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Introduction


And he shall judge among the nations, and shall rebuke many people: and they shall beat their swords into ploughshares, and their spears into pruning hooks: nation shall not lift up sword against nation, neither shall they learn war any more.

Isaiah 2:4



Every day, without realizing it, we use military technology. When you turn on a computer, get on an aircraft, play a DVD or watch satellite television, you are using something originally intended for war. Many people know that the Internet had its origins in a military project from the Cold War, but few realize that everything from microwave ovens to mobile phones to laser eye surgery, come from similar sources.

Sometimes the route taken is a roundabout one; the Sony Walkman, for example, owes its existence to the Manhattan Project which built the first atomic bomb. Sometimes the connection is more obvious, like the evolution of the jet airliner from military jets, or the walkie-talkie to the mobile phone, but even then few people appreciate the closeness of the connection.

The spread and depth of the technology involved is considerable, encompassing some of the most significant developments of the modern world. Often the technology ends up having more effect in the civilian sphere than in the military one it was built for, as the Internet shows. And if you want to know where the technology of the future will come from and what the twenty-first century will look like, then the military labs of today offer some valuable clues.

This stealthy infiltration has happened because little attention is paid to where technology comes from. When you buy a PC or step on to an airliner, what matters is that it works. So long as computers and aircraft do not crash, we are happy to take advantage of them whatever their ultimate origin. There is no great conspiracy to mask the military origins of so much everyday technology; it is simply that there is a pervasive ignorance about the source of all technology.

If we do happen know about of the origin of a particular invention it is often a matter of national pride rather than strict historical accuracy. Ask anyone in Britain who invented the television and they will say it was John Logie Baird; but if you are an American, the answer is more likely to be Philo Farnsworth or Vladimir Zworykin (a naturalized American). Russians might mention Zworykin but may give precedence to Boris Rosing, who transmitted images through the air in 1922.

In America, the Wright Brothers are considered the leading pioneers of manned flight, but as far as the French are concerned it was the Montgolfier brothers’ first balloon ascent in 1783 which was the real landmark.

Otherwise it’s a matter of generally inaccurate folk history, which often invokes the magical name of the space agency NASA. The Teflon non-stick saucepan and Velcro fasteners are often cited as examples of spin-offs from NASA’s space program. Actually, neither of them is. The chemical company DuPont developed Teflon in 1945; Velcro fasteners were the invention of a Swiss engineer in 1948 who had become fascinated by how sticky burrs could attach themselves to clothing.

Stories about Teflon and Velcro may have been started to boost NASA’s image, but other stories work against them. One such is the urban myth that they spent $12 million working on a pen that would work in zero-gravity, only to find that the Russians dealt with the same problem by using pencils. In fact the ‘space pen’ was developed by the Fisher Pen Company at a rather more modest cost, and adopted by NASA. Whereas the NASA connection was a useful marketing ploy for the space pen, the Russians made do with normal ballpoints.

At least with Teflon it is easy to identify a specific inventor at a definite time and place — we can pin the discovery down to Dr Roy J. Plunkett on 6 April 1938. Other inventions like the computer went through many different stages, gradually evolving from abacus to Apple, with no single inventor being able to claim all the credit. Asked who invented the computer, a class of American schoolchildren gave answers ranging from ‘Bill Gates’ to ‘Radio Shack’. Perhaps the key invention that made the modern computer possible is the silicon chip or integrated circuit, another innovation popularly attributed to NASA. In fact this too came from a military research program, as did many others of the elements that make up modern computing.

From the period of the Second World War onwards, military research has been a major driving force of technology. As we shall see, it has been responsible for the digital computers and the Internet as well as satellites and all that they bring, from communication to weather forecasting to navigation. There are also jet aircraft, lasers and nuclear power. The story behind these technologies will be examined in detail in the first part of this book.

The second part of the book looks at the current direction of military research, and what it means for the future of civilian technology. This includes not only areas like aircraft and computers but also more exotic areas like vortex rings and nanotechnology.

The Second World War: Technology at War

The Second World War was the first in which technology played a key role from the start. Work on radar and rockets was being carried out before the war, but did not mature until its onset. Other developments started in earnest as the war came in sight: the jet engine, digital computers and nuclear power all existed as ideas on paper in 1939, but by 1945 they had all become reality.

The drive for technological superweapons was particularly strong in Nazi Germany. In the opening years of the war, the Wehrmacht swept everything before it, brushing aside the British and French armies and conquering Europe. The numerically superior Red Army was all but destroyed in the initial German assault during Operation Barbarossa; but although they gave ground, the Russians did not surrender. Stalin succeeded in reconstituting Soviet industry, and it was soon building tanks faster than the Germans could destroy them. The entry of the US into the war on the Allied side meant that the Germans were facing enemies in both East and West with vastly greater industrial resources.

Hitler realized that unless Germany could gain an advantage, the war would inevitably turn against her as the greater numbers of the Allies started to count and attrition gradually ate away the German war machine. In 1941, development had been slowed down because the end of the war was in sight, but in 1943 the German Armaments Minister, Albert Speer, persuaded Hitler that advanced technology weapons were the only way to win the war.

‘Wonder weapons’ were to be Germany’s salvation. Hitler poured resources into the V-1 flying bomb and V-2 rocket, and development of the first jet aircraft was accelerated. In addition to these well-known projects, there were hundreds of less successful attempts to produce new weapons: everything from death rays to whirlwind guns, jet packs and rocket planes. Few of these saw action in spite of the time and effort spent on developing them.

Hitler was convinced that these high-tech weapons would turn the tide. In 1944 he told Mussolini of a new ‘technical weapon’ which would ‘transform London into a heap of ruins’: the V-1 flying bomb. The V-2 rocket promised to be even more effective — at one point Hitler believed it was the weapon which would win the war — and it would be followed by the V-3, a long-range gun which would rain down shells on London at a tremendous rate. Meanwhile new jet fighters would stem the tide of Allied attacks and reclaim the skies for the Luftwaffe.

None of this worked out. After encouraging initial reports, the V-1 was nicknamed Versager-1 (Disappointment-1) by the German public. The V-2 had even less effect, and the V-3 gun proved impractical and never fired a shot. The small numbers of jet fighters that made it into service caused little impact on the massed fleets of Allied bombers.

The strategy of pushing for high technology was ultimately a failure. The more advanced the plans, the less chance they had of being carried out during the war, and even the most successful products like the Me-262 jet fighter were immature and unreliable by the end of 1945. Whether Germany would have been any more successful by concentrating on less ambitious schemes is a matter for debate.

The Nazi work on secret weapons has now reached legendary status. They are credited, frequently inaccurately, with everything from stealth bombers to air-to-air missiles. The capabilities of German weapons are frequently overstated by enthusiasts who tend to overlook the more important aspects and admire the raw numbers. It is true that the rocket-powered Komet interceptor could fly at 600 miles an hour; but we will see why this did not make it such a technical marvel as some claim. We will also look at the whole mythology of Nazi ‘flying saucer’ development which tries to credit them with science far in advance of anything that exists fifty years later. In the following chapters we will repeatedly come across ideas which were first given a hearing in Germany in the Second World War and which have still not yet proven practicable in spite of sixty years of technical advances.

In spite of this tendency to mythologize the evil Nazi genius, it was the Allies who had the most notable successes. A tremendous scientific and engineering effort in the US and Britain created triumphs including the development of radar and computers. While the V-2, the very apex of rocket science, had little effect on the course of the war, the same cannot be said of the atomic bomb. It was the Allies, aided greatly by Jewish exiles from Hitler’s Germany, who produced the ultimate secret weapon, a fact generally overlooked by fans of the Third Reich.

In the post-war world, wartime technology soon found new uses. Germany itself was wrecked, but much German technology was salvaged — or plundered — and in some cases physically shipped back to the US and Russia, along with the scientists who had developed it. Military systems like the digital computer, the ballistic missile and the jet fighter quickly went from prototype to mature technology, and in the process there were many benefits for the civilian sector.

The era also saw the rise of what President Eisenhower called ‘the military industrial complex’ driven by the new technology. As he pointed out in a speech in 1960, the backyard inventor had been superseded by the huge research program and the huge investment needed meant that the federal budget had become an essential part of the process of technological advancement.

‘This conjunction of an immense military establishment and a large arms industry is new in the American experience,’ said Eisenhower. ‘We recognize the imperative need for this development. Yet we must not fail to comprehend its grave implications.’

Commentators have been debating the military-industrial complex ever since. But whether it is seen as an essential part of national security or a threat to a free society, there can be no doubt about how important it has been in shaping technology.

If we can see the seeds of the modern world in Second World War technology, it follows that the first shoots of the future may be visible in the technology being developed for the military today.

Whereas this book can only take in the highlights of many thousands of projects, it will take in enough of the significant vistas to get some idea of the whole. Obviously there will be gaps, and if the reader misses a discussion of the Swiss Army Knife (invented by Carl Elsener in 1897 as a multi-purpose tool for the Swiss Army) or flat-panel speakers (from DERA, the British Defence Evaluation and Research Agency) it shows the immense breadth of this field. In other areas, such as the evolution of explosives, the influence of the military is readily apparent and hardly needs further explanation. Further chapters could be written on everything from medicine to catering to pest control (DDT, for example, was developed for the US military), but in these cases the technology is generally doing exactly what it was designed for. What is more important are the ways in which military technology appears unexpectedly in everyday life, how jet fighters turn into Boeing airliners and code-cracking machinery becomes a PC.

From the 1950s to the 1980s, the drive in the West was to build weapons to win the Cold War, or the hot war that might follow it. The anticipated scenario was a massed assault by Soviet armour though the Fulda Gap in Germany, backed by immense numbers of troops and aircraft. The idea then was to follow a similar strategy to the Nazis, defeating a more numerous enemy by the use of high technology and superior quality. Aerospace and electronics were the key.

Air power was always seen as the future, and much emphasis was placed on improving aircraft and missiles to outmatch their Soviet counterparts. This led to ‘smart bombs’ and advanced missiles which would make up for low numbers with lethal effect. Rather than using a dozen aircraft to drop a hundred dumb bombs on a target, says this argument, a single sophisticated aircraft could do the same job with just one smart bomb. As we shall see, the reality may be more complex.

The current technological drive is directed to the ‘war against terror’. It is a different kind of war, and one that calls for different types of weapons. Instead of the earlier emphasis on weapons to take on battalions of tanks, the new opposition is ‘asymmetrical’: guerrillas and terrorists who will use stealth and surprise to launch their attacks.

The requirement now is on intelligence systems and sensors capable of finding hidden enemies, and weapons to attack them in deep bunkers and caves. Communications and networking become ever more vital because of the need to reduce the ‘sensor to shooter’ time, the delay between an opponent being sighted and being fired on. A battalion of tanks will not get away easily, but a few guerrillas may easily have vanished before an airstrike can reach them.

New priorities also mean that Allied casualties have become much less acceptable, so there is a drive to keep soldiers as far out of harm’s way as possible, filling the front line with robots and remote control systems instead. Body armour and improved vehicle protection are also getting attention.

As in the past, the big spenders in military research and development are in the aerospace sector: high-tech aircraft and missiles are still the most important programs in financial terms. This shows up clearly when you look at the top five defence contractors and their share of the procurement budget:


Lockheed Martin, $15 bn: aircraft including the F-22 Raptor and missiles

Boeing $13 bn: aircraft (e.g. B-52 bomber) and missiles

Northrop Grumman $11 bn: aircraft (e.g. B-2 stealth bomber) and missiles

Raytheon $5 bn: missiles, including the Patriot

General Dynamics $5 bn: aircraft (e.g. F-16) and missiles



The US Air Force deploys aircraft on a massive scale and is the world’s biggest buyer in financial terms. But the US Navy is also a major purchaser, having relied on aircraft rather than battleships for most of their firepower since the Second World War. Their fleet of 1,600 carrier-based combat aircraft is the fourth largest air force in the world (the RAF has less than 300). The US Army does not operate fixed-wing combat aircraft, but has over 5,000 helicopters — the largest such force in the world. Even the US Marine Corps has an air force of its own with over 200 Harrier jets (compared to the RAF’s sixty).

Whether this emphasis on air power is justified has long been a matter of debate. Its advocates say that airpower gives the US the power to deliver massive force anywhere within hours without risking US soldiers in combat. Critics argue that some jobs can only be carried out by troops on the ground and that air power is a very blunt instrument. But for the meantime, air power rules, and this shows up in the spending figures. In 2003, Operation Iraq Freedom started with a bombardment of over 700 cruise missiles at a cost of up to $1.3 million each. The Air-Launched Cruise Missile is made by Boeing, the Sea-Launched version by Hughes.

This results in a skewing towards aviation projects, which is reflected in this book and the technology spin-offs that appear. Certainly we will see more developments in aerospace, but other areas are involved even in air power. Aircraft need communications, sensors and computers at the very least.

The end products of this new technology drive will filter through to the civilian sector. When they do, they may bring changes at least as dramatic as those brought about by the computer, the Internet, and the jet airliner.

The Limits of Military Technology

Much of the literature of military technologies is a species of techno porn, with full-colour spreads and exploded diagrams showing the inner workings of military hardware accompanied by enthusiastic descriptions echoing the manufacturers’ claims for their latest product. For obvious reasons, this gives a highly misleading view of the technology, bathing it in a golden glow which is often quite undeserved. However, both the military and the weapons makers are keen to preserve this aura, and the fans are happy to go along with them.

In America, technology is king, and there is a long history of looking for technological solutions to military problems. This promotion of technology became most conspicuous in the 1991 Gulf War, which abounded with misleading reports. The idea of the surgical strike was promoted, in which precision munitions took out the target without damaging anything around it. Briefings repeatedly showed bombs and missiles striking with amazing accuracy, in spite of the fact that less than 10 per cent of the bombs used were ‘smart’. The other 90 per cent were unguided ‘dumb bombs’.

The Patriot missile was deployed to intercept Iraqi Scud missiles. Reports at the time suggested that 90 per cent or even 100 per cent of the Scuds were intercepted. Later the Pentagon downgraded this claim to 80 per cent but an Israeli report on the Patriot batteries protecting Israel downgraded it further to 40 per cent. Some time afterwards it was suggested that the rate of effective interceptions in which a Patriot missile actually brought down a Scud rather than just exploding near it was even lower than this. However, during the war it hardly mattered; morale had been boosted just when it was needed. But for a cool assessment of how effective technology actually is we need to examine the facts more closely.

The British have their own version of the military myth. According to this viewpoint, the British soldier is the finest in the world, and wars are only won because of his sterling qualities. British equipment is traditionally seen as inferior to other nations, if not actually defective. The British media seize on every negative report of equipment, such as the now infamous SA-80 rifle with its tendency to jam, the Apache helicopters which were not cleared to fire missiles, and the failure to modify the Challenger tank for desert conditions. Everything from boots to radios is routinely reported as being defective in the press.

Every equipment failure is recorded. As I write this the newspapers are reporting that eighty Royal Marines have returned from a training exercise with frostbite; the story is that the sleeping bags they had been issued with were substandard. Whether this turns out to be the case or not is immaterial, what matters is that the British public perceive it as a kit failure. (Meanwhile in America, the Army are working on clothing with built-in heating and cooling for the combat soldier).

Bigger items, like the Eurofighter Typhoon, are attacked for being too expensive or delivered too late, whereas similar projects in the US are hailed as being world-beating triumphs of American technology which secure the future. British defence procurement is criticized as an outrageous expense, US procurement is a way of creating employment and securing votes in the right areas.

To some extent this vision is shared by the armed forces themselves. The British military are not such great believers in technology as their American counterparts, preferring to rely on more human factors such as good leadership and good soldiering. Technology has an alarming tendency to break down or behave unexpectedly under battlefield conditions, but the British fighting man (or woman) will always be there, and, in British eyes anyway, will always be the best in the world.

This popular myth which the media subscribe to and augment gives a rather deceptive picture of the British armed forces. British kit is among the best in the world, and there are very few nations which can boast the type of hardware possessed by the British military. However, this does not fit with the accepted view of ‘our brave boys’ let down by duff kit supplied by incompetent bureaucrats and uncaring politicians. It does, however, put a great deal of pressure on defence spending and discourages the kind of blue-sky approach seen in the US, where billions put into research and development are seen as a national asset rather than as a black hole. Ambitious schemes are more for the US, which has much deeper pockets and a more optimistic attitude towards the military benefits of high-tech.

Defence spending has been far greater in the US than Europe since the Second World War, which accounts for why so much development comes from the other side of the Atlantic. In crude terms, the US spends over $40 billion a year on defence research, while the UK spends less than $4 billion. As a result, one might expect to see ten times as much coming from the US. In fact, the situation favours the big spenders and has a multiplying effect: more money on basic research means more technology to take forward; a huge internal defence market means that any project has a much better chance of attracting funding. In the UK, even where there are good ideas they may wither for lack of support from basic research (‘we need a new material with this conductivity and strength’) or failure to find sponsorship (‘it looks great, but even if you can develop it, there’s no money to buy the end product’).

This does not answer the question of why the USSR, America’s great rival in the same period, produced comparatively few civilian spin-offs from military technology during the Cold War. To understand this, we need to look at the contrasting approaches of the two nations.

America v Russia:
Different Types of Rocket Science

During the Cold War years, while the US was going for high-tech, Russia adopted a different tack. Russian rocket scientists vied with the Americans for the honours of being first in space flight, and chalked up a notable series of firsts — first satellite, first man in orbit, first probe to the moon — but the rest of the Russian military establishment was otherwise engaged.

In military terms, Russia had huge reserves of untrained manpower and plenty of raw materials. The Second World War had been one of attrition for them, wearing down the Germans and overwhelming them with large numbers of tanks and aircraft. A Third World War was expected to follow a similar pattern. It was all very well to have tanks and jets with the latest technological gadgetry on them, but such things are complex. They cannot be easily produced in large numbers, and raw troops cannot be trained to use them quickly.

Instead of the West’s emphasis on small, professional, highly-trained forces with the most advanced weaponry available, the Soviets followed a policy of developing less advanced systems which were as cheap and robust as possible and could be used by uneducated teenage conscripts.

This resulted in products like the AK-47 Kalashnikov assault rifle, RPG-7 rocket launcher and SAM-7 anti-aircraft missile. All are cheap and relatively easy to make. In terms of quality they may be markedly inferior to their Western counterparts, but they do not require the same level of maintenance or training, and they will keep working.

These weapons designed in the Soviet Union are used by guerrilla and military forces all over the world. A Kalashnikov is no weapon for a sniper, being crude and inaccurate, but it will keep working when another gun would break down. And in the hands of a teenage soldier, a sniper rifle would be completely wasted. What he needs is something that will fire lots of lead in the general direction of the enemy.

‘The fact is,’ writes Viktor Suvorov, a high-ranking Soviet officer who defected to the West, ‘that Soviet designers realised, decades ago, that only uncomplicated and reliable equipment can be successful in war.’

A Russian saying puts it more bluntly: ‘A stupid weapon which works is not a stupid weapon.’

The Russians placed less emphasis on electronics and high-tech than the West, preferring equipment which would withstand a long hard campaign. NATO troops in Western Europe only had enough missiles for a month-long war; the Russians expected a much longer conflict and did not place the same reliance on missiles which could not be quickly replaced.

The multiple artillery rockets used by the US and Russia are a clear example of the different approaches. Both armies have these systems, which perform similar roles of providing heavy fire at long-range targets. They appear superficially similar, but a closer look reveals profound differences.

The Americans have the Multiple Launch Rocket System or MLRS. It is a twelve-tube rocket launcher mounted on an armoured, tracked vehicle. It is highly automated, with a mechanical self-loading system and a fire control computer giving a high level of accuracy. The automation means that it requires a crew of just two skilled technicians.

The rockets are carried in two pods of six; to reload, a mechanical loader simply replaces the pods. Each rocket contains a load of over seven hundred bomblets which it scatters over a wide area. The bomblets are of an advanced design, having a sophisticated fusing mechanism and a warhead that can punch through armour as well as producing anti-personnel fragments. A twelve-rocket salvo can be fired in thirty seconds, raining down over 8,000 bomblets over an area the size of several football pitches. The US Army call MLRS ‘Steel Rain’ for its power to cover a wide area with lethal fragments.1

Future plans for the MLRS call for guided rockets to give even greater accuracy, and warheads containing ‘smart bomb’ submunitions. These will separate from the rocket at high altitude and glide down, seeking out enemy tanks and targeting them.

This level of sophistication comes with a hefty price tag attached. The tracked MLRS vehicles produced through the 1990s cost over $2.3 million dollars apiece. Each rocket with its bomblets cost $20,000 — almost a quarter of a million dollars for each salvo.

The Russian approach is different. The Russians pioneered the use of massed rocket launchers known as ‘Stalin Organs’ during the Second World War and found them highly effective. The modern version has changed little. The BM-21 Grad (‘Hail’) is simply a Ural truck with a rack of forty unguided rockets on the back. These rockets have a range of 20 km they are not very accurate and have simple high-explosive fragmentation warheads. Massed fire rather than precision is the Russian approach: great accuracy is not necessary when blanketing an area several hundred metres across.

The Grad requires a crew of five, who are needed mainly for manually reloading the rockets; weighing 60 kg each, the process of lugging forty of these around by hand is labour intensive. It is not a complex system, and conscripts can be trained to use it fairly quickly.

The simplicity of the Grad makes it cheap and easy to produce compared to the MLRS. By the end of the Cold War, the US Army had ordered some 600 MLRS, many of which had not been delivered (the British Army has just fifty-four). In contrast, the USSR had well over 6,000 Grads already in service.

In a short war, there is little doubt that the Americans would have the advantage. The MLRS performed well in both Gulf wars. But when it comes to protracted conflict, it would take a long time to build new systems to replace losses. In Russia, where the automotive industry is a reserve for the military, the truck factories could turn out Grads by the thousand. Grad rockets could be manufactured in the most basic facilities, but the same cannot be said of the complex and expensive MLRS rounds.

In addition, the MLRS requires much more logistic support with specialized vehicles to transport the pods of rockets — each loaded pod weighs over two tons and so cannot be moved manually — whereas the Grad rockets can be shipped like crates of corned beef or pickled cabbage.

The same approach can be seen across the Russian armed forces, from tanks and missiles to aircraft and submarines. The Russian kit is built simply and solidly, and does not have the refinements of technology seen in Western systems. Individually, Western tanks and aircraft are superior to their Russian counterparts; the big question is whether one high-tech tank is better than three low-tech ones. Fortunately for the world, this was never put to the test.

This approach has meant that Russia has not been at the leading edge in many technologies. Starting from a lower base, the Russians knew that they could not win this sort of race, and did not attempt to. However, it meant that there were few of the obvious spin-offs associated with Western military technology.

Although there are some of areas where the Soviets stayed competitive or even ahead in terms of military technology (such as ramjets), this was not translated into civilian products. This was partly for economic reasons — the centrally planned economies of the Eastern bloc did not put a high priority on consumer goods — and partly for cultural ones. The policy of secrecy meant that new discoveries could not always be shared and freely distributed among the scientific community.

For example, Soviet computing benefited from the input of some of the best mathematicians around. But the lack of good quality electronic components and free exchange of information always held back progress. Although the Russians possessed supercomputers, notably the Elbrus range which were used by the defence industry, there was little danger of them overtaking the West in the commercial sphere.

This underwent a sharp change at the end of the Cold War when there was an urgent need for hard currency. Russian military devices like night-vision scopes started turning up in the West. They were crude compared to the Western models, but, according to the standard doctrine, rugged and far cheaper. It took some years for Western (and Far East) suppliers to match the Russians for price. In this instance there was a ready-made product being manufactured for the Army that could be marketed to civilians; in cases where an entirely new product has to be created the Russians’ lack of experience and equal lack of essential knowledge in sales and marketing has been a major handicap.

Russian scientific expertise may be of a high quality, but translating high technology into a finished product — military or civilian — was always a problem. What a Pentagon report described as ‘lingering quality control problems’ were always an issue. This is partly a reflection of a system where firing staff was very difficult and many workers effectively had a job for life.

Without financial incentives on offer, motivating workers to do their best rather than do the least possible was always difficult, and so it was always easier to produce rough and approximate products rather than highly finished ones. While this may work well enough for tractors, it was not as successful for electronics. Russia suffered from a plague of exploding television sets as a result of those quality control problems; Pravda estimated that over 2,000 people were killed as a result of television fires or explosions during the 1980s. It is understandable why it proved preferable to import components and products from the sophisticated Far East producers than build from scratch.

Given this situation, it is easy to see why the Soviet Union, and Russia after it, has rarely been in the forefront of producing high-tech goods. In the new post-Soviet world, the military laboratories are facing the challenge of surviving in a commercial environment. While their science may be at the leading edge, a lack of commercial know-how and foreign investment has left Russia lagging behind the market leaders in moving military technology into the civilian sector.

This contrasts strongly with the US, where many of the companies involved in military programs also have a civilian side. This includes many household names like Boeing and McDonnell Douglas, Texas Instruments and Hughes Electronics (a division of General Motors), whose staff will be well aware of the commercial value of their work.

In America, scientists and engineers are highly motivated to take out patents and share them with their employers. The Soviet Union did not offer this path to riches, and given the difficulties of getting a product to the marketplace it is easy to see why this rarely occurred.

The US also has an active program of technology transfer which helps ensure that anything developed under a federal program for military use can find civilian customers. The National Technology Transfer Centre has a slogan of ‘making commercialisation deals happen’, and deals with thousands of different projects. They maintain a vast database of available technologies, from high-temperature alloys developed for use in rocket exhausts to new ways of measuring the quality of a video image, which industry can call on.

The massive military spending in the US has a significant effect on the economy. Boeing, biggest of the US defence contractors and one of the largest companies, is something of a landmark. For the first time in 2003, they fell behind their European rival — Airbus — in the sale of airliners, and this situation is expected to continue. At the same time, for the first time Boeing’s military sales outstripped their civil ones, and the company is becoming increasingly dependent on the Pentagon. However, after a series of scandals including one involving the supply of tanker aircraft to the USAF, their relationship is precarious.

Social commentator Noam Chomsky has gone so far as to suggest that the main function of the Pentagon’s research is to provide a gigantic and continuing government subsidy to industry which allows high technology to be developed outside the constraints of the free market. He also sees it as a way for companies to get a big cash injection without having to produce anything useful for the consumer and without having to label it as a state subsidy. Perhaps, ironically, this would make the US defence industry a close cousin of the giant state-funded corporations on the other side.

Not Technology Alone

It is not just technology that travels from the military to the civilian world, as fashion has an influence as well. When the military adopt or redesign something that is particularly useful or convenient, this may lead to it being taken up by the rest of the world.

Thomas Burberry designed a raincoat for the British Army in 1901. This was very popular during the First World War, and was taken up by several other armies, becoming known as a ‘trench coat’. The civilian version still has the same styling as the military original, including epaulettes (used for holding gloves or caps), a flap to access a holster, and a belt with D-rings which originally secured grenades.

In 1942, the US Navy submitted specifications to its suppliers for a new type of undershirt called the T-type. Cotton undershirts already existed, but were not widely worn; the Navy’s T-shirt changed all that. Sailors, and later soldiers, found they made comfortable work shirts — and that the white cotton vests looked good, creating a semi-undressed look. After the war the T-shirt went back to civilian life with the returning veterans, and has gone from strength to strength ever since.

The trench coat and the T-shirt were both eminently practical designs; neither embodies novel technology as such, but we shall encounter other cases where its design combined with technology has produced a success in the civilian world.

There are also developments which are more a matter of concept than technology per se. The first ambulances were invented by Baron Dominique-Jean Larrey, chief surgeon of the French Army in 1792. It may seem obvious now that having dedicated vehicles (in this case wagons) to convey the injured would improve their chances of getting prompt medical care, but at the time the idea was revolutionary. It caught on in the civilian world, as did the later idea of the casualty evacuation helicopter, also pioneered by the French, which dates from the Indo-China conflict of 1949. The technology was not a great advance, but it proved that the idea was an effective one.

Military/Civilian

Is there a fundamental difference between military and civilian technology? And is it ever truly possible, as the book of Isaiah exhorts, to beat the sword into a ploughshare? There is no single, straightforward answer to these questions. It depends very much on the particular technology involved. Some manage to become part of the civilian world, and like retired soldiers they can become productive members of a peaceful society. Others have a status which is more questionable, and they continue to lurk about the fringes, never completely escaping from their violent past. The following chapters will look into how and why this happens.

Looking forwards is more difficult. As we will see, the types of spin-off which occur are sometimes obvious (from military jet to civilian airliner) but sometimes completely unexpected (like the invention of the microwave oven). We can easily enough guess what a finished product like a new type of supersonic aircraft might lead to but it is impossible to guess what might come from more basic research.

In the course of this exploration we will see how the jumbo jet got its hump, how weapons research contributed to eye surgery and what IBM’s very first computer was designed for. We will also meet the man who would move mountains, the deadliest aircraft of the Second World War, and find out why commuters are not flying around with rocket belts yet. In later chapters which look to the future, we will investigate the prospects for intelligent machines, anti-gravity propulsion, hyper-sonic airliners and sensors that can see though walls and clothes, as well as many other new and often surprising developments in the pipeline.
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