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• CHAPTER 1 •


UNIVERSAL MACHINES



Take out a Swiss Army knife and have a good look at it. I have one here. It has the full range of gizmos and attachments. There is a pair of scissors, a retractable pen, a ruler, a magnetic Phillips screw-driver, some tweezers, a small blade and an emergency blade. There is even a ‘cuticle pusher’ and a nail file, essential for any well-manicured soldier. Nothing to get stones out of horses’ hooves, but very handy nevertheless.


Swiss Army knives are versatile machines: they can be put to many different uses. Other machines are far more restricted. A lawnmower, for example, can mow lawns, but not much else. It has been designed for a specific purpose, and the function of each part of it follows. The handle is there so that it can be pushed by an adult human. The engine will power the blades, which would be exhausting to turn by hand. The blades are set so that grass is cut to an inch off the ground, the height we like lawns to be. While the lawnmower can be put to other purposes – propping open a door, perhaps – it will usually not be very effective. No one tries to fly the Atlantic on a lawnmower. Flying requires different kinds of special-purpose machines.


Some devices are more versatile because they are simple. A sharpened stick, for example, can be used as a lever, or to cook a kebab, or to knit a sweater. Indeed, more uses can probably be found for a simple sharpened stick than for a Victorinox Pocket Size MiniChamp II – my top-of-the-range Swiss knife. Yet, despite their varying versatility, Swiss Army knives, lawnmowers and sharpened sticks are all a similar sort of machine. Even the knife and the stick are, in the end, special-purpose machines, and are radically different to an astonishing device built for the first time in the middle of the last century: a machine of universal application.




• CHAPTER 2 •


THE BLUE PIG



An early example could be found in Manchester in 1951. It filled a room, and broke down regularly. A team of engineers tended it, replacing the valves – or vacuum tubes – as they blew. They called it the ‘Blue Pig’. If you had £150,000 you could buy one of these machines for yourself, although there would be a queue of military establishments and scientific laboratories ahead of you. Three years earlier, the first ever machine of this type had been built a hundred yards away. That one was an experiment, rows of electronic tubes and a tangle of gutta-percha-covered wires filling what resembled a set of bookshelves. The 1951 model gleamed – the valves hidden in banks of metal cupboards, a shiny central console with rows of switches and lights.


Late in the year, the Blue Pig had some visitors. They were from a children’s radio programme, and had come to hear the Pig sing. The engineers prepared the machine, and, after a moment’s hesitation, a gratingly harsh but stately National Anthem blared forth. The radio presenter was delighted. The patriotic hymn was followed by ‘Baa Baa Black Sheep’ and finally the dancehall jazz of ‘In the Mood’. The Blue Pig had trouble with the last tune: it improvised some notes of its own and then fell into silence. The machine, concluded the radio presenter, was not, after all, in the mood.


With the visitors gone, the engineers returned to another task, but with the same machine. The Pig could produce poetry, doggerel love letters. Here’s an example:


Darling Sweetheart,


You are my fellow feeling. My affection curiously clings to your passionate wish. My liking yearns to your heart. You are my wistful sympathy: my tender liking.


Yours beautifully


 M.U.C.


The Blue Pig could do mathematics too. Much faster than any human mathematician, it made calculation after calculation. What it searched for were moments when a certain function – the Riemann Zeta function – took the value of zero. It was something of a fishing expedition, but if they were lucky and found an unexpected zero, then a famous mathematical hypothesis would be proven wrong. Despite the Pig’s all-night efforts, none was found. This was a particular disappointment to a middle-aged man of awkward manner, who had achieved early fame proving another hypothesis wrong – and at the very same moment had come up with the idea now expressed in massive material form by the Blue Pig. This man was Alan Turing, and the renaissance Pig – one machine producing music, poetry and mathematics – was MUC: the Manchester University Computer.




• CHAPTER 3 •


PROLIFIC PIGLETS: COMPUTERS EVERYWHERE



Computers nowadays look nothing like the Blue Pig. But the machine that sits on your desk shares the same ability as its predecessor from half a century ago: it is a universal machine. I use mine to write books, send e-mails, play music and add numbers. Without it I’d need a typewriter, a pen, paper, envelopes, a CD player and a calculator. If I stuck all these special-purpose objects together I’d have something akin to a very strange Swiss Army knife, but it wouldn’t be a computer. A computer can switch between these different jobs, while apparently remaining the same machine. It is a different sort of device from the special-purpose machines.


What makes the difference is the fact that a computer has two parts: a part which does stuff, and a part which has a list of instructions of what stuff to do next. It is the fact that we can change the list of instructions that makes the computer a different sort of device from a typewriter or a calculator. In other words, the computer can store and run a program.


There is another sense in which computers in the twenty-first century are universal machines: they seem to be everywhere. Not only do they sit atop millions of desks in every city, but they also come in many sizes and shapes. Laboratories such as CERN on the Swiss–French border or Los Alamos in New Mexico, where thousands of scientists congregate, depend on massive, powerful computers, each of which might cost as much as a new hospital. These machines are bigger and pricier than the Blue Pig. However, the drop in the cost of computing in the twentieth century was something unprecedented in the history of technology. As one chief executive put it: if the performance and cost of the car had followed that of the computer, we would be driving to Mars on a thimbleful of gasoline. The reason for this remarkable transformation is miniaturisation: by the 1970s a whole computer could be put on one small chip of silicon, a microprocessor. That’s a Blue Pig sitting on something the size of a postage stamp.


As a result of this miniaturisation, computing has become too cheap to meter. Take, for example, a washing machine. By the late nineteenth century there was already a range of special-purpose machines to help clean clothes, including two important ones. First, a big vat in which clothes could be soaked, soaped and stirred. Using the vat, you got clean but wet clothes. Second, a mangle, which consisted of two rollers attached to a handle. You fed the clothes between the rollers and cranked the handle to squeeze out the water, and the end result was clean and almost dry clothes. It was back-breaking work for a human: stirring, lifting and cranking. Then the washing machine added another device – an electric motor – and changed how the work was done. Think carefully about what has happened. Now you just put the clothes into a washer-dryer, press a button, wait, and – ideally – take out clean, dry clothes. To do this, the machine has to have parts which clean and parts which dry. However, in any piece of work something else must be clear too: knowledge of the order in which to perform the stages of the work. Or, in other words, any job can be expressed as a list of instructions. The list that a washing machine has to follow is not very long, nor very complicated. However, in a modern washing machine this list is programmed into a microprocessor. We know that a computer can follow any list of instructions – as long as they are put in a form that it can understand. It is an indication of just how cheap computers have become that we now put them in washing machines. The microprocessor of a washing machine governs the order of rinses and spins. The miniature embedded computers found in modern cars monitor the engine, keep track of fuel consumption, and control the information displayed on the dashboard. Even the roads that the car travels upon are getting smarter: microprocessors control the traffic lights, the hazard warning signs, the speed cameras, and the electronic panels which flash up the number of free parking spaces in the city centre. Electronic information is constantly circulating in the modern world, a flow enabled by millions of miniature computers. The universal machine is not just a device of multi-purpose application, but has become ubiquitous, if often unnoticed. In the West, in the year of the Y2K scare, the average distance from every human to a computer was a matter of a handful of metres.


Computers present a strange case in the history of technology. They are machines of apparently limitless applicability, yet they are also the drudges of the modern world. Numbering millions, they have a typical working day made up of repetition, repetition, repetition. How can the invention of this remarkable device be explained? The question is the same as asking: what sort of society would ever need such a thing?




• CHAPTER 4 •


A WORLD OUT OF CONTROL



The world we inhabit is one ordered by large organisations: big business corporations and government bureaucracies. What these two have in common are managers: while the work at the bottom of the pyramid is often repetitive and specialised, at the top the skills required are more strategic, more general. This two-tier modern world of general-and special-purpose humans was built in the nineteenth century as a counter-revolution. Over the previous century, transformations in industry had produced a landscape that contemporaries viewed with anxiety: sprawling cities inhabited by uprooted discontents, spasms of unrest, cholera and chaos. Industrial society was pandemonium, hellish and running amok. The answer to the world out of control was organisation: the corporate business and the big government department. Yet there was something else going on too.


As corporations and bureaucracies have grown, so they have speeded up and been mechanised. From the late nineteenth century, organisations have crystallised from within. In the twentieth century this mechanisation gathered pace, and now your tax calculations or insurance claims pass through silicon semiconductors as well as clerical hands. In answer to the question of what sort of society would ever need a general-purpose machine, we have a clue to where and when to start looking: we know that in the nineteenth century there emerged organisations that embodied in the manager and clerk the general-purpose/special-purpose split. But we have also generated another question: we have to explain mechanisation. So, this story of the universal, general-purpose machine will start in the nineteenth century, with Charles Babbage, since no one understood the changing nature of industrial society and mechanical control better than he.
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Figure 1: Charles Babbage (1791–1871), Lucasian Professor of Mathematics, Cambridge. Stipple engraving after John Linnell, 1832. Published by Colnaghi, Pall Mall East, London, 1 January 1833. (Source: Science Museum.)







• CHAPTER 5 •


BABBAGE: A ‘DIFFERENCE ENGINE’ THAT MADE A DIFFERENCE?


In 1819, Charles Babbage set out for France with his friend, John Herschel. Both were young men in their late twenties, scions of an English scientific world of which they were increasingly critical. John was the son of the German émigré astronomer and celebrated discoverer of the planet Uranus, William Herschel. Babbage had not had such an easy debut. He had taught himself mathematics, and entered Cambridge University at the age of nineteen, only to find himself already ahead of his peers. The University was largely a finishing school for gentlemen, and its mathematics lagged seriously behind the strange country Babbage and Herschel set out to tour. Four years previously, Napoleon’s army of revolutionary France had been defeated at Waterloo, and only now could contact be made with the old enemy.


Babbage was a polymath: not only was he a mathematician, but he also wrote on economics, politics, astronomy and engineering. He advised insurance companies and had lectured at the Royal Institution. However, time and time again he encountered the same problem, one that seems trivial to us but would dominate his life: mistakes in mathematical tables. Students in the twenty-first century can pass through all their years of study without ever seeing a mathematical table, yet in Babbage’s time they were a matter of life and death. Babbage and Herschel’s England was at the centre of two great historical tidal waves: industrialisation and empire, and both created an insatiable demand for mathematical tables.


Take the Empire first. British imperial power was only as strong as its navy, a massive technological system of ships, sailors, ports and weapons, linking the dockyards of Chatham, Portsmouth and Devonport to the colonies of India, the Cape, Australia, New Zealand and Canada. The Royal Navy protected the burgeoning trade of the merchant ships, and thereby the wealth and power of Britain. Yet navigation was treacherous, and knowledge of exact locations was needed by every ship to avoid reefs and rocks. To turn measurements of the positions of stars into such knowledge required tables. A mistake in a table could lead directly to shipwreck, with loss of life and – felt as deeply in London counting houses – loss of cargo. Fortunes depended upon accurate calculation.
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