a t a 
k e y s tro k e  •  S o r t •  R ep lace  •  S ave 
•  P r in t •  S ea rch .

record no. 

SURNAMESURNAMfc-. p°Nŝp\ONFIRST name- uftNEADQREs=V ivERE°°L , -,ADDRESS-: 0Zl- bZZ 8000
TELEPHONE: O-'

RECORD No-

H « .  «AME: V, RQft0
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TELEPHONE:
AGE: I9

SURNAME: ter IFIRST NAME- ROft0|
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ADDRESSĈ
TELEPHONE:
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RECORD *
record r

SURNAME: I 1? 1 yANE 
FIRST name^  Hiefirst ^
address^
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SÂLFORD _  TELEPHONE: B ' |

RECORD no. 4

SURNAME:
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TELEPHONE:

record no.
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TELEPHONE: 6

and it’s all at] 
price of just£
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W O R D  P R O C E S S O R
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s h o w i n g  
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s a denonstration of the MINI OFFICE word proc 
Ig the various printout options available.
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SOUND IDEAS FOR TOUR 
SPECTRUM

he Three Channel Sound 
Synthesiser interface 
incorporates a BEEP audio 

amplifier and a 3 channel sound 
synthesiser.
The BEEP amplifier improves the sound 
quality and output of the BEEP 
enormously. The 3 channel sound 
synthesiser adds a totally new

Based around the popular AY-3-8912 
sound chip it gives you complete control 
(from basic or M/C) over 3 channels of 
tone and/or white noise, plus envelope 
and volume control. It comes with its 
own pod mounted (4") speaker with 1 
metre of cable so that it can be 
positioned anywhere.
Once this is fitted to the expansion port

Please rush me the following

.................Three Channel Sound
Synthesiser Interfaces @ £29.95 each.

■ r /  Please add post and packing...............
W f  I enclose cheque/PO/Cash for ......... Tot
V  or debit my Access/Barclaycard No.

y  Signature Name

Address
Y/ Or send S.A.E. for the New D.K.Tronics Spectrum Catalogue

dimension to sound on your Spectrum. your programs will never sound the
It allows you to program your own music same again!
with harmonies, explosions, zaps,
chimes, whistles and an infinite range of _
other sounds over a full 8 octaves.

'Available direct or from good computer shops anywhere’

d k t r o n ic s
D K  T ro n ic s  L td ., U n it  6 , Sh ire  H ill In d u s tr ia l E s ta te , S a ffro n  W a ld e n , 

Essex C B 1 1 3 A Q . T e le p h o n e :  (07 99 ) 2 6 3 5 0  (2 4  hrs) 5 lines



Speech synthesis
. . .  or how your micro can talk 
back. We discuss what’s involved

ANY computer, from the humblest home micro to the 
biggest m ain fram e, m ust be equipped  w ith a 
man/machine interface. Put simply this means it must 
have some way of accepting information from us -  
normally a keyboard — and giving results back -  
traditionally a screen of some kind.

While the physical interface, in one form or another, 
is supplied as a matter of course we are still forced to 
to communicate with the system by means of a very 
artificial language. Commands such as RUN, LOAD 
and SAVE may be meaningful to the operating system 
but they certainly aren’t “natural”.

Talking about it

The natural communication system for humans is 
speech, not typing m essages on keyboards and 
watching messages on television screens. If the 
computer could be made to reply vocally and, perhaps, 
understand spoken commands -  even if the utterances 
were phrased in the same way as those given through 
keyboard and screen -  the computer would be easier to 
use. Before any computer system can generate or 
understand spoken words the complex waveforms that 
make up speech must be turned into a digital form that 
the computer can cope with.

In total contrast to the problems facing speech 
recognition, which will be looked at in a moment, the 
task of electronically generating speech has pretty 
much been mastered. When we talk we produce sounds 
of three distinctly different types. The first is the 
“voiced” or vowel-type sound -  oo, ar, ee, and so on. 
These are produced by vibrating vocal chords in the 
throat and the frequency of this vibration determines 
the vowel sound we hear.

The second major type of sound is the “ fricative” or 
unvoiced sound such as ss, sh, ff and t. Here the air 
from the lungs rushes past the vocal chords and the 
frequency of the sound is controlled by the positioning 
of the lips and tongue. The third sound type is silence 
or, to be more precise, the gaps that occur within words 
like six and eight.

To electronically generate speech-like sounds we can 
use one of two methods. The first, and until recently the 
most common, is that of synthesis by rule. If we 
carefully analyse the frequencies contained within 
speech it is possible to devise a system of rules that 
allows us to create any given sound from its basic 
frequencies. For example, the word “ too” could be 
defined as so many milliseconds of the t frequency 
followed immediately by the oo frequency.

These individual building blocks are called 
phonemes, or in some instances allophones, and by 
using them in various combinations any word can be 
constructed. The characteristics of the original speaker 
tend to be lost when speech is generated in this way but

the words themselves can be clearly understood. 
Because the rules for the generation of the various 
phonemes are built into the equipment itself we are 
usually able to give the system a list of the phonemes 
which are then spoken. With a little practice it is 
possible to generate complete sentences instantly by 
simply calling up a string of stored phonemes.

The second method relies on the fact that the human 
ear and brain are very good at filling in gaps. For 
example, the speech we hear over a telephone line is 
perfectly understandable. Yet the quality, the range of 
frequencies we can detect, is only a fifth of that which 
we would expect from a reasonable hi-fi system. The 
reason we can understand what we are hearing is 
because our brain can fill in the gaps. With the 
reduction in cost of computer memory it is now 
possible to convert speech into digital information 
which is then compressed many hundreds o f times and 
stored in a ROM. To cause any of the stored words to 
be spoken we get the computer to recover the digital 
information and convert it back into sound. Because 
the original speaker’s words are stored the personal
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characteristics remain — even the accent is readily 
detectable in some cases.

Making use of words
The uses for speech synthesis are so varied that it is 
almost impossible to list them. To start with it can 
replace taped announcements at railway stations and 
airports. In America it is widely used on the telephone 
system to inform callers of wrongly dialled numbers, 
engaged or withdrawn services and all the other 
announcements that would otherwise need constant 
human attention. Speech synthesis units are being 
incorporated into cars like the Maestro as part of the 
standard instrumentation. As well as being something 
of a sales ploy the synthesiser does provide warnings 
that the driver can hear and act on without having to 
take his or her eyes off the road.

In the home computer market speech synthesis is 
generally used to enhance games. Scores are read out 
and warnings of enemy attack can be given verbally 
leaving the player free to concentrate on the tactics of 
the game. Finally, on the educational scene there are 
devices like the Texas Instruments Speak and Spell 
which recites a word that must then be spelt correctly 
and foreign language dictionaries that pronounce the 
words.

Listen to me
Speech recognition, on the other hand, as featured in 
science fiction and typified by the HAL computer in 
2001 -  A Space Odyssey, is unlikely to appear for 
many years yet -  if ever. The prime reason for this 
non-appearance is that, in English at least, many words 
can sound the same but have meanings dependant on 
the context that they appear in. The processing power 
needed to solve this problem is simply not available at a

Already there are commercially available recog­
nition units which can be plugged into home 
computers but they are very unsophisticated. 
Systems like “Big Ears” use much o f the 
computer's processing power to recognise just a 
few  words spoken by one person. What is needed 
before speech recognition can become really 
useful is an ability to recognise words spoken by 
any person, regardless o f dialect or accent. The 
limiting factor, at this stage, is the amount o f 
memory available to hold the models -  one 
possibility is that o f using a video disc to hold a 
standard set o f models.

reasonable price, or in a compact enough form.
There are systems in research laboratories which 

approach this goal but increasing the number of 
speakers who can be recognised reduces the number of 
words that can be accepted at any one time. Typically a 
multi-speaker recognition system, the only sort that is 
going to be acceptable to users, will allow between 20 
and 30 words to be recognised at a time with a success 
rate of around 85 to 90 per cent.

Speech recognition is usually tackled in one of two 
ways. The obvious way is to simply feed all the speech 
through an analogue to digital converter and use the 
computer to perform all the hard work. Unfortunately 
this method has a number of drawbacks, notably the 
time taken to perform the analysis. For speech 
recognition to be of any real use, however, the 
computer must seem to “understand” the speech as 
fast as a human. The number crunching approach 
rarely achieves this.

The second method is to use pre-processing. Rather 
than analyse speech mathematically it is possible to do 
much of the work electronically. What is then delivered 
to the computer is already processed information about 
the frequency content, pitch, energy and so on. 
Because all this electronic processing is done at the 
same time, the original speech signal is fed to all the 
circuits and the analysis is almost instantaneous.

Getting the message

Once information about frequency content, pitch, 
energy, and so on has been extracted from the speech 
input, regardless of the method, the actual recognition 
is performed by comparing the current set of figures 
against a number of possibilities stored in the 
computer. The words that are to be recognised are 
spoken into the system one at a time and the resulting 
information is stored as a library. Ideally this will be a 
continuous process with the library being updated by 
every new speaker.

To recognise a spoken word the computer must 
match the pattern of information from the input with 
one or more of the models stored in the current library. 
In many cases a number of possible matches will be 
found as parts of other words will match the input 
pattern. At the end of the search one word should stand 
out as being more perfectly matched than any of the 
other possibilities and this is the one which the 
computer will “recognise”. As most of the time taken is 
used up in searching through the various models the 
speed of the system will be a trade-off between the 
range of speakers it can understand and the number of 
words in the vocabulary.



I 4 r v n r f l i n # i  h o vnunaunu ricjRL
Making sense of machine code -  
Part III of our hands-on course

NOW that you know all about the numbering systems 
used in computing -  binary, decimal and hexadecimal 
-  we can get on with the fun part. For this we will 
mostly be using hexadecimal numbers, as the best com­
promise between the computer’s binary and our own 
decimal preference.

To go on converting hex to decimal with a chart and 
then using POKE to insert the bytes into memory 
would be very time-consuming, and we shouldn’t have 
to do all that work when we have a computer to do it. 
What we need is a little program that will do the 
conversions and pokes for us while we get on with the 
real problems of constructing our machine code 
routines.

Just such a program is shown here. A simple 
software tool for examining and altering the contents of 
memory, it displays the addresses and their contents in 
both decimal and hexadecimal, and allows you to enter 
a byte in hexadecimal, or just step through the memory 
to see what is there.

When you have typed in the hex handler save a 
couple of copies of it, as we will be using it again in later 
parts of this series. This program will continue to be of 
use to you even later on, when you have progressed to a 
full feature assembler and debugger, because it is 
compact and easy to alter for special purposes.

Some points to watch when entering the program: 
The Spectrum’s user-defined functions are used to do 
the hex to decimal (and vice versa) conversions. The 
DEF FN and FN keywords are on the 1 and 2 keys in 
extended mode. The INT keyword is on the R key, 
extended mode.

Be very careful about the brackets in lines 110, 120 
and 160, and the semi-colons at the ends of lines 150 to 
170. There is no space between the quotes in line 190.

In line 220, LEN is on the K key, extended mode, and 
the < >  sign is the symbol on the W key, not two 
separate symbols. All the variable names are in 
lowercase to avoid any possible confusion with 
keywords.

When you have typed in the program SAVE it 
before trying it out, just in case. Any Basic program 
that does POKEs can cause a crash and lose itself if 
something goes wrong.

When you have saved it RUN it and enter 2000 as 
the address when prompted. This address is entered in 
decimal. Press Enter a few times and the display should 
look like this:

2000 102 07D0 66 66
2001 251 07D1 FB FB
2002 221 07D2 DD DD
2003 94 07D3 5E 5E
2004 11 07D4 0B 0B
2005 221 07D5 DD DD
2006 86 07D6 56 56
2007 12 07D7 OC OC
2008 124 07D8 7C 7C
2009 181 07D9 B5 B5
2010 40 07DA 28 28
2011 13 07DB 0D

Byte? “[c]”

If you find that your listing of this example varies from 
ours, then there is a mistake somewhere in your entry 
of the program. The Byte? at the bottom is prompting 
you to input a two digit hexadecimal byte, but we aren’t 
going to try that just yet.

The first column of the listing is the decimal address, 
the second is the decimal memory contents, the third is 
the hexadecimal address, and the fourth is the 
hexadecimal memory contents. The fifth column is the 
hexadecimal memory contents after alteration.

When you just press Enter the program steps to 
the next location without any changes. If you enter a U 
it steps up, or back, one location. If you enter a two 
digit hexadecimal number the program will convert it 
and POKE it into the location displayed, and then step 
to the next location.

“ » i S S S K , ,

- r M a r s r 1““
130 POKE 23658,8
M  INPUT "Address? addr
ISO PRINT addr;TAB 9‘PEEK ahh 
60 Pptwt TAn 1  7 ,r t fc K  addr:

r/25*n l1 1B!FN 'add 
2 5 6 U , F N  >*'addr-2 56*INT (addr

/256>);

r !?‘  P m  TAB » 1«  /»(P E E K  add 

‘ SI INPUT ‘Byte?

£  l l  m  ’so TO 240
S r0P t h e n  P R I N T  ,

210 IF a $ (l)s»u« jurii , r T

■ V m ' “ m  m  ™

™  add»",FN z(all
r , B  NT TAi FN ytIPEEK

L FT addr=addr +Ij BO TO 1 
3B0 PO N E  23658,8

£  Add r e s s ?™Z:!r0Tubtn°
SSI BO TO 150

" "  S A V £  "Hexload": BO TO 9991



However at the addresses in the example above you 
will find that entering a hex byte does not cause the 
number in column five to change from the number in­
column four. This is because the addresses are in the 
Spectrum ROM, which cannot be changed. Column 
five is produced by a PEEK after the POKE, which is a 
useful check that the memory location has indeed been 
set to the number you entered, or not, as the case may 
be. Enter a Q when you want to quit.

Using the hex handler
In Part 2 we wrote a short machine code program to 
call the ROM routine that clears the screen. This ROM 
routine was at address &0D6B, or 3435 in decimal. We 
can now use the Hex Handler to have a look at this 
routine in the ROM.

RUN the program again and enter 3435 as the 
address, then press Enter a few times. You should get 
this:

3435 205 0D6B CD CD
3436 175 0D6C AF AF
3437 13 0D6D 0D 0D
3438 33 0D6E 21

As you can see, the first instruction in the clear 
screen routine is yet another &CD, or CALL, to 
another address. This is quite common in machine code

Error trapping
t h e  hex handler program is not extensively 
trapped a8a,„, t t|,e input 0f  impossible hex digits 

the like. Making it foolproof would require a 
much larger program, and it might not be 
possible anyway, because fools are so ingenious, 
as the saying goes.

You must enter two digits for a hex byte, even 
if i is a zero. If you enter only one the program 
will give you another chance, but if you enter
Simha‘i an ‘r  UT pec,ed thin«s may happen. Similarly, a hex address requires four digits.

l e a v e r ^  ^ ‘" f  mUS‘ be capital ,etters’50 leave he Caps Lock on. Entering letters or
symbols which are not valid hex digits will drop
you out of the program with an error message

programs, and you often have to jump around a good 
deal before you find the place where things actually 
happen. In this case the address where the screen 
memory bytes are actually cleared, by loading them 
with zeros, is at address &OE59 or 3673 decimal. The 
ROM has to do a lot of other work first, finding 
addresses and loading pointers, before it can actually 
set about the clearing operation. If you examine the 
memory at address 3763 (decimal), you see:

3673 54 0E59 36 36
3674 0 0E5A 00 00
3675 19 0E5B 13 13
3676 237 0E5C ED

The bytes &36 and &00 correspond to the 
assembler mnemonics:

LD (HL),0

These mean “load the address pointed to by the HL 
register pair with zero”. The brackets in the assembler 
instruction are important. Without them, the assembler

instruction would mean “load the HL register pair with 
zero” instead of the address pointed to by HL. The HL 
pair has already been loaded with the appropriate 
screen address by an earlier ROM routine. This is 
called indirect addressing, and we will be doing a lot of 
it later on.

Now let’s try something really dangerous! The 
Spectrum ROM stores a lot of numbers in RAM for 
use by its own routines. These are called the system 
variables, and you will have seen references to them 
elsewhere. You can do some quite useful things by 
messing with the system variables, and you can also 
completely confuse the computer if you are not careful. 
So take care, or you may crash and have to reload the 
hex handler.

You will have noticed a POKE in line 130. The effect 
of this is simply to set the Caps Lock from within the 
program without you having to press Caps Shift and 2. 
If we examine this location we find:

23658 8 5C6A 08 08

You can change this byte to a zero if you wish. You 
will then notice that the flashing C cursor changes to a 
flashing L, and any letters that you enter as part of a 
hex byte will be treated as lowercase. This upsets the 
hex to decimal conversion functions, and will get you 
thrown out of the program with an error message. 
Never mind, just do RUN again and enter 23659 as the 
address. You will see:

23659 2 5C6B 02 02

This is the system variable that tells the ROM how 
many lines there are in the INPUT area of the screen. If 
you alter this to zero the computer will get very 
confused the next time it tries to print “Byte?” in the 
input area, and will crash with a vengeance. You will 
have to reset the computer and then reload. This 
exercise is optional!

Try again at address 23620, and press Enter a few 
times to get a listing of about 10 locations. Do you 
notice anything odd about this list?

23620 255 5C44 FF FF
23621 150 5C45 AA F0
23622 0 5C46 00 00
23623 1 5C47 01 01
23624 56 5C48 38 38
23625 200 5C49 C8 C8
23626 0 5C4A 00 00
23627 211 5C4B D3 D3
23628 95 5C4C 5F 5F
23629 233 5C4D E9 F6
23630 95 5C4E 5F 5F

There are two addresses (23621 and 23629) which 
have changed their contents while they were being 
listed without any input from you. These are the system 
variables used by the Basic interpreter in the ROM to 
keep track, respectively, of where it is in a program and 
the location of the Basic variable currently in use.

The ROM is therefore changing the contents of these 
locations constantly during the running of any Basic 
program, and of course our hex handler is a Basic 
program. You may get different numbers at some of 
these locations than those in the listing above, as the 
ROM is in charge of them, not us.

At the moment the hex handler expects the initial 
address to be specified in decimal. This is very
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convenient when we have been given the address in 
decimal, as is often the case in the manual and other 
books. However there are times when we would find it 
easier to enter an address in hex, such as when we are 
chasing from one call instruction to another in the 
ROM or another machine code program.

It is easy enough to add a hex address option to our 
little utility. Just type in the additional lines 300 to 330 
below. Then instead of RUN use the command RUN 
300, and you can enter the address in hexadecimal 
format.

300 POKE 23658,8
310 INPUT “ Hex Address? ” ;b$
320 LET addr=256*FN z(b$( TO 2) 
)+FN  z(b$(3 TO ))
330 GO TO 150

A bigger bit of code

Enough of this fooling around -  we have a hex handler 
and we know how to use it, so let’s enter a real code 
program. Here is a little routine needing only 16 bytes 
of memory which will turn every INK pixel on the

screen into a PAPER pixel, and vice versa. In other 
words it inverts the screen memory.

This routine is completely self-contained and does 
not call any ROM routines. In assembly language it 
would look something like Figure I.

Note the comments added to each instruction. These 
are optional when writing assembly language, but the 
more comments you put in the easier it will be to 
understand what is going on when you come back to 
the listing months later, or when someone else has to 
work from your listings. Comments are preceded by a 
semi-colon in assembly language, which has the same 
effect as a REM in Basic. Most of the instructions are 
new to this series, so we had better explain them all.

LD HL and LD BC are instructions that load a pair 
of registers with a two byte number, such as an address. 
We have loaded HL with an address and BC with a pair 
of numbers to act as loop counters. We could have 
loaded B and C using separate instructions, but it 
would have used more memory.

LD A, (HL) and LD (HL), A are instructions for 
moving the contents of the memory location pointed to 
by the address in HL into the A register and back 
again. The brackets make this an indirect move, so that 
A is not loaded to and from the H or L registers 
themselves.

START: LD HL, &4000 ;load HL with address of start of screen memory
LD BC, &0018 ;load B with zero and C with &18 to count loops

LOOP: LD A, (HL) doad the A register from location pointed to by HL
CPL com plem ent (or invert) the A register
LD (HL), A ;load A back into memory
INC HL increm ent HL register pair to point to next location
DJNZ LOOP decrem ent B, jump back to loop if not zero
DEC C decrem ent C
JR NZ, LOOP yump back to loop if not zero
RET ;return when counters are all zero

Figure I: An example o f  an  assem bly language routine

ints&Tips Hints & Tips Hi
m

NORMALLY you cannot do anything in 
the border of the Spectrum screen except 
change the colour. O f course with many 

computers you cannot even do that, but here is a 
tip that will let you have a colourfully striped 
border whenever the computer is sitting idle 
waiting for a key to be pressed.

Unfortunately that is the only time you’ll be 
able to use this tip because it requires the 
computer to do a lot of work to a strict timetable.

In the listing below, the PAUSE 1 in line 10 
synchronises the border colour changes to 
happen at the same time in every frame scan, 
making them appear to be stationary. If you 
leave out the PAUSE 1, you will have stripes that 
roll and flicker and are hard to see.

You can experiment with the program to get 
more or fewer stripes. If you put the PAUSE 1 as 
the first statement in the line you can get more 
stripes in, but it will be difficult to get a balanced 
look. Too many BORDER commands will force 
the timing out of sync and you will get flickering 
stripes.

The routine in line 10 must be kept right at the 
beginning of your program. Otherwise the 
GOTO command might slow it down too much

to work properly. This is because the GOTO 
command always starts looking for the line it is 
going to at the beginning of the program, and 
searches through the whole listing until it finds it. 
Obviously it will find line number 10 before 
number 8620.

Line 1 is just to make a RUN command skip to 
the start of the main program, and line 11 is only 
needed to get a “hard” read of the keyboard into 
a variable before returning, so as not to miss 
reading a very short keypress. Lines 100 to 130 
are for demonstration only, and have nothing to 
do with the stripes.

1 GO TO 100
10 BORDER 1: BORDER 2: BORDER 

4: BORDER 5: BORDER 6: BORDER 7:
PAUSE 1: IF INK EY $=“ ” THEN GO T 

O 10
11 LET i$=INKEY$: RETURN 

100 REM main program (Your Prog 
Goes here)
110 GO SUB 10 
120 PRINT i$
130 GO TO 100
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32000 33 7D00 21 21 LD HL
32001 0 7D01 00 00 address
32002 64 7D02 40 40 address
32003 1 7D03 01 01 LD BC
32004 24 7D04 18 18 counters
32005 0 7D05 00 00 counters

*• 32006 126 7D06 7E 7E LD A, (HL) LOOP comes here
32007 47 7D07 2F 2F CPL
32008 119 7D08 77 77 LD (HL), A
32009 35 7D09 23 23 INC HL
32010 16 7D0A 10 10 DJNZ
32011 250 7D0B FA FA displacement (trust me!)
32012 13 7D0C 0D 0D DEC C
32013 32 7D0D 20 20 JR NZ
32014 247 7D0E F7 F7 displacement
32015 201 7D0F C9 C9 RET

Figure II :  O ur hex  handling u tility  in use

CPL stands for complement. This instruction acts 
on the binary number in the A register, changing all the 
1 bits into Os, and vice versa.

INC and DEC increment and decrement registers, 
which means they add one or subtract one. These can 
be used on single registers or register pairs. If you 
subtract one from zero in machine code, you get 255. 
Also if you add one to 255, you get zero. When the 
operation is performed on a double register, the 
subtraction or addition is applied to the lo byte, and the 
hi byte is affected only by the carry, if any.

DJNZ is a rather special jump instruction. Jumps 
are the machine code equivalent of the GOTO in Basic, 
but this one does more than just jump. First it 
decrements the B register, then it makes the jump only 
if the B register became zero after the decrement (in our 
routine the B register starts at zero and therefore equals 
255 after the First decrement).

Furthermore, it makes a relative jump. That is, it 
jumps back (or forward) a specified number of 
locations from where the instruction is, rather than 
jumping to a specified address. When you are writing in 
assembler you can just give it a label to jump to, like the 
label LOOP in our example, and the assembler will 
work out the right number to put in for the 
displacement as it is known, but when you write in hex 
you have to figure out the displacement the hard way. 
This is a subject we will wrestle with later.

JR NZ is another relative jump, acting on the state of 
the zero flag, which in our routine will have been set or 
reset by the result of the DEC C instruction. This jump 
will happen only &17 iimes, once every time the B 
register has been counted down to zero by the DJNZ 
instruction. This means that the DJNZ jump will take 
place & 18 (decimal 24) multiplied by 256 times, which 
works out to 6144. This is the number of bytes in the 
screen memory, not counting the attribute area. RET 
is, of course, the return instruction that takes us back to 
Basic.

One of the nice things about using relative jumps is 
that the routine is not tied to any particular address by 
having specified jump addresses. The displacements 
work the same wherever the code is put. However there 
are some places where it is not safe to insert our bytes, 
as we found above with the system variables, so for the 
moment we will enter our routine at address 32000 
decimal, or &7D00.

Another nice thing is that specifying a displacement 
requires only one byte, where an address would have 
needed two, so we save memory.

Run the hex handler and enter the bytes as shown 
in Figure II in the fourth and fifth column. Note that 
this listing was produced when I went back through to 
check that everything was all right. It won’t look quite 
like that when you are entering the codes, as columns 
two and four will show all zeros. I have annotated the 
listing so you can see how the assembler mnemonics 
have translated into hex “opcodes”.

Check the routine out carefully before running it. It 
is a lot easier to find and fix a mistake now than it will 
be to re-enter the whole thing if it crashes. Remember 
that you can enter a U to move back one address if you 
need to fix a mistake. When you are sure it is right quit 
the hex handler with Q. You can now save the code 
with:

SAVE “invert”CODE 32000,16

Saving the code before trying it out is merely a 
precaution against having to type it all in again if there 
is an error. Almost any error in a machine code 
program will cause a crash. To run the machine code 
program, first make sure there is something on the 
screen (LIST will do nicely) and then enter:

LET X=USR 32000

Shazam! A Basic program could do the same thing 
in about a minute, but machine code is fast. That’s why 
we are learning it. For comparison, here is the Basic 
equivalent of our machine code screen inverter:

10 FOR i=16348 TO 22527 
20 POKE i,255-PEEK i 
30 NEXT i

The Basic version was much easier and faster to 
write, but it is much slower in operation and it requires 
more memory to store the program. These are the 
essential differences between Basic and machine code 
programming. Each method has its advantages, so it is 
as well to know something of both.
•  In Part 4 we w ill take a more system atic look a t the 
Z80 instruction set, those vital machine code commands.
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When things 
go wrong...
. . .  the cause may turn out to be 
something quite simple. We help 
you identify the problem and 
guide you on the road to recovery

Aaaargh!!

YES, computers do go wrong sometimes, and the 
Spectrum is not an exception by any means. But hold 
on a minute, it might not be the computer that is to 
blame for a fault. In fact Sinclair’s repair department 
says that a large proportion of the Spectrums returned 
under warranty have nothing at all wrong with them.

Before posting your computer off for costly and 
perhaps futile repair, it pays to take a few minutes to try 
to isolate the cause of a problem. You can often do this 
by using common sense without any knowledge of 
electronics.

The fault may be due to the failure of a peripheral 
device or a software bug. A cassette recorder that has 
faithfully loaded 1,000 times may start to give 
problems due to dirty, magnetised or misaligned 
heads. So if you have loading problems, try swapping 
recorders. If a different recorder improves things, then 
it is simple logic that the computer is not at fault. 
Saving and loading problems are almost always down 
to the cassette recorder or the tape, although the MIC

and EAR sockets in the computer may fail after a long 
period of use.

Microdrives can give problems due to wear on the 
fragile tape cartridges and a few bugs in the Interface I 
operating system ROM. There is no real cure, but the 
problem is minimised if you make back-up copies of 
everything.

Other peripherals can cause problems and they may 
be incompatible with each other, so that connecting 
two at once causes a crash. Connecting too many 
add-ons at the same time can also overload the power 
supply. A quick check for add-on trouble is to simply 
disconnect the add-ons and see if the computer 
functions all right on its own.

If a particular program causes the computer to 
crash, then it may be a bug, or it may be the software 
author’s way of protecting the program from being 
broken into. Some adventure programs will crash the 
computer if you input a naughty word. (“Kill” is a 
four-letter word in Automata’s games!)

There are a few games that won’t function with 
certain add-ons connected, notably the Kempston 
joystick interface. Obviously, if you have a problem 
with only a few pieces of software but not with others, it 
is not a computer fault. Beginners to computing 
sometimes manage to make themselves look foolish 
when they fail to understand this.

It is also possible to crash the computer when writing 
your own programs. This often happens even to 
experienced programmers, although they know that it 
is not a computer fault, but what is sometimes called 
“finger trouble”. The computer seldom does exactly



what you think you have programmed it to do, 
preferring to do what you have actually programmed it 
to do. Old hands expect this to happen and immediately 
begin looking for their own mistakes, but beginners 
sometimes think the computer has failed.

Real computer faults
If on power-up you get a blank black rectangle or a 
scattering of coloured squares instead of a copyright 
message, then you may have a genuine computer 
breakdown. Disconnect all the add-ons and try again, 
just to eliminate the possibility of a faulty peripheral. 
This symptom usually indicates a failure of the 
Spectrum’s internal power supply circuits, and fixing it 
is a job for an experienced technician.

The problem can be caused by you overloading the 
power supply with too many add-ons -  or by removing 
an add-on while the Spectrum is powered up -  but the 
power supply can also fail for no apparent reason.

The power supply referred to is not the external 
power transformer that goes between the mains and the 
computer. This seldom goes wrong, although it is not 
unknown for the conductor to break inside the 
insulation near the plug on the power lead to the 
computer. The computer’s power socket can also give 
trouble. As there is no on/off switch, this plug can get a 
lot more wear than it is designed to stand.

If the computer functions normally except that it 
stops responding to certain keys, then your keyboard 
membrane has worn out. This can be replaced fairly 
cheaply by any of the specialist repairers, but it may be 
a better idea to take the opportunity to buy one of the 
“real” keyboard upgrades.

Very rarely there may be a defective cell in a 
memory chip that will not stop the computer from 
seeming to work normally, but will cause crashes when 
programs are loaded, or “Out of Memory” error 
messages when there should be none. This could be 
confusing but fortunately there is a simple way to 
check for this remote possibility. The Spectrum tests 
every memory location in the RAM at power up, and it 
stores the address at which this checkout fails in the 
system variables at locations 23732 and 23733.

Enter PRINT PEEK 23733 as a direct command, 
and a 48k Spectrum should print 255, while the 16k 
Spectrum should print 127. Any other number 
indicates that the memory check has failed at a faulty 
chip before reaching the end of the memory map. I 
once found myself the owner of a rare 12k Spectrum by 
using this test!
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Who do you turn to?
If your computer is still under warranty it will certainly 
be cheaper to get Sinclair Research to put it right, but it 
may take some time for them to fix and return it. There 
was a time when the shops would just swap you a new 
one off the shelves, but Sinclair decided that this was 
encouraging people to turn in machines with imaginary 
faults near the end of the warranty period, just to get a 
new computer. When a few bright sparks managed to 
get new computers by turning in the empty shells of 
their Spectrums, having installed the circuit boards in 
upgrade keyboards, it was the last straw.

If the warranty has expired, or you are just in a 
tearing hurry, then you will have to go private. It costs 
less than you think. There are now plenty of workshops 
specialising in home computer repair, or even in 
repairing only Spectrums. Because they are familiar 
with the usual problems, and have worked out 
techniques to find the unusual faults, it will be quicker 
and cheaper to go to them than to a general electronics 
repair shop who will be more used to fixing TV sets. 
Home computer specialists will also have the proper 
Sinclair bits -  like keyboard membranes -  in stock, and 
will be prepared to fit RAM expansions or keyboard 
upgrades.

The question of which specialist repairer to go to is 
probably best solved by looking through the magazine 
adverts for one who is nearby, so that you don’t have to 
entrust your computer to the tender mercies of the 
Royal Mail (twice!). Some also advertise special offers 
from time to time which may be of interest. Two such 
workshops that have been in existence for an 
appreciable period and promise 24 hour turnaround 
are:

A



With Part III of The Complete Spectrum you can see how it is 
developing into the ultimate reference work on computing with 
your Spectrum.
To keep your copies in perfect condition we have produced an 
attractive binder to hold all six parts. It is bound in smart black 
pvc, with the logo printed in silver. All you have to do before 
inserting the monthly parts in your binder is to remove the outer 
cover and the ‘Special Offers’ section in the centre.
For addresses in the UK, the binder costs £3.95, or £6.95 for 
overseas.
If you missed Parts I or II, or would like to subscribe for all the 
remaining parts, you can do so by using the order form in the 
centre of this issue.

Contents of Part I included:
•  A step by step guide to your first 30 minutes using the 
Spectrum. •  Advice on saving and loading. •  How to 
avoid errors when typing in listings. •  An investigation of 
the Z80, the chip behind it all. •  Computer jargon 
clarified. •  And the start of our regular series -  a simple 
guide to basic Basic, an introduction to machine code, 
and a how-to-do-it guide to graphics.

Contents of Part II included:
•  Discovering discs. •  All about microdrives. •  
Upgrading to 48k. •  Composite video. •  Graphics 
commands. •  Books. •  Animation techniques. •  And our 
regular series -  basic Basic, machine code, graphics -  
continue to explain the mysteries of the Spectrum.



REGULAR, CONDENSED, OR 
EXTENDED FACES.

CUT SHEET A4 OR ROLLER 
PAPER

BATTERY OR MAINS 
OPERATED.

Little Brothers should 
be seen but not heard.
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A maxim which eloquently describes the 
Brother HR-5.

Less than a foot across, it’s nonetheless loaded 
with features.

But there’s one thing the HR-5 won’t give you.
Earache.
For the annoying ‘clickety clack’ many printers 

produce is mercifully absent from the HR-5.
Quietly efficient, it delivers high definition dot 

matrix text over 80 columns at 30 c.p.s.
The HR-5 also has something of an artistic bent.
Being capable of producing uni-directional 

graph and chart images together with bi-directional 
text.

It will also hone down characters into a 
condensed face, or extend them for added emphasis.

Incorporating either a Centronics parallel 
or RS-232C interface, the HR-5 is compatible with

most home computers and popular software.
Perfecdy portable, the battery or mains operated 

HR-5 weighs less than 41bs.
W hich is really something to shout about.

PLEASE SEND ME MORE DETAILS OF THE REMARKABLE BROTHER 
, HR-5 PRINTER
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I ADDRESS_________________  '_____________________________ _ I

.TEL NO.L- _TEL NO. -J
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The future at your fingertips.
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TELEX: 669092. BROTHER SHOWROOM: 83 EUSTON ROAD, LONDON NW1 TELECOM GOLD: 83: JBC002. BROTHER INDUSTRIES LIMITED, NAGOYA,JAPAN.


