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Ross McGouran, a professional skateboarder, steps onto a board in a skatepark at Cubelles, near Barcelona, and the board floats. Clouds of vapour spill from both sides of it. In Lexus’s promotional film, riders glide over the park’s surfaces and across the top of a pool, and the board looks just like the one Marty McFly rides in Back to the Future Part II, a film that sent him to the year 2015 to show off the future. When the real 2015 arrived, the shops did not have one. A car company built one anyway, with help from two partners, and it works.

It works because of real physics, and the physics comes with conditions. Beneath the park, Lexus says, lie up to 200 metres (about 650 feet) of magnetic track. Inside the board are two reservoirs of liquid nitrogen that hold a superconductor at -197°C (-323°F), the company’s own figure, and a superconductor that cold locks the track’s magnetic field in place and hangs the board above it. Take the board off the track and it is a skateboard carrying two flasks of very cold liquid, which makes it, by one strict measure, a cool board. Lexus said it “remains a prototype and will not be on sale”. Matt Anderson, a curator at the Henry Ford museum, put it neatly: “we didn’t get our hoverboards in actual 2015, but we did get a clever marketing gimmick from Lexus.”

That is the shape of nearly every future in this book. Something works, and the something has conditions: a track, a tank, a trained pilot, a sky with nobody else in it. Making a thing work once is the part that gets the headlines. The hard part is the distance between that and a thing you can buy and trust on an ordinary morning, and the distance is made of many things at once. Energy, materials, heat, control, cost, rules and people all get a vote.

This book walks that distance for twelve inventions from films, novels and comics, starting with the nearest to real and ending with the furthest out. Jet packs come first and teleportation comes last. Each chapter asks the same few questions in its own story: what is being built, what has been achieved, what stands in the way, whether it is possible at all, and whether we would want it. Each ends with a plain verdict, which is never “anything is possible” and never a sneer at the dream. The films were right about what we would want, and the wanting has driven a great deal of real engineering, as the chapters show.

The verdicts are not all the same. In the first four chapters you can buy one, or reserve one: a jet pack, a powered suit, an artificial hand, a household robot, each with a catch that is worth a chapter. In the later ones the answer shrinks to “in a laboratory, for a speck”, and then to “not with anything we know”. The surprises come along the way. Lifting a person turned out to be the easy half of the jet pack. Chatting turned out to be the easy part of the household robot. Almost nothing in the chapter on holograms is, strictly speaking, a hologram. Two lightsabers cannot clash, because light does not collide with light. And teleportation exists, in laboratories and in orbit, as long as you accept that what arrives is a pattern and the original is gone.

A few habits keep the book honest. A number comes with the name of whoever claims it, so when a figure is “the company’s own”, you are told. A company’s announcement is treated as a claim to check, not a fact. Anything that may have changed by the time you read it is marked “at the time of writing”, because this is a subject that moves. And each idea is explained with something familiar first, the number second and the jargon last.

The book is written for the curious: teenagers from about fourteen up, and adults, with no science background assumed. Read the chapters as stories. Each can stand alone, though they lean on one another a little, since a bead held up by sound in the hologram chapter turns up again in the tractor beam chapter, so the order is the easiest way in. Nothing stops you jumping to the one you came for.

The question in the title is the one every chapter was asked: why aren’t we cool yet? Cool here means the films’ kind of cool, the cloak, the board and the beam. The honest answers come in three kinds. Not yet. It is here, and it is less cool than it looked. And not with the physics we have. The word “yet” does a lot of work in that title, and the job of the book is to say, one invention at a time, exactly how much.

Past the last metre of that magnetic track the park is only concrete, and the board is a skateboard with two flasks of cold liquid bolted underneath. The first chapter starts on the other side of that line, with a machine that needs no track at all, and that you can, remarkably, buy.
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​Chapter 1: Jet Packs
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Jet Packs: We Can Fly. So Why Are We Still Walking?

In the movies, nobody ever checks the fuel gauge.

Boba Fett steps off a ledge and the pack on his back simply handles it. Tony Stark crosses half a city between one line of dialogue and the next. In Thunderball, James Bond lifts out of a courtyard, floats over a wall, touches down beside his parked Aston Martin and drives away before the guards have finished shouting. Nobody lands badly. Nobody runs out of fuel over the sea. Nobody stops to wonder what all that exhaust is doing to the neighbours' washing.
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Here is the part that surprises people: you can buy one. Not a toy, and not a drone with a person-shaped gap in the middle. Selfridges, the London department store, once put a jet-powered flight suit on sale for about the price of a nice house, and at least one buyer flew across an ocean to collect his. People strap these things on, lift off the ground, race along beaches, climb hillsides and board ships. The jet pack is not an invention waiting for science to catch up. It exists, it works, and it is, frankly, spectacular.

Which turns the interesting question inside out. It stops being “could we ever?” and becomes “we did, so why isn't there one in every garage?”

To see why, start with what the real thing looks like, because it is less a backpack than a person wearing a very small, very angry aircraft. The best-known one is built by a British company called Gravity Industries, and it carries five little jet engines: one on the back and two on each arm. The company's own figure is more than a thousand horsepower, which is Formula One territory, yet the whole kit weighs about 27 kilograms, a heavy suitcase's worth. It runs on jet fuel, basically kerosene, carried in a pack on the back.

Here is where it stops resembling anything in the films. There is no stick to push and no pedal to press. The engines on the arms move with the pilot's hands, so you steer by aiming your arms wherever you want the thrust to go, and the thing keeping the whole contraption upright is you. Tony Stark's suit has an assistant that quietly handles the boring business of staying balanced. A real jet suit has your stomach muscles. Richard Browning, the inventor who built it, did serious core-strength training before his body could hold itself steady in the air.

[image: ]Flying one is humbling. The day Browning set his first Guinness record, he reached about 51 kilometers an hour (32 mph) over a short straight run, with an official adjudicator watching, and then fell into a lake. Later, with a pair of small fins strapped to his legs for stability, he pushed the figure to about 137 kilometers an hour (85 mph), which Guinness still lists as the record for a suit steered by nothing but the pilot's body.

Other designers attack the same problem differently, and they all describe it as a skill that doesn't transfer. One design puts two jet engines on a gimbal behind the pilot's head: the right hand works the throttle, the left twists to swing the exhaust and turn, and leaning forward tilts the engines to move you along. Its inventor, David Mayman, has advice that reads like the rules of a very strange sport. Below about three metres the engines start swallowing their own exhaust and lose power, so climb three or four metres before you try to go anywhere. At take-off the exhaust heats your ankles, so wear thick socks. And the habits of an ordinary pilot, the stick-and-rudder instincts of a lifetime, mostly don't carry over. The engines spin from about 20,000 revolutions per minute at idle to nearly 60,000 in flight, and the turbines in Gravity's suit are faster still, at around 120,000. Asked about the noise, Mayman gave the shortest possible answer: “It's loud.”

So the flying part can be done, by people willing to learn to balance on a column of fire. The trouble starts when you ask how long you can keep it up. For that, you need one idea from physics. Just one, and it explains jet packs, helicopters and why rockets are mostly fuel.

Here it is. To stay in the air, you have to keep pushing something downward, and the only something available is air. Every second you hover, you are grabbing a bit of atmosphere and throwing it at the ground. How hard you must push depends on your weight, and nothing can be done about that. What you do get to choose is how you push: a great deal of air, gently, or a little air, very fast.

A helicopter does the first. Its long blades sweep a huge disc of sky and nudge all that air downward at ten or twenty metres per second, about the speed of a stiff wind. A jet pack does the second. It pulls a thin stream of air through a small engine and blasts it out at hundreds of metres per second. Both can hold up the same weight. But the energy bill is very different, because for a given amount of lift, the power you burn grows in step with how fast you throw the air. Throw it twenty times faster and you pay twenty times more. Run the numbers for a person-sized load and hovering on a jet comes out dozens of times hungrier than hovering under a big rotor. That is why a helicopter can stay up for hours and a jet suit for minutes. The jet pack is doing the most expensive possible version of the job.

[image: ]And whatever the bill comes to, you pay it from what you can carry. This is the moment jet pack designers go quiet and stare out of the window. A kilogram of kerosene holds around twelve kilowatt-hours of energy. Typical lithium-ion batteries hold a fiftieth to a hundredth as much. That is why nearly every jet pack that truly flies burns fuel, and why an electric version of Gravity's suit is not just a few years away: to feed a thousand horsepower for five minutes you would need several hundred kilograms of battery, several times the weight of the person you are trying to lift.

The first famous jet pack hit this wall at about twenty seconds. The Bell Rocket Belt, the one Bond used in Thunderball, which also turned up at the opening ceremonies of two Olympic Games, ran on concentrated hydrogen peroxide. Squeezed over a catalyst, the liquid broke down into superheated steam and oxygen, which screamed out of two nozzles. A full five-gallon tank bought a pilot about twenty-one seconds in the air, at around 55 kilometers an hour. The US Army, which had paid for it, watched it fly and decided it was a spectacular toy.

Modern jet suits stretch those twenty seconds into minutes, which is a real achievement, but the clock still rules. On paper, a full tank lasts up to about ten minutes. In the demonstrations reported so far, one to three minutes is more typical. Distance tells the same story. A French inventor, Franky Zapata, crossed the English Channel on a jet-powered hoverboard, about 35 kilometers in roughly 22 minutes, from Sangatte in northern France to St Margaret's at Cliffe in Kent. But he made it only on his second try. The first ended in the sea when he tried to refuel from a boat that would not hold still. The second included a refuelling stop at the halfway point, on a bigger boat.

Then there is the question the films never ask. What is your plan when the engine quits? A helicopter can glide down on its spinning blades. A jet pack cannot glide at all, and a parachute needs height and time to open, neither of which you have when flying low. That is why the rescue services testing jet suits like the idea of flying low and slow, and why the organisers of the first jet suit race, held at the Dubai Boat Show, planned for the suits to be modified with buoyancy, so that a pilot who landed in the water would not drown.

And all of it is loud. The Bell belt's exhaust reached about 130 decibels, and pilots needed ear protection and heat-resistant clothing. Zapata himself said his hoverboard was not ready for military use, because of the noise and how hard it is to learn to fly.

So if a jet pack is hungry, loud, brief and unforgiving, who is actually using one? Mostly, people who want you to look up. Gravity's own website lists entertainment first: flight experiences and events. By its own count, the company's pilots have flown at more than 300 events in over 50 countries. There is even a sport forming. That first jet suit race put eight pilots from eight countries through a course testing manoeuvring, accuracy and speed, along the waterfront by Dubai Harbour. It is motor racing with the pilot as the chassis.

But the idea that
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