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PREFACE

In this block, the main emphasis is on marketing, and
in particular on how companies try to assess the likely
market demand for their product or services.

The two case studies we have chosen lie in the
information technology field. They examine how two
British companies, namely Sinclair Research and
British Telecom, designed, developed and marketed,
respectively, the QL microcomputer and the Prestel
information service.

Both case studies start with general technical
introductions, outlining the basic technical backaground
you will need. This is followed by an account of how

the product or service was conceived, designed and
developed, how the likely market for it was
researched, and how it actually fared in the market
place.

Finally, in both cases, we provide some
assessment of the success of the marketing strategies
that were adopted; some cornments on likely
developments in the future; and some general
conclusions. These are explored further in the Block 2
Study Guide, which is intended to be read in
conjunction with these case studies.

BEGINNERS START HERE

If you know little or nothing about microcomputers,
you should start here. And even if you do know
something about micres, it might still be a good idea to
read quickly through this preliminary section, because
it should help to refresh your memory of some of the
basic terms and concepts. Of course, if you really are
a microcomputing expert, you can skip this section
entirely. I should stress, however, that it is not
necessary to understand fully all the aspects of
microcomputing that are touched on here. T362 is a
course on innovation, not computing, and the aim here
is simply to give non-technical readers a better feel'
for the subject matter of the QL case study proper.

The rest of this section consists of an edited
reprint of a ‘newcomers' guide' originally published in
Personal Computer World in May 1985.

e —————
Micro Jargon

For those completely new to computing, let’s start
with the question: what is a microcomputer? We
think of a micro as: a general-purpose device in
contrast to a typewriter, which can only be used
for typing; a calculator, for performing
calculations; a filing cabinet, for filing
information. A micro can do all of these and more.
If it's to be of any use a general-purpose
device needs some way of knowing what to do.
We can tell a micro what to do by giving it a set of
logical instructions, called a program. The general
term for computer programs is software. Every
other part of a microcomputer system is known as
hardware.

Programming

Programs must be written in a form the micro can
understand and act on - this is achieved by

writing the programs in a code known as a
computer language. There are literally hundreds
of different languages around, the most popular
of these being Basic. Basic is an acronym of
Beginners’ All-purpose Symbolic /nstruction
Code. Although orginally intended as a simple
introductory language, Basic is now a powerful
and widely used language in its own right.

Other common languages are Forth, Pascal,
Logo, C and Comal, to name but a few. These are
known as high-level languages because they
approach the sophistication of a human language.
You may also see references to low-level
languages, assembly language and machine
code. We'll look at these in a moment.

The heart of a micro, the workhorse, is the
processor or Central Processing Unit (CPU). The
processor usually consists of a single silicon
chip. As with computer languages, there are a
number of different types of processor available,
the 280, 6502, 68000 and 8088 being just a handful
(literally!) of the types in common use. The
processor is nothing magical ~ it's just a bunch of
electronic circuits. It's definitely not a brain.

The processor’s circuitry can be in one of two
states: on or off. We represent these two states by
binary (base two) notation, the two binary digits
(known as bits) being 0 and 1. It's possible to
program computers in binary notation, otherwise
known as machine code (or machine language)
programming.

Machine code is called a ‘low level’ language
because it operates at a level close to that
‘understood’ by the processor. Languages like
Basic are known as ‘high level’ languages
because they are symbolic, operating at a level
easily understood by people but not directly
understood by the processor.




Between high level languages and machine
code is a low level language known as assembly
language or, colloquially, assembler. This is a
mnemonic code using symbols which the
processor can quickly convert to machine code.

Since everything has to be converted into
binary form before the processor can make sense
of it, we need some sort of code to represent each
character to be processed by the computer. In
order to simplify communication between
computers, a number of standard codes have
been agreed on. The most widely used of these
codes is the American Standard Code for
Information Interchange, ASCII. This system
assigns each character a decimal number which
the processor can then convert to its binary
equivalent.

A program written in a high level language
must be converted into binary before the
processor can carry out its instructions. We could
of course do this manually, but since this is
exactly the sort of tedious job computers were
designed to do for us, it makes much more sense
to write a program to do it.

There are two types of program to do this
translation for us.

The first of these is a compiler which
translates our whole program permanently into
machine code. When we compile a program, the
original high level version is called the source
code, while the compiled copy is called the object
code. Compiled programs are fast to run, but hard
to edit. If we want to change a compiled program,
we either have to edit it in machine code
(extremely difficult) or we have to go back to a
copy of the source code. For this reason there is a
second translation program: an interpreter. An
interpreter waits until we actually run (use) the
program, then translates one line at a time into
machine code - leaving the program in the
original high level language. This makes it slower
to run than a compiled program, but easier to edit.

There are two unusual Basic words you're
likely to come across: POKE and PEEK. When you
program in a high level language, you are
normally unable to choose in which part of the
machine’s memory the processor will store
things. This makes programming easier because
you don’t need to worry about memory locations,
but slows down the program since the processor
has to ‘look up’ addresses for you. Using the
POKE command, however, you can ‘poke’ a value
directly into a desired memory address. ‘POKE
10000,56’ for example, puts the value 56 into
memory location 10000. PEEK allows you to
examine the content of a particular memory
address. It you were to follow the above poke with
‘PEEK (10000)’, the computer would respond by
displaying the value 56. POKEing and PEEKing
are normally done to increase the program speed,
but may also allow us to do things that could not
be done through Basic.

Memory

So far, we have a processor and a program. Since
a computer needs somewhere to store programs
and data, it needs some kind of memory. There
are two types of memory: Read Only Memory
(ROM) and the badly named Random Access
Memory (RAM). ROM is so called because the
processor can ‘read’ (get things out of) its
contents, but cannot ‘write to’ (put things in) it.

ROM is used to store firmware, the name
given to software permanently available on the
machine. An interpreter is a typical example of
firmware (stick with it: it gets easier!).

RAM differs from ROM in two important ways.
Firstly, you can write to it as well as read from it.
This means that the processor can use it to store
both the program it is running and data
(information). The second important difference is
that RAM needs a constant power supply to retain
its contents: as soon as you switch the computer
off, you lose your program and data.

There is a type of RAM, known as CMOS
RAM, which requires only a tiny amount of power
to retain its contents. This is found in portable
computers. It is normally powered by nickel-
cadmium batteries so that the program and data
are retained even when the main power is
switched off. At present, CMOS RAM is extremely
expensive and is not likely to be used in desk-top
machines for a little while yet. (CMOS stands for
Complementary Metal Oxide Semiconductor.)

Memory is described in terms of the number
of characters we can store in it. Each character is
represented by an 8 bit binary number. 8 bits
make one byte and 1024 bytes make one kilobyte
or 1k. 32k, for example, means that the computer
can store about 32000 characters in its memory. If
1024 sounds like an unlikely number, remember
that everything is based on the binary system,
thus 1,2,4,8,16 ... 1024 being the nearest binary
multiple to 1000.

While we’re on the subject of bits, you’ll often
see computers and their processors described in
terms of their bit power: 8-bit, 16-bit, 32:16-bit and
so on. This is a means of describing how large a
binary number the processor can handle in one
chunk. A binary number, incidentally, is known —
confusingly — as a word. An 8-bit processor, for
example can handle 8-bit words, that is, up to
11111111 (255 in decimal). Anything larger than
this has to be broken down into manageable
chunks before it can be processed.

A 16-bit machine can handle bigger chunks of
data at a time. This means that it can handle
(address) larger amounts of memory at one time.
This is why most 8-bit machines have a maximum
of 64k RAM while 16-bit micros usually have 128k
upwards.

As 16-bit processors can handle larger words
than an 8-bit machine, they ought to be twice as
fast. In practice, however, there is a little more to




it than that. While it may take a 16-bit machine half
as long to work out that 2+2=4, the actual
processing is only part of the story.

The result of the calculation has to be placed
into the appropriate memory location, passed to
the screen or whatever is required. The transfers
to and from the processor are often made in 8-bit
form; this is why you will hear people arguing that
certain processors are not ‘true’ 16-bit. If the
problem has to be handed to the processor in
8-bit form, turned into 16-bit, calculated and then
the result turned back into 8-bit for transfer
elsewhere, there may be little or no saving in time
over an 8-bit system.

The other factor affecting speed is that the
actual processing may form only a small part of
the overall operation. A word processor, for
example, spends most of its time passing files to
and from disk and walting for the user to type the
next character. The processing itself consumes
very little time.

Returning to the subject of RAM for a
moment, a word of warning: Don’t rush out with
your new-found understanding to buy the
machine offering you the most RAM for your
money. Quite aside from the fact that the amount
of RAM is by no means the only consideration
when buying a micro (no matter how much
manufacturers may stress it), different machines
use differing amounts of RAM for things like
graphics. Always check how much RAM is
actually available to the user for program storage.
Machines that proudly proclaim ‘64k’ may well
leave you with less than half of this in which to
store Basic programs and data

Back up storage

There are numerous forms of permanent or back
up storage, but by far the most common are
floppy disk, floppy tape and cassette.

Floppy disks or diskettes are circular pieces
of thin plastic coated with a magnetic recording
surface similar to that of tapes. The disk, which is
enclosed in a protective card cover, is placed in a
disk drive. Disk drives comprise a high speed
motor to rotate the disk and a read/write head to
record and ‘play back’ programs and data.

The disk is divided into concentric rings
called tracks (similar to the tracks on an LP)
which are in turn divided into small blocks by
spoke-like divisions called sectors.

There are two methods of dividing the disk
into sectors. One is called hard sectoring, where
holes punched in the disk mark the sectors, and
the other is soft sectoring, where the sectors are
marked magnetically. The reason that disks from
one machine cannot be read by a different make
is that each manufacturer has his own way of
dividing up the disk. Recently, however,
manufacturers have begun to acknowledge that
this situation can’t go on forever, and they are
working to make their disks compatible.
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Cross-section of a floppy disk

Since the computer needs some way of
organising the disk, we have a program called a
Disk Operating System (DOS), usually known
simply as the Operating System (0S). The
operating system does all the ‘housekeeping’ of
the disks, working out where to put things, letting
the user know what is on the disk, copying from
one disk to another, and so on. As you might
expect by now, there are lots of different
operating systems available, each with its own
advantages and disadvantages. The three most
popular OSs are CP/M (Control Program for
Micros), MS-DOS (Micro Soft Disk Operating
System) and PC-DOS (Personal Computer Disk
Operating System). MS-DOS and PC-DOS,
incidentally, are all-but-identical.

Disks can support what are known as random
access files. That is, you can randomly choose a
point in a file and the drive head will move directly
to that point. You can then edit the file, and only
the blocks affected will be rewritten. The rest of
the file remains unchanged.

Floppy disks provide a reasonably fast and
efficient form of secondary storage, and are cost-
effective for business machines. For home
computers, however, the usual form of program
and data storage is on ordinary cassette tape
using a standard cassette recorder. This method
of storage is slow and unreliable, but is very
cheap and is adequate for games, for example.

Cassettes can support only serial access
files. That is, whenever a file is to be edited, the
whole file must be written back to the tape. This
makes certain applications — word processing
being a prime example - extremely tedious.

Floppy tape drives are a compromise between
speed and cost. They use a small continuous loop
tape which, like a disk, is divided into blocks.
Floppy tape drives rely on serial access files, but
by rotating the tape at high speed and using the
block markers, they can simulate random access
files. The Sinclair Microdrive is a floppy tape
drive.

Another type of disk you will see referred to is
the hard disk. This is an extremely efficient
method of storing large amounts of data. Hard




disk capacity generally starts at around 10 Mbytes
(10 million bytes) and rises to ... well, you name
it. Besides offering a much greater capacity than
floppies, hard disks are more reliable and
considerably faster. They are, however, much
more expensive than floppy drives.

Input/output

Since computers need some way of
communicating with the outside world, we need
input and output devices. Input and output
devices include all manner of things from hard
disk units to light pens, but the minimum
requirement for most applications is a typewriter-
style keyboard for input and a TV-like Visual
Display Unit for output. The Visual Display Unit is
variously referred to as a VDU, Cathode Ray Tube
(CRT) and monitor.
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The various component parts of a computer
system (processor, keyboard, VDU, disk drives,
and so on) may all be built into a single unit or
they may be separate, connected by cables.

Take this paragraph slowly and it will make
sense! When a computer communicates with an
outside device, be it a printer or another
computer, it does so in one of two forms — parallel
or serial. Parallel input/output (I/0) requires a
number of parallel wires. Each wire carries one
bit, so with eight wires we can transmit/receive
information one byte at a time (8 bits =one byte,
remember). Serial /0, in contrast, uses a single
wire to transmit a series of bits one at a time
(that’s why It's called serial), with extra bits to
mark the beginning and end of each byte.

To enable different devices to communicate
with each other in this way, standards have been
agreed for different interfaces. An interface is
simply a piece of circuitry used to connect two or
more devices. The most common standard serial
interface is the RS232 while the Centronics
standard is popular for parallel interfaces.

Networks

When two computers want to communicate with
each other over a distance, there are again two
ways of doing it (nothing is ever clear-cut in the

world of micros — you'll get used to it). Both
methods use the public phone network. The first
is known as an acoustic coupler. This simply
plugs into your computer, and has a receptacle
into which you place your telephone recelver. The
acoustic coupler is convenient in that you can
unplug it from one computer and plug it into
another one in a matter of seconds. They are
generally slow, however, and are prone to
interference.

The alternative method is to use a modem.
Unlike an acoustic coupler, a modem is wired into
the telephone system and you should get
permission for this from British Telecom.

A term you will hear in connection with
acoustic couplers and modems is baud rate. The
baud rate is a measure of the speed with which a
device can transmit and receive data. You can
safely think of the baud rate being bits-per-
second, though the accurate definition is a little
more complex. Therefore, a 300-baud modem can
transmit/receive data at the rate of 300 bits (about
50 characters) a second.

A 1200/75 modem means that it recelves at
1200 baud, but transmits at 75. Most modems are
1200/75 and acoustic couplers 300/300. By way of
comparison, saving programs to cassette is
normally done at between 300 and 1500 baud.

Finally, communication between computers is
either full or half duplex. Full duplex is when the
machine receiving the data echoes it back to the
machine transmitting it and says ‘This is what |
think you said - is it right?’. If it's wrong, the
section will be transmitted again. Half duplex is
where no checking is made. If you're ever unsure
of which to use, start with full duplex. If
everything you type appears on your display
twice, then you should switch to haif duplex.

Database

A database allows you to store, process and
report on structured information. Most of the
cheaper packages are based on a traditional card
index where each card about an individual, order
or item of stock is stored in a single record, and a
group of like records is stored in a file
(corresponding to the index card box).
Sophisticated packages can relate several files
together, so that you can process groups of
dissimilar but related records.

Spreadsheet

Spreadsheet software is useful to anyone who
regularly uses a calculator. The VDU acts like a
‘window’ on a large sheet of numbers — neatly laid
out in rows and columns, occasionally split by
text headings. The user is able to shift the window
to the point of interest and so enter text, The rest
of the calculation is displayed immediately with
automatic recalculations throughout.




STUDY NOTES

When you have read the previous section (or skipped
it if you are an expert) you should read the
Introduction (section 1) and then go on to read fairly
quickly through the rest of the case study to gain an
overall picture of its main contents.

You should then read through the entire text
again much more carefully, pausing at the end of each
section to refer to the Study Guide to Block 2, and
attempting the self-assessment questions that relate to
that section.

The Study Guide also contains cross-references
to readings in the Course Reader, together with a
check list of objectives which you should be able to
achieve when you have finished this case study.

As in Block 1, at various points throughout this text
technical background information will be provided in
passages set in bold type. These technical inserts are
not intended to form part of the narrative of the case
study. The material presented in them will not be
assessed, and you are free to skip them if you wish.

1 INTRODUCTION

Quantum Mechanics, now one of the cornerstones of
modern physics, was founded by Max Planck in 1900
when he suggested that atoms, when stimulated to
emit radiant energy, do so not continuously but in
discrete jumps' of energy which he called ‘quanta’.
Today, the phrase ‘quantum jump', or 'quantum leap',
has come to denote any dramatic improvement in
performance or efficiency. But Planck could hardly
have foreseen, and would hardly have approved of,
his quanturn concept being used as an advertising
slogan.

Early in 1984, however, that is exactly what
happened. On January 12th of that year, Sir Clive
Sinclair called a press conference to announce the
latest in his company's range of personal
microcomputers. The name Sinclair had already
become a household word in Britain following the
success of his earlier low-cost microcomputers, the
ZX80, ZX81 and Spectrum, which had brought
personal computing within the reach of millions.
Sinclair's new machine was, he claimed, so much
more powerful and cost-effective than other 'micros' on
the market that it was being named the 'QL' - short for
'‘Quantum Leap'.

The initial press reaction to the new QL was
highly favourable. Reviewers from both general and
specialist publications were impressed by the '32-bit’
microprocessor at the heart of the machine, potentially
a much more powerful device than the '8-bit'
microprocessors used in most home computers. They
enthused about the machine's ‘multi-tasking' capability
- its seeming ability to carry out several programming
tasks at once, displaying the results simultaneously on
the screen. They were dazzled by the multi-coloured
graphic displays produced by the QL's four software
packages, and marvelled at how Sir Clive's company,
Sinclair Research, could afford to give away software
of such quality free with each machine.

Figure 1 Sir Clive Sinclair (right) and Nigel Searle
announce the birth of the QL to the Press

Some reviewers, it is true, were a little dubious
about Sinclair Research's decision to use its own
‘Microdrives’ (which employ an endless loop of thin
magnetic tape) instead of the more conventional
floppy disks'. Others demurred at the company's
similarly unconventional choice of 'operating system'
for the machine. A computer's operating system
allocates tasks to the various microchips and other
pieces of electronic hardware in the machine, and
generally does the housekeeping'. Sinclair Research
had decided to use its own operating system, called
'‘QDOS' instead of one of the operating systems that
were by then becoming de facto ‘industry standards’.

But these and other criticisms were relatively
muted, and the overall reaction in both the specialist
and the general press was highly favourable. Sinclair
Research promised delivery of the first batch of QL's
In less than two months, by the end of February; so
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public and press alike reached for their cheque
books, placed orders in their thousands, and sat back
to await delivery.

But the end of February came and went, and no
QL's had yet become available. The technical press
was becoming impatient that the machines it had been
promised for detailed evaluation had still not arrived.
The general public, too, was becoming suspicious that
the company, which had already gained a reputation
for late delivery with its earlier Spectrum
microcomputer, was once again making promises it
couldn't keep.

At the end of April, two months behind the
original schedule, a few QL's (reportedly fewer than
100) were delivered to the first eager customers. But,
as most of these unfortunate purchasers soon
discovered, the initial machines seemed plagued by
numerous hardware and software faults, together with
serious shortcomings in the reliability of their
Microdrives. Moreover, the sleek appearance of the
QL was somewhat marred by the addition of an extra
memory chip dangling out at the back of the machine.
This addition (nicknamed a 'dongle') had become
necessary because Sinclair programmers still had not
quite managed to get the QL's operating system and
its Basic programming language to fit within the
dedicated chips inside the case.

When they finally got their hands on these early
production machines, the verdict of the technical
press was a harsh one, reflecting the disillusionment of
many of Sinclair's initial customers. As one technical
magazine declared:

... early QL buyers were made tc pay the price for the
premature launch and some contentious advertising claims.
They received machines riddled with bugs of both the
software and hardware variety ... (Electronics & Computing
Monthly, August 1984)

And to add apparent insult to injury, Sir Clive Sinclair
himself was quoted as admitting not only the existence
of the ‘bugs' but that his company was using its
customers as guinea pigs:

... We are getting our customers to find those bugs for us.

was how he put it. (Personal Computer News, 16 June
1884.) Sinclair Research did promise, however, that all
early QL users would receive upgraded operating
systems as soon as the final version was ready. This
final version’ began to make its appearance at the end
of May 1984, when Sinclair Research finally began to
deliver QL's in reasonable quantities, with most of the
faults of the initial batch apparently rectified. As
deliveries built up during the summer of 1884, and the
queue of dissatisfied customers diminished, the press
softened in its judgement. Though there were
continued misgivings about the reliability of the
Microdrives, and users continued to find fault with the
machine's keyboard, its operating system, its Basic
language, its software and especially its Microdrives,
the overall verdict appeared to be that, in the words of
QL User (October 1984):

... any shortcomings can easily be forgiven [because] the
QL offers so much more than any similarly priced machine,
and has the potential for very much more.

Towards the end of 1984, it appeared that Sinclair
might just have pulled it off. Although pushing their
customers' tolerance to its limits with the contrast
between the somewhat exaggerated claims for the
machine and its poor initial performance, they had
eventually managed to deliver a product which more-
or-less lived up to the company’s promises. Production
had begun to build up (though sales figures were a
closely guarded secret) and the QL was beginning to
make its appearance in High Street chain stores. It
looked like Sir Clive Sinclair and Sinclair Research
would once again be successful in creating a large
new market for a highly innovative microcomputer
product.

But by early 1985, it had become clear that things
had gone badly wrong. Christmas 1884, instead of
being another boom period for home computer sales,
as the previous Christmas had been, turned out to be
the point at which sales began to level off. Luckily for
Sinclair Research, its cheap Spectrum machine
continued to sell relatively well, but sales of the new
QL were far below what the company had expected.

So in March 1985, following a management
re-shuffle, some further hardware and software
improvements and a careful re-appraisal of the QL
and its sales prospects, the machine was in effect
re-launched with the backing of a £ million
advertising campaign. Sinclair Research, whose image
and financial standing had been hit hard by the QL
debacle in particular and by the down-turn in the
microcomputer market in general, began the slow and
difficult task of trying to restore its credibility and
profitability.

But by May 1985 it had become clear that the
company had insufficient resources to carry out the
necessary re-structuring, and with its bankers and
trade creditors pressing hard for radical changes, it
opened urgent negotiations with a number of larger
companies to investigate the possibility of injecting
substantial additional capital into the ailing concern.
These negotiations culminated a few weeks later in an
offer by the businessman and financier Robert
Maxwell to take the company over.

However, by early August 1985, the proposed
deal had fallen through. Maxwell claimed that the
prospects of Sinclair Research did not, on
investigation, seem good enough to justify the £12
million investment he had onginally offered. Sinclair
Research contended, on the other hand, that sales of
the company's products had improved, and that it
therefore no longer needed to be ‘refinanced' in order
to continue selling its existing microcomputer range —
though it did admit to needing extra finance to
develop new products. Soon afterwards, the company
announced substantial price cuts, including a halving
of the price of the QL to £198, in preparation for what it
hoped would be a very substantal further increase in
sales during the autumn of 19885,




1.1 AIMS

The main aim of this case study is to look in detail at
the QL, at how it was conceived, at how its hardware
and software were designed and developed, at what
went wrong - and what went right. The questions we'll
be asking include:

What difficulties did the QL's designers encounter
during its development, and how were those
difficulties overcome?

What design specifications were set, what
compromises had to be made between different
design objectives?

What alternative design solutions were considered
and why were these rejected?

Who were the main people involved in the QL
project? And what roles did each play?

In particular, we'll be looking at the marketing aspects
of the QL project, examining how Sinclair Research
initially attempted to assess who the potential buyers
of the QL might be, and what features they might want
at what price. Then how, having developed the QL,
the company went about the task of promoting it in
various market-places to its potential customers. And
how, when the Initial sales of the machine proved so
disappointing, it tried to analyse what had gone wrong
and then attempted to ‘re-position' the QL in the
market-place.

Finally, we'll be looking at Sinclair Research's
future product strategy and at some of the hardware
and software the company is developing.

11
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2 SINCLAIR RESEARCH:

A BRIEF HISTORY

2.1 SINCLAIR RADIONICS

The roots of Sinclair Research Limited lie in another,
earlier company, Sinclair Radionics, which was
founded by Clive Sinclair in Islington, North London,
in 1962.

Soon after starting the company, Sinclair made the
acquaintance of Tim Eiloart, who had in the previous
year founded Cambridge Consultants, a firm offering
scientific and technological consultancy skills to
industry. Eiloart recalls their first meeting in London:

... he took me to his rcom in St George's square and, with
the pleasure of any young entrepreneur revealing his new
factory, took a black attache case from under his bed. It was
almost empty except for a wireless the size of a matchbox.
He wanted several thousand pounds to launch it, and my
firm didn't have that much. But we offered him £50 to design
a new product (the microamplifier: see below) which we
would send out in his company's name. The venture
succeeded. Over two years his microamplifier brought in

a profit of around £800, which we shared.

Clive Sinclair had left school in 1938, at the age of 17,
having had a rather unorthodox education.

I went to thirteen different schools - towards the end of my
time at school I would be on my own, with no one else doing
the same sort of work. At Reading there was a very gooed
maths teacher, who just told me what to read and left me in
the library. I went from the bottom set to the top of the first
set in one term. I took A-level at 16, and then turned to
S-level. I spent most of my time on things iike an electrical
submarine run on batteries. Luckily I had left before I had
time to test that one. Some of the schools had terrific
workshops.

I thought of University, but I didn't want to be a
mathematician by then, though I had scraped through
S-level in that. I couldn't seem to see any University being
any help with electronics — advice was non-existent. I had no
interest in electrical engineering. (Clive Sinclair quoted by
Eiloart.)

So instead of going to University, Sinclair took a job as
a technical journalist with the magazine Practical
Wireless. Not long afterwards, he was offered a new
job, at three times his existing salary, to write short
technical booklets on electronic circuits by a
pubilisher called Bernard Babani. He accepted:

I came in the first moming to find a note on my desk: ‘Write
a book about transistors, see you in two weeks'. [ would
write books by the dozen with titles like "Twenty tested
transistor circuits'. {...) If a circuit didn't work people would
write in, and I usually found I had calculated something
wrongly. But that was quite rare.

After three years with Babani's company, Bernard's
Publishers, Sinclair left in 1961 because he had been

offered £3000 to launch his kit radio set. But soon after
leaving, his backers got cold feet. Though he
continued to try to raise the necessary cash, he
worked as a freelance writer for nine months before
taking another job in technical journalism, this time as
assistant editor on Instrument Practice.

Then he discovered that the large electronics firm
Plessey were in the habit of classifying as rejects those
of their transistors whose gain exceeded their
specification, as well as those whose gain fell below
the specified level. Sinclair bought £50 worth of these
rejects’, tested them, threw out those whose gain was
unacceptably low, and incorporated the rest into the
simple ‘microamplifier’ that, as we have seen, he had
designed with the backing of Cambridge Consultants.

The microamplifier was successful, and Sinclair
resolved to risk all his profits on launching his
miniature kit radio, which he christened the ‘Slimline'.
't had to sell’, he later admitted, ‘or I couldn't have
afforded to pay for the parts I'd got coming in.*
(Quoted by Eliloart.)

The Slimline was promoted using large
advertisements with the word 'breakthrough' splashed
across the page. It too was successful, and Sinclair
soon designed another even smaller radio, taking over
the village hall at Comberton, near Cambridge, to
produce it.

Right from the start, Sinclair Radionics’ products
were based on the latest technical innovations in
components and circuit design. The advertising which
promoted them stressed both their innovative nature
and the superior performance which their advanced
technology was claimed to bring. Miniaturisation and
elegant appearance also soon became important
features of the early Sinclair product image.

But the reliability of Sinclair Radionics' early
products was often poor, and they did not always
match up to the high technical specifications claimed
for them. This reputation for unreliability and
exaggeration has dogged the company down the
years and, as we shall see, such charges are not
without justification even today.

On the other hand, a saving virtue of Sinclair's
business practices has always been the policy of
guaranteeing to customers that products, if they prove
unsatisfactory, can be returned and repaired free of
charge - or that purchasers, if they so wish, can have
their money refunded. (Nowadays, of course, these
policies amount to no more than giving customers their
legal entitlement.)

Another saving grace of Sinclair products has
been that they have almost always been significantly
cheaper than their rivals, so customers have usually
been reluctantly willing to put up with the
inconvenience of sending products back to have faults
rectified.




In 1964, Clive Sinclair produced his first technical
failure, a hi-fi amplifier called the X10, which used the
then novel ‘pulse-width modulation’ technique. The
X10 was unsuccessful because its transistors proved
inadequate to handle the 10 watts of power output
expected of them — though Sinclair later launched a
more successful 20 watt model, the X20.

In 1968, he persuaded Plessey to give him
exclusive use of its new 5 watt integrated-circuit
amplifier, the IC10. (The man with whom he clinched
the deal was Rob Wilmot, who was to go on to
become Chairman of Britain's largest indigenous
computer firm, International Computers Limited (ICL),
and who was later to play a further role in the Sinclair
saga.) Sinclair then invested a lot of money in a big ad-
vertising campaign, only to discover that Plessey were
about to go into competition with him. 'At that stage', as
Eiloart puts it, ‘most businessmen would have felt des-
pair, and gone to court. Typically, Sinclair told Plessey
he wished them luck: he was sure they would find the
market for hi-fi kits quite impossible. They did.'

By 1871, Sinclair Radionics had become a fast-
expanding producer of a range of radio and hi-fi
products with a turnover of around a million pounds a
year, a turnover which had consistently doubled every
year and which was financed almost entirely out of
internally generated profits. The company’s continuing
growth had resulted in another move, this time to St
Ives, outside Cambridge, where it shared premises
with an electronic instrument company called AIM
Associates, which had been started 10 years earlier as
a 'spinoff’ from Cambridge Consultants.

AIM was encountering severe cash-flow
difficulties, so Sinclair contributed £25 000, which gave
him a controlling interest, to try to ensure its survival.
He also gave the company a new design of digital
multimeter (an electronic test instrument which
measures current, voltage and resistance, displaying
the results in a digital form) which he had developed,
but AIM continued to have financial problems and
went into receivership before the new multimeter
could be produced. Sinclair, however, bought back
the multimeter technology from the AIM receiver.

Shelving the digital multimeter design for the time
being, Sinclair then launched what was claimed to be
the world's first truly ‘pocket-sized calculator, the
Sinclair 'Executive’, which initially sold at the then-
revolutionary price of £78. The Executive was
successful, winning design awards and earning the
company more than £2.5 million in export revenue.

Its successor, the '‘Cambridge’ range, was launched
In 1973 and took the company to number one position
in the UK calculator market.

However, from 1973, Sinclair was investing
heavily in research and development for other
products, notably electronic instruments, a pocket
television set, and a new digital wrist-watch. The
company had been forced to abandon its hi-fi business
In 1978, mainly because budget tax increases in that
year had halved sales of audio equipment, although
increasing competition from foreign imports must also
have been a significant problem.

Figure 2 Cambridge Consultants’ headquarters at
Milton, near Cambridge

Cambridge Consultants has played a peripheral, but
important, role in the evolution not only of Sinclair Radionics
and Sinclair Research, but of many of the other "high-tech'
enterprises which sprang up in and around Cambridge in
the 1960s and '70s.

Initially, the main function of Cambridge Consultants
Limited (CCL) seems to have been that of catalyst,
throwing off ideas that formed the basis of spin-off
enterprises like AIM, and providing seed money for
fledgeling entrepreneurs like the young Sinclair. Later the
company became a significant provider of the highly skilled
people that were needed to fuel Cambridge's extraordinary
mushrooming of sophisticated business based on new
technological possibilities. A number of key Sinclair
personnel are former Cambridge Consultants employees —
and indeed the link is a two-way one, for Clive Sinclair at
one stage rescued the company from bankruptcy, though
not for very long. Following the appointment of a Receiver,
CCL was bought by the US-based management
consuitancy Arthur D. Little Inc. and is now a viable
concern. Further details of the growth of the network of
mutually supportive, technologically advanced firms
around Cambridge can be found in The Cambridge
Phenomenon (Segal, Quince and Partners, 1984) and in
Rodney Dale's From Ram Yard to Milton Hilton: a History of
Cambridge Consultants (1982).

R —
Figure 3 The Sinclair ‘Executive’, claimed to be the
world'’s first truly pocket-sized calculator
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The digital wrist-watch, the Black Watch', utilising
a novel form of low-power integrated circuit
technology called 'T2L', was announced in late 1975,
at the same time as a new, low-cost digital multimeter,
the DM2. But in 1976 the company sustained losses of
more than £300000 due to difficulties with chip
supplies for the Black Watch. As a result it was unable
to provide sufficient internal funds for the final stages
of development of the pocket TV project.

The assistance of the Government-backed
National Enterprise Board (NEB) was sought and in
December 1976 the Board decided to back Sinclair
Radionics, which it had earlier commended as ‘the
only genuinely Brtish effort in the consumer
microelectronics field', to the tune of £650 000. The
NEB later loaned another £2 million in return for a
73 per cent stake in the company, though Sinclair had
a clause in the deal enabling him to buy back control
if 'his' company made enough profit over the next
10 years. Sinclair ceased to have overall managenal
responsibility but remained in charge of research.

In January 1977 the company's two-inch screen
‘pocket’ TV, christened the 'Microvision’ and claimed
to be a ‘world first', was launched, but did not sell very
well

With NEB backing, the company persisted in its
attempts to sustain its early success in the calculator
market. The period 1977-78 saw the introduction of the
Sinclair ‘Sovereign', an 'executive’ calculator range,
which included a solid-gold model priced at £2750; the
low-cost ‘Cambridge Programmable’ calculator; and
finally the 'Enterprise Programmable' which sold,
complete with a library of programs, for around £25.

But Sinclair Radionics eventually found it
impossible to maintain the brief dominance of the
calculator market which it had enjoyed in the early
"70s, and was soon eclipsed by foreign competition,
from both American manufacturers like CBM,
Hewlett-Packard and Texas Instruments, and Japanese
companies like Casio and Sharp. In the instruments
field, however, the company enjoyed moderate
success, introducing three new digital multimeters
which sold well enough to enable it to claim to be one
of the world's two largest producers, at least in volume
terms.

Meanwhile, a simpler version of the Microvision,
costing just under £100 (less than half the initial price)
was introduced in late 1978, But although sales of the
new TV were beginning to pick up, the National
Enterprise Board had lost confidence in the project
and decided in 1979 to withdraw its support,
suggesting that the company's future should lie in
instruments like the digital multimeter. To Clive
Sinclair's horror the sales force was fired and
production stopped, with the loss of 300 jobs.

Clive Sinclair continued to believe that the
company should remain in consumer electronics.

In view of this seemingly irreconcilable difference

of opinion, it was decided to divide the company’s
interests. In July 1979 Sinclair resigned all executive
responsibilities with Sinclair Radionics, and took over
the reins of another, much smaller company, Science

Figure 4 Sinclair's ‘Black Watch'’

Figure 5 The Sinciair ‘Microvision’

of Cambridge Limited, which he had set up in 1978 as
a vehicle for selling his continuing electronic kit ideas
- products in which the NEB had no interest. Sinclair
took with him the project that excited him most, an
even-smaller pocket TV set using a novel flat screen’
tube.

The National Enterprise Board retained control
of Sinclair Radionics, which thenceforth became
exclusively an electronic instruments company. The
NEB subsequently changed the company’s name 1
Thandar Electronics and under the new brand name
its range of digital instruments has continued to enjoy
considerable success.




2.2 SINCLAIR RESEARCH

Among the most popular products of Science of
Cambridge, later re-named Sinclair Research, was

a simple microprocessor-based computer,
programmable only in assembly language, with a
crude, 8-digit display and very little memory - but
costing only £50. Within months, Sinclair had
developed the design into a small, user-friendly
microcomputer which produced pictures on a normal
TV set, was programmable in Basic and used an
ordinary cassette recorder for long-term program and
data storage. Though Sinclair was not the first to put
together such a package, he was the first to do so at
the then un-heard-of price of £99. He launched it in
February 1980 and christened it the 'ZX80'. True to
previous form, he had gambled most of his resources
on his hunch that a cheap ‘home computer’ would sell
well, and had ordered enough parts to make 100000 of
them. (Ordering components in such large quantities
was essential to obtain big discounts and hence to
lower substantially the price of the final product.)
Luckily, Sinclair's hunch proved correct.

Encouraged by this success, in March 1981
Sinclair Research went on to produce the ZX81, which
despite being more advanced than the ZX80 was
cheaper, at £70. The ZX8] was even more successful,
winning a Design Council award in 1982 and selling
over a million units in 50 countries by the end of 1983.

Not content to rest on its laurels, however, Sinclair
Research proceeded in 1982 to launch the 'ZX
Spectrum’, which sold alongside the ZX81. By the end
of 1983, the Spectrum too had sold a million units
worldwide and had established itself as the UK market
leader.

Not surprisingly, the fortunes of Sinclair Research
soared. In the financial year to March 1983, the
company's turnover reached £54.53 million, double
that of the previous year, with pre-tax profits of over
£14 million. Despite this very substantial turnover,
however, the company still employed relatively few
people directly (around 50 in 1982-83) due to its policy
of subcontracting-out its manufacturing work and
many other activities which other companies carry out
in-house'.

In 1983 also, the company launched a number of
peripherals' for the Spectrum, most notably its
‘Microdrive', a device for program or data storage
which uses an endless locop of magnetic tape and is
designed to overcome the drawbacks of using tape
cassettes for storage, without incurring the expense of
using floppy disk drives.

In addition, September 1983 saw the launching of
yet another Sinclair pocket TV set, a development of
the design he had brought with him from Sinclair
Radionics following his break-up with the NEB. The
TV incorporated a novel miniature cathode ray tube,
with the electron gun at the side of the screen instead
of behind it. But due to production quality control

e e o e T

Figure 6 An early advertisement for the ZX80, which was available in kit form for £79.95 and ready made for £99.95
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Figure 7 The Sinclair ZX81, a cheaper, but more
powerful, version of the ZX80

Figure 8 Sinclair's ZX Spectrum, with optional
Microdrive unit and Microdrive cartridge

Figure 9 The Sinclair flat screen pocket television

problems with the new tube at the Timex plant in
Dundee, to which Sinclair Research had sub-
contracted the assembly work, insufficient quantities
were initially available and the TV could not be
distributed to shops until the end of the following year.
Nevertheless, in spite of the lack of success of earlier
versions, the company had an optimistic target to sell
200000 of the diminutive sets in 1985, and was
promoting it in shop windows and in advertisements
with the slogan Now you can take a little TV
anywhere.’

However, back on the home computing front,
Sinclair Research had spent 1983 working on yet
another novel product, a microcomputer which
eventually became known as the Sinclair 'QL' and
which was launched early in 1984. The QL is, of
course, the main subject of this case study, and details
of its design, development and marketing will be
given in the sections that follow.

1983 was a good year for Clive Sinclair, both
personally and financially. Early in that year he was
named both as 'Guardian Young Businessman of the
Year' and as 'Computing’s Person of the Decade’, and
was awarded a knighthood in the Queen’s birthday
honours list. Financially, the success of his company
enabled him to sell a small proportion of his holding in
it, 10 per cent, to some 40 institutional investors for the
sum of £13.6 million. Though retaining control of the
company, as its Chairman and chief executive, he
passed the task of day-to-day management on to Nigel
Searle, who had been with the company since 1972
and whom he appointed its new Managing Director.
Sir Clive Sinclair then went on to apply his
considerable energies to the creation of two new
innovative activities.

The first involved using some of his newly
acquired personal fortune to set up a new company,
Sinclair Vehicles Limited, to bring to fruition another
long-cherished Sinclair dream: the development of a
range of low-cost electric vehicles. The company
established offices for its staff of 25 at Warwick
University's science park, and sub-contracted
production work for the new vehicle to Hoover's
factory at Merthyr Tydfil, in South Wales. It launched
its first product, the 'C5' an electric motor-assisted,
pedal-powered electric tricycle costing around £400,
in January 1985. The C8§, although a very interesting
and controversial innovation in itself, is rather beyond
the intended scope of this block. Suffice it to say that
the C5 was not as successful as Sir Clive had hoped.

The second was the establishment, in a converted
country house at Milton, near Cambridge, of a new
research centre called MetaLab'. Here, he planned to
hire some of the brightest brains in Britain and abroad
to help him conceive, research and develop the new
technologies that would, he hoped, form the basis of
the Sinclair Research products of the future.

You will find some self-assessment questions relating
to the history of Sinclair Research in the Block 2 Study
Guide.
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3 DESIGNING THE QL

Design work on the QL began in the summer of 1882
when a group of Sinclair people began to meet about
once a week to discuss what kind of computer should
be the successor to the Spectrum.

The team working on the ZX83' or ‘Super-
Spectrum’ as some called 1t, consisted of Sir Clive
Sinclair; his managing director Nigel Searle; David
Karlin, a young electronics engineer who had been
recruited a few months before from Fairchild in the
United States; Tony Tebby, one of Sinclair's senior
systems programmers; Jim Westwood, Clive Sinclair's
first employee in the early Radionics' days and now a
technical director; David Southward, another technical
director; and Martin Brennan, the engineer mainly
responsible for Microdrive development.

There was general agreement that the new
machine should be greatly superior in performance to
the Spectrum. It should have a bigger memory, a
better keyboard, and built-in Microdrives.

Initially, the ZX83 was to be a portable, and more
powerful, version of the Spectrum, with a built-in flat
screen display employing Sinclair's newly developed
flat screen technology — though with a form of
magnification or projection to make the tiny 2-inch
wide image large enough for use as a computer
display. The ZX83 was also intended to incorporate a
built-in modem, giving access by telephone to on-line
data services like Prestel, to have microdrives for
mass memory storage, and 64k bytes of RAM, in
contrast to the Spectrum's 32k.

The ZX83 portable was initially to be built around
the tried and tested Zilog Z80 microprocessor chip, as
used in the ZX80, ZX81 and Spectrum before it. But the
trouble with tryin j to use the Z80 in a portable
machine is that it normally uses too much power (and
a low-power version, using more advanced 'CMOS
technology, was not then available), with the result that
the microcomputer batteries need re-charging too
frequently. However, the Sinclair team had developed
an ingenious way of circumventing this limitation. They
developed a system in which the Z80 would be
switched off, to conserve power, when it was not
actually performing its microprocessing activities. And
since the central microprocessor units of micros are
idle, in most applications, for a very large percentage
of the time they are switched on (waiting for their
operators, or a program, to give them instructions, or
waiting for data to be input or output) the Sinclair
technique enabled the time between battery
re-charges to be lengthened very substantially.

Then Zilog, the manufacturers of the Z80 chip,
announced a new version - the Z800, a more powerful,
16-bit device (see 'Beginners start here’ on p. 5), but
still software-compatible with the Z80. This meant that
a machine using it could not only address more
memory and run faster and more powerful 16-bit
software, but could also run the earlier 8-bit software
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Figure 11 The Motorola MC68008 microprocessor In
position inside a QL

developed for the Z80, so giving it an ‘instant' base of
ready-made software to attract customers.
Furthermore, it used CMOS technology, enabling it to
operate at low power drain without the need for
Sinclair's 'power-down' technique.

At about the same time (mid-1983) Motorola
announced a new 68008 chip, a simpler, ‘stripped-
down' version of its 68000 microprocessor, as used in
the Apple MacIntosh. In both the 68000 and 68008,
data are processed internally in 16-bit chunks, but the
68000 uses fast, 16-bit circuitry for data input and
output, while the 68008 has slower 8-bit input/output
circuitry to enable cheaper 8-bit peripheral chips to
be used for this purpose.

However, both the 68000 and 68008 have what is
known as 32-bit internal ‘architecture’ because their
data reqisters (which hold the binary numbers during
internal processing) can in fact handle binary numbers
up to 32 bits long. But in both the 68000 and 68008,
data are normally only manipulated internally in 16-bit
chunks, so the most accurate way to describe them is
as 16 bit miCroprocessors.

The 68008 was a little faster as a processor than
the Z800, but not by much. Its main advantage to
Sinclair would be a marketing one; a new computer
incorporating it could be advertised as having '32-bit
architecture' (despite its slow, 8-bit input/output
characteristics) and this would make it seem much
more powerful than the 8-bit or 16-bit machines being
offered by most of Sinclair’s competitors. Moreover,
the fact that Acorn, Sinclair's arch-rivals, were working
on a 32-bit machine (based on a National
Semiconductor chip) gave the Sinclair team an added
incentive to opt for something that would seem equally
powerful. Though the 68008 was not a low-power
CMOS chip, it could still be used in a portable
machine if the Sinclair '‘power down' technique was
employed.

However, other problems were undermining the
original portable ZX83 concept. In mid-1983 it
emerged that, contrary to earlier projections, the
Sinclair-Timex plant at Dundee would not be capable
of producing anything like the number of flat-screen’
tubes that would be required to meet the expected
demand for the ZX83. Nor did it seem likely that the
tubes, at their current state of development, would be
able to meet consistently the high resolution standards
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